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Foreword

During my 50 years of laboratory research and caring for patients with
central nervous system (CNS) tumours, I have witnessed and participated
in many developments that at first seemed promising, but dead-ended in
disappointing blind alleys; fortunately, others resulted in greater
knowledge and clarity about CNS diseases as well as improved outcomes.

Over the years, books published on CNS cancer and its treatment were
met with mixed reviews by small audiences, but, nonetheless, helped
educate multiple generations of physicians and scientists. When I began
my career, I was one of very few in the world willing to focus on CNS
cancer research and treatment. Learning from books and experts in other
fields helped in that process. Book chapters, being less constrained than
articles, can provide more contextual information for the reader than a
single article can provide. In my view, a book is frequently the best vehicle
for educating others. After moving to Houston, Texas, United States, to
become Chair of the Department of Neuro-Oncology at The University of
Texas MD Anderson Cancer Center, I wanted to write a textbook, which
became Cancer in the Nervous System (1996, 2002, Oxford University
Press), to educate a new generation of neuro-oncologists and address
problems in treatment as well as concerns about symptom management for
tumour- and treatment-related effects.

We are now at another crossroads in information because of the
explosion of molecular and genetic studies that affect the way we classify
tumours and, in turn, how we treat the considerable number of rare benign
and malignant tumours of the CNS. I believe this novel paradigm was why
so many senior international authors from the multiple specialties essential
to our field took the time to create this well-structured and highly
informative book. This book brings together the changing neuropathology
landscape, important molecular–genetic drivers of these tumours, and
provides thoughtful discussions by experts on how best to treat and
manage patients afflicted with these rare tumours. Each generation must
strive to educate the next generation of clinicians and scientists if we are to
make progress in the care of our patients. This requires a book, such as the
Oxford Textbook of Neuro-Oncology, to bring together the relevance of
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pathology, molecular–genetic associations, prospective clinical trials, and
the experiential insights gained by experts who have treated the very rare
tumours absent from formal clinical trials. This panoply of knowledge is
well conveyed in this textbook. Taken together, it informs and affects how
these tumours are understood today and how best to approach their diverse
treatments.

This 21-chapter book, modeled after the World Health Organization
classification of central nervous system tumors, takes a ‘meet the
professor’ approach. It provides a framework to assist the reader prepare to
understand how we treat and inform patients with respect to treatment
options and prognosis when new molecular–genetic knowledge is
revealed. Is this textbook the last word? Certainly not, but it is the current
word and, as such, deserves a special place in the library of those who care
for individuals with CNS tumours and those who research possibilities for
improving their survival.

Victor A. Levin, M.D.
Emeritus Professor, Department of Neuro-Oncology,

The University of Texas,
MD Anderson Cancer Center, Houston, TX, USA

Clinical Professor, Department of Neurosurgery, University of
California San Francisco, San Francisco, CA, USA
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Preface

The practice of neuro-oncology entails the management of many different
types of tumours of the nervous system by a multidisciplinary team of
healthcare providers. These tumours represent a diverse spectrum of
underlying molecular biological subtypes, prognostic categories, age
distributions, and treatment recommendations. The World Health
Organization (WHO) classification of central nervous system tumours is
the foundation for the categorization and, by extension, clinical
management and treatment of patients with all types of nervous system
tumours. The WHO classification has traditionally been based on light
microscopic description of the cellular elements of tumours in the brain,
spinal cord, nerves, and meninges. The 2016 WHO classification of central
nervous system tumours for the first time incorporates molecular markers
into the categorization of some types of nervous system tumours,
particularly gliomas. This revised classification will serve as the basis for
future clinical trials and, ultimately, management recommendations for
these newly recognized pathological-molecular subsets of central nervous
system tumours. Current management guidelines are derived, however,
from clinical trials and studies utilizing earlier versions of the WHO
classification system. This book is intended for clinicians as a complement
to the WHO classification system with a focus on clinical management of
nervous system tumours in adults and children. Each chapter is co-
authored by a multidisciplinary, international group of leading authorities
in adult and paediatric neuro-oncology. The book is organized according
to the 2007 WHO classification of central nervous system tumours and
each chapter follows a similar framework. The introductory chapter
reviews the 2016 revision of the WHO classification of central nervous
system tumours and how these changes may influence future clinical trials,
clinical practice, and subsequent editions of this book.

Tracy T. Batchelor
Ryo Nishikawa

Nancy J. Tarbell
Michael Weller
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CHAPTER 1

The 2016 revision of the WHO
classification of tumours of the
central nervous system
Paul Kleihues, Elisabeth Rushing, and Hiroko
Ohgaki

Introduction
Uniform classification and nomenclature of human cancers are a
prerequisite for epidemiological studies of cancer causation, comparison of
clinical trials, and the validation of novel cancer therapies. In 1957, the
World Health Organization (WHO) established a worldwide network of
collaborating centres to establish uniform histological criteria for the
diagnosis of human neoplasms. The first edition of the Histological Typing
of Tumours of the Central Nervous System was edited by K.J. Zülch and
published in 1979 (1). Considering the highly divergent views held in the
Americas, Asia, and Europe, this classification and grading scheme was a
remarkable achievement, although some misclassifications were soon
recognized. These were eliminated in the second edition published in
1993, mainly due to the introduction of more sophisticated diagnostic
methods, in particular immunohistochemistry (2, 3). A further refinement
in the typing of brain cancers was achieved with the addition of genetic
profiling, reflected in the title of the third edition: Pathology and Genetics
of Tumours of the Nervous System (4, 5). A revision of the 2007 fourth
edition (6, 7) has been published in 2016 and comprises several newly
recognized tumour entities (8). Some of these are histologically
recognized, but an ever increasing fraction of CNS neoplasms are now
defined by their genetic profile (Table 1.1).

The WHO Classification of Tumours of the Central Nervous System has
become the internationally accepted nomenclature for brain neoplasms.
Cancer registries worldwide now routinely assign the morphology code of
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the International Classification of Diseases for Oncology (ICD-O) to each
tumour entity (9), which facilitates the generation of population-based,
epidemiological data on brain tumour incidence and mortality. The WHO
grading system assigns a malignancy grade to each neoplasm that is
widely used in clinical practice, particularly for gliomas.

Table 1.1 2016 WHO classification of tumours of the central nervous
system

Diffuse astrocytic and oligodendroglial tumours

Diffuse astrocytoma, IDH-mutant 9400/3

    Gemistocytic astrocytoma, IDH-mutant 9411/3

Diffuse astrocytoma, IDH-wildtype 9400/3

Diffuse astrocytoma, NOS 9400/3

Anaplastic astrocytoma, IDH-mutant 9401/3

Anaplastic astrocytoma, IDH-wildtype 9401/3

Anaplastic astrocytoma, NOS 9401/3

Glioblastoma, IDH-wildtype 9440/3

    Giant cell glioblastoma 9441/3

    Gliosarcoma 9442/3

    Epithelioid glioblastoma 9440/3

Glioblastoma, IDH-mutant 9445/3*

Glioblastoma, NOS 9440/3

Diffuse midline glioma, H3 K27M–mutant 9385/3*

Oligodendroglioma, IDH-mutant and 1p / 19q-codeleted 9450/3

Oligodendroglioma, NOS 9450/3

Anaplastic oligodendroglioma, IDH-mutant and 1p/19q-codeleted 9451/3

Anaplastic oligodendroglioma, NOS 9451/3

Oligoastrocytoma, NOS 9382/3

Anaplastic oligoastrocytoma, NOS 9382/3

Other astrocytic tumours

Pilocytic astrocytoma 9421/1

    Pilomyxoid astrocytoma 9425/3

Subependymal giant cell astrocytoma 9384/1

Pleomorphic xanthoastrocytoma 9424/3
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Anaplastic pleomorphic xanthoastrocytoma 9424/3

Ependymal tumours

Subependymoma 9383/1

Myxopapillary ependymoma 9394/1

Ependymoma 9391/3

    Papillary ependymoma 9393/3

    Clear cell ependymoma 9391/3

    Tanycytic ependymoma 9391/3

Ependymoma, RELA fusion–positive 9396/3*

Anaplastic ependymoma 9392/3

Other gliomas

Chordoid glioma of the third ventricle 9444/1

Angiocentric glioma 9431/1

Astroblastoma 9430/3

Choroid plexus tumours

Choroid plexus papilloma 9390/0

Atypical choroid plexus papilloma 9390/1

Choroid plexus carcinoma 9390/3

Melanotic schwannoma 9560/1

Neurofibroma 9540/0

    Atypical neurofibroma 9540/0

    Plexiform neurofibroma 9550/0

Neuronal and mixed neuronal-glial tumours

Dysembryoplastic neuroepithelial tumour 9413/0

Gangliocytoma 9492/0

Ganglioglioma 9505/1

Anaplastic ganglioglioma 9505/3

Dysplastic cerebellar gangliocytoma (Lhermitte–Duclos disease) 9493/0

Desmoplastic infantile astrocytoma and ganglioglioma 9412/1

Papillary glioneuronal tumour 9509/1

Rosette-forming glioneuronal tumour 9509/1

Diffuse leptomeningeal glioneuronal tumour

Central neurocytoma 9506/1
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Extraventricular neurocytoma 9506/1

Cerebellar liponeurocytoma 9506/1

Paraganglioma 8693/1

Tumours of the pineal region

Pineocytoma 9361/1

Pineal parenchymal tumour of intermediate differentiation 9362/3

Pineoblastoma 9362/3

Papillary tumour of the pineal region 9395/3

Embryonal tumours

Medulloblastomas, genetically defined

    Medulloblastoma, WNT-activated 9475/3*

    Medulloblastoma, SHH-activated and TP53-mutant 9476/3*

    Medulloblastoma, SHH-activated and TP53-wildtype 9471/3

    Medulloblastoma, non-WNT/non-SHH 9477/3*

    Medulloblastoma, group 3

    Medulloblastoma, group 4

Medulloblastomas, histologically defined 9470/3

    Medulloblastoma, classic 9471/3

    Medulloblastoma, desmoplastic/nodular 9471/3

    Medulloblastoma with extensive nodularity 9474/3

    Medulloblastoma, large cell/anaplastic 9470/3

    Medulloblastoma, NOS 9470/3

Embryonal tumour with multilayered rosettes, C19MC-altered 9478/3*

Embryonal tumour with multilayered rosettes, NOS 9478/3

Medulloepithelioma 9501/3

CNS neuroblastoma 9500/3

CNS ganglioneuroblastoma 9490/3

CNS embryonal tumour, NOS 9473/3

Atypical teratoid/rhabdoid tumour 9508/3

CNS embryonal tumour with rhabdoid features 9508/3

Tumours of the cranial and paraspinal nerves 9560/0

Schwannoma

    Cellular schwannoma 9560/0
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    Plexiform schwannoma 9560/0

Perineurioma 9571/0

Hybrid nerve sheath tumours

Malignant peripheral nerve sheath tumour 9540/3

    Epithelioid MPNST 9540/3

    MPNST with perineurial differentiation 9540/3

Medulloblastoma with extensive nodularity 9474/3

Meningiomas

Meningioma 9530/0

Meningothelial meningioma 9531/0

Fibrous meningioma 9532/0

Transitional meningioma 9537/0

Psammomatous meningioma 9533/0

Angiomatous meningioma 9534/0

Microcystic meningioma 9530/0

Secretory meningioma 9530/0

Lymphoplasmacyte-rich meningioma 9530/0

Metaplastic meningioma 9530/0

Chordoid meningioma 9538/1

Clear cell meningioma 9538/1

Atypical meningioma 9539/1

Papillary meningioma 9538/3

Rhabdoid meningioma 9538/3

Anaplastic (malignant) meningioma 9530/3

Mesenchymal, non-meningothelial tumours

Solitary fibrous tumour/haemangiopericytoma

    Grade 1 8815/0

    Grade 2 8815/1

    Grade 3 8815/3

Haemangioblastoma 9161/1

Haemangioma 9120/0

Epithelioid haemangioendothelioma 9133/3

Angiosarcoma 9120/3
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Kaposi sarcoma 9140/3

Ewing sarcoma/PNET 9364/3

Lipoma 8850/0

Angiolipoma 8861/0

Hibernoma 8880/0

Liposarcoma 8850/3

Desmoid-type fibromatosis 8821/1

Myofibroblastoma 8825/0

Inflammatory myofibroblastic tumour 8825/1

Benign fibrous histiocytoma 8830/0

Fibrosarcoma 8810/3

Undifferentiated pleomorphic sarcoma/ malignant fibrous histiocytoma 8802/3

Leiomyoma 8890/0

Leiomyosarcoma 8890/3

Rhabdomyoma 8900/0

Rhabdomyosarcoma 8900/3

Chondroma 9220/0

Chondrosarcoma 9220/3

Osteoma 9180/0

Osteochondroma 9210/0

Osteosarcoma 9180/3

Melanocytic tumours

Meningeal melanocytosis 8728/0

Meningeal melanocytoma 8728/1

Meningeal melanoma 8720/3

Meningeal melanomatosis 8728/3

Lymphomas

Diffuse large B-cell lymphoma of the CNS 9680/3

Immunodeficiency-associated CNS lymphomas

    AIDS-related diffuse large B-cell lymphoma

    EBV-positive diffuse large B-cell lymphoma, NOS

    Lymphomatoid granulomatosis 9766/1

Intravascular large B-cell lymphoma 9712/3
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Low-grade B-cell lymphomas of the CNS

T-cell and NK/T-cell lymphomas of the CNS

Anaplastic large cell lymphoma, ALK-positive 9714/3

Anaplastic large cell lymphoma, ALK-negative 9702/3

MALT lymphoma of the dura 9699/3

Histiocytic tumours

Langerhans cell histiocytosis 9751/3

Erdheim–Chester disease 9750/1

Rosai–Dorfman disease

Juvenile xanthogranuloma

Histiocytic sarcoma 9755/3

Germ cell tumours

Germinoma 9064/3

Embryonal carcinoma 9070/3

Yolk sac tumour 9071/3

Choriocarcinoma 9100/3

Teratoma 9080/1

    Mature teratoma 9080/0

    Immature teratoma 9080/3

Teratoma with malignant transformation 9084/3

Mixed germ cell tumour 9085/3

Tumours of the sellar region

Craniopharyngioma 9350/1

    Adamantinomatous craniopharyngioma 9351/1

    Papillary craniopharyngioma 9352/1

Granular cell tumour of the sellar region 9582/0

Pituicytoma 9432/1

Spindle cell oncocytoma 8290/0

Metastatic tumours

The morphology codes are from the International Classification of Diseases for
Oncology (ICD-O) (9). Behaviour is coded /0 for benign tumours; /1 for unspecified,
borderline, or uncertain behaviour; /2 for carcinoma in situ and grade III intraepithelial
neoplasia; and /3 for malignant tumours.

*These new codes were approved by the IARC/WHO Committee for ICD-O.
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Reproduced from Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Ellison DW,
Figarella-Branger D, Perry A, Reifenberger G, Von Deimling A (Eds), World Health
Organization Classification of Tumours of the Central Nervous System, Fourth Edition
Revised, Copyright (2016), with permission from IARC Publications.

Glial and glioneuronal neoplasms
New tumour entities
IDH-wildtype and IDH-mutant glioblastoma
The 2016 WHO Classification of Tumours of the Central Nervous System
contains important, newly defined subtypes of glioblastoma, primary
glioblastoma IDH-wildtype and secondary glioblastoma IDH-mutant.
They are histologically largely indistinguishable, but develop in different
age groups and carry a significantly different prognosis (10, 11, 12, 13, 14,
15, 16, 17, 18, 19) (Table 1.2).

IDH-wildtype glioblastomas develop very rapidly, with a short clinical
history. At a population-based level, approximately 90% of all
glioblastomas fall into this group (12). They typically develop in older
patients (median age 62 years), and are genetically characterized by TERT
promoter mutations, EGFR amplification, and PTEN mutations (Table
1.2). The synonymous designation primary glioblastoma IDH-wildtype
indicates that this glioblastoma typically arises de novo, with no
recognizable lower-grade precursor lesion. The prognosis is very poor.
Median overall survival of patients with standard treatment with surgery,
radiotherapy, and temozolomide is 15 months (17).

IDH-mutant glioblastomas (~10% of all glioblastomas) develop through
progression from an antecedent diffuse astrocytoma (WHO grade II) or
anaplastic astrocytoma (WHO grade III) and are therefore designated as
secondary glioblastoma (8, 10). Patients are younger (median, 44 years),
tumours have a lesser degree of necrosis, and are preferentially located in
the frontal lobe (Table 1.2). Early genetic alterations already present in
their precursor lesions include IDH, TP53, and ATRX mutations. The
presence of an IDH mutation is associated with a hypermethylation
phenotype. IDH-mutant glioblastomas carry a significantly better
prognosis than IDH-wildtype glioblastomas. Reported overall survival
following standard therapy is 31 months (17). Despite similar histological
features, primary and secondary glioblastomas are distinct tumour entities
that eventually may require different therapeutic approaches.

Table 1.2 Key characteristics of IDH-wildtype and IDH-mutant
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glioblastoma in adults

IDH-wildtype
glioblastoma

IDH-mutant
glioblastoma References

Synonym Primary glioblastoma,
IDH-wildtype

Secondary glioblastoma,
IDH-mutant

10

Precursor lesion Not identifiable; Diffuse astrocytoma 11

develops de novo Anaplastic astrocytoma

Proportion of
glioblastomas

~90% ~10% 12

Median age at
diagnosis

~62 years ~44 years 12–15

Male-to-female ratio 1.42:1 1.05:1 12, 13, 16

Mean length of
clinical history

4 months 15 months 12

Median overall
survival

   Surgery + RT 9.9 months 24 months 12

   Surgery + RT +
chemotherapy

15 months 31 months 17

Location Supratentorial Preferentially frontal 16

Necrosis Extensive Limited 16

TERT promoter
mutations

72% 26% 10, 18

TP53 mutations 27% 81% 12

ATRX mutations Exceptional 71% 19

EGFR amplification 35% Exceptional 12

PTEN mutations 24% Exceptional 12

RT, radiotherapy.

Source data from Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Ellison DW,
Figarella-Branger D, Perry A, Reifenberger G, Von Deimling A (Eds), World
Health Organization Classification of Tumours of the Central Nervous System,
Fourth Edition Revised, Copyright (2016), IARC Publications.

Diffuse midline glioma, H3 K27M-mutant
This tumour was first introduced as diffuse intrinsic pontine glioma
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(DIPG). Patients are typically young children with brainstem symptoms
and signs of cerebrospinal fluid obstruction that rapidly develop within a
few months. On magnetic resonance imaging (MRI), DIPGs often present
as a large pontine mass, which may encase the basilar artery. Contrast
enhancement is usually focal. Infiltration of neighbouring structures has
frequently been observed. Histopathologically, these tumours are diverse,
although commonly show how a uniform population of cells resembling
neoplastic astrocytes. Necrosis and vascular proliferation are also seen in
some cases.

Heterozygous mutations at position K27 in the histone coding genes
H3F3A, HIST1H3B, and HIST1H3C are found in approximately 80% of
cases. However, it was then shown that this mutation is present in a larger
spectrum of midline gliomas, particularly in the thalamus (~50%) and
spinal cord (~60%) (20, 21, 22, 23, 24, 25).

Extrapontine lesions typically affect older children and occasionally
adults. Since most cases contain the typical mutational profile, the term
proposed by the WHO Working Group is diffuse midline glioma, H3
K27M-mutant (8).
Ependymoma, RELA fusion-positive
This subtype of ependymoma accounts for approximately 70% of
childhood supratentorial ependymomas (26), but may also develop in
adults (27). The histopathological spectrum is variable and does not allow
a diagnosis. The defining genetic alteration is a fusion of the RELA gene,
mostly the C11orf95-RELA fusion, which forms in association with
chromotrypsis from which oncogenic gene products such as RELA fusion
can emerge (26, 27, 28, 29). L1CAM is typically expressed in tumours with
a RELA fusion, which can be identified by immunohistochemistry (26).
The prognosis is poor (27).
Anaplastic pleomorphic xanthoastrocytoma
Pleomorphic xanthoastrocytoma (PXA) is a rare glioma that typically
manifests in young adults in a preferential superficial location, often in the
temporal lobe (30, 31). Due to its location, seizures are a common clinical
feature. On MRI, the tumours present as a supratentorial, peripherally
located mass, often with a cystic component (8). PXAs are histologically
characterized by neoplastic spindled astrocytes, some of which are
exceptionally large and multinucleated, and an admixture of neuronal
elements. Despite the pleomorphic appearance, the clinical course is
relatively benign (WHO grade II) (8).

The 2016 WHO classification has added anaplastic PXA as a distinct

32



new entity, histologically defined by the presence of more than five
mitoses per ten high-power fields (30, 32). Patients have a significantly
worse prognosis (8).

Both types of PXA contain the BRAF V600E mutation as a genetic
signature, which appears to be somewhat more frequent in PXA (50–78%
of cases) than in anaplastic PXAs (47–75%) (32, 33). The absence of IDH
mutations strongly supports the diagnosis.
Diffuse leptomeningeal glioneuronal tumour
Beck and Russell were the first to describe this entity in 1942, which they
reported as oligodendrogliomatosis of the cerebrospinal pathway.
Relatively few cases have been added to the literature since then. This rare
tumour occurs chiefly but not exclusively in childhood (median age of 5
years), with very few patients older than 18 years. Males are more
frequently affected than females. As the name implies, diffuse
leptomeningeal glioneuronal tumour is an intracranial and intraspinal
tumour that grows largely in the leptomeninges with frequent extension
along Virchow–Robin spaces. Tumour growth is most conspicuous in the
posterior fossa, especially along the brainstem and base of the brain. Some
examples show an additional intraparenchymal component consisting of
well-defined, single or multiple solid or cystic tumour nodules, with
intramedullary spinal localization more commonly reported (34, 35, 36).
Microscopically, tumours closely resemble oligodendroglioma, with sheets
or small clusters of uniform, round cells embedded in a desmoplastic
stroma. Rarely, ganglion cells in a delicate neuropil background and
myxoid change may be seen. Mitotic activity is inconspicuous.
Histological evidence of anaplasia such as high mitotic activity (greater
than four mitoses per ten high-power fields), vascular proliferation or
necrosis is infrequent, and when encountered, more often in recurrences.
Immunohistochemically, tumour cells stain strongly and diffusely with
OLIG2, and to a slightly lesser extent with S100 protein and glial fibrillary
acidic protein (GFAP). The neuronal component is synaptophysin positive.
Epithelial membrane antigen (EMA), NeuN, and mutant IDH are
consistently negative (34). Molecular profiling typically reveals
KIAA1549-BRAF gene fusions accompanied by either solitary 1p deletion
or 1p19q co-deletions (37). IDH1 and IDH2 mutations have not been
detected (38), whereas RAF1 and BRAF V600E point mutations have been
reported, each in a single patient (39). Despite the presence of
disseminated disease, the clinical course of most tumours documented thus
far is indolent, albeit marked by considerable morbidity (34, 38).
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Newly recognized variants and patterns
Epithelioid glioblastoma
This tumour has been added to the 2016 classification as a provisional
variant of glioblastoma IDH-wildtype (8). It occurs preferentially in the
cerebral hemispheres and in the diencephalon of young adults and children
(8). On MRI, it presents as a contrast-enhancing mass, often with
haemorrhages and signs of leptomeningeal spread (40, 41, 42). Tumour
cells show epithelioid features with distinct cell membranes and an
eosinophilic cytoplasm. The cell density is high and foci of necrosis are
frequently encountered. Palisading tumour necrosis and vascular
proliferation are usually absent. About 50% of cases contain a BRAF
V600E mutation (40, 41). Since IDH mutations are absent, this lesion is
considered a rare variant of IDH wildtype glioblastoma, although typical
genetic alterations present in primary IDH-wildtype glioblastomas (EGFR
amplification, PTEN mutation, CDKN2 homozygous deletion) are
infrequent. The prognosis is very poor (40, 43, 44).
Glioblastoma with primitive neuronal component
Primary glioblastoma IDH-wildtype covers a wide spectrum of
histological features. Well known is the small cell pattern, which is
genetically characterized by a high percentage of EGFR amplifications (8).
The 2016 classification lists an additional pattern, the glioblastoma with
primitive neuronal component (8), first described by Perry et al. (45). This
otherwise typical glioblastoma contains sharply delineated foci of
increased cellularity and features of primitive neuroectodermal tumours
(PNETs), including Homer Wright rosettes and immunoreactivity for
neuronal markers such as synaptophysin. In these foci, astrocytic
differentiation (GFAP expression) is lost while the mitotic index is higher
than in neighbouring tumour areas (8). The genetic signature is similar to
other IDH-wildtype glioblastomas (45). However, approximately 40% of
glioblastoma with primitive neuronal component show MYC amplification,
which is found only in the primitive-appearing nodules (45).

Some examples of this subtype are IDH-mutant secondary
glioblastomas. Foci of abrupt transition from low-grade or anaplastic
astrocytoma to glioblastoma have been previously described in secondary
glioblastomas (46). Again, the proliferation rate was higher and GFAP
expression lost but Homer Wright rosettes were absent. These foci have
been interpreted as emerging new tumour clones during malignant
progression with increased genetic instability. Most foci displayed LOH at
one or two flanking markers of PTEN but lack PTEN mutations (46).
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Multinodular and vacuolating neuronal tumour of the cerebrum
Although extremely rare, with fewer than 20 cases reported, multinodular
and vacuolating neuronal tumour of the cerebrum deserves separate
consideration because of its characteristic histological picture and benign
behaviour. Due to the small number of reported cases, it is not included as
a distinct entity in the 2016 WHO classification. It occurs chiefly in adults
and has a predilection for the temporal lobe. Clinical manifestations reflect
location, with seizures as the most common presentation (47, 48, 49, 50).
These tumours lack contrast enhancement and show a particularly
characteristic nodularity and superficial localization on T2 and FLAIR-
weighted MRI (47). The microscopic features have a characteristic
appearance when seen at low power. Multiple discrete nodules confined to
the cortex or subcortical regions are accompanied by marked stromal and
intracellular vacuolization. Closer inspection reveals bland-appearing,
small- to medium-sized neuroepithelial cells lacking obvious dysmorphic
features, and there is virtually no mitotic activity. Immunohistochemical
confirmation can be accomplished using a panel of markers such as
synaptophysin, OLIG2, and ELAV3/4, which are expressed by the tumour
cells, coupled with NeuN, chromogranin, IDH1, and GFAP, which are
typically negative (47, 48). In addition, tumour cells display strong
immunoreactivity for alpha-internexin, a neuronal intermediate filament
(50, 51) and show nuclear labelling with HuCHuD neuronal antigens (47).
CD34-positive cells can be encountered in the adjacent cortex (47).
Consistent genetic alterations have not been identified, with a MAP2K1
point mutation reported in a single case; BRAF V600E mutations have not
been detected (47).

Diagnostic terms deleted from the WHO classification
Gliomatosis cerebri
In previous versions of the WHO classification (6), gliomatosis cerebri
was listed as distinct astrocytic tumour, characterized by extensive
infiltration of at least three cerebral lobes, usually with bilateral
involvement of the cerebral hemispheres and frequent extension into the
basal ganglia and infratentorial space. Macroscopy and imaging show
large swollen regions without foci of necrosis. There is no primary focus
recognizable from which the tumour cells could have spread. Genetic
analyses showed that tumours with these stringent criteria were IDH-
wildtype and thus a variant of primary glioblastoma, whereas cases with a
solid tumour portion were frequently IDH1-mutant (52). A more recent
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study of 25 cases showed a variable genetic profile (53). Accordingly, the
WHO Working Group has recommended to delete this entity from the
classification, arguing that glioblastomas can manifest at initial clinical
presentation with a gliomatosis cerebri pattern of extensive involvement of
the CNS.
Oligoastrocytoma
This tumour is characterized by a conspicuous mixture of two distinct cell
types morphologically resembling neoplastic astrocytes and
oligodendrocytes (6). The histological diagnosis has been a problem for
many years since their response to therapy is largely unpredictable.
Genetic analyses showed they carry an IDH mutation in about 80% of
cases. However, those with a predominant astrocytic phenotype often have
an additional TP53 mutation, while those with prominent oligodendroglial
features have a 1p/19q deletion (54, 55). The problem is that
morphologically there is extensive overlap, which often resulted in large
differences in incidence between neuropathological laboratories.

The 2016 classification strongly discourages the designation
oligoastrocytoma and recommends using genetic analysis for a correct
diagnosis of either diffuse astrocytoma or oligodendroglioma (8). The
WHO Working Group considered deleting the diagnostic term altogether
but rare cases have been reported that carry both a TP53 mutation and
1p/19q deletion.
Cellular ependymoma
This variant of ependymoma was previously defined as being more
common in an extraventricular location and characterized by increased
cellularity and mitotic activity. Typical histological features such as
perivascular and ependymal rosettes were rare or absent. The WHO
Working Group considered these features insufficient for the definition of
a variant and recommended deleting it from the WHO classification.

Mesenchymal and nerve sheath tumours
Brain invasive atypical meningioma
Relatively modest changes have been introduced in the meningioma
category. In the previous WHO edition, brain invasion as such was not
listed as a separate criterion for the diagnosis of atypical meningioma.
Instead, the recommendation was made to consider meningiomas with
brain invasion, whether histologically benign or atypical, as prognostically
equivalent to WHO grade II. Because data derived from large studies have
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indicated that brain invasion is associated with a greater likelihood of
recurrence, the justification for this sometimes confusing definition has
gradually eroded (56). Accordingly, the WHO 2016 edition has simplified
this task by defining brain invasion as another criterion of atypia,
essentially equivalent to increased mitotic activity.

Solitary fibrous tumour and haemangiopericytoma
The concept of solitary fibrous tumour/haemangiopericytoma (SFT/HPC)
has undergone significant change over the past decade. For many years the
diagnosis has been based on a combination of histopathological and
immunohistochemical (variable CD34, CD99, and bcl2
immunoexpression) features (57, 58). The histopathological picture of the
classic HPC phenotype is dominated by haphazardly disposed, tightly
packed, round to fusiform tumour cells interrupted by ramified and dilated
vessels. In contrast, SFT contains abundant, brightly eosinophilic wire-like
collagen bands that separate the tumour cells. Identification of a common
gene inversion at the 12q13 locus, fusing the NAB2 and STAT6 genes,
which leads to STAT6 nuclear expression, clearly supports the contention
that these morphologically distinctive neoplasms are closely related (59,
60). The STAT6 nuclear fusion can be demonstrated using routine
immunohistochemical methods (61). Similar to their non-meningeal
counterparts, fusion variants are recognized, which may correlate with
distinct morphological patterns (62, 63). SFT and HPC are now considered
to form two ends of a morphological spectrum. In all non-meningeal sites,
SFT has become the preferred designation. Whereas most SFTs outside the
CNS are clinically benign, meningeal tumours with the
haemangiopericytoma phenotype have a higher rate of recurrence (75%
>10 years) and 20% are associated with extracranial metastases (64).
Accordingly, a separate, three-tiered grading system has been implemented
for CNS tumours: a hypocellular, highly collagenized tumour of the SFT
phenotype corresponds to grade I, tumours with an HPC phenotype and
fewer than five mitoses per ten high-power fields correspond to grade II
and HPCs with greater than five mitoses per ten high-power fields, grade
III (65, 66). During this transitional period, the recommendation has been
made to retain the SFT/HPC designation for CNS tumours, pending further
adjustments based on larger clinical studies.

Hybrid nerve sheath tumours
The taxonomic dilemma of assigning a benign peripheral nerve tumour
with features of more than one conventional type (neurofibroma,

37



schwannoma, perineurioma) has been resolved with the introduction of the
category of hybrid nerve sheath tumour. Combined nerve sheath tumours,
which often arise in cutaneous sites and only rarely involve cranial or
spinal nerves, have a tendency to occur multifocally, indicating a genetic
predisposition. With the exception of hybrid schwannoma/perineurioma,
which occurs sporadically (67), hybrid neurofibroma/schwannoma
presents in the setting of either schwannomatosis, neurofibromatosis type 1
(NF1) or type 2 (NF2) (68), and hybrid neurofibroma/perineurioma
tumours with NF1 (69, 70). The clinical features are dependent on the
anatomical site and indistinguishable from other nerve sheath tumours.
Microscopically, the dominant component of hybrid
schwannoma/perineurioma closely resembles schwannoma with strong
S100 and SOX10 positivity, whereas the more subtle perineurioma
component is best revealed by EMA, claudin, and GLUT1
immunohistochemistry (71). On the other hand, the two components of
hybrid neurofibroma/schwannoma tend to be sharply delineated, although
the relative amounts may vary. The immunoprofile of the neurofibroma
component reflects the diverse cellular elements with Schwann cells
expressing S100 and SOX10, and perineurial cells, EMA and GLUT1. The
presence of mosaic SMARCB1 (INI1) immunoexpression suggests that a
schwannoma may be associated with neurofibromatosis, especially NF2
and schwannomatosis (72, 73). Rare examples of hybrid
neurofibroma/perineurioma have been reported in the setting of NF1, with
extensive areas of plexiform neurofibroma blending imperceptibly with
perineurioma (69).

Melanotic schwannoma
Melanotic schwannoma is an uncommon, distinctive neural tumour that
contains abundant melanin-bearing cells that account for its heavily
pigmented gross appearance. Most tumours, which can either be
psammomatous or non-psammomatous, arise from spinal or autonomic
nerves during adulthood, albeit a decade earlier than conventional
schwannomas. Approximately half of patients with psammomatous
tumours have evidence of Carney complex, an autosomal dominant
disorder, which comprises cardiac myxomas, endocrine overactivity, and
lentiginous pigmentation. Patients with Carney complex show allelic loss
of the PRKAR1A region on 17q (74), which can be detected with a
commercially available antibody (75). A genetic signature has not been
identified for non-psammomatous tumours, which harbour complex
karyotypes with recurrent monosomy of chromosome 22q (76). These
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tumours deserve special mention because about 10% of melanotic
schwannomas follow an aggressive course (75). Although well delineated,
tumours are not surrounded by a true capsule. In further contrast to
conventional schwannomas, nests of polygonal to spindled-shaped tumour
cells, rather than individual cells, are surrounded by laminin and collagen
IV. Not surprisingly, tumour cells express melanocytic immunomarkers
such as S100, Melan-A, tyrosinase, and HMB-45 (75). Ultrastructurally,
tumour cells resemble Schwann cells with elaborate interdigitating
processes and are accompanied by melanosomes in different phases of
maturation (77).

Embryonal tumours
Since publication of the 2007 WHO classification, the stratification of
medulloblastomas has undergone extensive changes. There are now five
subtypes based on genetic and expression profiles (Tables 1.3 and 1.4),
which correspond to the histological subtypes only to a very limited extent.

Table 1.3 Medulloblastoma subtypes characterized by combined genetic
and histological parameters

Genetic profile Histology Prognosis

Medulloblastoma,
WNT-activated

Classic Low-risk tumour; classic morphology found
in almost all WNT-activated tumours

Large cell/anaplastic
(very rare)

Tumour of uncertain clinicopathological
significance

Medulloblastoma,
SHH-activated,

TP53-mutant

Classic Uncommon high-risk tumour

Large cell/anaplastic High-risk tumour; prevalent in children aged
7–17 years

Desmoplastic/nodular
(very rare)

Tumour of uncertain clinicopathological
significance

Medulloblastoma,
SHH-activated,

TP53-wildtype

Classic Standard-risk tumour

Large cell/anaplastic Tumour of uncertain clinicopathological
significance

Desmoplastic/nodularLow-risk tumour in infants; prevalent in
infants and adults

Extensive nodularity Low-risk tumour of infancy

Medulloblastoma,
non-WNT/non-

SHH, Group 3

Classic Standard-risk tumour

Large cell/anaplastic High-risk tumour
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Medulloblastoma,
non-WNT/non-

SHH, Group 4

Classic Standard-risk tumour; classic morphology
found in almost all Group 4 tumours

Large cell/anaplastic
(rare)

Tumour of uncertain clinicopathological
significance

Source data from Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Ellison DW,
Figarella-Branger D, Perry A, Reifenberger G, Von Deimling A (Eds), World
Health Organization Classification of Tumours of the Central Nervous System,
Fourth Edition Revised, Copyright (2016), IARC Publications.

Table 1.4 Characteristics of genetically defined medulloblastomas

WNT-
activated

SHH-activated Non-WNT/non-SHH

TP53-wildtype TP53-mutant Group 3 Group 4

Predominant
age(s) at
presentation

Childhood Infancy
Adulthood

Childhood Infancy
Childhood

All age
groups

Male-to-
female ratio

1:2 1:1 1:1 2:1 3:1

Predominant
pathological
variant(s)

Classic Desmoplastic/nodularLarge
cell/anaplastic

Classic
Large

cell/anaplastic

Classic

Frequent
copy no.
alterations

Monosomy
6

PTCH1 deletion 10q
loss

MYCN
amplification

GLI2
amplification

17p loss

MYC
amplification

Isodicentric 17q

MYCN
amplification
Isodicentric
17q

Frequent
genetic
alterations

CTNNB1
mutation

DDX3X
mutation

TP53
mutation

PTCH1 mutation
SMO mutation

(adults)
SUFU mutation

(infants)
TERT promoter

mutation

TP53 mutation PVT1-MYC
GFI1/GFI1B

structural
variants

KDM6A
GFI1/GFI1B

structural
variants

Genes with
germline
mutation

APC PTCH1 SUFU TP53

Source data from Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Ellison DW,
Figarella-Branger D, Perry A, Reifenberger G, Von Deimling A (Eds), World
Health Organization Classification of Tumours of the Central Nervous System,
Fourth Edition Revised, Copyright (2016), IARC Publications.
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Histological stratification of medulloblastomas according to the 2007
WHO classification (6) has indeed limited prognostic value, although it
has long been recognized that the desmoplastic and extensive nodularity
variants carry a better (7) and the large cell anaplastic variants a worse
prognosis. Also, the degree of anaplasia correlates significantly with
clinical outcome (78).

Medulloblastoma with extensive nodularity is closely related to the
desmoplastic/nodular medulloblastoma (6). It occurs in infants and
children below the age of 5, and differs from the desmoplastic variant by
exhibiting a markedly expanded lobular architecture. The reticulin-free
zones are unusually large and rich in neuropil-like tissue. Such zones
contain a population of small cells resembling central neurocytoma and
exhibit a streaming pattern. The internodular reticulin-rich component,
which dominates in the desmoplastic/nodular variant, is markedly reduced
(7). Following radiotherapy or chemotherapy, or both, medulloblastomas
with extensive nodularity occasionally undergo maturation to tumours
dominated by ganglion cells (79).

DNA sequencing and expression array analysis have led to the
identification of five distinct subgroups that greatly differ in clinical
outcome (80, 81) (Tables 1.3 and 1.4). The most benign course is seen in
medulloblastomas with activation of the WNT pathway, as determined by
nuclear β-catenin accumulation, and the presence of CTNNB1 mutations in
most cases (82). This is typically associated with loss of chromosome 6
(83). The affected are mostly children and adults, rarely infants.
Immunohistochemistry using an antibody to DKK1, an inhibitor of the
WNT pathway, appears to reliably define this group. The WNT subtype
shows classic medulloblastoma histology and cannot be identified
morphologically. The outcome after standard therapy is remarkably good
and dose de-escalation has been suggested for future trials (84).

The SHH type is biologically characterized by activation of the sonic
hedgehog signalling pathway, which in about one-third of cases is caused
by a mutation in the PTCH gene (85). Infants and adults are the preferred
age groups. Depending on the TP53 status, two types are recognized
(Tables 1.3 and 1.4). SHH-activated TP53-mutant medulloblastomas
usually have a large cell/anaplastic histology, affect predominantly
children aged 7–17 years, and are clinically high-risk tumours, while SHH-
activated TP53-wildtype medulloblastomas often show the
desmoplastic/nodular phenotype, which is associated with a relatively
favourable prognosis (Tables 1.3 and 1.4).

There are two subtypes that are neither WNT- nor SHH-activated (non-

41



WNT/non-SHH medulloblastomas; Group 3 or Group 4
medulloblastomas). They are listed as provisional entities since they are
less clearly separable by clinical and genetic criteria (8). Non-WNT/non-
SHH tumours account for approximately 60% of all medulloblastomas and
typically have classic histopathological features. Most non-WNT/non-
SHH tumours present in childhood; they are relatively uncommon in
infants and adults. Overexpression of MYC is a cardinal feature of Group 3
medulloblastomas, and MYC amplification (often associated with MYC-
PVT1 fusion) (86) is common in Group 3 medulloblastomas. MYC
amplification is found in up to one-quarter of Group 3 tumours, (87, 88).
Group 4 tumours are characterized by recurrent alterations in KDM6A and
SNCAIP genes.

This genetically based classification is a great step forward and a
valuable basis for future clinical trials.

Embryonal tumour with multilayered rosettes
The nomenclature not only of medulloblastoma but also of other
embryonal tumours has undergone significant revision in the WHO 2016
classification. Old classification schemes utilizing separate terms such as
medulloepithelioma, ependymoblastoma, and embryonal tumour with
abundant neuropil and true rosettes have been replaced with the rubric
embryonal tumour with multilayered rosettes (ETMR) (89). The presence
of a common molecular signature with alterations (amplifications and
fusions) in the C19MC locus 19q.13.42 provides convincing evidence that
all three morphological patterns are related (90). In fact, any CNS
embryonal tumour with alterations in the C19MC locus is now considered
an ETMR, even when typical morphological features are lacking. Virtually
all patients are children under 4 years, most commonly less than age 2
years. There does not seem to be any gender predilection. ETMR is
distributed in both supratentorial and infratentorial compartments,
although preferentially in the cerebral hemispheres. Tumours tend to be
large when first detected and show contrast enhancement on MRI (91, 92,
93, 94). The histological hallmark is the presence of distinctive
multilayered rosettes, which is featured in the three morphological
subtypes of ETMR. Tumours showing the medulloepithelioma pattern
replicate the appearance of embryonic neural tube with ribbons of
primitive pseudostratified, mitotically active cells displaying obvious
epithelial features. In the ependymoblastoma variant, the outer cell layer of
the multilayered rosettes blends into a patternless proliferation of closely
packed, small- to medium-sized, undifferentiated cells. Embryonal tumour
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with abundant neuropil and true rosettes is another morphologically
distinctive variant in which multilayered rosettes are distributed in a
neuropil-rich stroma populated by mature neurocyte-like cells.
Immunohistochemically, the primitive neuroepithelial component
consistently expresses vimentin and nestin, with strongest expression
along the abluminal surface of the multilayered rosettes. In the small cell
component, tumour cells show immunoreactivity for synaptophysin, NFP,
and NeuN (91, 92). Helpful in the diagnosis of ETMR is the diffuse
cytoplasmic immunolabelling with LIN28A, a highly conserved RNA-
binding protein involved in many biological processes (93, 95, 96).
However, it should be noted that LIN28A is expressed in other CNS
tumours including ATRT and even gliomas (93, 97). The outlook for
patients with ETMR is grave, with survival averaging 12 months despite
multimodal therapy (91, 93, 94).

WHO grading of central nervous system tumours
In many organ sites, the histological grading of tumours is an important
criterion for therapeutic decisions, in particular, whether or not adjuvant
radio-chemotherapy is likely to improve clinical outcome. The WHO
grading is based on a four-tier system, although there is no brain tumour
that actually occurs over this entire range. Some brain neoplasms only
manifest as a single grade, for example, pilocytic astrocytoma,
subependymoma, subependymal giant cell astrocytoma, myxopapillary
ependymoma, and most glioneuronal tumours (6, 7, 8) (Table 1.5).
Accordingly, WHO grading is best defined as a malignancy scale across a
large number of diverse neoplasms.

Table 1.5 WHO grades of selected CNS tumours

Diffuse astrocytic and oligodendroglial tumours

Diffuse astrocytoma, IDH-mutant II

Anaplastic astrocytoma, IDH-mutant III

Glioblastoma, IDH-wildtype IV

Glioblastoma, IDH-mutant IV

Diffuse midline glioma, H3 K27M-mutant IV

Oligodendroglioma, IDH-mutant and 1p/19q-codeleted II

Anaplastic oligodendroglioma, IDH-mutant and 1p/19q-codeleted III
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Other astrocytic tumours

Pilocytic astrocytoma I

Subependymal giant cell astrocytoma I

Pleomorphic xanthoastrocytoma II

Anaplastic pleomorphic xanthoastrocytoma III

Ependymal tumours

Subependymoma I

Myxopapillary ependymomas I

Ependymoma II

Ependymoma, RELA fusion–positive II or III

Anaplastic ependymoma III

Other gliomas

Angiocentric glioma I

Chordoid glioma of third ventricle II

Choroid plexus tumours

Choroid plexus papilloma I

Atypical choroid plexus papilloma II

Choroid plexus carcinoma III

Neuronal and mixed neuronal-glial tumours

Dysembryoplastic neuroepithelial tumour I

Gangliocytoma I

Ganglioglioma I

Anaplastic ganglioglioma III

Dysplastic gangliocytoma of cerebellum (Lhermitte–Duclos) I

Desmoplastic infantile astrocytoma and ganglioglioma I

Papillary glioneuronal tumour I

Rosette-forming glioneuronal tumour I

Central neurocytoma II

Extraventricular neurocytoma II

Cerebellar liponeurocytoma II

Tumours of the pineal region

Pineocytoma I

Pineal parenchymal tumour of intermediate differentiation II or III
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Pineoblastoma IV

Papillary tumour of the pineal region II or III

Embryonal tumours

Medulloblastoma (all subtypes) IV

Embryonal tumour with multilayered rosettes, C19MC-altered IV

Medulloepithelioma IV

CNS embryonal tumour, NOS IV

Atypical teratoid/rhabdoid tumour IV

CNS embryonal tumour with rhabdoid features IV

Tumours of the cranial and paraspinal nerves

Schwannoma I

Neurofibroma I

Perineurioma I

Malignant peripheral nerve sheath tumour (MPNST) II, III or IV

Meningiomas

Meningioma I

Atypical meningioma II

Anaplastic (malignant) meningioma III

Mesenchymal, non-meningothelial tumours

Solitary fibrous tumour/haemangiopericytoma I, II or III

Haemangioblastoma I

Tumours of the sellar region

Craniopharyngioma I

Granular cell tumour I

Pituicytoma I

Spindle cell oncocytoma I

Adapted from Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Ellison DW,
Figarella-Branger D, Perry A, Reifenberger G, Von Deimling A (Eds), World
Health Organization Classification of Tumours of the Central Nervous System,
Fourth Edition Revised, Copyright (2016), with permission from IARC
Publications.

From a clinical point of view, the relevance of tumour grades may not
be as significant as before. There are new, genetically defined entities, for
example, the secondary glioblastoma IDH-mutant, which clearly has a
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better prognosis than primary glioblastoma IDH-wildtype. It remains to be
shown whether this justifies the assignment of WHO grade III for
secondary glioblastoma IDH-mutant. On the other hand, IDH-mutant
diffuse astrocytomas WHO grade II and anaplastic astrocytomas WHO
grade III show insignificant differences in survival (17). This is probably
due to a contamination of anaplastic astrocytomas with IDH-wildtype
gliomas, in particular, primary glioblastomas. Similarly, the response to
therapy of grade II and III oligodendrogliomas is comparable and
generally better if defined by 1p/19q co-deletion and IDH mutation (17).
Medulloblastomas are all assigned grade IV, although the prognosis of
patients with WNT-activated medulloblastoma is excellent; with current
surgical approaches and adjuvant therapy regimens, overall survival is
close to 100% (82, 98). A lower grade cannot be assigned since grading
reflects the inherent malignancy of a tumour and does not change with
therapeutic progress.
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CHAPTER 2

Astrocytic tumours: pilocytic
astrocytoma, pleomorphic
xanthoastrocytoma, and
subependymal giant cell
astrocytoma
Brian P. O’Neill, Jeffrey Allen, Mitchell S. Berger,
and Rolf–Dieter Kortmann

Definitions (histology)
The following definitions are taken from the WHO Classification of
Tumours of the Central Nervous System, fourth edition (1).

◆ Pilocytic astrocytoma (PA) (World Health Organization (WHO) grade
I): a relatively circumscribed, slow-growing, often cystic astrocytoma
occurring in children and young adults, histologically characterized by a
biphasic pattern with varying proportions of compacted bipolar cells
associated with Rosenthal fibres and loose-textured multipolar cells
associated with microcysts and eosinophilic granular bodies. Most PAs
are localized, macrocystic, and only marginally infiltrative. However
some PAs, such as those arising in the optic pathways, are rarely cystic
and may have an extensive infiltrative pattern but within a
neuroanatomical pathway.

◆ Pleomorphic xanthoastrocytoma (PXA) (WHO grade II): an astrocytic
neoplasm with a relatively favourable prognosis, typically encountered
in children and young adults, with superficial location in the cerebral
hemispheres and involvement of the meninges; characteristic
histological features include pleomorphic and lipidized cells expressing
glial fibrillary acidic protein and often surrounded by a reticulin
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network as well as eosinophilic granular bodies.
◆ Subependymal giant cell astrocytoma (SEGA) (WHO grade I): a

benign, slow-growing tumour typically arising in the wall of the lateral
ventricles and composed of large ganglioid astrocytes. It is the most
common central nervous system (CNS) neoplasm in patients with
tuberous sclerosis.

Epidemiology
Much of the epidemiological data in this section is derived from the
Central Brain Tumor Registry of the United States (CBTRUS) Statistical
Report for 2005–2009 (2). CBTRUS is a research organization that
provides quality statistical data on population-based primary brain and
CNS incident tumours in the United States. CBTRUS works in partnership
with a public surveillance organization, the National Program of Central
Registries (NPCR) (3), from which data are directly received under a
special agreement. This agreement permits transfer of data through the
Case Submission Specifications (NPCR-CSS) mechanism, the system
utilized for collection of central (state) cancer data (4). CBTRUS combines
the NPCR data with data from the National Cancer Institute (NCI)
Surveillance, Epidemiology and End Results (SEER) Program (5).

A major limitation of the CBTRUS is that it is histology based: patients
with suspected primary brain tumours are not registered. This practice
excludes most children with a diagnosis of an optic pathway glioma,
diffuse infiltrative pontine glioma, tectal glioma, or other indolent
brainstem tumours that are clinically diagnosed such as those that arise in
children with neurofibromatosis type 1 (NF1). The majority of these
patients probably have some form of low-grade glioma (LGG), such as a
PA. Another limitation is that NF1-associated tumours are not
differentiated, impacting epidemiological data and interpretation. Given
the relative infrequency of PXA and SEGA, precise epidemiological data
is scant and likely not reliable. Nevertheless, recent incidence data
suggests that the diagnosis of low-grade astrocytoma (LGA) is distributed
rather evenly throughout childhood (6).

Another confounding contemporary variable is the increasing awareness
of brain lesions suggestive of incidentally diagnosed LGA encountered
with the liberal use of screening magnetic resonance imaging (MRI) for
such indications as headache disorders, minor head injuries, and a baseline
MRI prior to instituting growth hormone therapy in children with
idiopathic short stature. Such presumably asymptomatic lesions are rarely
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biopsied but may represent early manifestations of LGGs that could
become symptomatic later in life.

Age, race, and gender
The overall distribution of primary brain tumours for all ages by major
histological group is shown in Fig. 2.1. Fig. 2.2 displays the distribution in
children and adolescents, and Fig. 2.3 shows the distribution of primary
brain and CNS tumours by histology in young adults (ages 20–34 years)
(2).

Fig. 2.1 Overall distribution of primary brain tumours for all ages by major
histological group.
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Fig. 2.2 Distribution of primary brain and CNS tumours by major histological
group in children and adolescents.

Fig. 2.3 Distribution of primary brain and CNS tumours by histology in young
adults (ages 20–34 years).

Within these distributions, PAs represent approximately 5–6% of all
gliomas and have an overall incidence of 0.37 per 100,000 persons per
year (7). Because their discovery is often in the first three decades, the
distributions are respectively 0.750, 0.671, and 0.121 per 100,000 person-
years for the first, second, and third decades respectively (8). There is no
gender preference.

Incidence data by race are shown in Fig. 2.4 (1). In many
epidemiological studies of glioblastoma, incidence rates by race varied
about three- to four-fold, with the highest among non-Hispanic white
people followed by Hispanic white people, black people, Asian/Pacific
Islanders, and American Indians/Alaskan Natives (9). These figures may
be skewed by the fact that glioblastomas occur in older adults and thus
incidence is affected by mortality figures for the population studied. For
example, the incidence of glioblastoma in parts of Africa may be obscured
by the reduced life expectancy of black people there versus North
America.
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Fig. 2.4 Incidence data by race. * Incidence rate ratio is statistically significantly
different in white and black populations.

Comparable studies of LGGs by race tend to consider LGG as a group
rather than report data on histological subtypes such as PA, PXA, and
SEGA. Furthermore, comparisons of glioblastoma and ‘non-glioblastoma’
incidence by race did not differentiate between the subtypes; the ‘non-
glioblastoma’ category included those forms usually considered as WHO
grades II and III but was not further subdivided nor was there a
differentiation between those associated with NF1 and those not associated
(10). As with glioblastoma, rates for non-glioblastoma were highest among
non-Hispanic white people followed by Hispanic white people, with rates
among black people, Asian/Pacific Islanders, and American
Indians/Alaskan Natives each about 40% of the rates among non-Hispanic
white people. The difference in race/ethnic variation between glioblastoma
and non-glioblastoma was highly significant among both males and
females (P-value for heterogeneity <0.0001 in each sex) (10).

Anatomical distribution
In all age groups combined, the cerebellum (43%) and supratentorial
structures (37%), excluding the optic pathway and hypothalamus, were
affected at a similar frequency. There is a significant age factor, however.
In a population-based study of PAs from the canton of Zurich
(Switzerland) (11), the majority of PAs in children, in whom histological
material was available, were located in the cerebellum (67%); whereas
those in adults most frequently involved supratentorial structures (55%)
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(Fig. 2.5). However, it is customary not to biopsy clinically diagnosed
optic pathway gliomas, especially those arising in patients with NF, with
the assumption that the vast majority represent PAs.

Fig. 2.5 Graph showing patient age in years (y-axis) and location of PAs. In
children and adolescents, the cerebellum is most frequently affected; in adults the
supratentorial location prevails. In no patient younger than 12 years of age did PAs
develop in the basal ganglia, thalamus, or cerebral hemispheres. Each circle
corresponds to one patient.

The ‘optic nerve glioma syndrome’ in NF children is somewhat
unpredictable, and precise clinical criteria justifying chemotherapy
intervention are evolving (12). Approximately 20% of unselected children
under 5 years of age with NF1 will have an abnormality on MRI
suggestive of an optic nerve glioma, but less than half of these children
will develop clinical symptoms (13). Some children may have clear MRI
features of an optic nerve glioma without any visual loss of optic atrophy;
and in a small minority, these MRI features may improve and even
normalize over time without any intervention. For those who are treated
with some form of chemotherapy, only one-third will experience
improvement in visual function, whether or not improvement is
documented on MRI (14). The selection of chemotherapy alternatives for
children with NF1 is more limited since there is a conscientious attempt to
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avoid alkylating agents such as CCNU in patients with tumour suppressor
gene syndromes, and radiation therapy is employed as a last resort after
most chemotherapy options have been explored.

Variations by geography
There is little support for specific geographic loci of increased prevalence.
According to data from the CBTRUS, PAs amounted to 1.9% of all CNS
tumours in all age groups in the United States (2) between 1970 and 2000.
Similar data reported by Suh et al. were shown based on 3221 CNS
tumours from the files of 13 pathology institutes in Korea between 1997
and 1998 (15). Of 1014 glioma cases entered in the Tohoku Brain Tumor
Registry in Japan between 1979 and 1990, 41 (4%) were PAs (16). Neither
study analysed their data by NF1 association.

Natural course
The natural course of these astrocytoma subtypes is variable and may
relate to certain host and tumour factors such as age at diagnosis, presence
of NF1, location, and histology. For example, infants with PAs have a
shorter PFS than older children following similar chemotherapy
interventions (17). NF1 children with optic nerve glioma are less likely to
experience tumour progression; and when progression occurs, their optic
nerve glioma responds more favourably and for a longer duration than
children without NF1 (18), lack of surveillance, or observational studies
specifically addressing the natural history of LGA for whom an
intervention such as surgery, chemotherapy, or radiation has been deferred.
It seems evident that juvenile PAs or their variants have a very low
probability of undergoing malignant transformation unless they are
irradiated, and their growth rate may attenuate over time (19).

The closest ‘natural course’ data is shown in Fig. 2.6, which displays
Kaplan–Meier plots for 51 patients (median age at diagnosis: 15 years)
with supratentorial PA compared to sex- and age-matched controls (20). In
this series, patients with PA were typically managed with surgery alone;
and the favourable course for PA is reflective of their successful surgical
management. This is further discussed in the section on surgery. More
recently, Qaddoumi and colleagues reviewed the outcomes and prognostic
features in 6212 cases of paediatric gliomas seen at St. Jude’s Research
Hospital (21). This study also did not separate out subtypes and did not
factor in NF.
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Fig. 2.6 Survival curves for 51 patients with supratentorial pilocytic astrocytomas
and expected survival of age- and sex-matched people from the general population.
Vertical lines represent the length of follow-up for patients still alive at last follow-
up.

Aetiology and pathogenetic mechanisms
Most of what is known regarding tumourigenesis of the astrocytoma
subtypes comes from studies of those tumours occurring in the context of
cancer predisposition syndromes such as NF1 and tuberous sclerosis.

Pilocytic astrocytoma
Unique mutational configurations confined primarily to the MAPK
pathway differentiate PAs from fibrillary astrocytomas (22). BRAF gene
duplications are the most frequently observed alteration arising in over
70% of samples (23). There is usually a tandem duplication and fusion of
this oncogene with another gene, KIAA1549, that results in constitutive
activation of the MAPK pathway. Since this oncogene can also induce
senescence, it is also most likely responsible for the relatively slow growth
rate and low incidence of malignant transformation. Recent evidence
suggests that alterations of the NF1 tumour suppressor gene can also
activate the MAPK/ERK pathway independently of BRAF (24).

PAs are the most frequent CNS neoplasms associated with NF1. Optic
nerve involvement, especially when bilateral, is the classic finding; but
other anatomical sites such as the tectum and brainstem, sometimes
multiple, may also be affected. Approximately 30% of PAs arise in NF1
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patients; and approximately 10–15% of patients with NF1 develop PA,
particularly of the optic pathways (25). Conversely, up to one-third of
patients with a PA at that location have NF1 (26). While most are classic
PA, some are difficult to classify and have been termed ‘low-grade
astrocytoma subtype indeterminate’ (27). These latter tumours exhibit
peculiar morphologies including plump cytoplasmic processes and
macronucleoli. Differential expression of neuronal-related genes and
increased mammalian target of rapamycin (mTOR) activation may
underlie phenotypic variations in NF1-associated LGAs (28). In anaplastic
PA, PI3K/AKT and MAPK/ERK signalling pathways perturbations appear
to correlate with biological aggressiveness in PA (29).

Pleomorphic xanthoastrocytoma
Pleomorphic xanthoastrocytoma shares some similar genetic features to
PA (i.e. alteration of the BRAF gene); but as opposed to BRAF duplication,
the most common mutation involves the BRAF V600E point mutation
(30). In one study, 42 of 64 (66%) PXA specimens had a point mutation in
the BRAF oncogene (V600E) (31). Giannini and colleagues reviewed 71
cases with sufficient clinical, pathological, and treatment data from the
Mayo Clinic and Johns Hopkins Hospital (32). They concluded that PXA
is a generally favourable astrocytoma subtype and that gross tumour
resection appears to be the main predictor of relapse-free survival and
overall survival. PXAs may recur and, when they do, often demonstrate
aggressive clinical behaviour with a mortality rate between 15% and 20%.
A surprising feature of the pattern of failure in PXA is its tendency to have
leptomeningeal spread at tumour progression, sometimes with minimal
local recurrence. Occasional patients have presented with meningeal
spread with a uniformly poor prognosis (33).

Subependymal giant cell astrocytoma
This tumour arises almost exclusively in patients with tuberous sclerosis
complex (TSC), usually in a subependymal location adjacent to the
foramen of Monro. The tumours may be unilateral but are frequently
bilateral. They arise in over 90% of TSC patients, usually by the second
decade, and may cause hydrocephalus. The majority of these tumours have
activating mutations in the TSC1 (hamartin) or TSC2 (tuberin) genes
whose function appears to inhibit the mTOR pathway (34). As a result,
there is constitutive activation of this growth-regulating pathway. There
are many other less well-understood phenomena about this syndrome such
as the unique localization of these tumours and the predisposition to
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cortical dysplasia and epilepsy. Nevertheless, drugs that inhibit the mTOR
pathway have had a remarkable ability to reduce tumour size in this
syndrome (35).

Clinical presentation
In general, a brain tumour’s clinical presentation varies with histology,
patient age, and location. Each astrocytoma subtype will be discussed
separately in the following sections.

Pilocytic astrocytoma
The more common sites of origin include the cerebellar hemisphere, optic
nerve/optic chiasm and optic tracts, the hypothalamus, cerebral cortex,
midbrain, and medulla. The majority occur in children and adolescents, but
up to 25% occur in adults. In the paediatric population, more tumours arise
in the infratentorial region, and the opposite is true in adults. The most
common supratentorial site for PA is in the hypothalamic/optic pathways
followed by the diencephalic region. PAs of the spinal cord constitute less
than 10% of all PAs in children (7). Large diencephalic and midbrain
lesions may obstruct cerebrospinal fluid flow. In patients with NF1, the
sites of involvement are similar; but the distribution and frequency are
different. In NF1 the most common site for PA is the optic nerve/chiasm
complex whereas this site is less in sporadic cases. Sporadic optic gliomas
present with impaired vision more frequently and are more aggressive than
NF1 optic gliomas (36).

PAs produce local neurological deficits appropriate to the anatomical
site or non-localizing signs such as headache, endocrinopathy, or increased
intracranial pressure due to mass effect or ventricular obstruction. Seizures
are uncommon since the lesions infrequently involve the cerebral cortex.
Given their slow rate of growth, the clinical presentation of pilocytic
tumours is generally that of an evolving lesion. PAs of the optic pathways
often produce visual loss. Proptosis may be seen with intraorbital tumours.
As part of NF1 screening, suspected optic nerve glioma may be detected
radiographically, presymptomatically, and these and some symptomatic
ones may spontaneously regress. Hypothalamic pituitary dysfunction,
including obesity, can arise in diencephalic and optic nerve gliomas. PAs
of the thalamus generally present with signs of CSF obstruction or
neurological deficits such as hemiparesis or movement disorders due to
pyramidal and extrapyramidal tract compression. Cerebellar PAs usually
present in the first two decades with clumsiness, worsening headache,
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nausea, and vomiting. Brainstem examples, especially those that arise in
the tectum of the midbrain, present with macrocrania and signs and
symptoms of raised intracranial pressure. PAs arising dorsally in the
medulla or cervicomedullary region may obstruct outflow of the fourth
ventricle or cause medullary or upper spinal cord dysfunction.

Pleomorphic xanthoastrocytoma
Pleomorphic xanthoastrocytomas typically present with a focal seizure
disorder. Age at diagnosis varied considerably in the largest case series
published with mean age of 26 ± 16 years (32). Imaging usually identifies
a large and cortically based tumour in the frontal or temporal lobes with
heterogeneous gadolinium enhancement and occasional intratumoural
cysts and calcifications. They may also have focal signs consistent with
their anatomical position. Because they extend to the meninges, they may
occasionally present with meningeal signs and symptoms (33). They are
usually amenable to radical resection.

Subependymal giant cell astrocytoma
Subependymal giant cell astrocytomas occur most commonly in the first
two decades of life with mean age at presentation of 11 years. Although
these tumours are generally benign and classified as WHO grade I, more
aggressive lesions can infiltrate the thalamus, hypothalamus, and basal
ganglia and produce obstructive hydrocephalus and mass effect (34).
SEGAs originate within the wall of the lateral ventricle, most frequently in
the region of the foramen of Monro. Because of this location, SEGAs
typically result in obstructive hydrocephalus and symptoms of elevated
intracranial pressure. SEGAs are often 2–3 cm at the time of presentation.
Sudden death from acute hydrocephalus can occur with the risk directly
proportional to tumour volume. Surgical resection has been the standard
treatment for SEGAs and is generally curative with gross total excision.
Endoscopic resections are becoming more common, especially for the
smaller tumours (37). Stereotactic radiosurgery, primarily with the Gamma
Knife®, has been used for primary management on a case-by-case basis
but is not the primary treatment (38). Recently, inhibitors of the mTOR
pathway have been shown to produce significant responses in TSC
patients, and long-term therapy is relatively safe and tolerable (39, 40).
When an mTOR inhibitor such as sirolimus (rapamycin) or everolimus is
stopped, the tumour usually recurs. Decision-making regarding surgery,
radiosurgery, mTOR inhibitors, and their combinations are usually made
on a case-by-case basis.
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Imaging
A particular challenge of diffuse astrocytomas is their stealthy imaging
characteristics. All clinicians have had the experience of seeing a patient
who presents with their first seizure and has ‘normal’ imaging only to later
receive the report that a faint hypodensity with variable mass effect has
emerged thus indicating the possibility of a neoplasm. This was
particularly the case with computed tomography (CT) and has become less
so with MRI (41).The ‘false-negative’ rate with current standard MRI
scanning is hard to come by but is probably in the 15–20% range, although
in one series it was 39% (42).

PAs, PXAs, and SEGAs have distinct almost pathognomonic imaging
features. In contrast to diffuse astrocytomas, CT scanning is nearly
equivalent to MRI in terms of diagnostic accuracy—although calcification,
an imaging marker of slow growth, is much more easily identified with the
former. The following sections address imaging characteristics of PAs,
PXAs, and SEGAs.

Pilocytic astrocytoma
PAs are well circumscribed, often cystic masses, and usually exhibit
homogeneous enhancement except when they arise in certain locations
such as the tectum, optic pathways, and medulla (43). Only a minority are
calcified. Anterior optic pathway tumours involving the optic nerve are
somewhat restrained in their outward expansion by the optic sheath and
usually grow as a fusiform, tortuous intraorbital mass often producing
proptosis (Fig. 2.7). In contrast, optic pathway tumours involving the
chiasm and tracts appear to respect anatomical pathways as they spread to
involve the optic radiations (Fig. 2.8). Cyst formation is often location
dependent. For example, cerebellar PAs are often comprised mostly of
large tumoural cysts with enhancing mural nodules (Fig. 2.9) whereas
cysts are less common in optic nerve or tectal gliomas.
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Fig. 2.7 Optic nerve glioma in a 4-year-old with NF1.
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Fig. 2.8 Optic nerve pilocytic astrocytoma in a 6-year-old without NF1.

Fig. 2.9 Classic infratentorial pilocytic astrocytoma.

Pleomorphic xanthoastrocytoma
These tumours typically present in late adolescence/early adulthood. They
are usually located in temporal or parietal lobes and extend to the pial
surface where they present a characteristic imaging appearance (Fig. 2.10).
Presumably because of their superficial location the majority of patients
present with seizures. More than half of these tumours have a cystic
component, and in most instances, the solid component enhances avidly. A
distinguishing feature of PXA is that some tumour cysts will have mural
nodules projecting into the cavity, and the nodule may be calcified.
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Fig. 2.10 Anaplastic pleomorphic xanthoastrocytoma.

Subependymal giant cell astrocytoma
These tumours are usually identified in patients with TSC where as many
as 20% of patients may have imaging evidence for SEGA. As such, the
imaging may display other characteristic imaging features of the TSC such
as subcortical tubers. SEGAs may be found in patients without evidence of
TSC. Imaging features of the tumours in sporadic and TSC cases are
similar. On axial T2-weighted and fluid-attenuated inversion recovery
(FLAIR) MRI, a SEGA is usually identified near the foramen of Monro
with heterogenous, somewhat hyperintense signal compared to white
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matter. Intense homogeneous enhancement is seen on contrast-enhanced
axial and coronal T1-weighted images (Fig. 2.11). Subependymal nodules
may be seen along the lateral ventricles. Occasionally SEGAs may be
bilateral (44). Multiple foci of increased signal are seen on FLAIR images
in the subcortical regions representing parenchymal tubers.

Fig. 2.11 Subependymal giant cell astrocytoma.

Treatment
The cornerstone for all three astrocytoma subtypes is surgery with the goal
being gross total resection. This goal is usually achievable when the
primary tumour arises in the cerebrum, cerebellum, and occasionally in the
spinal cord. It is difficult to achieve in hypothalamus, thalamus, or
brainstem and is not possible in the optic nerves or chiasm. A gross total
resection not only relieves symptoms, provides internal decompression,
and establishes the histological diagnosis—it serves as a curative
procedure in the majority of patients. Even patients with partial resections
may ultimately experience prolonged stabilization.

In progressive disease, chemotherapy is increasingly used especially in
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younger patients and in children with NF1. Currently there is insufficient
data on the efficacy of specific chemotherapy regimens for each subtype of
LGG, and they are all treated in a similar fashion. The first choice of
chemotherapy is usually carboplatin and vincristine. Gnekow et al.
reported the long-term follow-up of the HIT-LGG-1996 study for LGG in
children and described a 10-year progression-free survival of 44% in 137
patients with three-quarters of surviving patients not requiring
radiotherapy (50). As more is learned about the molecular specificity and
vulnerability of LGG, molecular-targeted therapy may assume a more
important role.

Radiotherapy is reserved for older children and when chemotherapy has
failed (51, 52). Modern three-dimensional conformal radiotherapy is
increasingly used in PA (Table 2.1). In the series of Merchant et al., a 5-
and 10-year event-free survival of 87.4% or 74.3% was achieved. The
corresponding overall survival was 98.5% and 95.9%, respectively (53).
The Boston group treated 81 children with fractionated stereotactic
convergence therapy and achieved an 8-year progression-free survival of
65% (51). In the prospective multicentre HIT-LGG-1996 trial, 117 patients
underwent radiation therapy. The 5- and 10-year progression-free survival
after external fractionated radiation therapy was 76%. The 10-year overall
survival was 97%. Disease progression was not influenced by gender,
NF1, tumour location, age, or prior chemotherapy (52)

Table 2.1 Recent series in external fractionated radiotherapy in childhood
low-grade glioma using modern treatment technologies

Author
(reference) Dose prescription PatientsResults Follow-

up

Debus et al., 1999
(54)

Median 52.4 Gy/1.6–
2.0 Gy

Margin: 7 mm

10 5-year PFS: 90%,
5-year OS: 100%
No acute toxicities

12–72
months

Saran et al., 2002
(55)

Median 50–55 Gy/30–
33 fractions

Margin: 5–10 mm

14 3-year PFS: 87%,
3-year OS: 100%
1 relapse within GTV

33
months

Hug et al., 2002
(56)

Protons
50.4–63.0 CGE
1.8 Gy
Margin: no data

27 Local control survival
Hemispheric 71% 86%
Diencephalic 87% 93%
Brainstem 60% 60%

3.3 years
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Marcus et al.,
2005 (51)

Stereotactic
Convergence technique
Median 52.2 Gy/1.8 Gy
Margin: 2 mm

81 5-/8-year PFS: 82.5%/65%
5-/8-year OS: 97.8%/82%

6 local relapses
All within field

6.9 years

Combs et al.,
2005 (57)

3D conformal RT
Median 52.2 Gy/1.8 Gy
Margin: 5 mm

15 3-/5-year PFS: 92%/72%
5-year OS: 90%

97
months

Merchant et al.,
2009 (53)

3D conformal RT
Median 54 Gy/1.8 Gy
Margin: 15 mm

78 5-/10-year EFS:
87.4%/74.3%

5-/10-year OS:
98.5%/95.9%

13 relapses
(8/13 within PTV)
(1/13 margin) (4/14 CNS

metastases)

89
months

Paulino et al.,
2013 (58)

IMRT
45–60 Gy
Margin: 5–10 mm

39 8-year EFS/OS:
78.2%/93.7%

7/7 failures in field

n.a.

Müller et al.,
2013 (52)

Conventional/3D
planning

Median 54 Gy/1.8 Gy
Margin: 1–2 cm

75 Pilocytic astrocytoma
5/10 y. PFS: 76.5%
5/10 y. OS: 96.2%
Relapse pattern: n.a.

8.4 years

CGE, cobalt Gray equivalent; EFS, event-free survival; IMRT, intensity-modulated
radiotherapy; n.a., not applicable; OS, overall survival; PFS, progression-free
survival; PTV, planning target volume; RT, radiotherapy.

Brachytherapy is a useful option. It seems that small, circumscribed
tumours with a diameter of less than 4 cm in locations other than the optic
nerve and chiasm are preferred cases for interstitial brachytherapy. A 15-
year progression-free and overall survival of 65% and 82% could be
reached in one series (59). Proton therapy might possess an advantage
mainly in normal tissue preservation; its use, however, is still
experimental.
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CHAPTER 3

Astrocytic tumours: diffuse
astrocytoma, anaplastic
astrocytoma, glioblastoma, and
gliomatosis cerebri
Michael Weller, Michael Brada, Tai–Tong Wong,
and Michael A. Vogelbaum

Definition
Diffuse astrocytomas (World Health Organization (WHO) grade II) are
classified by the 2007 WHO classification as fibrillary, gemistocytic, or
protoplasmic and are also referred to as low-grade gliomas (1). Anaplastic
astrocytoma (WHO grade III) and glioblastoma (WHO grade IV) have
traditionally been collectively referred to as high-grade gliomas. The
diagnosis of glioma may be suspected based on clinical history and
neuroimaging findings (see later in chapter), but histological confirmation
remains the diagnostic ‘gold standard’. Diffuse astrocytomas are
infiltrative, but slow-growing tumours without prominent angiogenesis,
necrosis, or nuclear atypia. The WHO classification defines anaplastic
astrocytoma as a diffusely infiltrating tumour characterized by nuclear
atypia, increased cellularity, and significant proliferative activity. Vascular
proliferation and necrosis are distinguishing histopathological features that
allow the diagnosis of glioblastoma (WHO grade IV). The clinical
significance of morphologically defined glioblastoma variants such as
giant cell glioblastoma, small cell glioblastoma, glioblastoma with
oligodendroglial component, or gliosarcoma remains controversial. This
subclassification has no management implications at present. Gliomatosis
cerebri is defined as a glial tumour confirmed by histology that affects
more than two cerebral lobes as assessed by neuroimaging and is assigned
the WHO grade III.
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Molecular markers have not been incorporated into the 2007 WHO
classification, but may be of diagnostic value: 1p/19q co-deletions detected
by fluorescent in situ hybridization are common in oligodendroglial
tumours, but are rare in astrocytic gliomas. Epidermal growth factor
receptor (EGFR) amplification and overexpression detected by reverse
transcriptase polymerase chain reaction (PCR) or immunocytochemistry
are typical lesions of glioblastoma, but not anaplastic astrocytoma. O6-
methylguanine-DNA methyltransferase (MGMT) gene promoter
methylation detected by methylation-specific PCR is a favourable
prognostic marker in anaplastic gliomas and predicts benefit from
alkylating agent chemotherapy in glioblastoma. Isocitrate dehydrogenase
(IDH) mutations detected by immunohistochemistry (IDHR132H) or PCR
and direct sequencing for rare IDH-1 and for IDH-2 mutations are
common in anaplastic astrocytoma, but rare in glioblastoma, and will have
a major impact on the next revision of the WHO classification. The
differential distribution of IDH gene mutations in glioblastomas versus
grade II and III gliomas indicates that most glioblastomas are biologically
distinct tumours that are not related to typical lower-grade precursor
lesions. Thus, the detection of IDH gene mutations as a characteristic
feature of grade II/III gliomas also provided a molecular post hoc rationale
for separating glioblastomas into secondary glioblastoma derived from less
malignant precursor lesions from the more common primary glioblastomas
which present with the full histological pattern of glioblastoma at the time
of first surgical intervention. Finally, IDH gene mutations are
prognostically favourable across all glioma entities including gliomatosis
cerebri (2), and almost never occur in elderly patients with malignant
gliomas. In fact, the differential distribution of IDH mutations by age
together with their favourable prognostic significance explains partially the
negative prognostic impact of age in these patients (see later) (3).
Altogether, these considerations justify that the upcoming revision of the
WHO classification includes molecular markers, notably IDH, for
diagnostic classification (4).

Epidemiology
The overall annual incidence of gliomas is in the range of 5–6 per 100,000
population. The figures for diffuse astrocytoma, anaplastic astrocytoma,
and glioblastoma are 0.1, 0.4, and 3.1 per 100,000, respectively, whereas
no incidence data are available for gliomatosis cerebri. Males are more
often affected than females by glioblastoma (1.6:1) and anaplastic
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astrocytoma (1.4:1) (http://www.cbtrus.org) (Table 3.1). No large data sets
are available for gliomatosis cerebri; in the Neuro-Onkologische
Arbeitsgemeinschaft/German Neuro-Oncology Group (NOA)-05 trial, 19
of 35 patients (54%) were male (5).

Table 3.1 Malignant gliomas: epidemiology and outcome.

Annual incidence
per 100,000

Survival at 1
year (%)

Survival at 3
years (%)

Survival at 5
years (%)

Diffuse
astrocytoma

0.1 75 56 58

Anaplastic
astrocytoma

0.4 61 35 27

Glioblastoma 3.2 35 8 5

Source data from www.cbtrus.org

There is little variation of risk across different countries and races. The
natural course is rapid deterioration and death in glioblastoma, notably in
the elderly within weeks, and more favourable, but still invariably lethal in
anaplastic astrocytoma. In contrast, the natural course of diffuse
astrocytoma and also gliomatosis cerebri is more variable, and some
patients even with extensive disease remain neurologically largely
asymptomatic for years.

Aetiology
The aetiology of most malignant gliomas remains unknown. Hereditary
syndromes associated with an increased risk of glioma development
include Li–Fraumeni syndrome and neurofibromatosis types 1 and 2 (see
Chapters 15–17). Therapeutic irradiation to the skull and brain in
childhood is associated with an increased risk of glioma. Since the overall
incidence is low and no other major risk factors are known, and since
gliomas may develop de novo within few weeks or months, no screening
for gliomas has been implemented.

Pathogenesis
The pathogenesis of gliomas remains enigmatic. The cell of origin is likely
to be a neuroglial precursor cell. It has become clear that IDH gene

79

http://www.cbtrus.org
http://www.cbtrus.org


mutations, if present, occur early in glioma genesis. Mutant IDH proteins
may promote genome-wide methylation and thereby tumour formation (6).
Mutations in p53 (TP53) are also early events in malignant astrocytic
tumours which harbour these alterations. For the IDH wild-type tumours,
that is, most glioblastomas, a similar, presumably early molecular event is
less clearly defined, because early glioblastomas are rarely diagnosed.
Additional molecular aberrations of anaplastic astrocytomas include loss
of heterozygosity (LOH) 17p (50–60%), LOH 10q (35–60%), and LOH
19q (40–50%). Glioblastomas are characterized by EGFR amplification
(40–50%) which is associated with the EGFRvIII mutation in
approximately half of these patients. Moreover, cell cycle control is
disrupted in the majority of glioblastomas either at the level of the receptor
tyrosine kinase pathway (88%), p53 signalling (87%), or the
retinoblastoma pathway (78%) (7).

Clinical presentation
There are no characteristic features of clinical presentation of gliomas. A
common mode of presentation is a first epileptic seizure in an individual
without neurological history. Type and kinetics of evolution of focal
clinical symptoms depend on the location and the growth rate of the
tumour. Rapid neurological deterioration is most commonly seen in elderly
patients with glioblastoma. Conversely, patients with diffuse astrocytomas
and even with extensive gliomatosis cerebri can remain asymptomatic for
many months and even years.

Imaging
The diagnosis of gliomas is most often made by neuroimaging in
individuals suspected of harbouring an intracranial lesion because of the
clinical history. Magnetic resonance imaging (MRI) is the method of
choice. Computed tomography (CT) is only used when MRI is not
available or not possible. Cerebral angiography is performed as deemed
helpful by the surgeon and is less frequently used with the introduction of
magnetic resonance angiography. Positron emission tomography (PET)
using amino acid tracers is increasingly used to detect hot spots of
increased metabolic activity which may indicate a higher grade of
malignancy and can be used to guide surgical strategies including, but not
limited to, the best site for biopsy (8).

Imaging is also the main method to assess response to therapy in
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gliomas. The Macdonald criteria (9) which served neuro-oncology well for
almost two decades had to be revised in 2010 as a consequence of new
patterns of response and progression observed with the introduction of
anti-angiogenic agents (10). The four categories of complete response
(CR), partial response (PR), stable disease (SD), and progressive disease
(PD) were maintained, but more clearly delineated in terms of
confounding factors, and the major innovation was the consideration not
only of contrast-enhanced images, but also T2-weighted and fluid-
attenuated inversion recovery (FLAIR) sequences. New Response
Assessment in Neuro-Oncology (RANO) criteria were also proposed for
patients with low-grade (non-enhancing) gliomas (11).

Pseudoprogression refers to an apparent increase in the size of the
contrast-enhancing lesion that does not reflect tumour progression, but
rather treatment-related reactive changes (12). It is often claimed to be
related to combined modality treatment of glioblastoma, but such
evolutions of CT and MRI scans can also be seen after radiotherapy alone,
especially in patients with residual tumours. Its frequency and clinical
significance are difficult to estimate since temozolomide is usually
continued in patients with suspected pseudoprogression who are clinically
stable or improved, but whose MRI scans appear to indicate progressive
disease. This practice is reasonable, but precludes differentiation of
pseudoprogression from delayed responses to temozolomide.

Treatment
The diagnosis, treatment, and follow-up of patients with astrocytic gliomas
is an interdisciplinary challenge that is best met by specialized centres with
dedicated brain tumour boards and interdisciplinary outpatient clinics
(Table 3.2). There is general agreement that surgical excision of the bulk
tumour alone is insufficient treatment for patients with anaplastic
astrocytoma or glioblastoma due to the diffusely infiltrative nature of the
disease. In contrast, the strategies are more diverse in patients with diffuse
astrocytomas. Some circumscribed lesions can be safely resected whereas
others may be managed by a diagnostic biopsy alone and no further
treatment initially. Similarly, young patients with gliomatosis cerebri (e.g.
below the age of 40), who manifest with symptomatic epilepsy but are
otherwise asymptomatic, may be managed initially by observation alone.
However, the disease will inevitably progress at some point and become
symptomatic. Altogether, therapy-independent factors are strong
determinants of outcome specifically in patients with diffuse astrocytomas:
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favourable prognostic factors include age below 40, tumour diameter
below 6 cm, tumour not crossing the midline, and absence of neurological
deficits (13).

Table 3.2 Current treatment options for anaplastic astrocytoma and
glioblastoma in adults

Newly diagnosed Recurrence or progression

Diffuse
astrocytoma

Resection (or biopsy) and
radiotherapy (or temozolomide)
or botha

(Re-resection and) temozolomide or
radiotherapy

Anaplastic
astrocytoma

Resection (or biopsy) and
radiotherapy or temozolomideb,c

(or radiotherapy plus
temozolomided)

(Re-resection and) temozolomide or
radiotherapy (or re-irradiation) or
bevacizumab

GlioblastomaResectione (or biopsy) and
radiotherapy and chemotherapy
(temozolomide)f

(Re-resection and) chemotherapy (dose-
intense temozolomide or nitrosourea)
(or re-irradiation) or bevacizumabg

aEORTC 22033-26033, RTOG 9802.
bNOA-04 trial (19).
cTemozolomide probably equieffective to nitrosoureas but better tolerated (19).
dExplored in the CATNON trial.
e5-ALA trial (21).
fEORTC 26981-22981 NCIC CE.3 (38).
g(46, 47).

Adults
Surgery
All lesions suggestive of primary brain tumours require a tissue-based
diagnosis before further therapeutic decisions are made. Diagnostic tissue
can be obtained via a stereotactically guided biopsy without tumour
debulking, or an open surgical resection intended to remove as much of the
gross tumour as possible while minimizing the risk of a new, permanent
neurological deficit. The requirement for a tissue-based diagnosis also
extends to elderly patients for whom eventually no further treatment may
be recommended. The rationale for histological verification in all patients
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relates to the risk of false diagnoses made by neuroimaging alone.
Obtaining a definitive tissue diagnosis is important to reassure physicians,
patients, and relatives even in situations where radiotherapy or
chemotherapy are not considered viable options.

Surgery serves not only to allow pathology to establish a firm diagnosis,
but there is evidence that the extent of resection (EOR) is a prognostic
factor in most patients with gliomas. While there are no prospective,
randomized trials of sufficient power to establish a causal link between
EOR and outcome (and these trials are unlikely to be performed due to
ethical concerns), there is a growing body of evidence that establishes a
strong association between EOR and survival. Residual tumour is a
negative prognostic factor in most studies of patients with grade II
astrocytomas (14, 15, 16). Moreover, multiple studies have shown that
patients with glioblastoma who have a more extensive surgery survive
longer (17, 18) and this finding has been extended to patients with
anaplastic gliomas treated on the NOA-04 trial (19). These studies cannot
exclude the possibility that some tumours are more inherently ‘resectable’
than others (based upon factors such as location, size, diffuseness, or
molecular profile) and that those that are more resectable are also
biologically less aggressive than those that are not as resectable.
Furthermore, there is evidence that surgically induced new neurological
deficits are associated with a poorer outcome; hence the goal of a complete
resection of bulk tumour needs to be balanced against the risk of functional
loss (20).

Multiple tools have been developed to aid the surgeon in achieving the
balance of maximizing EOR and minimizing risk of new neurological
deficits. Surgical navigation systems are used to plan minimal access
craniotomies and provide intraoperative tumour margin localization in
order to aid in maximizing EOR. Intraoperative imaging with ultrasound,
CT, or MRI can provide updated image data sets to these surgical
navigation systems. A fluorescent tumour marker (5-aminolevulinic acid,
5-ALA) better delineates tumour tissue, in glioblastoma, under the surgical
microscope and its use is associated with both an improved EOR and
progression-free survival (PFS) at 6 months (21). Tools that help the
surgeon to minimize the risk of new functional deficits include
preoperative functional MRI, magnetoencephalography, transcranial
magnetic stimulation, diffusion tensor imaging to delineate important
white matter tracts, and intraoperative direct cortical stimulation and
motor/speech monitoring.

Approximately 20–25% of patients may be candidates for second
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surgery. Usually the recurrence should be circumscribed, but still exert
relevant mass effect, and there should be further therapeutic options
beyond the surgical intervention. In gliomatosis cerebri, the role of surgery
is commonly limited to allowing a tissue-based diagnosis based on a
stereotactic biopsy.

Surgical intervention may also be required for delivery of therapeutic
molecules, most typically in an investigational setting. BCNU-
impregnated biodegradable wafers have been shown to have a modest
benefit in newly diagnosed or recurrent high-grade gliomas subjected to a
complete resection of the enhancing tumour (22, 23). Many novel,
investigational therapies involve the use of surgical delivery including
viral-mediated gene therapy, oncolytic viruses, intracavitary radiolabelled
antibodies, and conventional and experimental drugs introduced via
convection-enhanced delivery.
Radiotherapy
The European Organization for Research and Treatment of Cancer
(EORTC) trial 22845 carried out in the 1980s and 1990s compared early
radiotherapy versus delayed radiotherapy at the time of progression in
patients with WHO grade II gliomas and showed no survival benefit of
early radiotherapy with longer PFS although this was in the pre-MRI era
(15, 24). The conclusion from these studies is that radiotherapy achieves
local control in patients with WHO grade II diffuse astrocytomas albeit
temporary but is not a curative treatment. The benefit of local control
needs to be weighed against the risk of neurocognitive side effects (25,
26), particularly in patients with survival measured in years. Two
randomized trials compared two doses of radiotherapy in patients with
low-grade gliomas. EORTC trial 22844 showed no survival difference
between low-dose (45 Gy) and conventional dose (59.4 Gy) radiotherapy
(14) which in itself is not surprising as even the higher dose did not result
in survival benefit compared to delayed treatment. A US trial showed no
survival difference between conventional/low-dose radiotherapy (50.4 Gy)
and high-dose radiotherapy considered above the limits of radiation
tolerance (64.8 Gy) (16) with higher toxicity in the high-dose arm. The
standard policy is to manage patients with surveillance alone and consider
radiotherapy either at the time of symptomatic progression or
transformation. The appropriate dose for patients managed outside clinical
trials should therefore be at the conventional dose range as used in high-
grade gliomas.

Radiotherapy is the mainstay of treatment in anaplastic astrocytoma and
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glioblastoma and of proven survival benefit. The gross tumour volume
commonly includes the T1-enhanced region with clinical target volume 2
cm beyond or the T2 or FLAIR abnormality; there is no universal
agreement on the appropriate target definition and margins. The standard
dose for radical treatment of glioblastoma is 60 Gy in thirty 2 Gy fractions;
doses of 54 Gy at 1.8 Gy per fractions are used in anaplastic astrocytoma
although the use of such lower doses is not evidence based and dose
fractionation as used in glioblastoma is not inappropriate. A regimen of 50
Gy given in 1.8 Gy fractions was superior to best supportive care in
patients aged 70 years or older (27). In general, in patients with poor
prognosis defined by age and performance status, a 6-week course of
radiotherapy is considered too onerous and patients may be treated with a
shorter palliative regimen such as 40 Gy in 15 fractions (28, 29) without
detriment to survival. Elderly patients with anaplastic astrocytoma or
glioblastoma with unmethylated MGMT promoter (or unknown MGMT
status) are appropriately treated with radiotherapy, while temozolomide
may be the alternative for patients with methylated MGMT promoter (30).
Altered radical fractionation schemes giving higher effective doses as
accelerated hyper- or hypofractionated regimens are not associated with
survival benefit. The addition of brachytherapy or radiosurgery/stereotactic
radiotherapy boost also does not prolong survival (31, 32).

While re-irradiation at the time of recurrence either as high-precision
localized radiotherapy (radiosurgery, fractionated stereotactic
radiotherapy, or brachytherapy) or as conventional fractionated treatment
has been employed, there are no reliable data showing benefit of re-
irradiation in terms of survival or functional benefit, and re-irradiation is
not currently the standard of care.

In gliomatosis cerebri, whole-brain radiotherapy to doses of 50 Gy or
more achieves disease control in a proportion of patients but should
generally be reserved for patients with progressive or symptomatic disease,
or both.
Chemotherapy
Diffuse astrocytoma
Alkylating agent chemotherapy using the PCV (procarbazine,
CCNU/lomustine, and vincristine) regimen initially and temozolomide
more recently has assumed a firm place in the treatment of patients with
low-grade gliomas, despite lack of evidence regarding clinically
meaningful endpoints in randomized clinical trials. In case a decision for
further treatment beyond surgery is made, chemotherapy is often preferred
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over radiotherapy in young patients with large, unresectable tumours
because of the fear of long-term adverse effects from radiotherapy in
patients possibly experiencing long-term survival. Radiological criteria to
assess benefit from therapy have not been established and validated, but
surrogate parameters such as decreased metabolic activity determined by
PET or improved seizure control are advanced as arguments in favour of
chemotherapy for patients with low-grade gliomas. EORTC 22033
compared radiotherapy with a protracted regimen of temozolomide (21 out
of 28 days). While mature outcome data are not available yet, initial
analyses indicate no major difference in PFS or overall survival (OS) (33).
RTOG 9802 compared radiotherapy alone with radiotherapy followed by
six cycles of PCV chemotherapy. While there was no difference in median
survival or survival at 5 years, patients surviving for more than 2 years
experienced improved survival when co-treated with radiotherapy and
PCV (34). Molecular findings in this patient cohort in relation to outcome
have not been reported.
Anaplastic astrocytoma
Alkylating agent chemotherapy has been used in the treatment of
malignant gliomas for decades. In newly diagnosed anaplastic
astrocytoma, the role of adjuvant chemotherapy in addition to radiotherapy
is not firmly established. Meta-analyses suggested a gain in PFS and OS
with the addition of nitrosourea-based chemotherapy to radiotherapy (35),
but this was not confirmed in a British trial exploring the efficacy of a
modified PCV protocol (36). Here, a median survival of 15 months with
radiotherapy plus PCV versus 13 months with radiotherapy alone was
reported. Conversely, based on the more contemporary NOA-04 trial (19),
temozolomide (200 mg/m2, days 1–5, × 28 days) or PCV alone are
probably equieffective alternatives to radiotherapy in patients with
anaplastic astrocytoma, the safety profile favouring temozolomide.
Importantly, in contrast to glioblastoma, MGMT promoter methylation was
prognostic for longer survival irrespective of treatment in anaplastic
gliomas in the NOA-04 trial (19).

Several treatment options are now available for patients with recurrent
anaplastic astrocytoma. The choice depends primarily on the type of
previous treatment: patients who have not been irradiated should
commonly receive radiotherapy at recurrence. Patients irradiated at
diagnosis should receive alkylating agent chemotherapy with
temozolomide rather than nitrosoureas, considering the favourable safety
and tolerability profile. Patients progressing after radiotherapy and one or
two lines of alkylating agent chemotherapy may be treated with the
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vascular endothelial growth factor (VEGF) antibody, bevacizumab, as
monotherapy (37) or another experimental treatment strategy.
Glioblastoma
Concomitant and adjuvant temozolomide chemotherapy plus radiotherapy
is the standard of care for adult patients with newly diagnosed
glioblastoma aged up to 70 and in good general and neurological condition
(38). The benefit from temozolomide is most prominent in patients with
glioblastoma with as opposed to without MGMT promoter methylation
(39). Temozolomide is given at 75 mg/m2 during radiotherapy and for six
maintenance cycles on 5 out of 28 days at 150–200 mg/m2 thereafter.
There is no proven benefit for extending chemotherapy beyond six cycles
or for increasing the dose or frequency of temozolomide administration in
the setting of newly diagnosed disease (40). Since the introduction of
temozolomide, the role of nitrosoureas given either systemically orally or
intravenously or locally in the form of wafers has steadily declined.

The increasing population of elderly patients with glioblastoma
represents a particular challenge, with surgery followed by radiotherapy as
the standard of care up to 2012 (27). Data from two independent phase III
now demonstrate that temozolomide alone is an alternative option to
radiotherapy in elderly glioblastoma patients that is probably superior to
radiotherapy alone in patients with tumours with MGMT promoter
methylation (29, 30). Thus, MGMT testing should become standard
practice at least in this subgroup of glioblastoma patients. Interestingly, in
the growing population of elderly patients, there is no major difference in
prognosis between anaplastic astrocytoma and glioblastoma (3, 30, 41).

The therapeutic options for patients with recurrent glioblastoma are
steadily increasing, but standards of care are not defined and individual
treatment decisions have to be based on prior treatment, age, performance
score, and other factors. Beyond second surgery and re-irradiation, there
are essentially three strategies of medical treatment for recurrent
glioblastoma: nitrosourea-based regimens, alternative dosing regimens of
temozolomide, and bevacizumab. The activity of lomustine (CCNU) has
been confirmed in the control arms of randomized trials exploring the
activity of the protein kinase C-β inhibitor, enzastaurin (42) or the VEGF
receptor inhibitor, cediranib (43), with PFS rates at 6 months of 20%.
Somewhat better control rates at 6 months have been observed in several,
with the exception of the RESCUE trial, less well-conducted explorative
trials and retrospective series of using dose-dense regimens of
temozolomide, for example, continuous dosing or 1 week on 1 week off or
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3 weeks on 1 week off (44). Of note, a British trial in recurrent,
temozolomide-naïve malignant glioma patients failed to confirm a
superiority of dose-intensified temozolomide over conventionally dosed
temozolomide (45), but this trial cannot be used to estimate the role of
temozolomide re-challenge in a world where most glioblastoma patients
receive temozolomide as part of their first-line treatment. These data
suggest, however, that there is no rationale for using dose-dense
temozolomide regimens in recurrent glioma patients who relapse without
ever having been exposed to temozolomide before.

Bevacizumab has been approved for the treatment of recurrent
glioblastoma in various countries throughout the world, but not in the
European Union. The approval was based on two prospective trials that
reported radiological response rates of 30% or more and promising PFS
and OS times, but did not include a bevacizumab-free control arm (46, 47).
The value of bevacizumab in the management of malignant gliomas in
clinical practice is almost universally accepted because of transient
symptom relief and steroid-sparing effects. However, many questions
regarding timing and dosing schedules remain unanswered. Of note, no
active combination partner for bevacizumab has been identified: all efforts
at improving the results of bevacizumab in recurrent glioblastoma by
combination with chemotherapy or other targeted agents have failed,
including the combination with CCNU in the EORTC trial 26101 (48).
Moreover, the AVAGlio and RTOG 0825 trials exploring bevacizumab
versus placebo in the newly diagnosed setting prolonged PFS, but not OS
(49, 50). Altogether, this series of phase III trials negative for OS allows
the prediction that bevacizumab will assume no role in the standard of care
of glioblastoma. Further development of the integrin antagonist,
cilengitide, another candidate antiangiogenic agent, was discontinued after
yet another phase III trial negative for OS (51). Tumour-treating fields are
a novel treatment approach based on electrical fields that may prolong
survival in newly diagnosed glioblastoma (52). To what extent this
treatment will be integrated into current standards of care remains to be
explored.
Gliomatosis cerebri
Alkylating agent chemotherapy is active, but the duration of tumour
control is highly variable. The prospective NOA-05 trial reported a PFS
rate of 50% after 8 months of intended treatment with procarbazine and
CCNU alone (5). Similar tumour control rates may be obtained with
temozolomide (53). Molecular profiling studies have indicated that
gliomatosis cerebri is probably not a distinct entity (54).
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Commentary on National Comprehensive Cancer Network and any other
treatment guidelines
The treatment recommendations made here are in general consistent with
those outlined in the National Comprehensive Cancer Network (NCCN)
guidelines except that bevacizumab is not approved for glioblastoma in the
European Union and can therefore formally not be recommended. Further,
we consider temozolomide alone an appropriate treatment for glioblastoma
with MGMT promoter methylation in the elderly (29, 30). European
guidelines for WHO grade III and IV gliomas were last issued in 2014
(55).
Surveillance recommendations
In diffuse astrocytoma, anaplastic astrocytoma, and glioblastoma, MRI is
commonly performed within 72 h after each resection, at 4 weeks after
adjuvant radiotherapy or radiochemotherapy, and at 3-monthly intervals
thereafter. These intervals may be prolonged after prolonged stable disease
(e.g. after 2 years). Monitoring of disease course in gliomatosis cerebri is
less standardized, but can be done accordingly. CT is reserved for patients
who are not eligible for MRI monitoring. Monitoring by PET is
experimental and not routinely recommended.

Children
Introduction
Astrocytic tumours are the most common primary brain and spinal cord
tumours in children and constitute 25.7–52% of all childhood brain
tumours (56, 57). The incidence rate for the grade I–II group (low-grade
astrocytomas) was 14.1 per million and for the grade III–IV group (high-
grade astrocytomas) was 4.49 (58). Low-grade astrocytoma accounts for
22.5–42.7% of all primary CNS tumours as compare to 10–13% of high-
grade astrocytomas in children (58, 59). Astrocytic tumours affect children
at different ages with the mean age and ranges at the diagnosis of pilocytic
astrocytoma of 7 years (4.4 months to 16.4 years), astrocytoma of 7.5
years (4.4 months to 15.7 years), anaplastic astrocytoma of 8.6 years (3
days to 16.6 years) and glioblastoma of 7.0 years (2.8 months to 17.8
years) (57). Childhood astrocytic tumours may arise from any site of the
brain. The common locations include cerebral hemisphere, cerebellum,
brainstem, optic pathway, thalamus, and ventricle (57). Low-grade
astrocytomas predominately originate in the cerebellum, cerebral
hemispheres, optic pathway, lateral ventricle (subependymal giant cell
astrocytoma, SEGA), brainstem (tectum, dorsal exophytic,
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cervicomedullary), and spinal cord. High-grade tumours locate mainly to
cerebral hemispheres, thalamus, and pons. The treatment of low-grade
astrocytoma aims at gross total excision. Strategies for unresectable or
residual tumours may include the selection of longitudinal clinical imaging
observation, chemotherapy, and radiation with either conformal radiation
therapy or stereotactic radiosurgery. High-grade astrocytomas are invasive
tumours with tumour spreading via subarachnoid spaces at diagnosis in
some patients. The treatment of high-grade astrocytomas in children
includes the integration of surgery, radiotherapy, and chemotherapy.
However, the diagnosis, treatment, survival, growth and development, and
quality of life follow-up should be managed by a multidisciplinary team
and in an institute with prolonged experience of treating childhood brain
tumours.
Surgery
As is the case with adult gliomas, as noted previously, the treatment of a
childhood brain tumour starts with a tissue diagnosis via a surgical biopsy
or resection. The only situation in which it is considered generally
acceptable to treat with radiotherapy or chemotherapy without a tissue
diagnosis is in cases of diffuse intrinsic pontine glioma in children that are
radiographically typical. That said, the development of novel targeted
therapies may support more widespread interest in obtaining tissue in these
cases (60).

The primary treatment of low-grade astrocytoma is surgical resection.
Gross total resection is the prime prognostic factor for PFS. The
probability of PFS varies with the extent of surgical excision, tumour
location, and histology. No visible postoperative residual, cerebellar or
cerebral hemisphere tumour, and pilocytic astrocytoma have better PFS
(61, 62). Correspondingly, the extent of tumour resection correlates with
tumour location and histology. Circumscribed low-grade tumours in the
cerebellum and cerebral hemisphere are more feasible for radical resection
with minimal residual or gross total resection with no visible residual as
compared with midline and chiasmatic tumours (63). Some of the deep-
seated tumours may be infiltrative in nature so that extensive surgical
resection is limited. Frameless stereotactic biopsy or image-guided
neuroendoscopy-assisted intraparenchymal biopsy to obtain a tissue
diagnosis for the reference of treatment are the preferred options in these
patients (64).

Surgery for high-grade astrocytomas in children is performed to obtain a
definitive histological diagnosis and achieve a radical to gross total
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resection of the tumours. Radical (>90%) resection of the tumour
contributes to survival in non-disseminated anaplastic astrocytoma and
glioblastoma; nonetheless, glioblastoma is associated with shorter PFS and
OS than anaplastic astrocytoma (59, 65). In the HIT-GBM studies, gross
total resection compared with biopsy of malignant gliomas in paediatric
patients was associated with significantly longer PFS and OS. For the
extensively resected (i.e. ‘gross-totally resected’) tumours, a comparison
between less than 100% and less than 90% resection was associated with
longer PFS, but not with improved OS. However, gross total resection was
achieved in only 29.4% of all patients. Cerebral cortical tumours and
cerebellar tumours more frequently underwent gross total excision as
compared to tumours originating in other regions. Gross total resection of
thalamic tumours was not feasible (66).

Hydrocephalus also may be present at the time of diagnosis of a primary
paediatric brain or spinal tumour. The incidence of hydrocephalus varies
depending upon the location of the primary tumour (67). Hydrocephalus
occurs most often in association with tumours arising from midline or
paramidline tumours. Among high-grade astrocytic tumours, half of deep-
seated tumours and 8% of hemispheric tumours ultimately require a
permanent cerebral spinal fluid shunting procedure (65). Radical resection
of tumours may help to relieve obstructive hydrocephalus and thereby
avoid shunting procedures, which include endoscopic third
ventriculostomy or ventriculoperitoneal shunt (67). However, extensive
resection may not be feasible for many midline tumours, in particular those
arising from the thalamus.

The use of 5-ALA for fluorescence-guided resection with or without
intraoperative MRI-guided surgery helped to increase gross total resection
and to improve PFS in adult malignant gliomas (21, 68). However, the
ongoing clinical trials of 5-ALA are limited to patients aged 18 years or
older (NCT01128218). For recurrent tumours, careful selection of patients
for second surgery is acceptable in children for relieving mass effect-
related deficits.
Radiotherapy
Radiotherapy in the initial management of paediatric malignant astrocytic
tumours is used in the same manner as in adults with local irradiation and
margin for microscopic disease. Three-dimensional conformal
radiotherapy to the MRI-defined tumour volume is the standard of care
(69) with occasional use of intensity-modulated radiotherapy if specific
avoidance is considered to be of clinical value. The treatment target
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volumes and radiotherapy doses (to 60 Gy in 1.8–2 Gy fractions) are as
used for malignant glioma in adults. In extensive disease, such as
gliomatosis cerebri, large-field irradiation is still needed with radiotherapy
doses around 50 Gy. Concurrent and adjuvant temozolomide are used in
glioblastoma as in adults (38) although a specific paediatric study to
demonstrate benefit is not available.
Chemotherapy
There is no consensus regarding optimal chemotherapy regimens for
paediatric patients with high-grade gliomas. There are few randomized
trials compared with adult patients. In order to avoid delayed sequelae,
infants and young children under 3 years of age often do not receive
radiotherapy initially. Chemotherapy alone is the first-line adjuvant
treatment after resection in such patients. Multi-agent chemotherapy has
been considered, such as the vincristine, cisplatin, and cyclophosphamide
combination (BABY POG). On the other hand, the treatment option in
children old than 3 years old is radiotherapy with or without concomitant
chemotherapy followed by adjuvant chemotherapy. Using the PCV
regimen has suggested a survival benefit in a cohort of 58 patients (70).
The 5-year event-free survival was 46% with chemotherapy plus
radiotherapy and 18% with radiotherapy alone. An eight-drugs-in-1-day
chemotherapeutic regimen consisting of vincristine, carmustine,
procarbazine, hydroxyurea, cisplatin, cytosine arabinoside,
methylprednisone, and dacarbazine was not superior to PCV in a large
randomized trial (172 patients, aged between 18 months and 21 years old)
conducted from 1985 to 1990 (Children’s Cancer Group 945 study CCG-
945) (71, 72). Temozolomide, the standard of care in adult glioblastoma
(38), is also often used in many children. However, in the Children’s
Oncology Group Study ACNS0126, in 90 eligible patients with high-grade
gliomas, concomitant chemoradiotherapy with temozolomide and
following chemotherapy with temozolomide, the results showed no
improvement of event-free survival and OS as comparing with the CCG-
945 study (73). Intensive chemotherapy following surgery has been
reported to improve survival in 97 paediatric patients with high-grade
gliomas treated within the HIT-GBM-C protocol (74). Some studies
suggested that high-dose myeloablative chemotherapy followed by
autologous stem cell rescue might play a possible role in newly diagnosed
and recurrent childhood malignant gliomas (75, 76, 77, 78). However, it is
difficult to draw conclusion from these trials. Bevacizumab has also been
investigated in some phase I or II trials; however, its activity is less
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prominent than in adults (79).
Commentary on National Comprehensive Cancer Network and any other
treatment guidelines
There are no guidelines of paediatric high-grade glioma available within
the NCCN or other international guidelines.
Surveillance recommendations
Similar to adults, in anaplastic astrocytoma and glioblastoma in children,
for those patients after radical resection of tumour, MRI is recommended
within 72 hours after tumour resection to determine extent of resection.
Follow-up MRI is performed at 4 weeks after adjuvant therapy and in 3-
monthly intervals thereafter. These intervals may be increased after
prolonged disease stabilization for 2 years.

Current research topics
Clinical research
The major cooperative clinical trial groups believe that future studies in
patients with anaplastic gliomas should take into consideration the
difficulties in subclassifying these tumours by morphology alone as well as
the strong diagnostic, prognostic, and predictive impact of molecular
markers. The CATNON trial (NCT00626990), in a 2×2 design, enrolled
patients with anaplastic glioma without 1p/19q co-deletion to examine the
role of concomitant or adjuvant temozolomide or both added to
radiotherapy. Patients are stratified for MGMT gene promoter methylation
in CATNON. This trial completed enrolment, and in late 2015, a
scheduled preliminary analysis revealed that use of adjuvant temozolomide
provided a survival benefit for these patients. Full analysis, including that
of the role of concurrent temozolomide and radiotherapy, is pending
maturity of the data. A companion trial for patients with anaplastic gliomas
without 1p/19q co-deletions, largely oligodendroglial tumours (CODEL,
NCT00887146), was placed on hold following the 2012 updates of the
RTOG 9402 and EORTC 26951 trials which had indicated superiority for
OS of radiotherapy plus PCV chemotherapy over radiotherapy alone (see
Chapter 4). This trial has been reformulated to examine the equivalence of
radiotherapy plus temozolomide to radiotherapy plus PCV in patients with
WHO grade II and III gliomas with 1p/19q co-deletion in terms of
prolongation of PFS.

Despite the enormous amount of information on molecular genetic
aberrations in gliomas accumulated in recent years, targeted therapy is still
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waiting for its primetime. Instead, immuno-oncology is now the major area
of clinical research for patients with gliomas, notably glioblastoma. The
majority of studies focus on the study of immune checkpoint inhibitors
which prevent the induction of T-cell inactivation via the target molecules,
cytotoxic lymphocyte antigen 4 or programmed death 1 (80). Further,
specific vaccines alone or in conjunction with autologous dendritic cells
are being explored. The ACT IV phase III trial on the EGFRvIII-targeted
vaccine rindopepimut was suspended for futility in March 2016. Whether
immuno-oncology will meet the great expectations of neuro-oncology
remains to be seen.

Laboratory research
Molecular profiling using high-throughput analyses of genomics, mRNA
expression, or DNA methylation are currently used to subclassify gliomas
both in adulthood and in children (7, 81, 82, 83, 84). However, these new
subtypes of gliomas have not assumed relevance for clinical decision-
making yet. Laboratory science focuses on a better characterization and
identification of glioma-initiating cells (‘stem cells’) to develop targeted
therapies against the putatively most important glioma cell population
within heterogeneous tumours.
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CHAPTER 4

Oligodendroglial tumours
Wolfgang Wick, Colin Watts, and Minesh P. Mehta

Definition
Oligodendroglial tumours comprise 8–12% of all gliomas. The World
Health Organization (WHO) separates these into well-differentiated
oligodendrogliomas (grade II) and anaplastic oligodendrogliomas (grade
III) (5–6% of all gliomas). These tumours have a specific histopathological
appearance. They are composed of cells with small to slightly enlarged
round, dark, and compact nuclei with a small amount of eosinophilic
cytoplasm. Perinuclear halos, occurring as a diagnostic fixation artefact
and displaying a ‘fried egg’ or ‘honeycomb’ appearance, are commonly
seen, as are calcifications and reticular (chicken wire) vessels.
Occasionally, tumour cells with a small amount of strongly eosinophilic
cytoplasm are encountered and these are termed ‘mini-gemistocytes’ (Fig.
4.1). Occasional mitoses and a Ki-67/MIB-1 labelling index up to 5% are
compatible with oligodendroglioma WHO grade II. There is no
immunohistochemical marker specific for oligodendrogliomas.
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Fig. 4.1 Typical histological appearance of a grade II oligodendroglioma. These
tumours are composed of cells with small to slightly enlarged round nuclei with
dark, compact nuclei and a small amount of eosinophilic cytoplasm including
perinuclear halos as a diagnostic fixation artefact, termed ‘fried egg’ or
‘honeycomb’ appearance, frequently containing calcifications and reticular
(chicken wire) vessels.
Reproduced from
https://en.wikipedia.org/wiki/Oligodendroglioma#/media/File:Oligodendroglioma1_high_mag.jpg
under the Creative Commons License 3.0.

Some tumours show both oligodendroglial and astrocytic components
(2–4%) and have been called mixed gliomas or oligoastrocytoma (WHO
grade II or III) for many decades. Since a molecular classification does not
allow a separation of these mixed tumours, but in contrast allows calling
them either oligodendroglioma or astrocytoma, the 2016 WHO
classification strongly discourages the designation oligoastrocytoma and
recommends using genetic analysis for a correct diagnosis of either diffuse
astrocytoma or oligodendroglioma. Application of identical diagnostic
criteria poses difficulties for the separation of oligoastrocytomas from both
astrocytomas and oligodendrogliomas as the diagnostic features represent
a continuum from one end of the histological spectrum to the other.
Because the amount of material available to the neuropathologist may be
limited due to modern surgical approaches which sometimes yield very
little tissue for diagnosis and also because of increased scientific interest in
banking fresh tumour tissue, the diagnostic certainty is further limited (1).
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WHO guidelines for the diagnosis of a grade III oligodendroglial tumour
include subjective criteria such as ‘significant’ hypercellularity and
pleomorphism. In addition, the presence of low mitotic activity, vascular
proliferation, and necrosis, including pseudopalisading necrosis, are
insufficient by themselves to elevate the grade of these tumours. All of
these factors lead to considerable interobserver diagnostic variability,
which has been addressed in the most recent update of the WHO
classification (2).

Although the tumour may appear to be vaguely circumscribed, it is by
definition a diffusely infiltrating tumour. However, whether the grade of
infiltration and growth pattern is the same in astrocytic and
oligodendroglial tumours is not yet clear.

Areas of major subjectivity that are not adequately clarified by the
current WHO classification include the differentiation between grade II
and III gliomas, the classification of oligodendroglial tumours with
necrosis, and the diagnosis of a mixed glioma, that is, an oligoastrocytoma.
A set of 114 anaplastic oligodendroglial tumours from the European
Organization for Research and Treatment of Cancer (EORTC) 26951 was
reviewed independently by nine internationally renowned pathologists.
The panel diagnosed a low-grade glioma in 1–16%, an anaplastic
astrocytoma in up to 11%, and a glioblastoma in 1–27% (3). A similar
exercise was performed with tissue from the Radiation Therapy Oncology
Group (RTOG) 94-02 trial that had a central review to begin with.
Interobserver variability was again higher than wished for, with a Cohen’s
kappa of 0.55 (95% confidence interval (CI) 0.44–0.65) (4). Not
surprisingly, this intrinsic diagnostic variability, in addition to other
confounding variables, factors at study entry, and the inherent difficulty in
comparing between trials, leads to major differences in outcomes when the
larger trials focusing on this entity, including EORTC 26951, RTOG 94-
02, and Neuro-Oncology Working Party of the German Cancer Society
(NOA)-04, are compared (5) (Table 4.1).

Table 4.1 Progression-free and overall survival of patients with anaplastic
oligodendroglial tumours by trial and treatment group

Trial (reference) Treatment group

RTOG 94-02 (45) RT PCV + RT

Median PFS, months (95% CI) 20.4 (15.6–28.8) 31.2 (22.8–49.2)

Median OS, months (95% CI) 56.4 (40.8–68.4) 58.8 (39.6–86.4)
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EORTC 26951 (41) RT RT + PCV

Median PFS, months (95% CI) 13.0 (9.2–19.4) 23.0 (17.6–43.8)

Median OS, months (95% CI) 30.6 (21.9–45.3) 40.3 (28.7–68.2)

NOA-04 (40) RT PCV or TMZ

Median PFS, months (95% CI) 52.1 (36.4–n.r.) 52.7 (33.9–n.r.)

Median OS, months 84+ 84+

n.r., not reached; OS, overall survival; PCV, procarbazine, CCNU (lomustine), and
vincristine; PFS, progression-free survival; RT, radiotherapy; TMZ, temozolomide.

Epidemiology
Oligodendroglial tumours make up 4–6% of all primary central nervous
system (CNS) tumours, with a male preponderance and occurrence at a
lower relative proportion in children. The median age at diagnosis is 35
years. There are no known geographic or racial differences in the
incidence or natural history of disease.

Data regarding the natural history after definitive diagnosis are sparse
and are mainly limited to grade II gliomas with good prognostic factors, or
in patients with poor underlying performance status (6, 7). Patients with
prognostically favourable grade II tumours may experience clinical
stability over many years without therapeutic intervention (8). Population-
based observational studies are also rare. A Swiss population-based
registry (9) reported median survivals of 11.6 and 3.5 years for patients
with oligodendrogliomas and anaplastic oligodendrogliomas, respectively.
Whether one of the later-discussed molecular markers or the
oligodendroglial morphology confers a less aggressive course of disease
remains unclear. Expression of N-myc downstream-regulated gene 1
(NDRG1), not one of the more commonly assessed molecular parameters
(discussed later), has been associated with a better natural course of
disease without genotoxic treatments (10).

Simple screening tests for early diagnosis are not available, and
magnetic resonance imaging (MRI), can only detect macroscopic disease.
Anecdotal clinical evidence indicates that glioblastomas may evolve
within a few months, further supporting the concept that early diagnosis
and screening are not feasible at a population level and should therefore be
restricted, if recommended at all, to individuals at high risk for developing
gliomas, such as those with neurofibromatosis types 1 and 2 or Li–
Fraumeni syndrome. Whether such patients should undergo repeated
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neuroimaging in the absence of new neurological symptoms or signs,
however, remains uncertain.

Aetiology
The only proposed risk factor for gliomas is exposure to irradiation to the
brain, for example, in patients with long-term remission from leukaemias
treated with prophylactic radiotherapy to the brain (11). There is no causal
relationship with head trauma, nitrosamine-containing food, or
electromagnetic fields. The use of mobile phones continues to remain
controversial in terms of its causal association with gliomas but
increasingly, the majority of longer-term data do not demonstrate a strong
association, as these have only been in major use for the past 15 years. A
minority of patients with anaplastic oligodendroglial tumours have a
positive family history for gliomas (7).

Pathogenesis
Among anaplastic gliomas there is high correlation between
oligodendroglial morphology and the 1p/19q co-deletion, a
pericentromeric unbalanced translocation. Tumours with 1p/19q co-
deletion carry isocitrate dehydrogenase (IDH)-1/2 mutations and
frequently demonstrate O6-methylguanine DNA methyltransferase
(MGMT) promoter methylation as well as telomerase reverse transcriptase
(TERT) promoter mutations (12). In contrast, tumour protein p53 (TP53)
mutation and loss of alpha-thalassemia/mental retardation syndrome X-
linked (ATRX) expression are rare in 1p/19q co-deleted gliomas, but
common in diffuse and anaplastic astrocytomas. This may help to
distinguish the controversial entity of anaplastic oligoastrocytoma (13)
(Fig. 4.2).
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Fig. 4.2 Proposed molecular classification of anaplastic gliomas based on histology
and molecular markers. Length of the green bars (right of diagram) represents the
proportion of IDH-wild-type tumours, whereas the yellow and blue bars (top left
and bottom left, respectively, of diagram) represent IDH-mutant tumours. Mixed
anaplastic oligoastrocytomas harbouring IDH mutations are molecularly classified
as either oligodendrogliomas (carrying 1p/19q co-deletion) or astrocytomas
(carrying ATRX loss).
Reproduced from Acta Neuropathol, 126(3), Wiestler B, Capper D, Holland-Letz
T, et al., ATRX loss refines the classification of anaplastic gliomas and identifies a
subgroup of IDH mutant astrocytic tumors with better prognosis, pp. 443–51,
Copyright (2013), with permission from Springer.

In addition to molecular markers, there are clinical prognostic factors
for grade II oligodendroglial tumours including age over 40 years and the
presence of preoperative neurological deficits (6, 12). Regarding
neuroimaging findings, larger tumours and tumours crossing the midline
correlate with shorter overall and progression-free survival (6, 14). Growth
rates, based on imaging findings, are inversely correlated with survival
(15). There are conflicting reports as to whether contrast enhancement is
associated with a worse prognosis (16, 17). Low cerebral blood volume
(CBV) on MRI (18) and a low uptake of 11C-methionine (19) correlate
with longer progression-free and overall survival (class III), although the
value of CBV in oligodendroglial tumours is debatable (Fig. 4.3).
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Fig. 4.3 Imaging of a grade III oligodendroglioma. (a) Typical slight, but not
intense, contrast uptake and some cystic component on T1 contrast-enhanced MRI.
(b) T2 gives an impression of a rather well-delineated tumour. (c) Enhanced
cerebral blood flow in the solid tumour area (white signal). (d) Computed
tomography gives a clear impression of intratumoural macro-calcification.
Images courtesy of Prof. Martin Bendszus, Heidelberg, Germany.

Clinical presentation
Seizures are the most common clinical presentation of grade II gliomas
and may be partial or generalized. Seizures occur in 70–90% of patients
and are intractable in almost 50% of patients with grade II tumours.
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Seizures are more frequently associated with cortically based tumours,
particularly in frontal, temporal, and insular/parainsular locations and with
oligodendroglial tumours (20). There is no clear association between the
severity of seizures and tumour behaviour.

Another frequent presentation is headaches, which are identified in 40–
50% of patients. Focal neurological deficits are unusual, developing over
many years, but may present as hemiparesis or aphasia in 5–20% of
patients. Raised intracranial pressure is rare in patients with supratentorial
tumours and is typically seen in posterior fossa and intraventricular
tumours. Intratumoural haemorrhage can occur, but is uncommon.

Imaging
Conventional MRI is useful for differential diagnosis, surgical and
radiation planning, and treatment monitoring (21). Grade II
oligodendroglial tumours appear as low-signal mass lesions on T1-
weighted MRI and high signal on T2-weighted and fluid-attenuated
inversion recovery (FLAIR) sequences. Contrast enhancement is usually
absent; when present, it may indicate a focal area of high-grade
transformation, although some oligodendrogliomas have patchy
enhancement, which remains stable over time (Fig. 4.3). Calcification is
relatively common on computed tomography images and may appear as a
low signal region on MRI. The use of advanced imaging techniques has
been suggested as increasing diagnostic accuracy, but no categorical
studies proving this are available (20, 22, 23). Proton magnetic resonance
spectroscopy (MRS) measures the concentration and spatial distribution of
metabolites like choline or N-acetylaspartate. A choline/N-acetylaspartate
ratio ≥2 is believed to indicate increased cellular proliferation and reduced
neuronal density and highlights metabolically more active parts of the
tumour in high-grade gliomas (24). This metabolite ratio has been shown
to predict survival and identify relapse location in glioblastoma, in small
series (23, 25). The typical spectrum of a low-grade oligodendroglial
tumour shows elevated choline, presumably reflecting increased
membrane turnover, and decreased N-acetylaspartate, reflecting neuronal
loss, but similar abnormal spectra may be observed in non-neoplastic
lesions. Grading of gliomas is not possible by spectroscopy alone, as there
is considerable overlap between low- and high-grade lesions. The presence
of lactate and lipids is associated with higher proliferative activity and
more aggressive behaviour (27). MRS is helpful in guiding a biopsy to an
area of high-grade activity, but not in longitudinal monitoring (28).
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Dynamic susceptibility contrast MRI allows measurement of relative
cerebral blood volume (rCBV) which correlates with vascularity at the
histological level. In grade II astrocytoma, increased rCBV predicts high-
grade transformation before gadolinium enhancement occurs on MR (27,
29); however, these observations have not been validated in
oligodendroglioma, which per se have a high rCBV, irrespective of grade
II lesion (30). Quantitative MRI in oligodendrogliomas with loss of
heterozygosity of chromosome 1p/19q shows more heterogeneous T1- and
T2-dependent signal, less distinct tumour margins, and higher rCBV than
tumours with intact 1p/19q (29, 30) chromosomes (31, 32). Dynamic
contrast-enhanced MRI, which measures the permeability of the blood–
brain barrier by means of the transfer coefficient, K trans , does not have a
well-demonstrated role in the current diagnostic armamentarium. Apparent
diffusion coefficient values, as measured by diffusion-weighted imaging,
are lower and more variable in oligodendrogliomas compared to
astrocytomas (33).

MRI is also the most important tool for treatment planning and
monitoring response to therapy in grade III oligodendroglial tumours,
which may or may not enhance after contrast administration (32). MRI
criteria for treatment response are under continuous development (34).
Ideally, patients should be on stable steroid doses for at least 5 days prior
to imaging. When tumours are located within, or adjacent to, eloquent
brain regions, functional MRI (fMRI) and white matter tractography may
help to assess the feasibility of surgery and serve as a guide to planning the
operation. The role of further imaging techniques including perfusion
MRI, single-photon emission computed tomography, and MRS in routine
clinical care still needs to be defined.

Treatment
Primary or acquired resistance to alkylating agents remains one of the
major obstacles in the treatment of gliomas. Several resistance factors such
as the DNA mismatch repair genes MLH1, MSH2, MSH6, and PMS2 (35),
alkylpurine DNA N-glycosylase (36), DNA-(apurinic or apyrimidinic site)
lyase (APEX1) (37), polynucleotide 3′-phosphatase, polynucleotide 5′-
hydroxyl-kinase (PNKP), or the DNA repair protein MGMT have been
identified. Of these, epigenetic silencing of the MGMT gene plays a
critical role in mediating primary resistance to alkylating agents (38).
MGMT transfers an alkyl group from the O6 position of guanine to a
cysteine residue in its active site, thereby repairing the DNA damage
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caused by alkylating agents, including chloroethylating (e.g. carmustine
and lomustine) or methylating agents (e.g. procarbazine, streptozotocin,
dacarbazine, and temozolomide), which would otherwise be cytotoxic.
MGMT promoter hypermethylation, as assessed through methylation-
specific polymerase chain reaction, is associated with greater benefit from
temozolomide in glioblastoma (39). In contrast, in anaplastic gliomas the
predictive value of MGMT promoter hypermethylation has not been
established (40, 41). Retrospective subgroup analysis of the NOA-04 trial
suggests that in tumours with an IDH1 mutation, MGMT promoter
methylation was associated with prolonged progression-free survival with
combined chemoradiation or radiation alone groups, and was thus
prognostic. In tumours without an IDH1 mutation, MGMT promoter
methylation was associated with increased progression-free survival in
patients treated with chemotherapy, too, but not in those who received
radiation alone as the first-line treatment, and is thus predictive of benefit
from chemotherapy. Therefore, MGMT promoter methylation is a
predictive biomarker of benefit from alkylating agents in patients with
IDH1-wild-type, but not IDH1-mutant malignant gliomas of WHO grades
III/IV. Combined IDH1/MGMT assessment may help to individualize
clinical decision-making (42).

Reports from the late 1980s noted a greater chemosensitivity of many
gliomas with oligodendroglial features (grade II and III oligoastrocytoma
and oligodendroglioma) (43). These reports led to the establishment of the
combination chemotherapy regimen of procarbazine, CCNU (lomustine),
and vincristine (PCV) as a standard treatment for malignant gliomas (44).
The regimen consists of four to six 6-week cycles of CCNU given at 110
mg/m2 on day 1, procarbazine given at 60 mg/m2 on days 7–21, and
vincristine given at 1.5 mg/m2 intravenously on days 8 and 29. In clinical
trials (40, 41, 45), this regimen was associated with considerable toxicity,
chiefly myelosuppression (CCNU and procarbazine) and neuropathy
(vincristine), but is very effective either alone (40) or in combination with
radiotherapy (41, 45). With the introduction of temozolomide as a novel
alkylating agent in gliomas, chemotherapy options have expanded. As a
single agent, temozolomide is usually given on days 1–5 of 28-day cycles
at a dose of 200 mg/m2. Treatment duration is typically 6–12 cycles.
Although there are no formal head-to-head comparisons of PCV versus
temozolomide, there are, with one exception, no major differences in terms
of efficacy, based on indirect comparisons (38, 40). It is widely accepted
that the tolerability of temozolomide is better than PCV. For this reason
and to optimize the efficacy of temozolomide, alternative dosing schedules
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have been developed and implemented in clinical trials including a weekly
alternating (7 days on, 7 days off) schedule at 100–150 mg/m2 (46) or in a
21 days on/7 days off schedule. While in the recurrent disease setting these
dosing schedules have demonstrated some activity, studies in glioblastoma
have not indicated superiority over the conventional 5 days on/23 days off
schedule (47). Currently used alkylating chemotherapy protocols are
summarized in Table 4.2.

Table 4.2 Protocols with alkylating chemotherapy

Protocol Dose and mode of administration

Temozolomide concomitant
maintenance

75 mg/m2 every day during the period of
radiotherapy

150–200 mg/m2 days 1–5 PO × 4 weeks

ACNU, BCNU, CCNU Different regimens, e.g. CCNU PO 110 mg/m2 × 6
weeks

PCV alone or prior or parallel and
after radiotherapy

Procarbazine 60 mg/m2 PO days 8–21
CCNU 110 mg/m2 PO day 1
Vincristine 1.4 mg/m2 IV (maximum 2 mg) day 8 +

day 29 × (6–)8 weeks

ACNU, nimustine; BCNU, carmustine; CCNU, lomustine; IV, intravenous; PCV,
procarbazine, CCNU (lomustine), and vincristine; PO, per os.

Adapted from The Lancet Oncology, 15(9), Weller M, van den Bent M, Hopkins
K, Tonn JC, Stupp R, Falini A, Cohen-Jonathan-Moyal E, Frappaz D, Henriksson
R, Balana C, Chinot O, Ram Z, Reifenberger G, Soffietti R, Wick W, for the
European Association for Neuro-Oncology (EANO) Task Force on Malignant
Glioma, EANO Guideline on the Diagnosis and Treatment of Malignant Glioma,
pp. e395–e403, Copyright (2014), with permission from Elsevier.

The greater chemosensitivity of some glial tumours could, in part, be
explained by MGMT promoter hypermethylation, but 1p/19q co-deletion
and IDH mutations are also potential predictive biomarkers, though the
mechanisms of action remain elusive (48). It may well be that these
‘predictive biomarkers’ just signify a different disease biology and not a
molecular alteration for sensitivity to genotoxic therapy. Furthermore,
these and other molecular characteristics (49, 50, 51) may supplement the
morphology-based WHO classification and thus help to resolve the
discrepancy between classification and clinical outcome.
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Grade II oligodendroglial tumours are usually well-differentiated, slow-
growing but treatment-resistant tumours. Therefore, the question when to
initiate genotoxic treatments is relevant. These tumours, although often
clinically stable over a long period of time, grow linearly by a few
millimetres every year (52), detectable when imaging is compared to the
baseline scan rather than the immediately preceding scan. To date, no
curative treatment is available, and most low-grade oligodendroglial
tumours eventually transform into high-grade tumours (WHO grade III or
IV) at some point during the course of the disease.

Surgery
Although earlier surgical intervention and more complete resection have
never been proven in randomized studies to alter overall survival,
retrospective studies suggest that more extensive resection in grade II
oligodendroglial tumours improves outcome (51), also in modern series
(54). Although there are no controlled data from randomized studies, it
appears that the extent of resection is a major prognostic factor in patients
with anaplastic oligodendroglial tumours (38, 40, 52, 53, 55, 56).
Macroscopic resection also improves seizure control, particularly in
patients with a long history of epilepsy and insular tumours (20). A critical
point in the interpretation of data from these studies is the precise
definition of total resection. For grade II gliomas that do not enhance, total
resection implies removal of all the hyperintense regions on T2 or FLAIR
images, and thus can only be determined by comparing preoperative and
postoperative tumour volumes on MRI. This has only been done in a
limited number of studies, and all have shown that total/near total resection
decreases the incidence of recurrence and the risk of malignant
transformation, and improves progression-free and overall survival (53,
56). Nonetheless, even with intraoperative MRI-guided surgery, total
resection is achieved in no more than 36% of patients (57).

In the European guidelines, the timing of surgery for oligodendroglioma
is controversial in patients that are young, present with an isolated seizure
(medically well controlled), and with small tumours (58). Potential
surgical morbidity may compromise the otherwise intact functional status
and some authors have advocated deferring surgery (‘watch and wait
policy’) after diagnosis has been made (59, 60). The risk of deferring
surgery includes managing at a later time-point a larger tumour, which
may have undergone anaplastic transformation (59). Improvements in
surgical techniques and imaging, together with enhanced treatment options
for anaplastic oligodendrogliomas in modern practice, emphasize the
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importance of accurately determining a histopathological diagnosis as
early as feasible.

Radiotherapy
Radiotherapy is commonly utilized in patients with symptomatic and/or
progressive disease or in patients with poor prognostic factors (61, 62).
However, guidance as to whether a patient with a grade II oligodendroglial
tumour needs early radiotherapy or not is pivotal, as its early use at
currently accepted doses (50.4 Gy in 1.8 Gy fractions of the involved part
of the brain) is not associated with an overall survival benefit (63) but
could possibly induce long-term sequelae (1). Although radiotherapy (54–
60 Gy, 1.8–2 Gy-fractions) has been considered standard of care for
anaplastic oligodendroglial tumours, their chemosensitivity to nitrosoureas
and temozolomide has long been recognized, and current data suggest that
combination chemoradiation significantly prolongs survival, in
comparison to radiation alone for grade III oligodendroglial tumours with
1p/19q co-deletions.

Four phase III randomized trials have been performed to define the
value of radiotherapy and chemoradiation in grade II gliomas (Table 4.3).
The ‘non-believer’ EORTC 22845 trial (62, 63) investigated the role of
timing of radiotherapy. Although improved progression-free survival was
demonstrated for patients treated with immediate radiotherapy, this did not
translate into improved overall survival. Besides prolonging the time to
tumour progression, radiotherapy has several other potential benefits, such
as symptom control, particularly epileptic seizures (64). Two randomized
trials investigated different radiation doses. The ‘believer’ EORTC 22844
and North Central Cancer Treatment Group (NCCTG) studies showed no
advantage for higher versus lower doses (61, 65). If higher doses are used,
increased toxicity is observed, with a 2-year incidence of radiation
necrosis of 2.5% (61) or lower levels of functioning and quality of life,
especially for fatigue, insomnia, and emotional functioning (66). RTOG
9802 compared radiotherapy alone versus radiotherapy in combination
with PCV (67). As two-thirds of the patients in the radiotherapy arm who
progressed received chemotherapy at progression, this trial might be
considered a trial of early chemotherapy versus chemotherapy at
progression. In the first analysis of study results, progression-free survival,
but not overall survival, was improved. However, beyond 2 years, the
addition of PCV to radiotherapy conferred a significant overall and
progression-free survival advantage, and reduced the risk of death by 48%
and progression by 55%, suggesting possible delayed benefit of
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chemotherapy. Grades III and IV toxicities were higher among patients
receiving radiotherapy plus PCV versus radiotherapy alone (67% versus
9%). However, long-term follow-up of the patients enrolled in this study
demonstrated a significant improvement in overall survival for the patients
who received initial radiotherapy plus PCV. Patients treated with whole-
brain radiotherapy have a higher incidence of leucoencephalopathy and
cognitive deficits in comparison with patients treated with focal
radiotherapy (68). In studies using modern methods of radiotherapy, a
more limited impact on cognition is observed (69, 70, 71), although data
related to patients who had more detailed neuropsychological follow-up at
a mean of 12 years and were free of tumour progression suggest that those
patients treated without radiotherapy maintain their cognitive status
whereas patients receiving radiotherapy fare worse on attention and
executive functioning as well as information processing speed (72).

Table 4.3 Phase III trials on radiotherapy and chemotherapy for low-grade
gliomas

Study
(reference)

Treatment
arms/patients (n)

5-year progression-free
survival

5-year overall
survival

EORTC 22845S (157) 37% 66%

(62, 63) S + RT (154) 44% p = 0.02 63% NS

EORTC 22844S + RT 45 Gy (171) 47% 58%

(61) S + RT 59.4 Gy (172) 50% NS 59% NS

NCCTG S + RT 50.4 Gy 55% 72%

(65) S + RT 64.8 Gy 52% NS 64% NS

RTOG 9402 S + RT (125) 46% 63%

(67) S + RT + PCV (126) 63% p = 0.005 72% NS

NS, not significant; PCV, procarbazine, CCNU (lomustine), and vincristine; S,
surgery; R, radiotherapy.

Adapted from Eur J Neurol, 17(9), Soffietti R, Baumert B, Bello L, von Deimling
A, Duffau H, Frénay M, Grisold W, Grant R, Graus F, Hoang-Xuan K, Klein M,
Melin B, Rees J, Siegal T, Smits A, Stupp R, Wick W, Guidelines on management
of low-grade gliomas: report of an EFNS-EANO* task force, pp. 1124–33,
Copyright (2010), with permission from John Wiley and Sons.

Chemotherapy
There have been a number of pivotal chemotherapy trials in patients with
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anaplastic oligodendroglial tumours. The phase III RTOG trial, 9402,
utilized pre-radiation PCV, whereas EORTC 26951 utilized post-radiation
PCV. Initial reports in 2006 showed increased progression-free but not
overall survival in patients receiving radiotherapy plus chemotherapy for
both trials but at the cost of significant toxicity in those receiving PCV (41,
45).

In 2012, longer-term data for both trials demonstrated an overall
survival benefit in favour of the radiotherapy plus PCV regimen,
specifically for patients with 1p/19q co-deleted tumours.

EORTC 26951 randomized 368 patients with newly diagnosed
anaplastic oligodendroglial tumours to radiotherapy alone versus
radiotherapy followed by up to six cycles of PCV. Overall survival was
42.3 months with radiotherapy followed by PCV as opposed to 30 months
with radiotherapy alone (hazard ratio (HR) = 0.75, 95% CI 0.6–0.95). In
patients with 1p/19q co-deleted tumours, median overall survival was not
yet reached at the time of analysis, versus 112 months in the radiotherapy
followed by PCV versus radiotherapy arms, respectively (HR = 0.56, 95%
CI 0.31–1.03), but only 25 versus 21 months, respectively, for non-co-
deleted tumours (HR = 0.83, 95% CI 0.62–1.1). Although the addition of
PCV significantly prolonged survival (HR = 0.75, 95% CI 0.60–0.95) in
the full trial cohort irrespective of molecular analysis, only the patients
with the 1p/19q co-deletion derived a clinically relevant overall survival
benefit from the addition of PCV, especially when considering the toxicity
of the combined treatment (73).

In RTOG 9402, 291 patients with newly diagnosed anaplastic
oligodendroglial tumours were randomized to radiotherapy or radiotherapy
preceded by up to four cycles of dose-intensified PCV. Overall survival
was 4.6 years with PCV followed by radiotherapy and 4.7 years with
radiotherapy alone (HR = 0.79, 95% CI 0.6–1.04). However, in the
subgroup of patients with 1p/19q co-deleted tumours, the overall survival
was 14.7 versus 7.3 years in the PCV followed by radiotherapy versus
radiotherapy arms, respectively (HR = 0.59, 95% CI 0.37–0.95), but only
2.6 versus 2.7 years, respectively for non-co-deleted tumours (HR = 0.85,
95% CI 0.58–1.23) (74).

Despite the impressive survival benefit seen in both anaplastic
oligodendroglioma trials with PCV chemotherapy and radiotherapy in
1p/19q co-deleted tumours, these results are provisional. Moreover, these
trials did not specify these subgroup analyses.

Cognitive functioning and health-related quality of life (HRQOL) have
been evaluated in a cohort of 32/37 Dutch and French long-term anaplastic
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oligodendroglioma survivors from EORTC 26951. Results were compared
to healthy controls and to patients’ own HRQOL 2.5 years following initial
treatment. At the time of assessment, median survival for the patients was
147 months, 27 were still progression-free since initial treatment. Of these
27 progression-free patients, severe cognitive impairment was observed in
30%; 41% were employed and 81% could live independently. Patients’
HRQOL was worse compared to controls as expected, but similar to
quality of life status 2.5 years after initial treatment. The initial treatment
(radiotherapy versus radiotherapy plus PCV) was not correlated with
cognition or HRQOL. These results from a small patient cohort suggest
that cognitive function could be impaired in a relevant proportion of
patients treated with radiotherapy and this needs to be further evaluated in
larger patient cohorts (75). The role of temozolomide has introduced
further controversy. Initial results from the German NOA-04 trial, which
compared radiotherapy versus temozolomide versus PCV alone (40) do
not provide a conclusive answer since follow-up was too short at the time
of initial publication. This phase III trial for all anaplastic gliomas was
designed to study sequencing of therapies by comparing efficacy and
safety of radiotherapy versus chemotherapy (temozolomide or PCV) and
using an adapted cross-over design at progression. Radiotherapy and
chemotherapy elicited comparable therapeutic results and the outcome of
pure and mixed anaplastic oligodendroglial tumours was identical and
more favourable than for astrocytoma. Only a minority of cases in this
study had anaplastic oligodendrogliomas, therefore limiting definitive
conclusions. The median overall survival of patients on this trial was
approximately 80 months, stressing the relevance of long-term monitoring
for HRQOL and toxicities, in anaplastic gliomas with good prognosis,
similar to low-grade glioma (72).

Commentary on National Comprehensive Cancer Network and
European Association for Neuro-Oncology guidelines
The treatment algorithms for oligodendroglial tumours adapted from the
National Comprehensive Cancer Network (NCCN) and European
Association for Neuro-Oncology (EANO) guidelines are summarized in
Figures 4.4 and 4.5.
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Fig. 4.4 Pragmatic approach to WHO grade II oligodendroglial tumours. Low-risk
factors are age ≤40 years, Karnofsky performance score (KPS) >70, tumour
diameter <6 cm, and minor or no preoperative neurological deficits. High-risk
factors are essentially the converse plus crossing of the midline in the preoperative
MRI, but NCCN also considers any non-radical resection a negative prognostic
factor. Whether molecular parameters should be considered remains controversial
(NCCN, yes and EANO, no) as is the use of increased perfusion in the MRI as a
negative prognostic factor. In addition, the option for combined radiochemotherapy
is a new development since the press release of RTOG 9802.
Source: data from N Engl J Med, 374(14), Buckner JC et al., Radiation plus
Procarbazine, CCNU, and Vincristine in Low-Grade Glioma, pp. 1344–55,
Copyright (2016), Massachusetts Medical Society.
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Fig. 4.5 Pragmatic approach to WHO grade III oligodendroglial tumours. A matter
of debate between the NCCN and the EANO guidelines is mainly the use of
carmustine wafers, which are a more realistic option in the NCCN guidelines.

* Sole chemotherapy is only an option for individual cases or trials.

The NCCN guidelines in their current version and the EANO guidelines
(76) support the proposed sequence for diagnosis, that is, suggestive MRI,
which triggers multidisciplinary preoperative input followed by diagnostic
surgery, which incorporates maximal safe resection when feasible. For a
suspected grade II lesion, serial observations are an option for selected
individual patients, although it is generally recommended that a
histopathological diagnosis be established early in the course of the
patient’s management. The extent of resection remains a matter of debate
and is assigned a lesser role in the EANO guidelines.

NCCN guidelines allow the intraoperative use of carmustine wafers,
although this is controversial because it usually limits subsequent entry
into clinical trials, is of unproven clinical benefit, specifically for
oligodendroglioma, and may lead to more postoperative wound
complications. An early (<72 h) postoperative MRI is recommended as a
baseline, to assess potential complications and to objectively determine the
extent of resection.
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Postoperatively, tumour tissue is utilized to determine histopathological
grade and to assess molecular or cytogenetic markers (e.g. 1p/19q
chromosome status). For grade II tumours, both NCCN and EANO
guidelines recommend radiotherapy or chemotherapy (with a lower
evidence level) for high-risk patients or incompletely resected patients,
with the option for watchful waiting in patients without symptoms.
Updated results from the RTOG 9802 study will likely result in greater
utilization of radiotherapy plus PCV (as in the trial) or temozolomide
(because no relevant difference to PCV except lower toxicity is described
in comparative trials so far) will become an option also for grade II
oligodendroglial tumours with an indication for postoperative treatment
(67). Grade III patients should receive adjuvant treatment with
radiotherapy plus chemotherapy with PCV or temozolomide being
recommended for patients with a 1p/19q co-deletion; although an option
for chemotherapy alone, but not radiotherapy alone has also been
proffered, this is not based on reliable data, as the randomized data to date
only show the superiority of combined modality therapy over radiotherapy
alone, and not that of chemotherapy alone over radiotherapy or combined
modality therapy. For the 1p/19q non-co-deleted grade III patients,
radiotherapy or radiotherapy plus chemotherapy are the primary options,
and once again, although chemotherapy alone has been used, data
supporting this option are not robust. Patients with a poor performance
status may be managed with best supportive care, hypofractionated
radiotherapy, or PCV/temozolomide. At recurrence, any surgical options
should be discussed in a multidisciplinary setting and systemic
chemotherapy, best supportive care, and re-irradiation considered within
an individualized programme of care.

Follow-up recommendations
Clinical examination and MRI should be used to monitor treatment
efficacy or for surveillance after completion of treatment (77). Intervals of
3 months are recommended for most patients with malignant gliomas, but
longer intervals should be considered for patients with prolonged disease
control, notably younger patients with 1p/19q co-deleted oligodendroglial
tumours. Clinical follow-up needs to focus on tracking long-term sequelae
of treatment.
Current research topics
While the WHO classification has prognostic value (40), it is prone to high
interobserver variability, especially for anaplastic oligoastrocytomas (3).
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In recent years, large-scale genomic and epigenomic studies have greatly
increased our insight into the biology of malignant gliomas, identifying
key alterations and molecular subgroups (78, 79, 80, 81) which may
augment the WHO classification. The discovery of a prognostically
favourable conserved point mutation in IDH1 codon 132 (82), resulting in
a neomorphic enzymatic capacity to produce 2-hydroxyglutrate from α-
ketoglutarate, has considerably altered our understanding of glioma
biology (83). IDH1 (and less frequently, IDH2) mutations are found in the
majority of secondary glioblastomas as well as diffuse oligodendroglial
(WHO grade II and III) tumours. The IDH mutation causes epigenetic
remodelling (84), resulting in a CpG island methylator phenotype (85).
Indeed, gliomas across histological subtypes with an IDH mutation carry a
very similar epigenetic profile (86). This and other studies (87) suggest
that IDH mutant gliomas form a biologically distinct entity.

Besides IDH, the 1p/19q co-deletion is a strong biomarker of better
prognosis (88). When two phase III trials reported their long-term follow-
up, both demonstrating an overall survival benefit from combined
treatment with radiotherapy and PCV chemotherapy mainly in patients
with 1p/19q co-deleted tumours, the 1p/19q co-deletion gained predictive
properties (88, 89). Mutations of the homolog of the Drosophila gene
capicua (CIC) on chromosome 19q and far-upstream element binding
protein 1 (FUBP1) on 1p have been identified as potential mechanisms
involved in the biology of 1p/19q co-deleted gliomas (90). Gene
expression clustering plus IDH1 and 1p/19q status have revealed
molecular subgroups with prognostic value among oligodendroglial
tumours (91). Mutually exclusive mutations in TERT and ATRX genes
have been detected in malignant gliomas (92, 93). Two point mutations in
the promoter of TERT (C228 and C250) resulting in higher TERT mRNA
expression were discovered with a high frequency in oligodendrogliomas
(usually co-occurring with the 1p/19q co-deletion) and primary
glioblastomas. Alternative lengthening of telomeres (ALT) is another,
telomerase-independent mechanism of telomere maintenance. ATRX gene
mutations, usually leading to reduced or absent ATRX protein expression
(94), have been linked to ALT (95). Consequently, loss of ATRX
expression predominantly occurs in astrocytomas and mixed
oligoastrocytomas without 1p/19q co-deletion (i.e. TERT wild-type
tumours) and seems to identify a prognostically more favourable subgroup
among the anaplastic astrocytoma patients (13).

Unlike glioblastomas, anaplastic gliomas (89) have been (except for the
gene expression array and methylation analysis on the EORTC 26951 trial
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(90)) less comprehensively analysed. The feasibility and prognostic value
of a molecular classification of anaplastic gliomas based on epigenetic
analysis is currently being investigated.

Several questions remain regarding optimal treatment of anaplastic
oligodendroglial tumours: should there be concomitant, adjuvant, or
combined concomitant and adjuvant temozolomide for patients with
anaplastic gliomas with, or without, 1p/19q co-deletion? This is one
objective of the ongoing CATNON (Concurrent and Adjuvant
Temozolomide Chemotherapy in Non-1p/19q Deleted Anaplastic Glioma)
trial (Fig. 4.6). Should all grade II and III (oligodendro-) gliomas with
1p/19q co-deletion be treated with radiochemotherapy? Or would
chemotherapy with temozolomide (or PCV) alone be sufficient? Can PCV
in the current standard radiochemotherapy for patients with 1p/19q co-
deleted tumours be safely and effectively replaced by temozolomide?
What novel therapeutics may prove beneficial for anaplastic
oligodendroglial tumours? At present, IDH inhibitors are in early
development. Apart from being a target for pharmacological intervention,
mutated IDH may be an excellent target for immunotherapy. Its
appearance in 100% of cells in mutated tumours, the relatively indolent
course of disease, the high likelihood of immunocompetence of the
respective patients, as well as a degree of spontaneous T-cell response in
patients with IDH1 R132H mutated tumours, makes it a promising target
for immunotherapy-based trials, some of which are underway (NCT-2013-
0216, EudraCT 2014-000503-27). What is the optimal treatment at
recurrence? Outside trials, these tumours can be focally irradiated or
treated with standard temozolomide or other alkylating agents, especially
lomustine and procarbazine. Future research will hopefully answer several
of these questions and provide further insight into better classification and
improved treatment options.

Fig. 4.6 EORTC CATNON trial. MGMT, methylguanine-methyltransferase; MRI,
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magnetic resonance tomography; RT, radiotherapy; TMZ, temozolomide.
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CHAPTER 5

Ependymal tumours
Mark R. Gilbert and Roberta Rudà

Definition
Ependymomas are rare cancers of the central nervous system (CNS) that
can occur at any age, although they are more prevalent in the paediatric
age range and therefore account for a higher percentage of paediatric brain
tumours (~8–10%) than adults where less than 4% of brain tumours are
diagnosed as ependymoma (1). Ependymomas were first described by
Bailey in 1924 with a report of 11 cases of a distinct tumour apparently
arising from the ependymal cells lining the ventricles or spinal central
canal (2). Therefore, ependymomas can occur throughout the CNS,
although primary spinal cord involvement is uncommon in paediatric
patients (<10%), but is the most common location in adults, estimated to
be nearly 75%.

Epidemiology
Ependymomas are rare, representing approximately 3.5% of all primary
CNS malignancies in all age groups (1). They constitute a higher
percentage among paediatric cancers (5.2–5.7% of primary CNS cancers)
than in adults where ependymomas account for 1.9% of CNS tumours, and
3.5% of primary CNS cancers. These statistics are based on compilations
from tumour registries in the United States: the Surveillance,
Epidemiology and End Results (SEER) programme and the Central Brain
Tumor Registry of the United States (CBTRUS) statistical reports. The
precise incidence of ependymoma cannot be accurately determined as
these registries rely on institutional reports and there are concerns about
misdiagnosis of ependymoma that has been estimated to be as high as 30%

The site of disease varies with age. Intracranial tumours are the most
common location in the paediatric age group and spinal cord involvement
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is uncommon (3). In children, the infratentorial region is a much more
common location (around two-thirds) than tumours arising
supratentorially. The spinal cord is the most common location for
ependymoma in adults. In contradistinction to children, intracranial
tumours occur more commonly in the supratentorial region. Although
ependymomas can occur at any age, there is a bimodal distribution with a
peak at an early age (0–4 years) and a second peak during the fourth to
fifth decade of life.

Pathogenesis
With the exception of the high-grade (anaplastic) tumours, ependymomas
are typically well demarcated from the surrounding parenchyma. In fact,
myxopapillary ependymomas may be encapsulated and removal without
breaching this capsule may be curative. Regardless of the subtype or
grade, ependymomas on gross examination may have associated
haemorrhage, necrosis, and calcification.

Ependymomas are diagnosed on the basis of histological appearance.
Although there may be a variety of cellular morphological characteristics,
the hallmarks are perivascular pseudorosettes and ependymal rosettes. The
perivascular rosettes are perivascular zones that are defined by radially
arranged ependymal cell processes directed towards central blood vessels.
Ependymal rosettes, unlike pseudorosettes, are composed of epithelioid
cuboidal to columnar cells arranged around a central lumen. Although
perivascular pseudorosettes are more commonly observed on
histopathology than ependymal rosettes, the latter are more specific for
ependymomas. Perivascular pseudorosettes stain for vimentin and glial
fibrillary acidic protein (GFAP). Other immunohistological findings
include positive staining for S100, and neural cell adhesion molecule or
CD56. The absence of GFAP staining should prompt a search for another
diagnosis. Epithelial membrane antigen (EMA) staining often shows a
characteristic punctuate, dot type pattern. However, EMA staining is not
seen in myxopapillary ependymomas.

Although the ependymal and perivascular pseudorosettes are cardinal
features of ependymomas, the tumour cells can have very diverse
morphological characteristics (Fig. 5.1). The cellular elements can vary
from elongated fibrillary glial-type cells to an epithelioid appearance. The
universally accepted histology-based grading system uses the World
Health Organization (WHO) guidelines, most recently published in 2016
(4). Low-grade ependymoma typically have tumour cells with fairly
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uniform round to oval nuclei containing finely dispersed chromatin. In
contradistinction, high-grade ependymomas show polymorphic, irregular
cells, and hyperchromatic nuclei. As with other glial neoplasms, the
highest grade component, even if only a small percentage of the overall
tumour, dictates the grade. As is true with most primary CNS tumours, the
commonly used TNM (tumour, lymph node involvement, and distant
metastasis) cancer staging system does not apply to ependymomas,
because these tumours only rarely spread outside the CNS or involve in
adjacent lymph nodes.

Fig. 5.1 (See colour plate section) Histology of ependymoma. (a) Ependymoma
(WHO grade II). (b) Anaplastic ependymoma (WHO grade III). (c)
Subependymoma (WHO grade I). (d) Myxopapillary ependymoma (WHO grade I).
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Fig. 5.1 Histology of ependymoma. (a) Ependymoma (WHO grade II). (b)
Anaplastic ependymoma (WHO grade III). (c) Subependymoma (WHO grade I).
(d) Myxopapillary ependymoma (WHO grade I).

Grade I ependymomas include subependymoma and myxopapillary
ependymoma (Fig. 5.1c, d, respectively). Although both are slow growing
and have the potential to be cured if completely removed, they have
distinct characteristics including cellular morphology, localization, clinical
features, and imaging findings.

Subependymomas are slow-growing lesions, are often asymptomatic,
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and are typically discovered as an incidental finding on brain imaging or at
autopsy. Subependymomas typically attach to a ventricle wall, most
commonly of the fourth ventricle or less commonly on the wall of a lateral
ventricle. On magnetic resonance imaging (MRI), they typically appear as
sharply demarcated nodular masses that are non-enhancing. When these
tumours do present clinically, the symptoms are usually due to ventricular
obstruction or haemorrhage. Although subependymomas share some
histological features with ependymomas, their biology and molecular
characterization has not been well elucidated. As a result, many
investigators believe that subependymomas should not be grouped with
ependymomas.

Myxopapillary ependymomas almost exclusively arise in the region of
the conus medullaris, cauda equina, and the filum terminale of the spinal
cord, although uncommon locations such as cervical thoracic spinal cord,
lateral ventricle, or the brain parenchyma have been reported (5, 6, 7, 8).
Chronic back pain is typically the most common presenting symptom. On
MRI, they appear to be sharply circumscribed, sausage-shaped, and
enhanced by the gadolinium contrast (Fig. 5.2). As described earlier, if
they remain encapsulated, complete tumour removal is often possible and
may be curative. Breaching of the capsule may lead to dissemination
within the spinal canal with the potential for seeding along the spinal cord
and less commonly, within the brain (Fig. 5.2). Once dissemination has
occurred, the prognosis is similar to patients with WHO grade II tumours.
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Fig. 5.2 MRI with gadolinium of a myxopapillary ependymoma with CSF spread.

In contrast to the typically well-circumscribed grade I tumours,
ependymomas classified as grade II and III tumours tend to be infiltrative
into the surrounding tissues in the brain or the spinal cord. Clinical
presentation is typically dictated by the tumour location. Grade II tumours
by WHO criteria are designated by the name ependymoma, whereas grade
III tumours are called anaplastic ependymoma. Although all grade II
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ependymomas share the histological features of perivascular
pseudorosettes, and true ependymal rosettes, there are multiple histological
variants including cellular, papillary, clear cell, and tanycytic
ependymomas (Fig. 5.1a). To date, aside from morphological differences,
there appears to be no prognostic significance to the subtyping although
they may be associated with specific tumour locations and patient age. For
example, clear cell ependymomas are seen predominantly in the
supratentorial compartment and young adults. Histologically, they
resemble oligodendrogliomas and misdiagnosis by morphology alone can
usually be resolved with testing for the characteristic allelic loss of
chromosomes 1p and 19q in oligodendroglioma.

Anaplastic ependymomas are designated as grade III gliomas by the
WHO classification schema. Histological features include a high
proliferative index using the Mib-1 staining and readily observed mitotic
figures. There is typically prominent cellular pleomorphism and
angiogenesis (Fig. 5.1b). The pseudorosettes and ependymal rosettes that
characterize low-grade ependymoma may be distorted or lost.
Transformation to glioblastoma (WHO grade IV) is rare, but has been
reported (9).

Clinical outcomes for patients with ependymomas can be quite variable
even within a specific WHO grade. In contradistinction to the almost
binary outcomes in spinal myxopapillary ependymomas where cure is
common with complete, en bloc removal, there are highly variable
outcomes among patients harbouring ependymomas of comparable grade.
This strongly suggests that there are differences in tumour biology that
cannot be elucidated exclusively by conventional histological or
pathological evaluations.

A number of studies have investigated the regional heterogeneity in
ependymomas using a variety of molecular platforms. Testing for
chromosomal abnormalities in spinal cord tumours revealed a high
incidence of loss of heterozygosity on chromosome 22, often with
neurofibromatosis type 2 (NF2) mutations. There is a variety of genomic
losses (2q, 4q, 5q, 6q, 15q, 16q, 17p, and 19p) as well as gains
(chromosome 17, 9q, 12p, 13q, 20q, and 22q) but each is relatively
uncommon (10, 11, 12). There is some evidence that the changes segregate
by tumour location, but the association with tumour biology is unclear.
Early studies also demonstrated some characteristic changes in signalling
pathways. Overexpression of ErbB2 (HER2) and ErbB4 were reported in a
high percentage of paediatric tumours (13) and other studies describe
increased expression of the αv β3 integrins, annexin A1, and
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cyclooxygenase.
The radial glia are thought to be the stem cells that transform into

ependymoma (14). Comparison of molecular profiling of these cells from
the various CNS compartments demonstrates many of the molecular
features of tumours from these regions. Furthermore, a cross-species study
demonstrated that ependymomas from different CNS locations share the
same gene expression profiles with radial glial stem cells in the
corresponding region of the developing brain or spinal cord (15). Human
ependymomas were evaluated using messenger RNA, microRNA, and
DNA copy number alteration profiles, and it was observed that there were
distinct subgroups that varied by location, demonstrating that they are truly
distinct biological entities. Additionally, they demonstrated that EPHB2,
an oncogene in human supratentorial ependymomas, transformed forebrain
radial glial stem cells into ependymomas. However, EPHB2 did not
transform, in contrast, the radial glial stem cells isolated from hindbrain
and spinal cord, demonstrating that this is a unique site-specific
phenomenon.

A series of landmark publications have reported seminal findings based
on whole-genome, whole-exome sequencing and methylation profiling of
supratentorial (16), posterior fossa (17, 18), and spinal cord ependymomas
(19).

An extensive genomic analysis of supratentorial ependymomas revealed
relatively few abnormalities such as nucleotide insertions or deletions or
copy number variations. However, the observation of genomic structural
abnormalities clustered within a highly focal region on chromosome
11q12.1–q13.3 led to the discovery of inter- and intrachromosomal
rearrangement, consistent with chromothripsis (16). This results in a
stereotypical fusion of a poorly characterized gene, C11orf95, to RELA, a
known principal effector of canonical nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB) signalling pathways. This fusion
was found in approximately 70% of supratentorial ependymoma, but not in
infratentorial ependymomas. Further investigation revealed that this novel
RELA fusion protein drives an aberrant NF-κB transcriptional process in
mouse neural stem cells and can transform stem cells to give rise to
ependymomas that histologically mimic human supratentorial
ependymomas. Human supratentorial RELA fusion-bearing ependymomas
show marked upregulation of NF-κB target genes including CCND1 and
L1CAM providing additional evidence that the fusion causes activation of
the NF-kB pathway. The C11orf95-RELA translocation defines a
biologically unique subset of supratentorial ependymoma and preliminary
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data suggest that it may negatively impact survival. However, the
activation of the NF-κB pathway does represent a possible therapeutic
target.

Posterior fossa (infratentorial) ependymomas occur predominantly in
the paediatric population and early studies indicated that infants typically
had a much worse prognosis than older children (and adults). Extensive
molecular analyses from two sets of posterior fossa ependymomas
determined that by transcriptional profiling there are two distinct
subgroups (17). Those designated group A (PFA) predominantly occur in
infants, originate more laterally in the posterior fossa, and are associated
with a poor prognosis. Conversely, group B (PFB) usually occur in older
children and adults, are more centrally located within the posterior fossa,
and have a better prognosis. An independent study, using a separate set of
posterior fossa tumours, confirmed and validated the two molecular
subclasses and their respective age predilection and prognosis (20).

Although the studies described above were able to identify two distinct
types of posterior fossa ependymomas, there are very few copy number
and nucleotide variations to help understand the genesis of these cancers.
A study of the epigenetic changes was performed to help better understand
the biological basis of posterior fossa ependymomas (18). In this study, 79
ependymomas were evaluated for their DNA methylation pattern.
Unsupervised consensus clustering of CpG methylation profiles
demonstrated three distinct subgroups including supratentorial, posterior
fossa, and a mixed spinal/posterior fossa groupings in a similar pattern as
that yielded by unsupervised clustering of gene expression profiles.
Importantly, the methylome patterns between PFA and PFB were distinct
with a much higher degree of CpG island methylation found in PFA
compared with PFB ependymomas. The investigators proposed that PFA
ependymomas be referred to as PFA CPG island methylator phenotype
(CIMP)-positive ependymomas, and PFB as PFB CIMP-negative
ependymomas. The exact mechanism by which hypermethylation leads to
tumourigenesis is not known, but the finding of H3K27 trimethylation
(H3K27Me3) and H3K27Me3 target genes in PFA-CIMP-positive
tumours, but not in the PFB-CIMP-negative ependymomas, suggests that
tumour suppressor gene silencing by CpG hypermethylation contributes to
the pathogenesis of PFA.

Spinal ependymomas are much more common in adults and are
common in patients with NF2, suggesting a potential role of the NF2 gene
in ependymomas located in the spinal cord (21, 22). The spinal
ependymomas in the setting of NF2 have more indolent clinical courses. A
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systematic analysis of 35 spinal ependymomas revealed that in addition to
distinct morphological differences between grade II and myxopapillary
ependymomas, there are important genomic and biological differences.
Molecular analyses demonstrated that the myxopapillary ependymomas
had consistent alterations in metabolic pathways such as increased
expression of HIF1-alpha and other proteins indicating that myxopapillary
ependymomas can be distinguished from other spinal cord ependymomas
by their metabolic properties and reliance on aerobic glycolysis commonly
referred to as the Warburg effect (19).

The classification of ependymoma was further refined with the use of
DNA methylation profiling providing both DNA methylation information
and copy number data. A cohort of 500 clinically annotated ependymoma
samples from all ages and all three anatomical compartments were
analysed (23). This comprehensive investigation determined that there are
nine distinct subtypes of ependymoma with three definable groups within
each anatomical compartment. In the supratentorial compartment there are
histologically designated ependymomas (grade II and III) which either
have the RELA fusion or a YAP1 fusion. The third group is histologically
designated as subependymoma that has a unique phenotype and only rarely
molecular abnormalities. The posterior fossa (infratentorial compartment)
is comprised of three distinct groups. Histologically defined ependymomas
(grade II and III) are categorized as group A with extensive DNA
methylation (CIMP+) or group B without the CIMP phenotype.
Subependymoma is the third posterior fossa tumour group and like the
supratentorial tumour, shows few molecular abnormalities. The spinal cord
is comprised of three distinct subtypes with different molecular profiles.
Histological ependymomas (grade II and III) constitute one group that is
molecularly and histologically distinct from the myxopapillary and (rare)
subependymoma of the spinal cord.

The studies of genomic characteristics of ependymoma demonstrate that
ependymomas may have different biology that is based both on location in
the CNS and distinct molecular features that permit classification into
biologically unique subgroups. Additionally, these seminal findings have
generated important prognostic information and may provide insight into
specific therapeutic targets.

Prognostic factors
The identification of prognostic factors in ependymomas is evolving.
Earlier studies examining prognostic factors in ependymoma include the
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SEER database (1997–2005) of 2408 ependymoma cases, including 2132
grade II and 276 grade III tumours (24). This study found that younger
age, male gender, higher tumour grade, intracranial location, and failure to
undergo extensive surgical resection were associated with a poor clinical
outcome. Although these are important findings, the use of the central
registry does raise concerns regarding the accuracy of the diagnosis. In
fact, review of ependymomas at a tertiary care centre revealed that
approximately 20% of the cases from outside institutions were
misdiagnosed as another histological type of neoplasm prior to review by a
pathologist with expertise in ependymoma (25), underscoring the need for
caution in using unverified cases and the need for expert verification for
clinical trials.

The recent molecular findings described previously in the section on
pathogenesis have defined subtypes within each anatomical compartment
of the CNS so that in addition to the previously recognized prognostic
factors related to age, tumour location, and extent of tumour resection, the
molecular subgroup classification has proven to be a key determinant of
outcome. For example, RELA-positive supratentorial tumours have a
worse outcome than the YAP1-positive tumours, irrespective of age or
extent of resection (16, 23). Similarly, in the posterior fossa, the group A
(CIMP+) tumours are highly malignant and rarely curable, whereas the
group B (CIMP−) are indolent and long-term survival is common (18).
This information is critical in the management of patients with
ependymoma and in the development of clinical trials. Selection criteria
for molecularly targeted agents would require pre-enrolment testing and
inclusive trials would need to stratify by subtype to ensure that the
treatment arms of a trial are well balanced.

Grade I ependymomas (subependymomas and myxopapillary
ependymoma) are distinct in their prognostic features. They are
characterized by being well circumscribed and if completely removed,
may be cured (26). Conversely, for myxopapillary ependymoma, if the
tumour capsule ruptures and tumour cells enter the cerebrospinal fluid
(CSF), tumour recurrence is common and the prognosis is similar to grade
II spinal cord ependymoma (27, 28).

Treatment
Surgery
Surgery is considered the most important therapeutic intervention as extent
of resection is associated with improvement of both progression-free
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survival (PFS) and overall survival (OS). Moreover, the surgical procedure
can re-establish the normal CSF flow, and reverse hydrocephalus.

There are several studies (29, 30, 31, 32, 33, 34, 35) that support the
prognostic impact of gross total resection (GTR) for ependymoma. When a
complete resection has not been achieved at the first surgery and the lesion
is not in an ‘eloquent’ area, a ‘second-look’ surgery is recommended (29,
32, 34, 36); however, the optimal time to perform a second surgery is still
controversial.

An MRI-confirmed complete resection can be achieved in 50–75% of
patients (Fig. 5.3). Some tumours are not amenable to complete resection,
as tumour location, such as intrinsic brainstem tumours, adherence to
vascular structures, cranial nerves, or ventricular surface, make resection
impossible. In these cases, a partial resection or a biopsy is advocated at
least to provide a histological diagnosis.

Fig. 5.3 Posterior fossa (infratentorial) grade III ependymoma. (a) MRI with
gadolinium at diagnosis. (b) MRI with gadolinium at diagnosis. (c) MRI with
gadolinium after gross total resection.

As ependymomas can spread via the CSF, craniospinal MRI and CSF
cytology are mandatory following surgery. The risk of dissemination
varies widely in the literature, but overall it occurs in approximately 15%
of patients and is more common in those with posterior fossa tumours and
in those with anaplastic ependymomas (37). The occurrence of this
complication at the time of presentation is less than 5% (38); however,
although the incidence is relatively low, early diagnosis may impact
treatment options and avoid irreversible neurological injury. Following the
established paradigm for medulloblastomas, the analysis of CSF may be
misleading soon after tumour resection so a minimum interval of 2 weeks
from surgery is advised. Open issues are how often and how long spinal
MRI and CSF examinations should be performed in the course of follow-
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up.

Radiotherapy
Radiotherapy is the mainstay of post-surgical treatment despite the lack of
randomized clinical trials and the general opinion that ependymomas are
radioresistant. There is consensus that radiation treatment is the standard
of care for patients with anaplastic (grade III) ependymoma, but there are
no clinical trials that demonstrate a clear dose–response relationship (39,
40). In the past, craniospinal or whole-brain radiation were employed, but
many studies show that, in the absence of a CSF spread, conformal
radiotherapy can be used with less toxicity. Thus, localized anaplastic
ependymomas are usually treated with limited-field radiotherapy with total
doses up to 60 Gy, while craniospinal irradiation is reserved in cases with
CSF dissemination (41, 42).

The role of radiation treatment for grade II ependymoma is more
controversial (34, 43). Most series have reported a significant advantage in
survival for patients receiving adjuvant radiotherapy after incomplete
resection with doses of 54–55 Gy over those treated with surgery alone
(44, 45, 46, 47, 48). It has been suggested that for posterior fossa
ependymomas, even in case of a complete resection, adjuvant radiation
therapy could improve the outcome (33). These data were recently
confirmed by the analysis of a large retrospective series of ependymomas
collected by the Collaborative Ependymoma Research Network (28), in
whom adjuvant radiotherapy was found to be beneficial in terms of a
longer PFS in infratentorial tumours. Conversely, other experts advise
deferral of radiotherapy to the time of tumour progression in grade II
intracranial ependymomas undergoing a total resection (49, 50).

Overall, in the absence of data from randomized clinical trials, deferral
of radiotherapy to the time of recurrence in patients with intracranial grade
II ependymoma after complete resection is an option with a plan for
careful observation with MRI.

Stereotactic radiosurgery (SRS), by increasing the dose to the tumour,
could overcome the radioresistance (51, 52, 53, 54), but the superiority
over conventional techniques remains to be proven. For patients with
recurrent intracranial ependymoma, SRS provides good local control and
may improve survival: this is particularly true for patients with grade II
tumours and small treatment volume (55). There are no studies that have
evaluated the cognitive assessment after radiotherapy in ependymoma
patients. The only series that focused on the quality of life in a
retrospective multicentre analysis showed that local radiation therapy may
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have some negative impact on patients’ quality of life (56).

Chemotherapy
There is no data from large, randomized trials for either intracranial or
spinal ependymomas regarding the role of chemotherapy, and most
information on the activity of drugs stems from small retrospective series
or case reports. Thus, the role of chemotherapy as a therapeutic approach
against recurrent ependymoma has remained unclear and it is only
considered when local treatment options (surgery and radiotherapy) have
been exhausted (38, 57, 58).

Similar to other gliomas, temozolomide has been used for the treatment
of adult patients with ependymoma. Some case reports suggest that
temozolomide alone or in combination is active against recurrent WHO
grade II or III ependymoma (59, 60, 61, 62). A retrospective study on 18
patients with recurrent WHO grade II and III intracranial ependymomas
failing reoperation and/or re-irradiation suggested activity of
temozolomide in the standard schedule both in terms of response (22%
complete response + partial response) and outcome (PFS 9.69 months and
OS 30.55 months) (63). Responses were observed in chemotherapy-naïve
patients only, and in most cases were delayed in appearance and
cumulative over time. Conversely, in another retrospective study on
patients with WHO grade II intracranial ependymomas refractory to
platinum-based regimens, temozolomide in the standard schedule had a
more limited activity (response rate 4%, PFS 2 months) (64). A possible
explanation of this difference is that all patients in the latter series were
heavily pretreated, while the majority of patients of the series of Rudà et
al. (63) were chemo-naïve, thus, receiving temozolomide in an earlier
phase of the disease. Temozolomide has also been used in combination
with lapatinib in a single-arm phase II study in patients with recurrent
intracranial and spinal ependymoma. Lapatinib targets the epidermal
growth factor receptor (ErbB1) and the related family member HER-2/neu
(ErbB2) which is expressed on the cell surface of tumour cells. Fifty
patients were enrolled in this trial and the treatment was generally well
tolerated. Median PFS was 45 weeks for patients with WHO grade II, and
25.3 weeks for patients affected by WHO grade III anaplastic
ependymomas (65). Responses to treatment correlated with higher ErbB2
mRNA expression in the tumour tissue. Although speculative, the rather
modest activity of temozolomide against ependymoma might be due to
high levels of O6-methylguanine-DNA-methyltransferase (MGMT) in
ependymoma cells (66); however, even if is present, MGMT promoter
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methylation does not correlate with response to temozolomide in
ependymoma (63).

There are several reports on the administration of platinum-based
treatment regimens using either cisplatin or carboplatin. A retrospective
series demonstrated higher response rates in patients with progressive or
recurrent ependymoma treated with cisplatin compared to non-platinum
agents; however, no difference in terms of PFS and OS was observed (67).
Similarly, a retrospective study, including paediatric as well as adult
patients, has reported a superiority of platinum-based over nitrosourea-
based regimens (68). Other drugs and regimens were only used in single
patients, such as tamoxifen and isotretinoin (69). The anti-angiogenic
agent bevacizumab has been administered in a small series of eight
patients with recurrent WHO grade II or III intracranial ependymoma with
a median PFS of 6.4 and OS of 9.4 months (70).

Spinal cord ependymomas
Spinal cord ependymomas prevail in adults. There are two histological
variants: the classic ependymoma is similar in morphological features to
the intracranial ependymoma and occurs in the cervical spinal cord (more
frequently) and in the thoracic cord. This tumour is classified as grade II
by WHO criteria, although rarely an anaplastic form can be observed.

The myxopapillary ependymoma is located almost exclusively in the
region of cauda equina, filum terminale, and conus medullaris. As
described previously, it is classified as WHO grade I; however, recent data
indicate that these tumours do not fare better in outcome compared to
grade II tumours (27), suggesting that the current WHO grading system
may need a further review.

The risk of CSF spread is relatively low and extraneural metastases are
extremely rare. Although spinal dissemination at diagnosis is rare in
adults, compared with children, many authors recommend that all patients
with a biopsy-proven spinal ependymoma undergo brain and spinal MRI
and CSF cytology in their initial evaluation before deciding between
observation or adjuvant treatments (71).

Extent of resection is one of the key determinants of outcome (26, 71,
72, 73, 74).

Thus, the gold standard therapy for spinal ependymomas is en bloc GTR
over piecemeal subtotal resection (71, 75, 76). Overall, GTR can be
achieved in up to 70% of such patients and provides a significant
improvement of PFS and OS and a lower recurrence rate compared with
subtotal resection. A review of the literature (74) has revealed some
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interesting findings: the rate of GTR is lower in grade I myxopapillary
tumours (59%) compared with grade II tumours (79%), and moreover
GTR plays an important role in prolonging PFS in grade II but not in grade
I tumours. One hypothesis is that GTR is more difficult to obtain for grade
I myxopapillary ependymomas than perceived by neurosurgeons during
surgery, as microtumours may be left behind on nerve roots, cauda equina,
or filum terminale. It is also possible that myxopapillary ependymomas are
biologically more aggressive than the classical ependymomas.
Importantly, it has been reported that there is some risk of CSF
dissemination in myxopapillary ependymomas following piecemeal
removal, as the opening of the tumour capsule allows a spillage of tumour
cells into CSF (26). Last, functional recovery after surgery is good in the
majority of patients.

Adjuvant radiotherapy generally is not prescribed after GTR of both
classical and myxopapillary ependymomas. Conversely, most studies
support the use of postoperative local radiotherapy for incompletely
resected tumours or for the rare anaplastic variant (71, 77, 78, 79, 80, 81).

Some studies suggest that total radiation doses greater than 50 Gy may
be superior over lower doses when given to the region of the tumour (82).
The higher doses are associated with an increased risk of radiation-induced
myelopathy, but it has been estimated that 55 Gy has a less than 2% risk of
significant spinal cord injury (83). More extensive radiation treatment,
such as complete spine or craniospinal radiation is reserved for patients
with evidence of dissemination.

The management of patients with recurrent disease includes re-resection
often followed by re-irradiation with either conventional external beam
treatment or use of a more focused radiation technique, such as
radiosurgery (84, 85). This approach may provide good local control
although the risk of myelopathy from the radiation increases with repeated
treatment.

Chemotherapy does not have a standard role in the treatment of patients
with spinal cord ependymoma. A variety of agents have been tried,
including etoposide with modest success (86). There was a minor response
using imatinib in a spinal ependymoma that expressed the PDGF receptors
(87).

Outcomes in patients with myxopapillary ependymomas are variable.
The predominant pattern of failure is local recurrence, followed by distant
spinal relapse (10%), and distant brain relapse (up to 6%) (71, 88).
However, although the recurrence rates are substantial (27–37%), OS is
often prolonged, even following recurrence, In a joint study from MD
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Anderson Cancer Center and the European Rare Cancer Network the 10-
year overall survival was 92% and PFS was 61% (71).

Challenges in clinical research in ependymoma
Despite several decades of clinical and laboratory research investigating
ependymomas, patient outcomes are more related to prognostic factors,
underlying tumour biology, and surgical resection than to advances in
tumour-specific treatments. The seminal molecular discoveries provide
encouragement that in the short term, treatment decisions can be made in
the context of prognosis and anticipated biological behaviour. In the long
term, there is hope that these molecular discoveries can be translated into
effective and tumour-specific treatments. However, given the relative
rarity of ependymoma, subclassification into molecularly defined
subgroups increases the challenge to accrue to target-specific clinical
trials. This is a challenge faced by all rare diseases, but there is increasing
interest and support for national and international collaborations such as
the Collaborative Ependymoma Research Network (http://www.CERN-
foundation.org) that are helping to galvanize research efforts and provide
outreach to patients that can help clinical trial accrual.
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CHAPTER 6

Choroid plexus tumours
Maria Santos, Eric Bouffet, Carolyn Freeman, and
Mark M. Souweidane

Definition
Choroid plexus tumours (CPTs) are primary brain tumours of
neuroectodermal origin derived from choroid plexus epithelium and
vascularized by choroidal arteries.

The choroid plexus is composed of a superficial layer of cuboidal cell
epithelium linked by tight junctions overlying a basal membrane that
covers a papillary-shaped mesenchymal stromal core. The mesenchymal
stroma is formed by leptomeningeal cells, fenestrated blood vessels, and
connective tissue distributed in a loose pattern over an extracellular matrix.
The main known function of the choroid plexus is to produce
cerebrospinal fluid (CSF) and immunochemistry studies have consistently
shown intense aquaporin-1 (AQP1) expression on the apical surface of the
epithelial cells. However, the choroid plexus has other functions. Choroid
plexus epithelial cells express major histocompatibility complex classes I
and II and may play a role in autoimmune inflammation (1). In addition,
they are the primary constituent of the blood–brain barrier, being
connected through tight junctions (zonulae occludentes).

There are four principal locations of choroid plexus: in each lateral
ventricle, in the third ventricle, and in the fourth ventricle. Regarding
embryonic development of the choroid plexus, the first to form is that in
the fourth ventricle followed by the lateral ventricles and finally the third
ventricle.

Pathology
According to the 2007 World Health Organization (WHO) classification,
CPTs are classified based on histological criteria as choroid plexus
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papilloma (CPP) or grade I tumour, atypical choroid plexus papilloma or
grade II tumour, and choroid plexus carcinoma (CPC) or grade III tumour
(2).

CPPs tend to mimic papillary choroid plexus morphology in its
radiologic, macro- and microscopic ‘cauliflower appearance’ but have an
increased number of cells, sometimes stratified and with elongated shape.
They can present with areas of calcification and cystic or haemorrhagic
regions but, by definition, do not invade the brain parenchyma. Oncocytic
alterations, xanthogranulomatous reaction, and/or melanin pigment
deposition can also be identified (3, 4, 5, 6, 7, 8, 9). By definition, they are
benign and curable with surgical gross total resection.

In contrast, CPCs show mitotic figures (five or more mitoses per ten
randomly selected high-power fields), nuclear atypia, increased nuclear-to-
cytoplasmic ratio, and necrosis. The papillary architecture is distorted and
there is diffuse invasion of the adjacent neural tissue by the infiltrating
cells on a stromal base. CPCs are considered malignant due to their
potential for recurrence and dissemination.

Atypical choroid plexus papillomas are composed of cells showing any
sign of atypia but confined to the ependymal lining of the ventricles. Their
most distinctive feature is increased mitotic activity defined as two or
more mitoses per ten randomly selected high-power fields. Grade II
tumours have an increased risk of recurrence when compared to grade I
tumours.

The diagnosis of CPT can usually be made on classic haematoxylin–
eosin staining (10) but immunochemistry may have relevance in the
differential diagnosis especially to rule out metastatic carcinomas and
other central nervous system papillary tumours such as the papillary
variant of ependymoma, sub-ependymoma, or papillary meningioma (11).
These tumours usually have variable staining for cytokeratin (CK7, CK20,
etc.), monoclonal antibodies (human epithelial antigen-125 and Ber-EP4),
vimentin, glial fibrillary acidic protein, transthyretin, podoplanin, and S-
100 protein and combinations of staining patterns can be used to help with
the histological differential diagnosis. CPT usually stain positive for E-
cadherin and laminin and negative for neural cell adhesion marker, while
ependymomas express the opposite pattern of staining for these reagents.
In CPC, the papillary architecture may be absent and the differential
diagnosis includes supratentorial primitive neuroectodermal tumours and
atypical rhabdoid/teratoid tumours. Integrase interactor 1 (INI1) is a
nuclear antigen that is consistently expressed in CPCs but lost in atypical
teratoid/rhabdoid tumours (12, 13, 14). Microarray techniques have
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revealed two markers, Kir 7.1 and stanniocalcin 1, that are sensitive and
specific for CPT (15). Kir 7.1 is a potassium channel found in normal
choroid plexus and stanniocalcin 1 is a glycosylated protein involved in
calcium homeostasis and resistance to hypoxia. Alpha 1-antitrypsin CSF
levels appear to correlate positively with progression and recurrence of
CPCs (16). Ki-67/mouse intestinal bacteria 1 (MIB1) indices also appear
to be measures of CPT aggressiveness.

Diffuse villous hyperplasia of the choroid plexus (DVHCP) is an
extremely rare congenital, non-neoplastic entity that should be considered
in the differential radiological and histological diagnosis of CPP (10, 17).
The first description of this entity was made in a postmortem specimen in
1924 by Davis as diffuse and macroscopic bilateral enlargement of
histologically normal choroid plexuses of the lateral ventricles (18). The
increased number and macroscopic enlargement of villi are caused by
normal choroid plexus cell hyperplasia and not by hypertrophy and it was
shown that these cells express less AQP1 in their membranes than CPP
cells (19). DVHPC usually presents as communicating hydrocephalus as a
result of CSF overproduction in neonates or infants, and magnetic
resonance imaging (MRI) frequently discloses massive enlargement of the
normal choroid plexus throughout the entire ventricular system and
massive communicating hydrocephalus, as well as subarachnoid space
enlargement (20, 21, 22). The ventriculoperitoneal shunt failure rate is
high and patients usually present with ascites after being shunted or shunt
track CSF accumulation (23, 24, 25). Ventriculoatrial shunt, open choroid
plexus plexectomy, or endoscopic choroid plexus coagulation are usually
needed to treat this condition and can eventually be used together (26, 27,
28). There is no documented progression from DVHCP to any form of
CPT (26, 27).

Epidemiology
Classically described as slow-growing childhood tumours and known as
uncommon, CPTs have an approximate incidence of 0.3 per 1 million
population per year. Approximately 1500 cases are diagnosed worldwide
annually, corresponding to 0.3–0.6% of all brain tumours, 2–4% of all
paediatric intracranial tumours, and 10–23% of tumours in children
younger than 1 year (29). The incidence of CPCs is higher in one region in
southern Brazil due to a higher incidence of an allele (R337H)
corresponding to a TP53 gene mutation (30). The median age at diagnosis
is 3.5 years with a slight preponderance in males (1.2:1) (31). There is no
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known race preponderance. As expected, the primary location is
intraventricular, although ectopic extraventricular locations such as the
suprasellar or the pineal regions have been reported (32, 33, 34). The
supratentorial compartment (lateral and third ventricles) is the most
common location for these tumours in children and the infratentorial
compartment in adults (fourth ventricle and the cerebellopontine angle)
(31, 35). In 5% of the cases, synchronous tumours are seen. Generally,
80% of CPTs are CPPs, 15% are atypical papillomas, and less than 5% are
CPCs (36), the latter occurring in infants or very young children (mean age
23–32 months) in 80% of cases (11).

Although rare, progression from a benign CPP to a malignant CPC has
been reported, as well as recurrence after gross total resection of a CPP
(37, 38). Jeibmann et al. found a 6% recurrence rate for WHO grade I CPP
but this may be overestimated as a result of a non-detailed initial
classification of the tumours (39). There are only eight well-documented
cases of CPP progression to CPC (38, 39). Both recurrence and
progression to a higher grade seem to be correlated with mitotic activity
and the Ki-67 proliferation index (monoclonal MIB1 index).
Consequently, tumours that exhibit a high proliferative index should be
monitored more closely (39).

Aetiology and pathogenesis
There is no identified cause for CPTs and most occur in a sporadic way
although there are recognized rare syndromic associations (10). The wide
range of age at diagnosis suggests different mechanisms of development.
Several common chromosomal abnormalities have been identified in CPT
and the chromosomal aberration pattern differs according to the grade of
anaplasia. Comparative genomic hybridization has identified chromosomal
imbalances (gains, losses, or duplications) in chromosomes 1, 4, 5, 7, 9,
10, 12, 14, 18, and 20 in tumoural tissue. A large study comprising 149
patients showed that gain of chromosome 9 and loss of chromosome 10
were associated with prolonged survival in patients with CPC (40).

Li–Fraumeni syndrome is an autosomal dominant cancer predisposition
syndrome caused by a TP53 germline mutation. It has an incidence of
approximately 1/20,000 and is the most recognized syndrome associated
with increased risk of CPC (15, 41). There are reports of CPT associated
with Li–Fraumeni syndrome diagnosed in utero. There are also reports of
coincidental diagnosis of CPC and adrenocortical carcinoma associated
with TP53 mutation. In a study of 64 patients with tumours of the choroid
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plexus including 42 CPC, TP53 mutations were found in 50% of CPC.
This study found both quantitative and qualitative p53 status to be
predictive of survival, with patients presenting TP53 mutations having a
worse prognosis (15). Aicardi syndrome is another syndrome that is
associated with CPT development (42, 43, 44, 45, 46).

Recently, platelet-derived growth factor receptor (PDGFR) has been
implicated in CPT tumour pathogenesis. PDGFR is expressed normally in
the choroid plexus. However, the beta isoform of PDGFR is highly
phosphorylated in CPCs when compared to CPPs and to normal choroid
plexus and seems to induce cell proliferation when bound to its ligand (47,
48, 49, 50). It is also known that imatinib, a tyrosine kinase inhibitor, can
inhibit in vitro CPT epithelial cell proliferation (51).

Recent evidence has associated two other genes with CPT development.
TWIST1 is a p53 suppressor and when knocked out in cellular lines, cell
proliferation is reduced. Notch 3 is an oncogene that seems to have a role
in embryological development of CPP (52).

The monkey polyomavirus simian virus 40 (SV40) is a potent virus that
induces tumours in laboratory animals. Polyomavirus encode viral tumour
proteins that are able to deregulate the cell cycle and to induce monoclonal
proliferation of cells. It is known that transgenic mice that harbour the
SV40 large T-antigen gene will develop CPT. It is also known by
polymerase chain reaction methods that more than 50% of human CPTs
present and express SV40-like DNA sequences. This virus was a
contaminant of the polio vaccines administered to adults and children
between 1955 and 1963 (53, 54, 55). However, it is not possible to
establish a direct correlation between the polyomavirus injection and CPT
SV40 DNA sequences. Not every patient positive for SV40 DNA
sequence received polio vaccines and the presence of polyomavirus DNA
sequences is not consistently associated with CPT.

Clinical presentation
Hydrocephalus is by far the most common presenting symptom for most
patients with CPT. The mechanism of ventricular enlargement is most
commonly a combination of CSF overproduction and direct obstruction of
the CSF pathways by the tumour (56). The majority of patients present
with insidious intracranial hypertension symptoms such as headaches,
nausea, vomiting, and double or blurred vision. On physical examination,
papilloedema is the most common finding. Younger children typically
present with irritability, lethargy, macrocrania, bulging fontanelles,
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protruding scalp veins, and diastasis of the sutures (57). Given that the
disproportionate incidence of these tumours is in infants, divergent
macrocephaly is universal in this population. Patients with CPTs located in
the third ventricle may present with bobble-head doll syndrome due to
bilateral thalamic compression (58). Seizures are a rare form of
presentation. Sudden deterioration of the level of consciousness may occur
as a result of intratumoural haemorrhage or decompensating
hydrocephalus.

Imaging
Computed tomography scan images usually show an intraventricular
tumour with a lobulated ‘cauliflower-like’ edge that is well demarcated
from surrounding brain that shows intense and homogeneous contrast
enhancement (Fig. 6.1). Cyst formation, calcification, haemorrhagic or
cystic changes, and perilesional oedema are also described (59).
Hydrocephalus is nearly always present, the rare exception being an
incidentally diagnosed lesion.
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Fig. 6.1 Computed tomography with contrast showing a left intraventricular
choroid plexus tumour with homogeneous contrast enhancement and intense
peritumoural oedema.

MRI is used for preoperative evaluation to assess tumour
vascularization and determine metastatic status, and postoperatively to
confirm degree of resection and monitor for recurrence. Spectroscopy has
been used to differentiate between high-grade and low-grade tumours and
to tailor the therapeutic approach based on the preoperative data. MRI T1-
weighted sequences typically show an intraventricular iso-intense mass
which intensely and uniformly enhances after contrast administration,
while T2-weighted sequences usually show an iso- to hyper-intense
heterogeneous tumour (Fig. 6.2 and Fig. 6.3). In CPPs, spectroscopy is
characterized by a single strikingly elevated myo-inositol while in CPCs
there is usually a choline and lactate peak and a decrease of the N-acetyl
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aspartate level. Both express different biochemical patterns from the
normal choroid plexus (60, 61). Linear or nodular leptomeningeal
enhancement is a strong indication of dissemination. Preoperative
complete neuraxis MRI is recommended to rule out dissemination if there
is a suspicion of a CPT on brain MRI. CPTs are highly vascularized and a
considerable amount of flow voids can be identified.

Fig. 6.2 (a) Axial T1-weighted MRI with contrast showing a left intraventricular
choroid plexus tumour, intensely enhancing with associated peripheral cysts. (b)
Axial T2-weighted MRI demonstrating the same lesion and emphasizing the
peritumoural oedema.
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Fig. 6.3 (a) Sagittal T1-weighted MRI with contrast showing a solid choroid plexus
papilloma of the third ventricle. (b) Coronal T2-FLAIR-weighted MRI showing the
same tumour. There is a concomitant associated obstructive hydrocephalus. The
patient was an infant and had a purely endoscopic gross total tumour resection.

Treatment
Due to the rarity of CPTs, treatment remains controversial and
challenging.

CPPs are described as benign lesions and in most cases gross total
resection is enough to cure the patient (57). Several series report a 5-year
survival of 100% after total removal of a CPP without adjuvant therapy,
with gross total resection rates as high as 96%. Even after sub-total tumour
resection, the role of adjuvant therapy is controversial. Regardless, and
despite the presumptive benign behaviour of CPPs, long-term clinical and
radiological follow-up is needed, given reports of CPP relapses even after
gross total resection sometimes many years later (31, 62, 63, 64, 65, 66).

CPCs are considered malignant tumours with a poor prognosis and are
many times more likely to recur locally and metastasize than CPPs (11).
Gross total resection is successfully achieved in less than 50% of CPCs
(67, 68). The 5-year survival rate ranges from 11% to 86% after gross total
resection followed by adjuvant therapy and less than 20% if no more than
a partial resection is achieved (68).

The overall incidence of metastatic CPTs is 12–50% (31, 69), mainly
from CPCs. The usual pattern of dissemination is spinal drop metastasis
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through the CSF pathways (70, 71) and every patient diagnosed with a
CPT should undergo a complete neuraxis MRI to rule out dissemination
(72). Shunt-related metastases are extremely rare (73).

National Comprehensive Cancer Network (NCCN) guidelines
recommend testing for TP53 mutations in any patient with a new diagnosis
of CPT as this may have implication in terms of screening for associated
malignancies (74).

Surgical resection
Irrespective of the histological type, gross total resection seems to play a
dominant role in the treatment of CPTs, allowing symptom resolution and
reducing risk of tumour recurrence, and several studies demonstrate that
gross total resection is the single most important prognostic variable in
CPT (56, 68, 75, 76).

Surgical resection of CPTs, and especially of CPCs, is technically
demanding because they are deep seated and close to vital brain and
vascular structures. Despite the great advances in diagnostic imaging
techniques, neurosurgical procedures, and neuroanaesthesia, mortality
rates still range up to 25% (77), the overwhelming majority of deaths
being attributed to intraoperative haemorrhage due to their intense
vascularization. Several case reports describe the need for abortion of the
surgical procedure due to blood loss. Haemorrhage is of particular concern
in very young children who have low circulating blood volumes (80
mL/kg). Solid perioperative neuroanaesthetic support is fundamental to the
successful management of patients with CPTs. Patients should have
adequate venous access which allows rapid and large volumes of fluid or
blood transfusion and an arterial line for continuous blood pressure
monitoring. Preoperative cross matching and the availability of blood,
fresh frozen plasma, platelets units, and fibrinogen are mandatory. Using a
microneurosurgery technique, it is critical to find the vascular pedicle of
the tumour as early as possible (78, 79, 80). Generous coagulation of the
tumour surface prior to sharp dissection or debulking can minimize risk of
haemorrhage. Because of the recognized risk of massive bleeding during
CPC resection, some teams have advocated a two-stage approach, with an
initial biopsy followed by neoadjuvant chemotherapy and second-look
surgery (69, 81). Following resection of CPT, subdural collections are
common (82).

Neuroendoscopy, although not a mainstay, might have a role in the
management of select CPTs because most of them are purely
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intraventricular. Endoscopic approaches have the well-recognized
advantages of any endoscopic surgery, namely minimal parenchyma
disruption, improved visualization, and improved cosmetic results. In the
case of CPTs, endoscopic approaches allow not only tumour resection but
also the treatment of hydrocephalus and possibly avoidance of
ventriculoperitoneal shunt placement (83). However, the use of endoscopic
surgery in CPTs has been limited due to the lack of equipment for
endoscopic dissection and the limited endoscopic visual field in the
context of their exceptional vascularization and typically voluminous size.
The discrepancy between the tumour and the endoscopic working channel
can be overcome by a piecemeal dissection of the tumour. Endoscopic
removal is feasible for small third ventricular tumors with a dominant
vascular pedicle.

Interventional neuroradiology
Interventional neuroradiology has both diagnostic and therapeutic roles in
the management of CPT. CPTs are vascularized by hypertrophied choroid
vessels that can arise from anterior or posterior circulation, can be single
or multiple, and dominant or not (80). Angiography is helpful for
diagnosis and also helps in defining therapeutic options and the feasibility
of preoperative embolization.

Due to their characteristic high vascularization and predominance in
children, CPTs are ideally suited for embolization. However, the reported
success rates in performing meaningful embolization are low (84, 85, 86).
Embolization is technically difficult because of elongated, tortuous, and
narrow feeding vessels and the lack of adequate collateral supply to the
optic pathways and internal capsule (77, 88). The relative low weight of
these young children also limits the volume of contrast and amount of
diagnostic radiation that can be used. Nevertheless, interventional
neuroradiology is in constant technological evolution and there are
progressive advances in the development of angiographic microcatheters,
microguidewires, and embolization materials that reduce the risk of
morbidity of interventional procedures in young children.

In addition, embolization may have a therapeutic role (87). Wind et al.
reported endovascular embolization of a third-ventricle CPT in a 3-month-
old patient that resulted in steady regression of the tumour with no visible
lesion on an MRI performed 7 months after the procedure (88).
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Radiation therapy
The role of radiotherapy in CPTs remains unclear. In a review of the
literature that included data on 524 patients with a diagnosis of CPT, the 5-
year projected survival rate was 68% for patients with CPCs that had
undergone gross total resection followed by radiotherapy, compared to
16% for those that had not received radiotherapy (89). The clinical
relevance of this finding is unknown, however, since, as in any
retrospective review, multiple biases are possible. Despite this, a relative
consensus exists that postoperative radiotherapy may increase the survival
rate of patients who have undergone gross or partial resection of a CPC.
However, there is evidence that some completely resected CPC patients
can be successfully treated without radiation and future studies should aim
to identify those patients who could avoid adjuvant radiation treatment.
Radiotherapy is more routinely considered after incomplete resection of a
CPC. However, the outlook for CPC patients with incomplete resection is
dismal regardless as to whether they receive radiation or not (31).

The choice of radiotherapy target volume (neuraxis, whole brain, or
involved-field) is also controversial. Given the propensity for
dissemination, craniospinal irradiation (CSI) has been the standard for
CPC and a recent literature review on this topic suggests that CSI
improves progression-free and overall survival when compared to
involved-field irradiation (90). However, this review pointed out the large
diversity of radiation approaches, particularly for the treatment of younger
children. As an illustration, doses to the primary site ranged from 10 to 78
Gy and doses to the neuraxis from 18 to 46 Gy. In general, CSI will now
be used only in older patients with CPC and those with metastatic disease.

Chemotherapy
Due the rarity of CPCs and the lack of large prospective trials, the role of
chemotherapy for CPCs also remains unclear. Retrospective data suggest
that chemotherapy may decrease the risk of recurrence and increase the
survival rate after gross total surgical resection (81). In infants and
younger children, it may allow deferment or avoidance of postoperative
radiotherapy. There is also evidence that neoadjuvant chemotherapy (prior
to tumour resection) can facilitate second-look surgery and in particular
reduce the risk of intraoperative bleeding (91). In some studies, a
combination of etoposide and platinum compounds was considered the
most effective chemotherapeutic regimen (69).
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There is no reliable information regarding treatment of CPC at relapse
apart from isolated clinical reports or small series. At the time of relapse,
50% of cases show distant patterns of failure and the mortality rate is near
100%. High-dose chemotherapy with autologous stem cell transplant is a
therapeutic option that has demonstrated anecdotal success (80).

CPT-SIOP-2000 is a multicentre, prospective, and randomized
controlled trial that was started in 2000 to test adjuvant chemotherapeutic
agents in order to identify optimal treatment for localized and disseminated
CPCs and incompletely resected atypical plexus papillomas. For children
older than 3 years old, the study included radiation therapy. The first
analysis of a group of atypical plexus papilloma patients showed a
favourable response to chemotherapy (92). The current CPT-SIOP-2009
study compares four different chemotherapeutic protocols.

Treatment of choroid plexus tumour-associated
hydrocephalus
CPTs present with hydrocephalus in 30–70% of cases as the result of a
combination of a communicating and an obstructive mechanism. Shunt
placement prior to tumour resection is often needed despite the risk of
ascites and congestive cardiac failure that has been reported as a
consequence of large volumes of CSF production (up to 900 mL/day) (56,
93). The literature reports rates of permanent shunting between 26% and
50%. Embolization may reduce the rate of CSF production by the tumour
(84). Total removal of the CPT can itself be curative of hydrocephalus (93,
95). The persistence of microinflammatory changes of the ependyma
(arachnoiditis), intraventricular tumour debris, or haemorrhage, however,
commonly contributes to the persistence to both intraventricular and
extraventricular obstruction of CSF pathways. Endoscopic third
ventriculostomy has not gained widespread appeal in CPT-associated
hydrocephalus owing to the typical tumour location and CSF
overproduction.

Next steps
CPTs are challenging tumours that require a multidisciplinary approach.
Progress in the management of CPCs in particular has been slow due to the
rarity of these tumours. Improvement will only be possible through
international collaborations that include cooperative molecular biology and
genomic studies with the final objective of identifying new therapies for
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this still poor-prognosis disease.
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CHAPTER 7

Other neuroepithelial tumours:
astroblastoma, angiocentric
glioma, and chordoid glioma
Martin J. van den Bent, Frederic Dhermain, and
Walter Stummer

Astroblastoma
Definition (histology)
Astroblastoma is a rare tumour, originally described by Bailey and
Cushing, which is still a controversial entity (1). Nonetheless, it continues
to be part of the 2016 World Health Organization (WHO) classification
and its histological features are described as: ‘A glial neoplasm
characterized by a typical perivascular pattern of GFAP positive astrocytic
cells with broad, non-tapering processes radiating towards a central blood
vessel’ (2). Perivascular pseudorosettes and prominent perivascular
hyalinization are typical features. Tumours are strongly positive for S-100,
glial fibrillary acid protein (GFAP), and vimentin. A distinction is made
between low-grade and high-grade astroblastomas based on the presence
of nuclear atypia, degree of cellularity, and the frequency of mitotic
figures (3). Necrosis has been reported regardless of histological type. The
clinical significance of the grading of these tumours is not completely
clear, but in several larger series anaplastic histology was found to be a
poor prognostic feature with more frequent recurrences (3, 4, 5).
Unexpected rapid recurrences in low-grade astroblastoma have been
described however (6). These tumours must be distinguished in particular
from ependymomas, astrocytomas, and certain non-neuroepithelial
tumours. Recurrent lesions often show increasing anaplasia, and have been
diagnosed as glioblastoma or gliosarcoma.

Epidemiology
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The incidence is low, but reliable estimates are lacking. It is reasonable to
estimate the incidence below 1% of primary brain tumours. In almost all
case series, females are more frequently affected than males; in a large
review, 70 females to 30 males were found (7). It is predominantly a
tumour of childhood and young adults (3, 5, 7).

Aetiology
There are no known aetiological factors. Hereditary cases have not been
reported.

Pathogenesis
In view of the anecdotal nature of reports, no systematic accounts of
pathogenesis of these lesions exist. One report described chromosomal
abnormalities in seven cases as assessed by classical comparative genomic
hybridization (5). The most frequent alterations were gains of chromosome
arm 20q (four out of seven) and 19 (three out of seven). In two cases, gain
of 9p was noted. Another case report observed loss of heterozygosity of
chromosome 9 (8).

Clinical presentation
The clinical presentation of astroblastoma is not specific, depending on
growth rate and localization. Many patients present with non-localizing
signs and symptoms, suggestive of an increased intracranial pressure.
Others present with focal deficits or seizures.

Imaging
In several papers, detailed neuroimaging features have been described (9,
10). The available data suggest these tumours are often diagnosed once
they are quite large (in 50%, >5 cm diameter, suggestive of a low growth
rate) (7). The classical appearance is one of a peripheral or even extra-
axial located, supratentorial, and lobulated mass often with multiple cysts.
The tumours usually appear well demarcated from normal brain
parenchyma. On computed tomography (CT) imaging, calcified foci are
frequent. On T1-weighted magnetic resonance imaging (MRI), the lesion
is often hypo- or isointense compared to normal white matter. The multiple
cysts in combination with the heterogeneous enhancement of the solid
component on T1-weighted images after contrast administration may give
the tumour a ‘bubbly’ appearance. Frequently a striking enhancing rim
around the cysts is present (Fig. 7.1). On T2-weighted images, the solid
component frequently has a decreased signal intensity, and despite the size
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of the lesion there is often very little oedema around the tumour.

Fig. 7.1 Magnetic resonance imaging of an astroblastoma (T1-weighted image
after contrast administration).

Treatment
All outcome reports are based on retrospective case series of limited size,
with some larger series and one detailed review report available (3, 7, 11).
In these series, childhood cases are mixed with adult cases. There are at
present no data to suggest that childhood tumours should be treated
differently than adult cases.
Surgery
Radical resection is the treatment of choice of these usually non-infiltrative
growing, well-demarcated, and peripherally located lesions. Because of
these features, most of these tumours are candidates for a gross complete
tumour resection, even when very large. Five-year progression-free
survival after gross total resection was 83%, versus 55% after subtotal
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resection in one large review (7). With the clear clinical benefit of gross
total tumour removal, it seems reasonable to re-resect incompletely
resected patients if a complete removal appears feasible (but data on this
approach are not available).
Radiotherapy
With the clear role of complete resection, the question is what the role of
adjuvant treatments and in particular of radiotherapy is, especially after
complete resection in low-grade lesions. With most data from retrospective
case reports, this remains a difficult question. Even many long-surviving,
completely resected low-grade astroblastoma patients received
postoperative radiotherapy as part of initial management (3, 11). However,
in some series, long-term survival was reported after complete resection of
low-grade lesions without radiotherapy (3, 4). There are several
indications that astroblastoma may indeed be radiosensitive. Good
responses and long-term survival have been described after radiotherapy
alone or in incompletely resected recurrences (3, 6). One case of gamma
knife-based radiosurgery of a recurrent astroblastoma resulted in good
local control for at least 17 months (12). A reasonable approach is to
consider adjuvant postsurgical radiotherapy in anaplastic astroblastoma,
except for very young children so as to avoid severe radiotherapy-induced
toxicities. Radiotherapy should also be considered in incompletely
resected low-grade cases. The role of radiotherapy in completely resected
low-grade cases is unclear.
Chemotherapy
There are no clear data on chemotherapy and astroblastoma. Some
anaplastic astroblastomas have been treated with chemotherapy as part of
initial treatment. As this was mainly administrated to anaplastic lesions
which tend to have worse survival, it is unclear whether this has
contributed to survival. Data on chemotherapy outcome in recurrent
lesions are very scattered, but complete remissions have been described
(13).

Commentary on National Comprehensive Cancer Network and any
other treatment guidelines
There are no evidence-based guidelines available for the follow-up of
these lesions. It seems reasonable to follow patients with high-grade
lesions more closely. Completely resected low-grade astroblastomas have
a good outcome, especially after radiotherapy. In case no radiotherapy has
been given, a more stringent follow-up should be considered.
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Current research topics
These lesions are typical tumours that should be part of a prospective rare
tumour registry.

Angiocentric glioma
This recently described entity continues to be present in the 2016 WHO
classification and is characterized by a perivascular pattern of growth, and
although tumour cells show diffuse infiltration, they tend to cluster around
vessels in a manner resembling the pseudorosettes of ependymoma and
astroblastoma (14). In 2005, two different groups described ten cases and
eight cases of a particular unifocal, supratentorial brain tumour, infiltrating
the cortex and subcortical white matter of children and young adults,
showing both astrocytic and ependymal differentiation with a marked
angiocentric growth pattern. Lellouch-Tubiana et al. designated this stable
or slowly growing neoplasm as an ‘angiocentric neuroepithelial tumor’
(ANET) (15) whereas Wang et al. described a ‘monomorphous
angiocentric glioma’ (AG) (16). In 2007, eight new cases were reported
with comparable clinicopathological findings (17). The tumours are
characterized by an angiocentric growth pattern of bipolar spindle cells
with slender nuclei that radiate from a central vessel to form
pseudorosettes (14, 15, 16, 17, 18, 19, 20, 21, 22). Mostly composed of a
focal solid part with areas of nested clear epithelioid-like cells, a locally
infiltrative border is visible with a subpial aggregation of streaming
spindled cells, possibly associated with microcalcifications (20, 21, 22, 23,
24). When sufficient adjacent non-tumour tissue is resected, often a focal
cortical dysplasia is described, suggesting a developmental basis (20, 22).
This entity is considered as grade I glioma in the last 2007 WHO
classification of brain tumours, due to its benign clinical behaviour and the
possibility of curative surgery (19). Ki-67 labelling indices usually range
from less than 1% to 5%, but at least three cases of angiocentric glioma
with a mitotic index as high as 10% have been reported (14, 15, 16, 21, 25,
26, 27). One patient suffered from an early recurrence and finally died, but
the benign clinical behaviour of the other two was confirmed.

Epidemiology
This is a very rare tumour. In 2012, fewer than 45 cases had been reported
and AG represented only 2.3% of a selected series of 129 children with
chronic epilepsy encountered over a 20-year period (28). There is no sex
predilection.
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Aetiology
There are no known factors.

Pathogenesis
Lellouch-Tubiana et al. hypothesized a dysembryoplastic process from a
radial glial cell or neuronal origin, while Wang et al. suggested an
astrocytic or ependymal origin (15, 16). Characteristic ‘dot-like’ epithelial
membrane antigen (EMA) staining of microlumens within these tumours
suggests an ependymomatous differentiation of lesion cells. The neoplasm
is variably immunoreactive for GFAP (14, 15, 16, 17, 18, 19, 20, 21, 22,
29). No isocitrate dehydrogenase-1 mutation was found in a recent series
of three new cases (30).

Clinical presentation
The patients present mostly during childhood or early adulthood. Median
age at surgery is around 12 years (range 2–70 years), with most patients
presenting initial symptoms many years before (14, 20, 21, 29). Adult
cases have been reported with mesial temporal lobe locations, without
clear prognostic implications (21, 25). Typically, patients present with
epilepsy of many years’ duration. A few patients present with headaches or
motor deficits.

Imaging
The typical image is that of a non-enhancing cortico-subcortical glioma,
mainly located in the frontotemporal lobes. On MRI, T2/FLAIR-weighted
images show a hyperintense lesion often extending to the nearest lateral
ventricle with an intrinsic rim-like hyperintensity on T1 images, without
enhancement after gadolinium injection (Fig. 7.2) (14, 15, 16, 17, 18, 19,
20, 21, 22, 29). These tumours are centred in the cortical grey matter and
extend into the underlying white matter for a short distance, in the
frontoparietal and temporal lobes as well as in the hippocampal region (14,
16, 20, 21, 22, 29, 31). Based on imaging characteristics, other benign
tumours should be considered: pilomyxoid variant of astrocytoma (32, 33),
cortical ependymomas (20, 34, 35), gangliogliomas, and dysembryoplastic
neuroepithelial tumours (22, 28, 29). Importantly, all of these other slowly
growing lesions are usually strongly enhancing after gadolinium
administration.
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Fig. 7.2 Magnetic resonance imaging of an angiocentric glioma. Intrinsic cortical
rim of hyperintensity on T1 SE-weighted sequences (a, see arrow) and clear
cortico-subcortical hyperintensity on T2-weighted sequences (b) and FLAIR-
weighted sequences (c) are observed. Different level on axial FLAIR slices showed
that the white matter hyperintensity extends to the nearest lateral ventricle (d, e, f;
see arrow).

Treatment
Surgery
Gross total resection alone has proved to be curative in most cases with a
follow-up range of 1–10 years. In addition, in most patients this results in
complete cessation of epileptic symptoms, although some patients
continue to suffer from usually non-disabling simple partial seizures,
especially after incomplete resections (22, 29). Importantly, obtaining a
surgical margin of several millimetres (when possible) in the surrounding
macroscopically ‘uninvolved’ cerebral tissue may encompass most of the
microscopic infiltration, resulting in potentially better tumour control. As
long-term video-electroencephalography monitoring recording disclosed
epileptic activities extending beyond the margin of the radiological lesion,
extended cortical resection might also result in better control of seizures
(20, 36).
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Radiotherapy
For non-resectable tumours located in highly eloquent areas, radiotherapy
can be considered, with good local control in three published cases (17, 20,
21).
Chemotherapy
No reports are available regarding chemotherapy for angiocentric gliomas.

Commentary on National Comprehensive Cancer Network and any
other treatment guidelines
There are no evidence-based guidelines available for the follow-up of
these lesions.

Current research topics
These lesions are typical tumours that should be part of a prospective rare
tumour registry.

Chordoid glioma
Introduction
Chordoid glioma, the name of which was derived from its glial and
chordoid characteristics, is a rare tumour with features suggesting it to be
low grade in nature. The 2016 WHO classification has retained this
diagnosis. Histologically, the tumour consists of clusters and cords of
ovoid and polygonal epithelioid cells embedded within a mucinous matrix
(37, 38, 39). This tumour was first defined as a distinct neuropathological
entity in 1998 but was probably already described 3 years earlier as a
‘third ventricular meningioma’ with a ‘peculiar’ expression of GFAP (38,
40). Chordoid glioma was included in the 2000 WHO classification of
tumours of the central nervous system as a ‘neuroepithelial tumour of
uncertain origin’ and provisionally defined as a grade II tumour (41). The
2016 version of the WHO classification maintains the chordoid glioma as
a grade II (9444/1) tumour (42).

Epidemiology
To date, fewer than 80 cases of chordoid glioma have been reported in the
literature (42). Most cases are found in adults with a median age of 45
years (43). Only three tumours have been reported in children (44). There
is a distinct female preponderance (1:2), although oestrogen or
progesterone receptor reactivity could not be found in vitro (42, 43, 45).
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Aetiology
Data on the aetiology of these tumours are not available.

Pathogenesis
An ependymal histogenesis has been suggested for these tumours due to
some cases showing tumour cells arranged in papillary structures (46, 47,
48). With electron microscopy, features have been observed that support
the ependymal origin of many chordoid gliomas, such as microvilli,
intermediate filaments, intercellular lumina, hemidesmosomes, and a basal
lamina (43, 44, 47, 49, 50, 51). The expression of D2-40 has also been
observed in chordoid gliomas, which is assumed to be a useful marker for
ependymal tumours, especially in combination with epithelial membrane
antigen (EMA) (42, 52). Since papillary structures have been observed in
tumours of the ependymal layer, this would explain the intraventricular
location of chordoid gliomas (46). A strong CD34 expression in
conjunction with GFAP and vimentin co-expression was found to be a
pattern unique for differentiating chordoid glioma of the third ventricle
from other tumours. Since CD34-positive cells have been assumed to
represent dysplastic or undifferentiated neural precursors, this suggests
chordoid glioma to have a neural differentiation (42, 53, 54). In one series,
array comparative genomic hybridization showed losses at several loci,
and fluorescence in situ hybridization confirmed consistent genetic
alterations at 9p21 and 11q13 (55). Others, however, failed to demonstrate
chromosomal imbalances (39).

Histopathology
Chordoid gliomas are usually reactive for GFAP, vimentin, and slightly
and focally immunoreactive for EMA, cytokeratin, and S-100 protein
immunostaining (37, 39, 42, 45, 49).

On the other hand, a small fraction of chordoid gliomas reported in the
literature appear to stain for neurofilament protein but the majority do not
(37, 39, 43, 56). Overall, tumour cells have a low proliferative rate, with a
Ki-67 of 2–5% (39, 42, 50).

Imaging
Most cases are located in the anterior part of the third ventricle or
suprasellar region with an association with the hypothalamus (42, 43, 49,
57, 58). The tumour may cause hydrocephalus through obstruction of the
third ventricle (Fig. 7.3) (42). However, lesions distant to this region have
been described, for example, being located extraventricularly in the
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temporoparietal brain, in the corona radiata and thalamus in a
juxtaventricular location, and in the thalamus (44, 59, 60).

Radiologically, these tumours are rather consistent. The mass is
hyperdense on CT, hypointense to isointense on T1, and shows
homogeneous contrast enhancement (Fig. 7.2) (42, 44, 58, 61). The shape
is usually ovoid. The tumours are mostly located above or anterior to the
infundibulum, displacing the chiasm caudally. The largest diameter is
usually from inferior to superior (39, 43, 45, 47, 49, 50, 51, 55). Based on
imaging alone, possible differential diagnosis are pilocytic astrocytoma,
meningioma, craniopharyngioma, germ cell tumour, or pituitary adenoma.

Fig. 7.3 (a–c) Sagittal, axial, and coronal T1-weighted magnetic resonance images
after contrast administration of a chordoid glioma. The tumour is located in the
recessus infundibularis of the third ventricle above the chiasm.

Clinical presentation
Symptoms of chordoid gliomas are related to their usual location in the
third ventricle, causing compression of the hypothalamus and the fornices,
as well as hydrocephalus. Thus, typical symptoms for these tumours are
headache, dizziness, decline in visual acuity, hypothalamic dysfunction
(amenorrhoea) with endocrine disturbances, and memory deficits (42, 45,
62).

Treatment
Among approximately 50 patients from the literature in whom follow-up
data are available, one patient survived 72 months and died of trauma,
whereas two patients died of recurrence at 36 months and at 4 months (47,
49, 63). The latter observation suggests that aggressive subtypes may exist.
The relationship to the hypothalamus might render outcome poor (64).
Together, confident conclusions regarding optimal therapy are difficult to
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draw due to the low number of patients and the diversity of treatments.
Surgery
Surgery is usually attempted for these low-grade, well-defined, and
moderately vascularized masses with the aim of gross total removal (46).
Surgical routes to be considered are translamina terminalis (62),
transcallosal transventricular (58, 61), or transcortical transventricular
(45). While gross total resection may be associated with long-term
recurrence-free survival, the immediate postoperative mortality has been
observed to be higher with maximal tumour removal, with almost half of
patients dying from pulmonary embolism, than after subtotal resection (46,
65). This finding may in part be explained by hypothalamic dysfunction
and associated dehydration. Thus, while it appears that gross total removal
may be oncologically beneficial or even curative, attempts at gross total
removal must be weighed against risks involved by surgery in the delicate
region of the hypothalamus (46).

To minimize morbidity, some groups have argued strongly in favour of
a translamina terminalis approach due to the putative origin of these
tumours at the lamina terminalis (62). Mortality and morbidity using this
approach have been found to be lowest (37, 38, 46, 66, 67).
Radiotherapy
Radiotherapy and radiosurgery have been proposed; however, the efficacy
of these approaches is as yet unclear (37, 46, 64, 68).
Chemotherapy
No reports are available regarding chemotherapy for chordoid gliomas.

Commentary on National Comprehensive Cancer Network and any
other treatment guidelines
There are no evidence-based guidelines available for the follow-up of
these lesions.

Current research topics
These lesions are typical tumours that should be part of a prospective rare
tumour registry.
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CHAPTER 8

Neuronal and mixed neuronal–
glial tumours
Riccardo Soffietti, Hugues Duffau, Glenn Bauman,
and David Walker

Introduction
Neuronal and mixed neuronal-glial tumours are rare tumours of the central
nervous system (CNS) that are composed of either a pure population of
neoplastic neuronal cells, or neuronal tumour cells admixed with one or
more subpopulations of neoplastic glial cells. Anaplastic transformation
may occur. Overall, they represent between 1% and 6.5% of primary brain
tumours in adults, and up to 10% of brain tumours in children. Despite
their generally benign course, most tumours have been increasingly
implicated in causing medically intractable seizures: in this regard they
have been denominated ‘long-term epilepsy-associated tumours’ (LEATs)
(1). The World Health Organization (WHO) classification (2)
distinguishes nine histological variants.

Dysplastic gangliocytoma of the
cerebellum/Lhermitte–Duclos disease
Definition
Dysplastic gangliocytomas of the cerebellum/Lhermitte–Duclos disease
(LDD) are cerebellar lesions composed of dysplastic ganglion cells. It is
not clear whether these lesions are neoplastic (grade I WHO) or
hamartomatous (3). A case of LDD with focal areas of nodular
dysembryoplastic neuroepithelial tumour (DNET) differentiation has been
reported (4).

Epidemiology
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These tumours are very rare (>100 patients have been described so far).
Most cases occur in adults between the third and fourth decades; however,
they have been reported in younger children and in the elderly.

Aetiology
The occurrence of LDD can be linked to Cowden disease, an autosomal
dominant developmental syndrome, that is caused, at least in some
families, by germline mutation or loss of the phosphatase and tensin
homologue (PTEN) suppressor gene; some authors feel that the two
diseases represent a single phacomatosis, with variable clinical
manifestations (5, 6, 7).

Pathogenesis
A PTEN mutation has been identified in virtually all adult-onset LDD but
not in childhood-onset cases (8), suggesting that the biology of the two
forms is different.

Clinical presentation
The symptoms are usually chronic and present for 3–4 years before the
diagnosis is made, and comprise cerebellar symptoms and symptoms
related to raised intracranial pressure secondary to hydrocephalus.
Macrocephaly, mental retardation, and seizures can be present.

Imaging
The appearance on neuroimaging is suggestive (9, 10). T2-weighted and
fluid-attenuated inversion recovery (FLAIR) images demonstrate a
homogenous and hyperintense lesion, with a striated or ‘corduroy’ pattern,
that does not enhance after contrast administration. The lesion usually
involves one hemisphere and may extend into the vermis.

Treatment of adults and children
Surgery
The optimal treatment consists of complete resection (3). In case of
recurrence, a reoperation should be attempted.
Radiotherapy
Radiotherapy should be considered only for patients with persistent
recurrent disease.
Chemotherapy
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No data are available in the literature.
Commentary on National Comprehensive Cancer Network and any other
treatment guidelines
There are no guidelines available in the National Comprehensive Cancer
Network (NCCN) guidelines or other international guidelines.
Surveillance recommendations
Monitoring with magnetic resonance imaging (MRI) is recommended,
more closely in case of incomplete resection.

As cerebellar lesions may develop before the appearance of other
features of the Cowden disease, patients with LDD should be monitored
for the development of additional tumours, such as breast, endometrial,
and non-medullary thyroid carcinomas.

Current research topics
There are no ongoing clinical trials.

Desmoplastic infantile astrocytoma and ganglioglioma
Definition
Desmoplastic infantile astrocytoma (DIA) and desmoplastic infantile
ganglioglioma (DIG) are tumours that involve the cerebral cortex and
leptomeninges, and are often attached to dura (11, 12). Histologically, they
are composed of a prominent desmoplastic stroma with a neoplastic
population either restricted to astrocytes (DIA) or characterized by
astrocytes together with a variable neuronal component (DIG). In addition,
poorly differentiated neuroepithelial cells are present: because of this
immature component, tumours may be misdiagnosed as malignant cerebral
tumours, such as neuroblastomas, malignant gliomas or malignant
meningiomas. Both tumours have been assigned WHO grade I.

Epidemiology
In the original report, DIA represented 1.25% of 483 intracranial tumours
in children (11), while DIG accounted for only 0.4% in a series of more
than 6500 CNS tumours from all ages (13). When studies have been
limited to brain tumours in infancy, DIA/DIG accounted for 16% of
intracranial tumours (14). Lönnrot et al. (15) reported five cases of DIG
resulting in an incidence of 0.03 new cases per 10,000 people annually in
Finland. Most cases present during the first year of life (16, 17) with a
male:female ratio of 1.5:1. Some non-infantile cases (ages between 5 and
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25 years) have been reported, with a strong male predominance (18, 19,
20). At surgery, the tumours may appear plaque-like, attached to the dura
and surface of the brain, and commonly involve more than one lobe
(frontal, parietal, or temporal in decreasing order). The tumours are large
(3–13 cm), and a deeply located cystic component is common. A case
presenting with multiple intracranial localizations has been described (21).

Aetiology
There are no data available in the literature.

Pathogenesis
Molecular studies of DIA revealed no TP53 mutations or loss of
heterozygosity on chromosomes 10 or 17: overall, the lack of genetic
alterations typical of diffuse astrocytomas suggests that they are not related
to these neoplasms (13, 22). The cellular origin of DIA/DIG has not been
established. As the primitive neuroepithelial cells express both glial and
neuronal markers, DIA/DIG could be embryonal neoplasms programmed
to progressive maturation.

Clinical presentation
Symptoms are of short duration, and include progressive megalocephaly,
tense and bulging fontanelles, and lethargy. Rarely, patients present with
seizures, focal motor signs, or skull bossing over the tumour.

Imaging
On MRI, DIA/DIG (23) appear as large cystic lesions, hypointense on T1-
and hyperintense on T2-weighted images, that are deeply located, and
associated with a superficial solid portion that enhances with gadolinium.
Oedema is usually absent or moderate.

Treatment of adults and children
Surgery
Surgery is the treatment of choice, and no adjuvant treatment is needed in
cases of complete tumour resection (13, 24, 25, 26, 27, 28, 29). Long-term
tumour control can be achieved by total resection despite the presence of
primitive neuroepithelial cells, mitotic activity, and foci of necrosis.
Radiotherapy
Radiotherapy is indicated in incompletely resected tumours that are deeply
located or when anaplastic features are present, as they can be associated
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with tumour relapse and unfavourable outcome (30, 31, 32, 33, 34, 35, 36).
Chemotherapy
There are no data available in the literature.
Commentary on NCCN and any other treatment guidelines
There are no guidelines available in the NCCN guidelines or other
international guidelines
Surveillance recommendations
Monitoring with MRI is recommended, more closely in case of incomplete
resection.

Current research topics
There are no ongoing clinical trials.

Dysembryoplastic neuroepithelial tumour
Definition
Dysembryoplastic neuroepithelial tumour (DNET) is a tumour entity
defined by cortical topography and a ‘specific glioneuronal element’ (37,
38, 39). This ‘specific glioneuronal element’ is characterized by columns
orientated perpendicularly to the cortical surface and formed by bundles of
axons lined by small oligodendrocytic-like cells. Between these columns
neurons are floating in a pale-eosinophilic matrix, with scattered stellate
astrocytes. Several histological variants of DNET have been described (38,
40, 41, 42, 43). The simple form consists of unique glioneuronal elements,
while in the complex form they are associated with glial nodules
conferring a typical multinodular architecture. The non-specific or diffuse
forms include a spectrum of tumours that cannot be easily distinguished
from ordinary gliomas or oligodendrogliomas, especially when limited
material is available (44). In association with the tumour, a dysplastic
organization of the cortex is observed in up to 80% of cases, and
sometimes ectopic neurons are found in the adjacent white matter. Both in
the tumour and foci of cortical dysplasia, mature neurons show cytological
abnormalities; however, DNET does not contain atypical neurons
resembling dysplastic ganglion cells as in gangliogliomas. Some
multinodular tumours with associated ganglioglioma and DNET features
(45) and an unusual case with combined histological features of DNET
and rosette-forming glioneuronal tumour (46) have been described.
Characteristically, DNET lesions are devoid of anaplastic features, and
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correspond to WHO grade I.

Epidemiology
DNET is an important fraction of all the lesions encountered in surgical
resections for intractable epilepsy: their incidence in these specimens
ranges from 6% to 25%. In about 90% of cases the first seizure occurs
before 20 years of age. At diagnosis, the patients are often in the second or
third decade of life, but detection of DNET by imaging in children or
young adults with recent-onset seizures has become more common (47, 48,
49). Males are more frequently affected. DNET may be located in any part
of the supratentorial cortex, but they show a predilection for the temporal
lobe, in particular the mesial structures. In agreement with their chronicity,
associated bone deformities may be present.

Aetiology
No data are available in the literature.

Pathogenesis
The pathogenesis of DNET remains unsolved: no deletion on 1p, 17p, or
19q and no TP53 gene mutations have been detected (50, 51, 52).

Clinical presentation
Patients who harbour supratentorial DNET typically present with drug-
resistant partial seizures, with or without secondary generalization, and
absence of neurological deficits (53).

Imaging
Magnetic resonance imaging typically shows cortically-based lesions,
without peritumoural oedema and mass effect. These lesions appear
hyperintense on T2-weighted or FLAIR images and hypointense or, less
often, isointense on T1-weighted images, and may have a pseudocystic or
multicystic appearance (47, 54) (Fig. 8.1). Calcifications are frequently
seen on computed tomography (CT). About one-third of DNET enhance
on CT or MRI: more often the enhancement appears as multiple rings
rather than homogeneous. The simple and complex histological forms
correspond to a highly characteristic, well-delineated tumour with cystic or
polycystic appearance on MRI (55, 56, 57). Conversely, the non-specific
histological forms have a more heterogeneous MRI structure and are less
clearly delineated (58).
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Fig. 8.1 (a–d) Typical right temporal DNET (T1 without and with GD, FLAIR,
T2).

Treatment of adults and children
Surgery
The outcome of DNET after surgical resection is excellent (54). Long-term
clinical follow-up usually demonstrates no evidence of recurrence, even
after incomplete resection. On imaging follow-up, ring enhancement may
develop in a previously non-enhancing tumour, and increased size, with or
without peritumoural oedema, may also be observed, but these changes
can be due to ischaemic and/or haemorrhagic changes (54, 59). However,
some reports have described an aggressive behaviour, requiring
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reoperation (60). Complete tumour resection yields a long-term epilepsy
control (58, 61, 62, 63, 64, 65, 66): seizure-free patients range between
70% and 90% (67). It is easier to achieve a complete tumour removal in
simple and complex histological forms as they are circumscribed on MRI
and the epileptic zone co-localizes with the tumour, while in non-specific
forms a more extensive resection, including the perilesional cortex, is
necessary as they are poorly delineated on MRI, and the epileptic zone
frequently extends beyond the tumour (68). Risk factors for
recurrent/resistant seizures are older age, long preoperative history of
seizures, and the association with a cortical dysplasia.
Radiotherapy
Radiotherapy can be useful in cases of aggressive behaviour.
Chemotherapy
There are no data available in the literature.
Commentary on NCCN and any other treatment guidelines
There are no guidelines available in the NCCN guidelines or other
international guidelines.
Surveillance recommendations
Monitoring with MRI is recommended in case of incomplete resection.

Current research topics
There are no ongoing clinical trials.

Gangliocytoma and ganglioglioma
Definition
Gangliocytoma (GC) is a neuroepithelial tumour composed of a pure
population of neoplastic mature ganglion cells. The neoplastic cells may
have dysplastic features and multiple nuclei. They stain for neuronal
markers (synaptophysin, neurofilament epitopes), and frequently for the
oncofetal CD34 antigen. Ganglioglioma (GG) is a neuroepithelial tumour
composed of a combination of neoplastic, mature ganglion cells with
neoplastic glial cells that sometimes may resemble fibrillary astrocytoma,
oligodendroglioma, or pilocytic astrocytoma. Staining for glial fibrillary
acidic protein (GFAP) confirms the astrocytic component. GC and most
GG correspond to WHO grade I. A GG with anaplastic features in the glial
component (prominent nuclear atypia, hypercellularity, high proliferative
Ki-67 labelling index, frequent mitoses, vascular proliferations, and
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necrosis) is considered WHO grade III, and can be associated with
unfavourable outcome (69). Cortical dysplasia, neuronal heterotopias, and
other migration disorders frequently occur in the neighbourhood of GGs.

Epidemiology
Gangliocytoma has an estimated incidence of 0.1–0.5%, while GG is more
frequent with an incidence ranging from 0.5% to 6.25% of all primary
brain tumours and up to 10% of CNS tumours in children (70, 71). The age
range varies from very young children to elderly adults, but the majority of
cases present in the second and third decades of life. Some series suggest a
slight male predilection. GC and GG can arise anywhere in the CNS
(cerebrum, hypothalamus, brain stem, upper spinal cord), and the most
common location is the temporal lobe (72).

Aetiology
No data are available in the literature.

Pathogenesis
Gain of chromosome 7 and partial loss of chromosome 9p are the most
frequent genetic alterations, while TP53 mutation is generally absent. A
BRAF V600E mutation has been reported in 18–57 % of cases with GG
both in the glial and neuronal component (73, 74, 75), and
KIAA1549–BRAF fusions have been found in some low-grade
glioneuronal/neuroepithelial tumours (76). The possibility of using drugs
targeting the BRAF V600E mutation has recently been shown to be
effective in malignant melanoma (77). The histogenesis of these tumours
is still unknown: an origin from a dysplastic malformative glioneuronal
precursor lesion with neoplastic transformation of the glial element has
been hypothesized.

Clinical presentation
Seizures are the most common presenting symptom, affecting between
65% and 85% of patients (78, 79, 80). Generally seizures are of the partial
complex type, and are drug resistant: this explains why GC is the tumour
most frequently resected for treatment of chronic epilepsy (81). The
duration of seizures prior to diagnosis can be in fact quite long (>15
years), with a median of approximately 4 years.

Imaging
On CT the tumours can present either as a solid or as a cystic isodense or
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hypodense mass with a mural nodule, and calcifications in approximately
50% of cases. Oedema and mass effect are uncommon while enhancement
is absent to mild (82). Scalloping of the calvarium may be seen adjacent to
superficially located tumours. On MRI, T2-weighted and FLAIR images
the tumour appears as a well circumscribed hyperintense mass that may be
solid or cystic. T1-weighted images consistently show the mass to be
hypointense in comparison to surrounding brain. After gadolinium, the
degree of enhancement is variable. Anaplastic GG is often more
infiltrative on MRI, and demonstrates a higher degree of enhancement and
peritumoural oedema.

Treatment of adults and children
Surgery
Similar to other neuronal CNS tumours, surgical resection is the first
therapeutic option to consider. Because the tumours are usually non-
infiltrative and well demarcated from the normal tissue, gross total
resection is often feasible. In the SEER series, 92% of patients had surgery
with 68% achieving a gross total resection (72). Gross total resection is the
best predictor of prolonged overall and progression-free survival (83). In a
large series patients who received a complete resection had a significantly
higher 7.5 year recurrence-free survival rate than those who received a
partial resection (99% versus 92%) (80). Patients with a subtotal resection
may have a good prognosis as well (84). Patients who have tumours in the
mid-line, brain stem and spinal cord, that more often undergo a limited
resection or biopsy, have a greater risk of recurrence and death (78). In
case of relapse GGs may undergo malignant transformation with a rate
ranging between 2% and 5% (85): this anaplastic transformation occurs
usually in the glial component, but there are some reports of malignant
changes within the neuronal component (86, 87). Patients with recurrent
tumours should be reoperated on to optimize the extent of resection as well
as to obtain a second pathological diagnosis. Interestingly, in a study on 58
anaplastic gangliogliomas from the Surveillance, Epidemiology and End
Results (SEER) database, the median overall survival was only 28.5
months, and univariate and multivariate analysis identified surgical
resection, in addition to unifocal disease, as a significant predictor of
survival (88). This scenario is exemplified in Fig. 8.2.
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Fig. 8.2 (a) Axial (left), coronal (middle), and sagittal (right) enhanced T1-
weighted MRI before the first operation, showing a grade I ganglioglioma within
the right superior temporal gyrus. (b) Axial (left), coronal (middle), and sagittal
(right) enhanced T1-weighted MRI following the first operation, showing the
tumour removal, with a small residue which remained stable for 1.5 years (no
adjuvant therapy). (c) Axial (left), coronal (middle), and sagittal (right) enhanced
T1-weighted MRI before the second operation, demonstrating a huge and
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malignant recurrence of the ganglioglioma 2 years after the first resection. (d)
Axial (left), coronal (middle), and sagittal (right) enhanced T1-weighted MRI 10
years after the second operation (which consisted of an extensive right temporal
lobectomy performed using intraoperative electrical subcortical motor mapping)
followed by radiotherapy.
Reproduced from Acta Neurochir, 150(6), Benzagmout M, Chaoui Mel F, Duffau
H, Reversible deficit affecting the perception of tone of a human voice after
tumour resection from the right auditory cortex, pp. 589–93, Copyright (2008),
with permission from Springer.

Patients with classic grade I glioneuronal tumours often survive many
years (89), making seizure freedom a critical factor in optimizing quality
of life. A review of the timing of resection for GGs across the literature
has demonstrated the role of early intervention in achieving seizure control
(90, 91). Other series have shown that the strongest predictors of seizure
freedom after surgery were duration of epilepsy for 1 year or less and
gross total lesionectomy, with extended surgical resection (including
hippocampectomy and/or corticectomy) conferring additional benefit in
temporal lobe tumours, particularly when there was evidence of dual
pathology (e.g. hippocampal sclerosis) existed on neuroimaging (92, 93).
In a study by Englot et al. (94) seizure outcome did not differ significantly
between adults and children or between patients with medically controlled
and refractory seizures. Interestingly, they also observed similar rates of
seizure freedom among tumours that were removed with or without
intraoperative Electrocorticography (ECoG) to guide the extent of
resection, suggesting that its use is not associated with improved seizure
outcome. Maximal resection can be challenging for tumours that are
deeply located or for tumours involving eloquent areas, with an increased
risk of postoperative neurological deficits. With the aim of maximizing
extent of resection while preserving quality of life, intrasurgical mapping
and monitoring may be beneficial—as already demonstrated in diffuse
low-grade and high-grade gliomas (95). Moreover, new methodologies,
such as neuronavigation and intraoperative MRI diffusion tensor imaging,
have also been suggested to reduce the postsurgical morbidity.
Radiotherapy
Conformal radiotherapy is generally reserved for patients with anaplastic
or grade I incompletely resected tumours (96). However, in the latter case,
it is not clear whether adjuvant radiotherapy provides a significant
advantage over careful surveillance with treatment delayed at time of
recurrence/progression. Rades et al. (97), in summarizing the literature for
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GG, noted a local control advantage but not an overall survival advantage
at 10 years for those patients treated with adjuvant radiotherapy for
subtotally resected tumours. Radiotherapy is indicated for persistent
recurrent low-grade tumours (98). In the SEER series, radiotherapy use
was reported in only 3.5% of patients, lower than older case series,
suggesting a decline in the use of this modality, perhaps because of
improvements in surgical technique and concerns regarding late toxicity of
radiotherapy (88). In cases where radiation therapy is required, treatment
doses and volumes are typically selected by analogy to low-grade glial
neoplasms with conformal radiation delivery of doses in the range of 45–
54 Gy in 1.8–2.0 Gy/day fractions given the absence of evidence to
suggest dose response above 54 Gy for low-grade lesions.

Recommendations for atypical or anaplastic lesions include treatment to
higher doses (54–60 Gy) but the dose response of these lesions remains
poorly defined given their rarity. Given the typically indolent behaviour
and expected long-term survival of individuals with these tumours, careful
radiation planning and delivery is necessary to minimize the chance of
long term neurocognitive sequelae and focal deficits such as optic pathway
injury. The principles of stereotactic radiotherapy should be applied with
reproducible non-invasive immobilization with mask or bite block-based
systems, careful target delineation using fusion of planning CT and MRI,
conservative target volumes (typically 0.5–1.0 cm expansion on the
imaging evident tumour with an additional 0.3–0.5 cm expansion for setup
variation for a total ‘safety margin’ (planning target volume) of 1.0–
1.5cm), and focused delivery using three-dimensional conformal or
intensity-modulated radiotherapy techniques (99) (Fig. 8.3).

Fig. 8.3 (See colour plate section) Radiation plan for a 12-year-old boy with
recurrent ganglioglioma, prescription dose was 5400 cGy in 30 fractions (left
panel). Fusion of the diagnostic MRI (middle panel) allows the delineation of the
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gross tumour volume (GTV, blue line) and planning target volume (PTV, green
line) that incorporates a safety margin for tumour infiltration and daily setup
variation. CT acquisition on the linear accelerator (right panel) allows co-
registration and comparison of the ‘CT of the day’ (light grey checker) with the
planning CT (dark grey checker) to detect and correct positioning variation with
millimetre accuracy.

Fig. 8.3 Radiation plan for a 12-year-old boy with recurrent ganglioglioma,
prescription dose was 5400 cGy in 30 fractions (left panel). Fusion of the
diagnostic MRI (middle panel) allows the delineation of the gross tumour volume
(GTV, blue line) and planning target volume (PTV, green line) that incorporates a
safety margin for tumour infiltration and daily setup variation. CT acquisition on
the linear accelerator (right panel) allows co-registration and comparison of the
‘CT of the day’ (light grey checker) with the planning CT (dark grey checker) to
detect and correct positioning variation with millimetre accuracy.

Chemotherapy
Chemotherapy should be considered for patients with persistent recurrent
low- and high-grade tumours not amenable to re-resection or re-irradiation
(100). Both in children and adults responses have been reported after
nitrosoureas, temozolomide, etoposide, carboplatin, and
cyclophosphamide. Recently, a case of a patient with a brainstem
ganglioglioma successfully treated with vemurafenib (inhibitor of BRAF
V600E mutation) and vinblastine has been described (101).
Commentary on NCCN and any other treatment guidelines
There are no guidelines available in the NCCN guidelines or other
International guidelines.
Surveillance recommendations
Monitoring with MRI every 12 months is recommended in case of
incomplete resection of grade I and II tumours. Monitoring with MRI
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every 4–6 months is recommended in case of anaplastic tumours.

Current research topics
Ongoing studies will define the role of BRAF V600E mutation inhibitors
in these rare forms of the gliomas.

Central neurocytoma and extraventricular
neurocytoma
Definition
Neurocytomas are neuroepithelial tumours composed of uniform round
cells with neuronal differentiation, located within the lateral ventricles
with frequent attachment to the septum pellucidum near the foramen of
Monro (central neurocytoma, CN) or within the brain parenchyma
(extraventricular neurocytoma, EVN). CN has been recognized as a
separate clinicopathological entity only since 1982 (102). The neuronal
phenotype of the tumour is consistent with the immunohistochemical
profile, characterized by a diffuse positivity for synaptophysin and
negativity for neurofilament and chromogranin. Despite their superficial
resemblance to oligodendrogliomas, they rarely express glial markers and
do not present IDH-1 R132H mutations. CN corresponds histologically to
WHO grade II. Atypical neurocytomas are defined as a subgroup of
tumours variably exhibiting vascular proliferation, necrosis, nuclear atypia,
high mitotic index, or high Ki-67 proliferation index (>2–3%). This
atypical group may have a higher risk of relapse and/or a worse prognosis
(103, 104, 105, 106, 107). However, the individual histological factors do
not seem to predict the outcome (108): some CNs with anaplastic features
have an indolent course, while others with a benign appearance are
associated with leptomeningeal dissemination and poor outcome (109,
110, 111). Overall, the tendency to recur of CNs is in the range of 18–
23%, and is more commonly late. EVNs share key histological features
with the more common CNs, but exhibit a wider morphological spectrum
(112). Compared to CN, EVN presents a higher degree of gangliomic
differentiation, more frequent glial differentiation, and one-third of
tumours tend to recur within a relatively short period of follow-up (113).
Cases of EVNs with spinal dissemination have been reported (114).
Typical EVNs have a significantly better prognosis than atypical ones (5-
year recurrence rate of 36% compared to 68%) (115).

Epidemiology
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The incidence of neurocytomas is between 0.1% and 0.5% (116, 117, 118).
They do not have a gender predilection. The tumours usually present
between the third and fourth decades, but the range spans from 8 to 69
years (119): older age seems to be a poor prognostic factor. EVNs can be
found in the cerebral hemispheres (frontal and temporal lobe), thalamus,
cerebellum, spinal cord, and retina) (120).

Aetiology
There are no available data in the literature.

Pathogenesis
Chromosomal gains (on chromosome 7, 2p, 10q, 18q, and 13q) have been
reported in up to 20% of cases. A 1p/19q co-deletion is generally absent,
while 1p deletion is more common (107, 121): these data confirm that CNs
are genetically distinct from oligodendrogliomas. Moreover, p53 mutation
and EGFR amplification are absent. As for the histogenesis, neurocytomas
could derive from a precursor cell, with a predominant neuronal
commitment, originating from the subependymal plate of the lateral
ventricles (122).

Clinical presentation
Central neurocytoma is typically discovered because of symptoms of
raised intracranial pressure secondary to obstructive hydrocephalus. Visual
or memory problems, and hormonal dysfunctions have been reported as
well. The clinical manifestations of EVNs vary according to the location of
the tumour and include partial complex seizures, headache, cranial nerve
paralysis, precious puberty, and rarely haemorrhage.

Imaging
Neuroimaging of CNs is quite typical (119, 123, 124, 125). In 50–60% of
cases CT shows a heterogeneous, multicystic, hyperdense mass with
calcifications, that are usually nodular and scattered; contrast enhancement
is heterogeneous and mild to moderate. On MRI the tumour margins are
clearly demarcated from surrounding brain; the solid parts of the tumour
are hypo-to-isointense in T1-weighted and isointense to grey matter on T2-
weighted images. Clusters of cysts give the tumour a ‘Swiss cheese/soap
bubble’ homogeneous hyperintense appearance on T2-weighted and
FLAIR images. A moderate inhomogeneous contrast enhancement is
present (Fig. 8.4).
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Fig. 8.4 Typical central neurocytoma with inhomogeneous contrast enhancement.

The differential diagnosis for CN includes many tumours, such as
choroid plexus papilloma, ependymoma, subependymoma, and
intraventricular meningioma. Neuroimaging of EVN can show differences
in comparison with CN: some cases are characterized by a cyst with mural
nodule or are non-enhancing, and the ‘soap bubble’ appearance is less
common (126, 127, 128). The peritumoural oedema is mild or absent.
Magnetic resonance spectroscopy has been employed in few cases: both
CN and EVN show a choline peak, while in some cases of CN there is an
increase of glycine. Moreover, in the EVN there is a strong decrease or
even absence of N-acetylaspartate peak.

Treatment of adults and children
Surgery
The mainstay of treatment for CN is total surgical removal that seems to
be associated with longer progression-free survival (106, 107, 119, 129,

203



130). However, in more than 50% of patients the tumour cannot be
completely resected due to the risk of postoperative neurological deficits
(non-communicating hydrocephalus, decreased memory, seizures) (119,
129, 131, 132). Even following total resection, the 10-year local control
rate was only 61% in a large series (106): nonetheless, most authors
recommend observation with MRI without adjuvant treatment after total
resection. Gross total resection is superior to subtotal resection for typical
EVNs.
Radiotherapy
After incomplete resection and/or in case of atypical lesions, conformal
radiotherapy (45–54 Gy in conventional fractionation) yields improved
local control rates and survival (133, 134). Patients with atypical lesions
may benefit from higher doses (54–60 Gy) (103). A potential limiting
factor for fractionated radiotherapy is represented by the risk of long-term
complications: Paek et al. (135) reported radiation-induced complications
(cognitive deterioration due to the white matter injury) in three out of six
patients with CN who were treated with conventional radiotherapy with a
median dose of 54 Gy. Radiosurgery may result in a high rate of tumour
control and a lower complication rate (asymptomatic hydrocephalus),
making it an attractive alternative to fractionated radiotherapy for smaller
tumours (136, 137). A systematic review of the radiotherapy literature
suggested a somewhat lower risk of local recurrence (7% vs 12%, hazard
ratio 0.57) in patients treated with radiosurgery compared to fractioned
radiotherapy (138). Overall, the long-term clinical outcome of CN after
multimodal treatment is excellent: a recent retrospective evaluation of CN
over 30 years in a single institution (132) showed an overall survival rate
of 91% at 5 years and 88% at 10 years. In case of recurrence after initial
surgery, radiotherapy or radiosurgery may be indicated, alone or following
reoperation (Fig. 8.5).
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Fig. 8.5 (See colour plate section) Pre-radiation coronal T1-enhanced MRI of a 38-
year-old woman with recurrent central neurocytoma (left panel) treated with
image-guided conformal radiotherapy (middle panel) and with a near total
radiographic response to treatment and subsequently stable disease 5 years post
radiation (right panel).

Fig. 8.5 Pre-radiation coronal T1-enhanced MRI of a 38-year-old woman with
recurrent central neurocytoma (left panel) treated with image-guided conformal
radiotherapy (middle panel) and with a near total radiographic response to
treatment and subsequently stable disease 5 years post radiation (right panel).

Regarding typical EVNs, Kane et al. (139) have investigated the
prognosis and management of 85 cases and there was a trend for adjuvant
radiotherapy being beneficial for patients with subtotal resection. Adjuvant
radiotherapy is generally recommended in atypical EVNs.
Chemotherapy
Chemotherapy has yielded some responses with various regimens (BCNU,
PCV, platinum compounds, etoposide) in case of recurrence (140).
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Commentary on NCCN and any other treatment guidelines
There are no guidelines available in the NCCN guidelines or other
international guidelines.
Surveillance recommendations
Monitoring with MRI is recommended in case of incomplete resection.

Current research topics
There are no ongoing clinical trials.

Cerebellar liponeurocytoma
Definition
Cerebellar liponeurocytoma is a rare tumour of the cerebellum, consisting
of isomorphic small neuronal cells with the cytology of neurocytes and
focal lipomatous-differentiation, characterized by lipidized cells
resembling mature adipose tissue (141, 142). The small uniform cells are
similar to the ‘small blue’ cells of medulloblastoma, but can also resemble
neoplastic oligodendroglial cells or cells of the clear cell ependymoma.
Anaplastic features, such as mitoses, microvascular hyperplasia, and areas
of necrosis, are rare or absent. The tumour has a low proliferative potential
(Ki-67/MIB-1 labelling index 1–3%). Both small and lipidic cells are
positive for neuronal markers, such as synaptophysin, neuron-specific
enolase (NSE), and MAP2, and this indicates that the adipose cells
represent the product of an aberrant differentiation of tumour cells. Focal
GFAP expression, indicating astrocytic differentiation, is seen in the
majority of cases (143). The current WHO classification assigns the
cerebellar liponeurocytoma to WHO grade II.

Epidemiology
The mean age is 50 (range 24–77 years): this is in contrast with the age
distribution of cerebellar medulloblastoma, more than 70% of which occur
in children. No gender predilection has been noted so far.

Aetiology
There are no data available in the literature.

Pathogenesis
The genetic profile has been analysed by an International Consortium that
collected tumour samples from 20 patients (144). TP53 missense
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mutations were found in 20% of cases, while there was no case with
PTCH, APC, or beta-catenin mutations (all characterizing the different
subsets of medulloblastomas). Isochromosome 17q, a hallmark of classic
medulloblastoma, was absent. Cluster analysis of the DNA expression
profile revealed similarity of cerebellar liponeurocytomas to
neurocytomas: however, the presence of TP53 mutations, which are absent
in CNs, suggests that they develop through different genetic pathways.
Two novel molecular markers (NEUROG1 and fatty acid binding protein
4, FABP4) have been recently identified (145).

Clinical presentation
Headache and other symptoms of raised intracranial pressure are the most
common presenting symptoms.

Imaging
The MRI appearance is variable (146, 147). On T1-weighted images, the
tumour is generally hypointense, relatively well demarcated, and presents
numerous scattered foci of high signal intensity consistent with lipids.
Enhancement after gadolinium administration is typically patchy and mild.

Treatment of adults and children
Surgery
Maximal surgical resection is the treatment of choice. However, despite
the lack of anaplastic features, recurrence with a latency ranging from 1 to
12 years occurs in at least 50% of cases, and the 5-year survival rate is
48%.
Radiotherapy
Radiotherapy is to be considered for recurrent or progressive tumours
(148).
Chemotherapy
There are no reports on the use of chemotherapy.
Commentary on NCCN and any other treatment guidelines
There are no guidelines available in the NCCN guidelines or other
international guidelines.
Surveillance recommendations
Monitoring with MRI is recommended in case of incomplete resection.
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Current research topics
There are no ongoing clinical trials.

Papillary glioneuronal tumour
Definition
Papillary glioneuronal tumours (GNTs), reported first in 1997, are rare
tumours characterized by a prominent pseudopapillary architecture in
which hyalinized blood vessels are surrounded by small cuboidal GFAP-
positive glial cells, and interpapillary spaces are occupied by neurocytes,
or ganglion cells that stain positively for synaptophysin and NSE (149,
150). The MIB-1 labelling index is typically low, and features and
anaplasia, such as endothelial proliferation and necrosis, are uncommon.
Papillary GNT corresponds to WHO grade I. Rare cases exhibiting more
aggressive behaviour, including dissemination and local spread of disease,
have been reported (151, 152).

Epidemiology
Papillary GNTs are rare tumours: only several dozen have been reported.
They occur over a wide range of ages (4–75 years), without a gender
predilection, and preferentially involve the cerebral hemispheres (in
particular the temporal lobe).

Aetiology
There are no data available in the literature.

Pathogenesis
The underlying histogenesis is uncertain, although a common progenitor
cell origin (capable of glial and neuronal differentiation) from the
subependymal matrix or the secondary germinal layer has been postulated
(153, 154). Genetic studies in a limited number of cases have recently
shown the absence of a 1p/19q deletion and EGFR amplification. Recently
Bridge et al. (155) have identified in three cases a translocation, t(9;17)
(q31;q24) resulting in an in-frame fusion of SLC44A1 and PKCA genes.
Thus, it has been suggested that the demonstration of this translocation
may be useful for the differential diagnosis toward other mixed neuronal-
glial tumours.

Clinical presentation
Headache and seizures are the main symptoms at onset.
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Imaging
Magnetic resonance and CT imaging frequently show a cystic lesion with
a mural nodule or a solid to cystic mass, contrast-enhancing with little
mass effect (156).

Treatment of adults and children
Surgery
In most cases, gross total resection results in long-term survival (157, 158,
159).
Radiotherapy
While the use of adjuvant radiotherapy has been reported, the benefit is
unclear (160).
Chemotherapy
There are no data available in the literature regarding chemotherapy.
Commentary on NCCN and any other treatment guidelines
There are no guidelines available in the NCCN guidelines or other
international guidelines.
Surveillance recommendations
Monitoring with MRI is recommended in case of incomplete resection.

Current research topics
There are no ongoing clinical trials.

Rosette forming glioneuronal tumour of the fourth
ventricle
Definition
Rosette-forming glioneuronal tumour (RGNT) of the fourth ventricle was
first described as a novel type of glioneuronal tumour (161). It is
composed of two distinct cellular components, one with uniform
neurocytes forming rosette and/or perivascular pseudorosettes, the other
being astrocytic and resembling pilocytic astrocytoma. Mitoses and
necrosis are absent, and Ki-67 labelling index is less than 3%. RGNT of
the fourth ventricle corresponds to WHO grade I.

Epidemiology
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Recent reviews of the English literature have reported between 41 and 63
cases (162, 163, 164). These tumours mainly affect young adults with an
average age at the time of diagnosis of 32 years (range 8–70 years) and
have a high prevalence in females (61%). While initially these tumours
were described in the fourth ventricle, they may be found in a larger
variety of locations, although the vast majority are infratentorial. There are
reports in the optic chiasm, third and lateral ventricle, thalamus, pineal
region, and spinal cord.

Aetiology
There are no data available in the literature.

Pathogenesis
Genetic analysis of RGHT has revealed a mutation in the PIK3CA gene
(165), wild-type IDH1 and IDH2 (166), intact NF1 gene (167), and no
1p/19q loss (168, 169). KIAA1549–BRAF fusions have not been detected
(170). Recent immunohistochemical studies have reported a co-expression
of neuronal markers (synaptophysin), glial markers (GFAP, OLIG2, cyclin
D1and PDGFRα) and stem cell markers (CD133) (171, 172, 173), thus
confirming the hypothesis of a biphenotypic differentiation from a
pluripotential progenitor cell in the subependymal plateau (174).

Clinical presentation
Headache and ataxia are the most common presenting symptoms, and the
duration of symptoms before diagnosis ranges from 1 day to 15 years with
a median of 10 months. About 12% of cases are asymptomatic or
incidentally discovered.

Imaging
On MRI, most RGNT are visualized as midline lesions arising from the
floor of the fourth ventricle, and can invade dorsally into the vermis or
ventrally into the brain stem; additionally, they may extend superiorly into
cerebral aqueduct. Conversely, RGNT of the fourth ventricle almost never
extend into foramina of Magendie and Luschka, which normally occurs in
other tumour types located in the fourth ventricle, such as ependymomas.
RGNT can display solid, cystic, or mixed features, and calcifications on
CT are present in about 20% of cases. Focal enhancement is frequently
seen, but non-enhancing lesions are not uncommon: these findings can be
useful in the differential diagnosis toward medulloblastomas and
ependymomas that tend to enhance homogeneously.
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Treatment of adults and children
Surgery
The treatment of choice is surgical resection. Gross total resection can be
achieved in fewer than half of patients due to the high propensity of the
tumour for adherence to the ventricular wall and/or infiltration into
surrounding structures. Overall, after resection postoperative neurological
deficits are around 47% of patients. The rate and time to recurrence seem
similar with gross total and subtotal resection.
Radiotherapy
Radiotherapy has been employed in few cases after partial
resection/biopsy and/or ventricular spreading (160, 165).
Chemotherapy
Chemotherapy (temozolomide and cis-retinoic acid) have been associated
with radiotherapy in few cases after partial resection/biopsy and/or
ventricular spreading.
Commentary on NCCN and any other treatment guidelines
There are no guidelines available in the NCCN guidelines or other
international guidelines.
Surveillance recommendations
Owing to the lack of lengthy follow-up of patients after treatments,
monitoring with MRI is recommended both after complete and incomplete
surgical resection.

Current research topics
There are no ongoing clinical trials.

Spinal paraganglioma
Definition
Paraganglioma is a neuroectodermal tumour commonly found in the
adrenal medulla. Paraganglioma of the CNS is very rare, and occurs
almost exclusively in the cauda equine region as a solid, highly
vascularized and well encapsulated tumour. Lerman et al (175) first
reported this tumour in 1972. Histologically, paragangliomas resemble
normal paraganglia, and are composed of chief cells disposed in nests or
lobules (‘Zellballen pattern’), separated by vascular channels, and
subtentacular cells (176). Chief cells are round and oval in shape with
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abundant eosinophilic granular cytoplasm, while subtentacular cells are
spindle-shaped. Immunohistochemistry permits the characterization of
cells (177): chief cells are positive for synaptophysin and chromogranin,
while subtentacular cells are reactive for S-100 protein, and often for
GFAP. Expression of serotonin and various neuropeptides has been
reported. Paraganglioma of the filum terminale correspond histologically
to WHO grade I.

Epidemiology
Cauda equina paragangliomas comprise 3–4% of all tumours affecting this
region. Other spinal levels are far less often involved. Rare examples of
intracranial localization have been described. Cauda equina
paragangliomas generally affect adults with a peak incidence in the fourth
through the sixth decades. There is a slight predominance in males.

Aetiology
Several autosomal dominant inherited syndromes predispose to
paraganglioma, such as von Hippel–Lindau disease or NF1, but most
spinal paragangliomas are non-familial.

Pathogenesis
Among 22 spinal paragangliomas a germline mutation in the gene
encoding the subunit D of the succinate dehydrogenase (SDHD) gene in
one patient with recurrent tumour and cerebellar metastasis has been
reported (178).

Clinical presentation
The most frequent clinical presentation is low-back pain and sciatica,
while sensory, motor, and sphincter disturbances are infrequent (179).
Rarely (until now only five cases in the literature), paraganglioma can
exhibit a secreting function, causing paroxysmal hypertension, even during
surgical manipulation, due to release into the systemic circulation of
vasoactive substances, probably catecholamines (180). Some spinal
paragangliomas presenting with symptoms of raised intracranial pressure
have been reported (181).

Imaging
On MRI, findings are non-specific, as the tumour is usually hypo- or
isointense on T1 sequences, hyperintense on T2 sequences, with uniform
contrast enhancement (182, 183, 184). Some findings could be helpful in
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differentiating paraganglioma from myxopapillary ependymoma or
schwannoma: an hypointense margin on T2-weighted images, with a ‘salt
and pepper’ appearance, and serpiginous defects around the tumour
suggesting serpentine vessels (185).

Treatment of adults and children
Surgery
Complete resection is the treatment of choice. Although they are benign,
paragangliomas recur in about 10–12% of patients (176).
Radiotherapy
Adjuvant radiotherapy may be reserved for incompletely excised lesions,
although its effectiveness has not been established. CSF seeding of spinal
paragangliomas has been occasionally documented (186).
Chemotherapy
There are no data available in the literature.
Commentary on NCCN and any other treatment guidelines
There are no guidelines available in the NCCN guidelines or other
international guidelines.
Surveillance recommendations
Monitoring with MRI is recommended in case of incomplete resection.

Current research topics
There are no ongoing clinical trials.

Conclusion
Due to the rarity of glioneuronal tumours, the level of evidence supporting
therapeutic interventions described is low, but some management concepts
seem well established from a clinical point of view. Early surgery with
complete resection may significantly improve the likelihood of
postoperative epilepsy freedom. This could reduce the need for a long-
term antiepileptic medication in a long surviving young population. After
surgery, especially if incomplete, careful surveillance with MRI is
suggested (commonly every 6 or 12 months in the first years). It is not
clear how long to maintain the surveillance as late recurrences are
described. Conformal radiotherapy can be considered in case of patients
with incompletely resected symptomatic tumours, atypical or high-grade
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tumours, or in the case of multiple recurrences despite resections. The role
of chemotherapy in these lesions remains poorly defined. Further progress
into the molecular biology of these tumours will help us to understand why
some grade I tumours behave aggressively despite a ‘benign’ histological
appearance, and will identify common molecular alterations across
different histologies that can inform more targeted medical therapies.
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CHAPTER 9

Embryonal and pineal tumours
Roger E. Taylor, Barry L. Pizer, Nancy Tarbell, Alba
A. Brandes, and Stephen Lowis

Introduction
Embryonal tumours account for approximately 20% of paediatric central
nervous system (CNS) tumours. They arise from transformation of
undifferentiated and immature neuroepithelial cells with the capacity for
divergent differentiation. They include medulloblastoma (MB), atypical
teratoid/rhabdoid tumour (AT/RT), and pineoblastoma. Embryonal
tumours also include a group of neoplasms that were until recently referred
to as central nervous system primitive neuro-ectodermal tumours (CNS-
PNETs) but have recently been reclassified both histologically and
molecularly as other entities.

Medulloblastoma in childhood
Introduction
Medulloblastoma (MB) accounts for between 15% and 20% of paediatric
CNS tumours and arises in the cerebellum. The median age at presentation
is approximately 6 years. Pathologically MB tends to exhibit
predominantly neuronal differentiation. Classical MB is comprised of
densely packed cells with round to oval hyperchromatic nuclei and scanty
cytoplasm. Round cells with condensed chromatin are frequently
intermingled. Neuroblastic rosettes are seen in approximately 40% of
cases.

Histological subtypes
The following subtypes are recognized. This list reflects the most recent
revision of the World Health Organization (WHO) update of the
pathological classification of tumours of the CNS (1). This new

227



classification reflects both our traditional understanding of the pathology
of MB but also recent advances in the molecular characterisation of this
tumour The currently accepted genetic characterisation is as follows:

(i) Medulloblastoma, WNT-activated.
(ii) Medulloblastoma, SHH-activated, TP53-mutant.

(iii) Medulloblastoma, SHH-activated, TP53-wildtype.
(iv) Medulloblastoma, non-WNT/non-SHH, Group 3.
(v) Medulloblastoma, non-WNT/non-SHH, Group 4.

With respect to histology, the WHO classification is as follows:

(i) Medulloblastoma, classic
(ii) Medulloblastoma, desmoplastic/nodular

(iii) Medulloblastoma with extensive nodularity
(iv) Medulloblastoma, large cell/anaplastic
(v) Medulloblastoma, NOS

Desmoplastic MB is associated with a better prognosis, particularly in very
young children. Large cell/anaplastic MBs (LC/A MBs) appear to carry an
adverse prognosis..

MB generally arises in the cerebellar vermis and projects into the fourth
ventricle. Patients typically present with the symptoms and signs of
obstructive hydrocephalus such as headache and vomiting. Approximately
35% of patients present with leptomeningeal metastases within the
supratentorial or spinal meninges. MB is one of the few CNS tumours that
can spread outside the CNS. This is rarely seen at initial presentation, but
sometimes seen at relapse. Staging studies such as a bone scan or bone
marrow aspiration or biopsy are justified only if suggested by symptoms.

On computed tomography (CT) or magnetic resonance imaging (MRI),
MBs appear as solid masses that are generally contrast enhancing, either
uniformly or patchily (Fig. 9.1).
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Fig. 9.1 Magnetic resonance imaging T2 sequence, demonstrating
medulloblastoma within the fourth ventricle.

Initial staging investigations include gadolinium-enhanced MRI of the
craniospinal axis and cerebrospinal fluid (CSF) cytology. Spinal MRI
should ideally be performed preoperatively. A post-operative MRI to
detect the degree of residual tumour should be performed within 24–48
hours following surgical resection. Lumbar puncture for CSF cytology
should be performed at least 15 days following surgery. Chang staging is
described in Table 9.1 (2).

Table 9.1 Chang staging
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M0No metastases

M1Unequivocal MB cells in lumbar CSF. No evidence of metastases on craniospinal
MRI

M2Supratentorial leptomeningeal metastases on MRI

M3Spinal leptomeningeal metastases (alone or together with supratentorial metastases)
on MRI

M4Metastases beyond the CNS

Source data from Radiology, 93(6), Chang CH, Housepian EM, Herbert C, Jr., An
operative staging system and a megavoltage radiotherapeutic technique for
cerebellar medulloblastomas, pp. 1351–9, Copyright (1969), Radiological Society
of North America.

Risk status
For the purposes of stratification of therapy, patients with MB are
categorized as having standard-risk or high-risk disease, based on
evaluation of the impact of prognostic factors on outcome in a series of
multi-institutional studies. Factors that correlate with outcome include age
at diagnosis, the presence or absence of leptomeningeal spread at
diagnosis, and the completeness of the surgical resection.

Standard risk: patients at least 3 years of age who have undergone
complete or subtotal resection with less than 1.5 cm2 of residual tumour on
postoperative MRI and no evidence of CSF dissemination (M0) are
considered to have standard-risk disease.

High risk: patients who have larger volume residual tumour and/or those
with evidence of CSF dissemination (Chang stage M1–3) at diagnosis.

Overall, approximately two-thirds of patients will be standard risk and
one-third will be high risk.

Influence of biological factors
Classification of histological subtypes of MB have traditionally been based
on morphology, and included the variants classical MB,
desmoplastic/nodular MB, MBEN (MB with extensive nodularity), large
cell, and anaplastic MB. As a consequence of the ability to monitor
transcription across the genome, various research groups have applied a
classification of MB into subgroups on the basis of differences in the
transcriptome. The four principal subgroups of MB are referred to as
WNT, SHH (TP53 mutated and wildtype), Group 3, and Group 4 (3, 4, 5).
This is reflected in the updated WHO classification.
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Fig. 9.2 Molecular subtypes of medulloblastoma.

The WNT subgroup is characterized by very good prognosis compared
with the other subgroups with long-term survival in excess of 90%. The
majority of WNT subgroup MBs have classic histology with these tumours
demonstrating beta-catenin nucleo-positivity (6), CTNNB1 gene mutations,
and monosomy 6. Rarely the WNT subgroup may include large
cell/anaplastic cases. WNT MB can occur at all ages, but is infrequent in
infants. Although overall MB is more common in males, the male-to-
female (M:F) ratio for the WNT subgroup is approximately 1:1. Germline
mutations of the WNT pathway inhibitor APC predispose to Turcot
syndrome, which includes a predisposition to MB. A minority of cases
with large cell/anaplastic histology have also been reported to be WNT
positive. However, these are associated with the same good prognosis as
other histological subtypes of MB within this subgroup (see Fig. 9.2).

The SHH MB subgroups include TP53-mutant and TP53-wildtype
subgroups. They are named after the sonic hedgehog signalling pathway,
which is considered to drive tumour initiation in the majority of cases. The
frequency of SHH subgroups of MB is bimodal, and is frequent in both
infants aged less than 3 years and adults. The M:F ratio is approximately
1:1. The majority of nodular/desmoplastic MBs are included within the
SHH subgroup. However around 50% of SHH subgroup MB have other
histological subtypes, including classical, large cell/anaplastic, and MBEN
varieties. The prognosis for SHH TP53-wildtype appears to be similar to
Group 4 (see below) and intermediate between WNT and Group 3. SHH
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TP53-mutant tumours that arise in the context of constitutional TP53
mutation (Li-Fraumeni syndrome) carry an extremely poor prognosis.
Individuals with germline mutations of the SHH receptor PTCH have
Gorlin’s syndrome, which for several decades has been recognized as
carrying a predisposition to the development of MB. MBs in the SHH
subgroup are identified predominantly by transcriptional profiling, but
alternative approaches such as immunohistochemical staining for SFRP1
or GAB1 have also been employed. Deletion of chromosome 9q appears to
be limited to SHH MB. Preliminary clinical trials are being designed to
target the SHH pathway to improve outcome for this subgroup.

Group 3 MB represents the subgroup of MB with the worst prognosis.
The majority of MBs in Group 3 are classical MB and include the majority
of large-cell/anaplastic tumours. They occur more commonly in males than
females, and arise in infants and older children, but only rarely in adults.
They frequently present with metastases. Group 3 MB is typically
characterized by high-level amplification of the MYC proto-oncogene, and
almost all cases exhibit aberrant MYC expression. The Group 3 MB
genome exhibits high levels of genomic instability and often harbours
gains of chromosomes 1q, 7, and 17q, and deletions of 10q, 11, 16q, and
17p.

Patients with Group 4 MB have an intermediate to good prognosis
similar to patients with SHH tumours. They include classical and large
cell/anaplastic histologies. Group 4 tumours account for approximately
30–40% of MB cases. This subgroup represents the archetypal MB, for
example, a 7-year-old boy with a classical histology MB who has an
isochromosome 17q. The M:F ratio is approximately 3:1. As the molecular
pathogenesis of Group 4 MB is not currently clear, the generic name
‘Group 4’ has been allocated pending further insight into molecular
characteristics.

Improvements in the understanding of the molecular mechanisms of MB
tumourigenesis are emerging as important factors in clinical trial design
leading to a tailored approach for different histological and molecular
biological subtypes. Collaborative clinical trial groups are developing
studies that will investigate prospectively the stratification of therapy
according to pathological, biological, as well as the more traditional
clinical parameters. In particular, clinical studies are beginning to involve
a cautious lowering of the treatment intensity for patients with WNT MB
and maintaining intensity for those in Group 3. This approach requires a
timely and well-coordinated approach to tumour sample collection and
analysis of biological parameters prior to treatment decisions (5).
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Initial surgical treatment
Patients who present with obstructive hydrocephalus frequently require
emergency management with either third ventriculostomy or ventricular
drain. The first definitive treatment is complete, or near complete, surgical
resection of the primary tumour. Following radical resection,
approximately 25% of patients experience post-operative cerebellar
mutism, a symptom complex characterized by decreased or absent speech
and irritability that may also be associated with hypotonia, ataxia, and the
inability to coordinate voluntary movements( posterior fossa syndrome).
This requires additional rehabilitation, sometimes over several months, and
can be problematic in that this can make preparations for radiotherapy
more difficult, or occasionally the child may require anaesthesia for
radiotherapy at an age where this is usually not required.

Post-surgical adjuvant treatment
Standard-risk disease
In view of the propensity of MB for metastasis via the CSF, craniospinal
radiotherapy (CSRT) is an important component of treatment. Until the
1990s, the international standard of care was CSRT to a dose of 35–36 Gy
followed by a whole posterior fossa boost to a total dose of 54–55.8 Gy. In
multi-institutional studies, such treatment resulted in long-term event-free
survival (EFS) in 60–65% of patients (7). However, sequelae of treatment
include hormonal deficits, impaired bone growth, and neurocognitive
deficits that correlate with a number of factors but particularly the age of
the child and the craniospinal radiation dose (8). Other factors include the
direct and indirect effects of the tumour and surgery, including
hydrocephalus. Since the 1990s, an important aim of North American and
European collaborative group studies has been to reduce the dose of CSRT
in order to try to minimize late sequelae.

The Children’s Cancer Group (CCG) 9892 study (9) was a limited,
multi-institutional, non-randomized trial which employed a reduced dose
of CSRT, 23.4 Gy in 13 fractions followed by a posterior fossa dose to a
total dose of 55.8 Gy in 1.8 Gy fractions, together with weekly vincristine.
This was followed by eight cycles of chemotherapy with cisplatin, CCNU,
and vincristine. Five-year progression-free survival (PFS) was 79%. This
study established the lower dose of CSRT as standard of care for patients
with standard-risk disease. The Children’s Oncology Group (COG) A9961
study continued with the principle of lower-dose CSRT and compared two
different post-radiotherapy chemotherapy regimens, namely cisplatin with
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vincristine and either CCNU or cyclophosphamide. EFS at 4 years was
approximately 85% in both arms (9). Such an approach continues to be the
standard of care for children with standard-risk MB in North America,
namely reduced-dose CSRT followed by chemotherapy (10).

During the 1990s, in North America and Europe there had been an
increasing use of chemotherapy as an additional treatment modality. The
benefit of chemotherapy combined with radiotherapy compared with
radiotherapy alone was confirmed in the International Society of Paediatric
Oncology/United Kingdom Children’s Cancer Study Group
(SIOP/UKCCSG) PNET-3 trial (7) which recruited patients between 1992
and 2000, and demonstrated a significant improvement in EFS of 78.5%
versus 64.8% with the use of pre-radiotherapy chemotherapy with
carboplatin, cyclophosphamide, etoposide, and vincristine.

Studies of radiotherapy dose and fractionation for standard-risk
medulloblastoma
Several treatment strategies designed to reduce the morbidity associated
with the use of radiotherapy have been tested. The French Cooperative
Group (SFOP) reduced the radiotherapy target volume to avoid
supratentorial radiation together with chemotherapy but this resulted in a
very high risk of recurrence (11). The use of reduced-dose CSRT (23.4
Gy) alone (without chemotherapy) in the North American intergroup study
(CCG 923/POG 8631) resulted in a significantly increased risk of isolated
neuraxis failure compared with 36.0 Gy and an EFS at 5 and 8 years of
only 52% (12).

In Europe, the role of hyperfractionated radiotherapy (HFRT) has been
investigated. A SFOP (French Pediatric Oncology Society) pilot study
tested HFRT 36 Gy to CSRT in 1 Gy b.i.d. fractions without
chemotherapy and demonstrated that early toxicity was reduced and PFS at
3 years was very good at 81% (13). Subsequently, HFRT was tested in the
European SIOP PNET-4 randomized trial in which patients were
randomized to HFRT or conventional radiotherapy. All patients received
post-radiotherapy adjuvant chemotherapy with cisplatin, CCNU, and
vincristine. This trial demonstrated no advantage for HFRT in terms of
disease control, but provided further confirmation of acceptable survival
for reduced-dose CSRT when combined with adjuvant chemotherapy (14).
In an analysis of health status of long-term survivors, long-term quality of
survival and growth in the two arms of the PNET-4 study were compared
(15). Participants and their parents or caregivers completed standardized
questionnaires on executive functioning, health status, behaviour, health-
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related quality of life, as well as employment, educational, and social
information. Compared with standard radiation therapy, HFRT was
associated with better scores for executive functioning, but health status,
behavioural issues, and health-related quality of life were similar in the
two treatment arms. HFRT was associated with greater decrement in
height (15).

Traditionally, CSRT is followed by a boost to the posterior fossa to a
total dose of 54–55.8 Gy. With a combination of careful contouring and
conformal treatment techniques it is possible to reduce the dose to the
inner ear, with the aim of minimizing hearing loss in children who will
also be receiving chemotherapy with cisplatin. Better sparing of the
cochlea, pituitary, hypothalamus, and the temporal lobes can be achieved
with a reduced target volume for the boost, limited to the tumour/surgical
bed with a margin rather than the whole posterior fossa. In a series of 114
patients, Fukunaga-Johnson et al. found a low risk of isolated failure
outside the tumour bed in the posterior fossa (16). In addition, the SFOP
pilot study referred to earlier also reported good outcomes following a
boost limited to the tumour and surgical bed plus a margin (13). The
recently reported COG randomized study compared a boost to the whole
posterior fossa with a tumour/surgical bed plus margin boost. This study
also tested the efficacy of an even lower dose of CSRT (18 Gy) in children
aged 3–8 years. Preliminary results have recently been reported (17).
There was no significant difference in EFS for patients treated with a
tumour/surgical bed plus margin boost compared with those treated with a
whole posterior fossa boost. However patients treated with 18 Gy CSRT
had a reduced 5-year EFS of 71.4% compared with 82.1% for those treated
with 23.4 Gy (17).

Current management of standard-risk medulloblastoma
Currently the standard of care for children with standard-risk MB is with
CSRT 23.4 Gy with a tumour boost to a total dose of 54.0 Gy, followed by
eight cycles of chemotherapy with vincristine, CCNU, and cisplatin. With
this approach, a 5-year EFS of 83% has been achieved (18). The initial
results of the recent COG trial suggest equivalence in survival between
tumour bed and whole posterior fossa boosts and this, together with other
data has led to a tumour bed boost becoming a standard of care.

Management of standard-risk medulloblastoma in
infants
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Medulloblastoma accounts for approximately 20–40% of all CNS tumours
in ‘infants’ (defined as aged <3 years). Approximately half of infants have
more favourable histological types (desmoplastic/nodular or MBEN).
However, the prognosis overall is worse than in older children. In addition
to the impact of biological factors, the frequency of metastatic disease is
higher, approximately 50%, and the rate of complete tumour resection is
lower in this age group. Furthermore, because of the concern about late
effects in this age group, most patients receive low doses of CSRT or no
radiotherapy at all. Infants with M0 disease who have undergone total
resection may do well with chemotherapy alone, with a 5-year overall
survival (OS) of 69% in the first POG infant study and a variable outcome
in the German study with survival of around 90 % for infants with
desmoplastic tumours (19), although treatment in the latter included
intraventricular methotrexate. In other studies, results were less
satisfactory. In some, the need for aggressive salvage regimens was
associated with significant long-term sequelae. In fact, with the possible
exception of very young children with desmoplastic/nodular MB without
residual disease, evidence suggests that radiotherapy is an important
component of treatment. The recently reported North American P9934
study employed early focal radiotherapy to a limited treatment volume
consisting of the tumour bed plus an anatomically confined margin for
patients without leptomeningeal seeding (20). Four-year EFS and OS were
50% and 69% respectively with better outcomes for those with completely
resected disease and desmoplastic histology. The German study also
highlighted the importance of the impact of desmoplastic histological
subtype on outcome with infants with M0 disease treated with
chemotherapy alone (19). The ‘Headstart’ chemotherapy-alone protocol
delivered to M0 patients has reported 5-year EFS of 52% for all patients
and 64% for those with less than gross total resection (40). However, this
approach is very intensive, incorporating induction chemotherapy with
cisplatin, cyclophosphamide, etoposide, and vincristine, and myeloablative
therapy with high-dose carboplatin, etoposide, and thiotepa supported by
autologous stem cell rescue.

Management of high-risk medulloblastoma
Clinicopathological factors indicating high-risk disease
Metastatic disease at presentation, as diagnosed by the presence of
meningeal enhancement on MRI of the brain (stage M2) or spine (stage
M3) clearly confers a poor prognosis (1, 2, 21, 22). A careful metastatic
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evaluation is critical to the success of the current radiation therapy dose
reduction strategy in MB. A review of patients registered in the recent
North American COG A9961 trial has demonstrated an unacceptable
failure rate in patients with overlooked M2 or M3 disease in a central
radiology review (10). The prognostic significance of Chang stage M1
disease, in which tumour cells are found within the CSF without
radiological evidence of metastasis, is now accepted by both the COG and
the European SIOP Europe PNET Group as an adverse prognostic factor,
with now clear evidence that patients with M1 disease have a poorer
prognosis than those without evidence of such tumour spread (21, 23).
Residual disease
Both the COG and SIOP groups accept the prognostic importance of
achieving a gross total or near gross total surgical excision, as shown in the
CCG-921 study (24). More recently, the HIT-SIOP PNET-4 trial also
showed that the presence of residual disease, defined by at least 1.5 cm2

(maximum cross-sectional area) of residual tumour after surgery,
conferred a poorer prognosis (14). The latest analysis of this trial noted 30
patients (9.7%) out of 308 trial patients with residual disease greater than
or equal to 1.5 cm2. Five-year EFS was 64% ± 9% for those with residual
disease as compared to 81% ± 3% for those with a postoperative tumour
volume of less than 1.5 cm2. More recent evidence which takes into
account molecular classification and its impact on outcome, has suggested
that the impact of extent of resection is attenuated after taking into account
molecular characterization (25). Maximum safe surgical resection remains
the standard of care. However, attempted surgical removal of minimal
residual disease is not recommended if the risk of subsequent morbidity is
high, as there is no definitive benefit from gross total resection compared
with near-total resection.
Histology: anaplasia
Previous reports suggested that anaplasia was associated with a poorer
prognosis than that for classic, desmoplastic/nodular, and MBEN (26, 27,
28). The situation is, however, complicated by a number of factors:

◆ Variability in the criteria adopted by groups and individual institutions
for the diagnosis of the anaplastic phenotype.

◆ Overlap with the large cell MB phenotype and the confounding impact
of tumour biology (e.g. MYC amplification).

The incidence of anaplastic MB is unclear. In the COG 9961 study,
anaplastic cases were reported as comprising around 15% of the total trial
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population. It is likely that the proportion of cases with anaplasia as
defined by the WHO (2007) classification of CNS tumours, where
anaplasia is both diffuse and severe, will be less than this. For example, in
the HIT-SIOP PNET-4 trial, there were only 14 large cell/anaplastic cases
(4.5%) out of 313 analysed at central review. At the SIOP PNET Group
meeting in Hamburg 2009, it was agreed that patients with large
cell/anaplastic MB be regarded as high-risk patients.
Large cell/anaplastic medulloblastoma
Large cell/anaplastic MB is a rare and phenotypically distinct MB subtype
that accounts for less than 5% of cases. Traditionally, large cell/anaplastic
MB was regarded as being associated with a worse outlook (26, 27, 28).
However, this concept has now been superseded by combined histological
and molecular biological classification.
Biology of high-risk disease
MYC and MYCN represent the most commonly amplified genetic loci in
MB, each affecting about 5% of cases, and have been associated with large
cell/anaplastic MB, although can be observed in other MB phenotypes,
which a mostly included in Group 3.

Amplification of MYC or MYCN is associated with a poor outcome and
is accepted as an adverse prognostic factor (high-risk disease) by
international collaborative groups, particularly when metastatic (29, 27).

Other biological factors that have been shown to be associated with an
adverse outcome in some studies include defects of chromosome 17 (9),
expression of the ERBB-2 receptor tyrosine kinase (10), expression of the
c-MYC oncogene or the absence of expression of the TRKC neurotrophin
receptor. The evidence base for the prognostic importance of these factors
is less strong than that for MYC or MYCN amplification. At present, the
only biological factor that has been accepted as conferring high-risk status
for MB is amplification of MYC or MYCN.

SIOP Europe Embryonal Group definition of high-risk
medulloblastoma

◆ Metastatic disease (Chang stage M1, M2, M3, M4).
◆ Residual disease greater than 1.5 cm2 (maximum cross- sectional area).
◆ Large cell/anaplastic MB.
◆ Amplification of MYC or MYCN.

As opposed to standard/average-risk disease, metastatic MB must be
considered a poor-prognosis tumour. Previous treatments consisted of
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surgical excision of the primary tumour followed by conventional
radiotherapy with doses of radiotherapy of 35–36 Gy to the craniospinal
axis together with a boost of 18 Gy to the posterior fossa. In addition,
further boosts to sites of metastatic disease are frequently administered.

Chemotherapy is accepted as having an important role in treatment of
metastatic MB, although the optimal chemotherapy regimen has yet to be
defined. Various large multicentre studies including the CCG-921, HIT-
91, and PNET-3 have reported survival figures of between 30% and 40%
for patients with M2/M3 status at diagnosis (21, 30, 31). Indeed for
M2/M3 disease, no reasonably sized North American or European study
has shown survival in excess of 50% where treatment consists of 35–36
Gy with addition of conventional chemotherapy.

A number of more recent trials have shown more encouraging results in
the treatment of high-risk MB, with a survival rate for M2/3 patients of
greater than 50%, including studies using higher-dose CSRT as well as
standard-dose CSRT with concurrent chemotherapy. The POG group
studied CSRT to greater than 36 Gy in study 9031. Patients with high-risk
MB were randomized to pre-irradiation chemotherapy with cisplatin and
etoposide or to immediate radiotherapy followed by the same
chemotherapy. Both arms then received identical chemotherapy with
vincristine and cyclophosphamide. For all patients the 5-year EFS was
66.0% in the early chemotherapy arm and 70.0% in the early radiotherapy
arm (32). Five-year OS was 73.1% and 76.1%, respectively. Of note, the
POG-9031 study used a higher CSRT dose of 39.6 Gy for patients with
metastatic disease with boosts of up to 45 Gy to sites of macroscopic
spread (32).

In the St Jude Medulloblastoma-96 study, children with high-risk MB
received four cycles of cyclophosphamide-based, dose-intensive
chemotherapy following radiotherapy (18). Although the survival for
M2/M3 patients was not reported in the paper, Dr Gajjar has reported 65%
5-year EFS for the 33 patients with M2/M3 disease. For these high-risk
patients, a CSRT dose of 39 Gy was used.

The result from both of these studies may indicate a dose–response
effect for radiotherapy doses above 35–36 Gy, although there must be
concern with regard to late neuropsychological sequelae at such high
CSRT doses.

For high-risk patients, COG has completed a dose escalation trial of
carboplatin used as a radiosensitizer given concomitantly with daily CSRT
for patients with high-risk MB and ST-PNET (CCG-99701) (33). All
patients underwent surgical debulking followed by 36 Gy CSRT with
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boosts to the posterior fossa and sites of bulk disease. During CSRT,
patients received weekly vincristine as well as carboplatin doses ranging
from 30 mg/m2/dose × 15 to 45 mg/m2/dose × 30 given 1–4 hours prior to
each radiotherapy fraction, using a phase I design. Six weeks after
completing chemoradiotherapy, patients received six courses of monthly
cyclophosphamide (2 g/m2) and vincristine.

Myelosuppression was dose limiting and 35 mg/m2/dose × 30 was
selected as the maximum tolerated carboplatin dose. Median follow-up for
surviving patients was 4.5 years. Four-year OS and EFS for the entire
group was 81% ± 5% and 66% ± 6% respectively. The established phase I
dose of carboplatin from this study now forms the basis of a current phase
III randomized trial that formally tests the benefit of carboplatin
concomitant with radiotherapy as well as testing the addition of 13-cis-
retinoic acid along with maintenance chemotherapy.

Studies using hyperfractionated radiotherapy
Altered radiotherapy fractionation schedules, such as HFRT, can
theoretically increase the dose to tumour without an increase in the dose to
normal nervous tissue. Hyperfractionated accelerated radiotherapy
(HART) aims to exploit the therapeutic advantage of twice-daily
radiotherapy but in addition uses a higher dose per fraction and thus a
shorter overall treatment time. This approach theoretically may improve
tumour control by reducing tumour cell repopulation between fractions.
Encouraging results were published from the Milan group, who use a
programme of high-dose sequential chemotherapy followed by HART
(34).

Between 1998 and 2007, 33 consecutive patients received postoperative
methotrexate (8 g/m2), etoposide (2.4 g/m2), cyclophosphamide (4 g/m2),
and carboplatin (0.8 g/m2) in a 2-month schedule, then HART with a
maximal dose to the neuroaxis of 39 Gy (1.3 Gy b.i.d.) and a posterior
fossa boost (1.5 Gy b.i.d.) up to 60 Gy. After radiotherapy, patients
received maintenance chemotherapy with six courses of lomustine and
vincristine. Patients with persistent disseminated disease before HART
were consolidated with two myeloablative courses of thiotepa (900 mg/m2

per course) which replaced maintenance chemotherapy in these patients.
Seven patients younger than 10 years old who achieved complete response
after chemotherapy received a lower dose to the neuroaxis (31.2 Gy). The
5-year EFS, PFS, and OS rates were 70%, 72%, and 73%, respectively.
However, more recently, with more widespread use of this regimen, cases
of unexpected toxicity have emerged, assumed to be an interaction
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between the high-dose chemotherapy and HART radiotherapy regimens.
There has been discussion around identifying factors which may have
given rise to unexpected toxicity and how this should be avoided (35).
CCLG HART protocol
The CCLG was also interested in the potential of HART, which formed
the basis of CCLG CNS 2001 06, to evaluate the feasibility and toxicity of
a regimen comprising HART (1.24 Gy b.i.d.) with chemotherapy for M1–3
MB. The CSRT dose was 39.68 Gy in 32 fractions, followed by a boost to
the whole posterior fossa of 22.32 Gy in 18 fractions. Where appropriate,
boosts to metastases of 9.92 Gy in eight fractions were given.
Chemotherapy was given after radiotherapy and comprised eight planned
courses of vincristine, lomustine, and cisplatin (36). Between 2002 and
2008, 34 patients were entered into the study. At a median follow-up of 14
months, 2-year EFS was 68.1% (95% confidence interval (CI) 40.9–
84.9%) and 3-year EFS = 53.0% (95% CI 26.0–74.1%). There was no
unexpected toxicity.
MET-HIT 2000-AB4
The HIT Group’s most recent study for metastatic MB is included in the
HIT 2000 series of studies. This study recruited patients aged between 4
and 21 years at diagnosis with metastatic MB. Children received two
cycles of HIT-SKK chemotherapy consisting of systemic multi-agent
chemotherapy (cisplatin/vincristine, methotrexate/vincristine,
carboplatin/etoposide) and intraventricular methotrexate. Patients then
received HFRT (1 Gy b.i.d. to a total CSRT dose of 40 Gy) with 60 Gy to
the posterior fossa, 68 Gy to the tumour bed, and 50–60 Gy boost to
metastatic deposits. Following radiotherapy, patients received four cycles
of lomustine, vincristine, and cisplatin chemotherapy. There was an option
for patients who had a very good response to systemic chemotherapy to
receive additional high-dose chemotherapy with stem cell rescue, although
only a very small number of patients actually received high-dose
chemotherapy.

Preliminary results from MET-HIT 2000-AB4 were presented in 2009
for patients that did not receive the high-dose chemotherapy arm. One
hundred and forty patients with a median of age of 7.8 years were
registered between 2001 and 2007. There were 90 patients eligible for
analysis that did not receive high-dose chemotherapy, with a median
follow-up of 3.7 years. Three-year EFS was 67 ± 5% and OS was 81 ± 4%.
Three-year survival rates were not different between the 25 patients with
M1 disease and those with M2/3 disease. There were no significant
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differences in survival rates of 73 children with classic, 13 with
desmoplastic, and 4 large cell/anaplastic MB. There were no major
unexpected toxicities and no treatment-related deaths. The preliminary
outcome from the HIT 2000 study is thus encouraging and appears better
for this cohort of patients who received HFRT as opposed to those entered
into the HIT 91 study who received conventional radiotherapy. However,
there is concern about using these high doses of radiotherapy particularly
when conventionally fractionated, with respect to the long-term
neuropsychological outcome.

A pre-radiotherapy chemotherapy approach may have the advantage of
allowing therapy to commence immediately and to reduce the burden of
disease at the time of the radiotherapy. In the HIT 91 study there appeared
to be a survival advantage for those patients with metastatic MB receiving
sandwich chemotherapy as opposed to those receiving immediate
radiotherapy. On the other hand, data from POG 9031 study showed no
difference in survival between those patients receiving immediate or
delayed radiotherapy.

Management of high-risk PNET/medulloblastoma in
infants
The outcomes following treatment of infants with metastatic MB are
generally poor compared with older children with metastatic MB and
infants without metastases at presentation.

The results of a recent international meta-analysis of children from
Europe and the United States were published in 2010 (37). In this analysis,
which included children up to the age of 5 and with a median age of 1.89
years, there were in total 260 children, of whom 75 had metastatic disease
at presentation. Fifty-five of the 75 had M2 or M3 disease. The 8-year
survival rate was 27%.

In a UK series of children under the age of 3 with brain tumours treated
between 1992 and 2003 and reported in 2010 (38), 31 had MB, of whom
15 had metastases at presentation. Although the aim was to try and avoid
radiotherapy, the majority (72%) ended up receiving it. At follow-up, 5 of
the 15 were alive, with a 5-year OS of 33% for those with the classical
histological variety of MB.

Outcomes for young children treated in Germany have been similar
(39). In the HIT SKK92 German protocol, an intensive chemotherapy
regimen that included intraventricular methotrexate was used in 45
patients. For infants without metastases at presentation, 77% of those with
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complete resection, (particularly those with the desmoplastic histological
variety), and 42% of those without complete resection, were free of relapse
at 4 years. However, for children with metastases at presentation, only
27% were free of recurrence at 4 years.

The Headstart protocols have been developed with the aim of delivering
very intensive chemotherapy in order to try to delay or even possibly avoid
radiotherapy in young children (with both high-risk and standard-risk MB)
(40). This series of protocols was developed in the United States but in
recent years has become more widely used in Europe.

There are no data available on the longer-term outcomes of treatment
for infants with high-risk PNET, and achieving long-term tumour control
with acceptable morbidity is a major challenge.

Pineal tumours
Definition
About 20% of tumours in this location are pineal parenchymal tumours
(PPTs). They are classified as PC (grade I), pineoblastomas (grade IV), as
well as PPT of intermediate differentiation (PPTID). There is also the rare
papillary tumour of the pineal region. Their biological behaviour is
variable.

Pineocytomas are generally well circumscribed and do not spread
through the CNS. PPTs are classified as grade II–III according to the
WHO classification.

Epidemiology
The incidence of pineal region tumours is low, accounting for less than 1%
of brain tumours. Pineal region tumours are much more common among
paediatric brain tumours than among adults with brain tumours. The most
common type of tumour found is germ cell tumours which represent at
least 50% of all paediatric pineal region tumours. Germ cell tumours are
discussed separately in Chapter 14. PPTs have been reported to occur with
no gender predilection and at a median age of 12 years (41).

Clinical presentation of pineal tumours
The most common presenting symptoms from tumours in the pineal region
are those symptoms resulting from hydrocephalus (headache, nausea,
vomiting). In addition, Parinaud syndrome is a relatively common
presenting finding.
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Imaging
Most pineal tumours demonstrate heterogeneous enhancement on MRI
studies. There are no clear diagnostic differences on imaging to the type of
pineal tumour (see Fig. 9.3) (42).

Fig. 9.3 Pineoblastoma.

The prognosis follows the disease extent and histology. Thus, treatment
is guided by histological subtype. Surgery is required in pineocytoma
while pineoblastomas will be discussed in greater detail in later sections. A
biopsy is required in most pineal tumours to establish the diagnosis and
guide treatment. For patients with PPTs, we recommend surgical resection
if possible.
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Radiotherapy techniques for medulloblastoma
The clinical target volume (CTV) for CSRT includes the meninges
surrounding the whole brain and spinal cord and extending to the lower
limit of the thecal sac. Conventionally the lower borders of lateral whole-
brain fields are carefully matched to the superior border of one or more
posterior spinal fields, usually with a moving junction between the brain
and spine fields to minimize the risk of underdose or overdose in the
region of the field junction in cervical spinal cord.

Treatment planning and delivery
CSRT is one of the most complex techniques employed in most
radiotherapy departments. Modern tools for treatment planning and
delivery should be employed leading to a more streamlined technique and
can substantially reduce planning and delivery times. One such technique
is shown in Fig. 9.4. Quality control of radiotherapy planning and delivery
has been shown to improve outcomes for treating patients with MB. In the
SFOP M-7 protocol, 50% of relapses could be correlated with targeting
deviations. In the MSFOP-93 and MSFOP-98 studies the relapse rate was
17% in patients who had inadequate coverage of one component of the
CTV (e.g. the cribriform plate), 28% for patients who had inadequate
coverage at two sites, and 67% for patients who had inadequate coverage
at three or more sites (13, 43, 44).

Fig. 9.4 (See colour plate section) Tomotherapy plan for craniospinal radiotherapy.
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Reproduced from Hoskin P, Radiotherapy in Practice - External Beam Therapy,
Second Edition, Copyright (2012), with permission from Oxford University Press.

Fig. 9.4 Tomotherapy plan for craniospinal radiotherapy.
Reproduced from Hoskin P, Radiotherapy in Practice - External Beam Therapy,
Second Edition, Copyright (2012), with permission from Oxford University Press.

With regard to planning the posterior fossa boost, careful attention to
detail is also necessary. The optimal CTV for a reduced-volume posterior
fossa boost remains to be defined although an anatomically confined
expansion of 1.5 cm around any macroscopic residual tumour and the
surgical bed seems to be reasonable and this was the volume under
investigation in the recently completed COG study for standard-risk
disease.

CSRT should commence in a timely manner. Delay has been associated
with poorer outcomes and CSRT should ideally start within 30 days
following surgery (45).

New treatment modalities for craniospinal irradiation
Protons provide a dose distribution for craniospinal irradiation that cannot
be achieved by even the most sophisticated photon beam treatment
planning, with significant reduction in low-dose exposure to organs
anterior to the spine in the exit region of the spinal field. This should
achieve equivalent tumour control but with reduced long-term morbidity
(46, 47, 48) including the risk of radiation-induced second cancer (47, 48,
49, 50). Planning studies predict a significant reduction in the risk of
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second malignancy from the use of protons for CSRT due to reduced
irradiation of organs anterior to the spine (see Fig. 9.5) (50).

Fig. 9.5 (See colour plate section) Pencil beam scanning dose distribution for
craniospinal irradiation in a child with medulloblastoma.
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Fig. 9.5 Pencil beam scanning dose distribution for craniospinal irradiation in a
child with medulloblastoma.

Long-term effects of radiotherapy for medulloblastoma
The quality of survival of children with brain tumours including MB and
other embryonal tumours may be compromised by long-term sequelae.
There may be direct and indirect effects on musculoskeletal development,
predominantly impaired spinal growth as a consequence of the effect of
the spinal component of CSRT on spinal growth. Osteopenia is possible,
particularly in those with residual neurological deficits.

Recently the neurocognitive sequelae of radiotherapy have become
much better characterized. It is now realized that functional maturation and
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myelination of the CNS continue until well into adolescence and even into
the young adult age range. Through its effect on the microvasculature and
on the oligodendrocyte precursor cells that produce myelin, radiotherapy
results in impaired neurogenesis and cortical atrophy. Patients fail to
acquire new knowledge and skills at an age-appropriate rate and show a
progressive decline in IQ over time (62). The magnitude of the deficit
depends on age at treatment with younger children worst affected, but
other factors which apply include constitutional/genetic (e.g. NF1), tumour
(e.g. location, presence or absence of hydrocephalus), treatment factors
(e.g. radiotherapy (51, 52)), and use of chemotherapy (53). Furthermore,
for children treated for MB, hearing impairment due to cisplatin may have
a compounding effect on educational activities. As a consequence, many
children exhibit impaired school and social performance which tends to
deteriorate over several years. There is increasing evidence that
intervention providing additional targeted support with schooling or using
cognitive or behavioural therapy or pharmacotherapy may be useful, and
that this should commence as soon after treatment as feasible for optimum
benefits (50, 54, 55).

Endocrine deficits are very common after radiotherapy (56). Even
though a substantial proportion of patients may have had deficits prior to
radiotherapy due to the tumour or to surgery, and even though there may
be modulating factors such as chemotherapy that affect the frequency of
deficits, radiotherapy is primarily responsible for the growth hormone
deficiency that correlates with the dose of radiotherapy to the
hypothalamic–pituitary axis and the primary hypothyroidism seen after
CSRT (55).

Medulloblastoma/PNET in adults
Epidemiology
The European annual incidence of CNS embryonal tumours is
approximately 0.2/100,000, 0.1/100,000 and less than 0.1/100,000 per year
in patients 20–39 years, 40–59 years, and older than 60 years of age,
respectively (57). The survival analysis in the population-based cancer
registries of around 20 European countries in the EUROCARE study (58)
covered 867 adults diagnosed with PNETs of the brain during the period
1995–2002. In these patients, the survival was 78% at 1 year, 61% at 3
years, and 52% at 5 years. The 5-year relative survival decreased with age:
from 56% in the younger (15–44 years) age group to 9% in the older group
(45 years and over).
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In the paediatric population it is now evident from molecular analysis that
most tumours previously diagnosed as supratentorial PNET should now be
reclassified as other entities. It is necessary for the equivalent analyses to
be undertaken in the adult population.

Clinical outcomes and genetic alterations
The tendency for metastatic spread is somewhat lower in adults than in
children (59, 60). However, late relapses are more common, since the 5-
year relapse rate, 62%, decreases to approximately 40% at 10 years (59,
61). Metastatic spread outside the CNS is rare. Bone is the most common
site of metastasis in adults, accounting for 80% of metastases found
outside the CNS (62).

During recent years, genetic and molecular alterations have been
claimed to explain morphological and survival differences. In particular,
amplification and overexpression of MYC and MYCN occur in 5–10% of
MB, being increased levels of MYC expression significant predictors of
worse outcome (63, 64). Other frequent genetic abnormalities in MB are
chromosomal alterations, in particular on chromosome 17, that occur in up
to 40–50% of primary tumours. Several authors have observed that
chromosome 17p deletion as shown in PNET-4 is correlated with a worse
prognosis (65, 66). Ray et al. (67) showed that protein expression of MYC,
p53, PDGFR-alpha, ERBB2, MIB-1, and TrkC combined with clinical
characteristics could accurately predict relapse risk in paediatric MB
patients.

Pomeroy et al. studied the gene expression profile in paediatric MB
using oligonucleotide microarrays and demonstrated that the expression
profile of eight genes helped to predict outcomes. Patients with a good
prognosis pattern had a 5-year OS of 80% compared with 17% for those
with a poor prognosis pattern (68).

During the past few years, array-based transcriptional profiling has
uncovered the existence of distinct molecular subgroups and substantial
differences have been identified between paediatric and adult MB patients
(3, 69, 70), overall identifying four molecular subtypes: sonic hedgehog
(SHH—about 30% of patients), WNT (10%), Group 3 (25%), and Group 4
(35%).

A recent meta-analysis of seven studies, where adults (defined as >16
years) represented 12% of the analysed population (71), identified that
SHH tumours were most prominent in adults and infants, but not in older
children, while Group 3 tumours were almost absent in adults. Group 4
was mainly represented in childhood, and patients in this group have an
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intermediate prognosis similar to the SHH subgroup, but adults with
Group 4 MBs may do significantly worse (69, 71). At the time of
recurrence, MBs maintain their subgroup affiliation and that the
anatomical pattern of recurrence is highly subgroup specific. SHH MBs
almost always recur locally, while almost all recurrences of Group 3 and
Group 4 MB are metastatic, with recurrence in the posterior fossa in
radiated patients being very rare (72).

Preliminary analysis of the mutational spectra of adult MB suggests that
adults harbour significantly more somatic single nucleotide variations
which are somatic, non-silent mutations, than subgroup-matched paediatric
counterparts (73).

Prognosis
Risk factors
The Chang staging system is the same as is used in children (2). Patients
with M0–1 and T1–2 disease fared best, claiming for a risk stratification.

The definitions of ‘low-risk’ (or ‘standard-risk’, ‘average-risk’) and
high-risk (or ‘poor-risk’) groups, respectively, have been shown to be of
controversial clinical utility. Some authors consider that patients with
residual tumour of less than 1.5 cm2 in size and no metastatic disease are at
average risk (74, 75) whereas others also incorporate T stage in the risk
assessment, and include patients T1–T2 and T3a tumours in the average-
risk group (76).

However, despite risk definitions, it is generally agreed that patients
without metastases have a lower risk for recurrence.
Metastatic disease
While in paediatric MB, M stage has been consistently associated with
prognosis, its importance in adult disease is not as clear. Preliminary data
reported in the prospective series of Brandes et al. suggest that patients
without metastases have a significantly better outcome than those with
metastatic spread (75% PFS at 5 years, compared to 45%, respectively)
(76). Updated data on the same population, after a median follow-up of 7.6
years, showed that the difference was not maintained. PFS at 5 years was
61% and 78% in metastatic and non-metastatic patients, respectively,
which did not achieve statistical significance (77). These data were
consistent with what was obtained by other groups (78). However, it is not
clear if, as in the paediatric counterpart (79), no significant difference
could be found between M0 and M1.
T status
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T staging may retain a prognostic role in adult MB, as suggested in a
prospective trial, and in a large retrospective series of 253 patients where
brainstem and fourth ventricle involvement was a negative prognostic
factor on multivariate analysis (77, 78).
Residual disease
In the paediatric population, it is a generally accepted criterion that
residual tumour of greater than 1.5 cm2 in size predicts for a poorer
prognosis (80). On the contrary, in adults, the largest studies were not able
to find a significant impact on the 5-year PFS difference (77).

Treatment
In the past, it was assumed that MBs in adults had equivalent clinical
features and responses to therapy to those in children. Adult patients
therefore were frequently treated with paediatric protocols, with simple
variations in drug dosages and schedules. There is a paucity of prospective
controlled trials in adults, and current experience is based mainly on small
retrospective studies investigating a variety of different treatments.
Surgery
Findings from several recent studies confirm the prognostic importance of
achieving a total or near total surgical excision for adults and children
(23).
Radiation therapy
Surgery alone is associated with a high recurrence rate, thus calling for
adjuvant radiotherapy (81, 82). Postoperative radiotherapy consists of
craniospinal irradiation followed by a boost to the posterior fossa as
outlined earlier. Over the past 40 years, treatment outcomes have
progressively improved, and the current long-term survival rate for adults
is approximately 70%. The dose–response relationships for treatment of
tumours within the posterior fossa have been clearly documented in
paediatric patients as well as in adults (83, 87). In adults, a dose of 54 Gy
provides a 5-year disease control of about 70–90%, compared to 40% with
doses of less than 50 Gy (86, 87). Dose reductions in the adjacent areas of
the neuraxis appear to be of critical importance. If combined with
chemotherapy, however, these dose reductions appear to be feasible (9), as
in paediatric patients, but the only study available in adults, by Bloom and
Bessell, reports an increase in the recurrence rate after dose reductions
(32–35 Gy reduced to 15–25 Gy) (85).
Chemotherapy
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Standard-risk medulloblastoma
The role of chemotherapy in adults is far from clear, since despite MB
remaining a chemosensitive disease also in adults, chemotherapy
tolerance, especially after craniospinal irradiation is a limiting factor.
Large retrospective series suggested that in the average-risk subgroup of
patients, there was no overall survival difference between patients treated
with axial doses of greater than 34 Gy and those treated with craniospinal
doses of less than 34 Gy plus chemotherapy (76). Of note, since the
updated data with long-term follow-up, reported by Brandes et al.,
demonstrated that the risk of recurrence increased markedly after 7 years
of follow-up in average-risk patients, it raised the issue of a role for
chemotherapy in average-risk patients (77). Data from the HIT 2000 trial
showed that the delivery of maintenance chemotherapy for non-metastatic
(mainly standard-risk) patients aged 21 years and over is feasible, but after
the relatively short follow-up of 3.7 years, did not significantly improve 4-
year PFS and OS (88).

Thus, the recommendation for average-risk patients is surgery followed
by postoperative radiotherapy (craniospinal followed by a boost to the
entire posterior fossa) using conventional doses (without dose reductions).
In contrast to the paediatric counterpart, adult patients have fewer growth
and hormonal issues after radiotherapy. To date, adjuvant chemotherapy is
still controversial, since its effect and possible toxicity when administered
for this disease are less well studied.
High-risk medulloblastoma
The efficacy of adjuvant chemotherapy in adults appears to be similar to
that in children. However, because of the heterogeneity of patients and
protocols, one regimen cannot be considered preferable to another (77).

Historical data showed that treatment with radiotherapy alone is
insufficient for high-risk patients, while the use of chemotherapy is
associated with a 5-year PFS rate of 40–45% (61, 76).

For high-risk patients, it is impossible to establish detailed treatment
recommendations. Data from the prospective trial conducted by Brandes et
al. suggest that upfront chemotherapy followed by radiotherapy is feasible,
and provides long-term outcomes similar to those obtained with
radiotherapy alone in standard-risk patients (76, 84).

Recurrent disease
As in children, there is currently no standard therapy after relapse and the
prognosis is generally very poor for those patients that relapsed after
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having previously received radiotherapy.. Thus, new strategies are under
investigation in this setting. Novel subgroup-specific therapies are being
explored in clinical trials, particularly for the SHH subgroup.

The HH pathway can be activated by mutations in PTCH1 or SUFU
(loss of function), or SMO (gain of function) that lead to ligand-
independent, constitutive signalling. Such mutations have been identified
in approximately 20–30% of MBs. Thus, it is expected that oral HH-
pathway inhibitors, would most likely provide clinical benefit only in
patients with HH-pathway activated (HH+) tumours, and are currently
under active investigation. Despite showing a pronounced initial response
to treatment with anti-SMO small molecule (i.e. vismodegib, LDE225),
both humans and mice acquired resistance to this drug and relapsed (89).
However, the outcome of adult and paediatric MB after anti-SMO
treatment is yet to be defined. Moreover, novel SHH targets identified here
are excellent candidates for combinatorial therapy with SMO inhibitors, to
avoid the resistance encountered in both humans and mice (89, 90, 91).

Atypical teratoid/rhabdoid tumours
Atypical teratoid rhabdoid tumours (AT/RTs) are rare embryonal tumours,
arising most commonly in infancy. There is an association of renal
rhabdoid tumours with other CNS embryonal tumours, such as PNET, and
in addition, areas within AT/RTs may show differentiation towards PNET,
sarcoma, or carcinoma (92, 93). Most tumours show an abnormality of
chromosome 22, and this led to the identification of mutations in the gene
hSNF5/INI1 in almost all cases (94). Familial cases have been reported,
and a rhabdoid predisposition syndrome is now increasingly recognized.

Tumours arise in all parts of the CNS, more commonly in the
infratentorial compartment, and spread contiguously or by dissemination:
one-third are metastatic at diagnosis. These are highly malignant tumours,
and can spread through dense fibrous structures such as tentorium.

Epidemiology
Most tumours present in early childhood, median age 20 months, and show
a preponderance of males (M >F 1.6:1). Most arise within the posterior
fossa or cerebral hemisphere, but may arise in the spinal cord or be
multifocal.

Presentation
As for all tumours, the presentation of AT/RT depends on where the
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tumour arises and the age of the child. These tumours tend to grow rapidly,
and may be extremely invasive. Symptoms and signs of raised intracranial
pressure are expected. Radiological features are not characteristic, but such
tumours appear as large, hyperdense lesions, which enhance strongly,
reflecting a highly vascular structure. There may be haemorrhage or
calcification, and occasionally, signs of leptomeningeal spread.

Molecular genetics
Loss of the gene SMARCB1 (also known as INI1, hSNF5, and BAF47) is
the main event leading to AT/RT development. SMARCB1 is a
component of the hSWI/SNF nucleosome-remodelling complex, which is
present in prokaryotes and eukaryotes. hSWI/SNF consists of 8–11
proteins, and SMARCB1 is a core member, present in all variants of the
complex. The complex has elements which disrupt DNA binding to
histones, enhancing transcription.

Loss of function of SMARCB1 is seen in the large majority of AT/RTs
(95, 96, 97), and is the only mutation necessary in these. Loss of
immunohistochemical staining for the gene product allows rapid
identification of these tumours.

Although originally identified to be important in rhabdoid tumours,
mutations of SMARCB1 are found in up to 20% of all cancers. Loss-of-
function mutations of SMARCB1 are important factors in the oncogenesis
in a subset of highly aggressive cancers in young children (94). However,
loss of only SMARCB1 is seen in AT/RT, whilst many other mutations are
typically seen in other malignancies. In the series of patients with AT/RT
reported by Hasselblatt, using high-resolution genome-wide analysis with
a molecular inversion probe single-nucleotide polymorphism (MIP SNP)
assay, alterations at this locus were identified in 15/16 cases, but not in any
other cancer-relevant genes (98). AT/RT is most unusual in carrying such
limited diversity of mutation.

Approximately 5% of AT/RTs lack a SMARCB1 gene deletion. It is
likely that another member of the chromatin remodelling complex,
SMARCA4, is lost in some of these cases, although the general importance
of this gene is not clear (99).

Although the downstream molecular actions are not clear, it is known
that the complex regulates the cell cycle and cooperates with p53 to
prevent oncogenic transformation (100, 101). INI1/hSNF5 appears to
cause transcriptional repression of the cyclin D1 gene, through histone
deacetylase (102, 103).
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Familial rhabdoid tumours
Ten to fifteen per cent of children with rhabdoid tumours have
synchronous or metachronous brain tumours, and many of these are
second primary malignant rhabdoid tumours. Germline mutations of
SMARCB1 are common, particularly in younger children, and these are
associated both with familial predisposition, and multiple tumours. In the
series of von Hoff et al., a germline mutation was identified in 35% of
patients, and in these, younger, patients, an adverse outcome was seen. A
high frequency of germline mutation in younger patients and a more
aggressive clinical course has been reported in these (104, 105, 106). The
identification of a familial rhabdoid tumour without INI1 mutation
indicated a second locus for this tumour, being SMARCA4 (99) (107).

Familial schwannomatosis
In recent years, the association of the SMARCB1 gene with familial
schwannomatosis has presented an interesting additional question (106,
108, 109, 110). Although normally associated with neurofibromatosis type
2 (NF2), loss of the NF2 locus is not seen in familial cases of
Schwannoma without vestibular Schwannoma (111). The candidate gene
most likely to be responsible is SMARCB1: the gene is located centromeric
to NF2, very close to a linkage marker for familial schwannomatosis
(108). Why loss of expression might lead to differing tumours is not fully
understood, although the loss of exon 1 is associated with schwannomata,
whereas most mutations in rhabdoid tumours involve exons 2, 4, 5, 6, 7,
and 9 (112, 113).
Treatment and prognosis for AT/RT
The prognosis for AT/RT had, until relatively recently, been extremely
poor. In the series originally reported by Rorke et al., median time to
progression was 4.5 months, and median OS was 6 months (93). The
Cleveland AT/RT registry included 42 patients, of whom 20 received
radiotherapy (114). Median survival was 48 months (range 10–96 months).
An analysis of patients with AT/RT from 1988 to 2004, in the German
HIT database showed a median survival of 1.0 (range 0.1–3.1) year (115).
EFS and OS at three years were 13% ± 5% and 22% ± 6%.

More recently, the development of more systematic strategies has led to
significant improvement, and the identification of important prognostic
factors. Most strategies have included radiotherapy, although there is no
study comparing radiotherapy with other approaches such as high-dose
chemotherapy.
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The first prospective series of patients treated with a consistent approach
was reported by Chi et al. (116). Twenty-five patients, aged 2.4 months to
19.5 years, were enrolled, and treated with aggressive multimodality
therapy including craniospinal radiation, intrathecal chemotherapy, and
intensive systemic chemotherapy. Toxicity was severe, with one treatment-
related death and a further patient developing spinal radiation recall and
transverse myelitis. However the 2-year OS and EFS reported of 70% ±
10% and 53% ± 13% were encouraging. Patients who achieved complete
remission (CR) during therapy did well, whilst those with residual
(progressive) disease almost all died. In this series, 15/25 patients received
radiotherapy, but the importance of radiotherapy cannot be inferred from
the data.
The role of surgery in AT/RT
There is a clear benefit for patients who achieve surgical CR in most
reported cases. In the report by Hilden et al. (114), 10/21 patients remained
alive having achieved a surgical complete clearance, compared to 4/21
who did not. Comparable data were found for the patients identified in the
UK review (6/13 alive after surgical CR compared to 4/20 where this was
not achieved and 0/14 where information was not available).

Further support for surgical resection being of prognostic value comes
from the recent DFCI study (see below).
The role of radiotherapy in AT/RT
Radiotherapy has been used for the majority of patients treated
successfully for AT/RT, and it is an important component of current
strategies. There is some confounding of data, however, since patients who
have not received radiotherapy are likely to be those who show early
progression, poor clinical state, or are very young. Radiotherapy is often
part of a systematic approach to treatment, and there may be a beneficial
effect from this alone.

The data reported by Hilden et al. (114) showed some benefit associated
with radiotherapy (8/13 patients alive after radiotherapy compared to 6/29
alive who had not received radiotherapy). Tekautz et al. reported 22
patients treated under the age of 3 years were treated according to the
SJMB96 protocol without radiotherapy, of whom only one patient
survived (117). Two patients received radiation therapy in addition to
chemotherapy, and both were alive at the time of publication.

Chen et al. reported survival of only three of seventeen patients who
underwent complete surgical resection and craniospinal radiation therapy.
In this setting, radiotherapy appeared to be ineffective (118).
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It seems reasonable to conclude that radiation therapy is associated with
a higher rate of local control in patients who also receive chemotherapy,
and may improve long-term survival. CSRT does not seem to be
associated with a higher OS. The concern for young children is are the
severe neuropsychological sequelae produced by radiotherapy to the brain,
and efforts continue to attempt to avoid this.
Intrathecal therapy
Intrathecal (IT) therapy in the presence of bulky disease does not affect
outcome. Reports by Chou and Anderson (119) as well as Weinblatt and
Kochen (120) showed no benefit in patients with significant disease after
surgical resection.

The role of IT therapy with minimal residual (microscopic) disease is
unclear, and again, no systematic study has been done. IT therapy was
used with the earliest successful regimens (121), and anecdotal evidence is
available elsewhere. Hilden et al. reported four patients who received
intrathecal thiotepa following subtotal tumour resection, chemotherapy,
and high-dose chemotherapy (114).

Zimmerman et al. reported four patients who received chemotherapy,
triple intrathecal therapy (MTX, ara-C, hydrocortisone), and two with
radiotherapy (123). All were alive without evidence of disease at the time
of publication.

Data are still limited to support the role of IT therapy in AT/RT. Many
of the patients who have been successfully treated have undergone
treatment in a systematic manner where all available therapies have been
administered. Again, the value or otherwise is unlikely to be addressed
until consistent reports of improved survival are seen.
High-dose chemotherapy
High-dose therapy has been used most often in infants, which is a selected
group for whom a higher likelihood of germline mutation is expected.
Most data are anecdotal, but indicate a possible role in some patients (114,
122, 124, 125, 126, 127, 128, 129).

Dallorso et al. reviewed the role of high-dose chemotherapy in a series
of 29 AT/RT patients included into the AIEOP trial (130). Thirteen
patients received myeloablative chemotherapy. The EFS at 5 years did not
differ between patients who received conventional chemotherapy and
those who received high-dose chemotherapy. Thus, the authors concluded
that the role of high-dose chemotherapy has to be judged as questionable.

A recent report by Lafay-Cousin et al. is informative (131). Forty
patients (median age 16.7 months) were treated with surgery,
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chemotherapy and radiotherapy, or high-dose chemotherapy. Surgical CR
was associated with significantly better survival (2-year OS 60% vs
21.7%, P = 0.03). Eighteen patients received high-dose therapy, and OS
for these patients at 2 years was 47.9% ± 12.1% compared to 27.3% ±
9.5% for the group who underwent conventional chemotherapy.
Radiotherapy was not associated with any significant improvement in
survival compared to those who did not receive it (median survival 17.8
months vs 14 months, P = 0.64). Six of the twelve survivors received no
radiotherapy.

It would seem that there may be a useful role for high-dose therapy in
AT/RT, and its purpose may be to avoid the need for, or allow a reduced
dose of, radiotherapy in those patients where this would be unduly
hazardous. There is now a need for a multi-national study to compare these
options.

Pineoblastoma
Until recently, pineoblastoma was considered a type of CNS-PNET, a
disease group now no longer considered a diagnostic entity (see below).
Cytogenetic and subsequently genomic and epigenetic-based techniques
clearly showed that pineal and non-pineal CNS-PNET differed not only in
their site of origin but also in their genetic identities. In the current WHO
classification of CNS tumours, pineoblastoma is now clearly defined as a
distinct tumour (132).

Pineoblastomas are very rare, with around one or two cases per year in
the United Kingdom. As with other tumours previously diagnosed as
PNET, treatment has been given with protocols principally designed for
high-risk MB. Thus patients over the age of 3–5 years have been treatment
with surgical excision, radiotherapy with a dose of 35–36 Gy to the
craniospinal axis, and various chemotherapy regimens.

It is clear from a number of series (133, 134, 135, 136) that
pineoblastomas have a superior outcome to other non-MB embryonal
tumours with 3–5-year EFS/PFS in the order of 60–75%. These reasonably
good outcomes may, however, just apply to older non-metastatic patients,
as noted for the PNET-3 series where the prognosis for those with
metastatic disease was very poor (137) as is the outcome for infants not
treated with radiotherapy.

The St Jude study of PNETs suggested that so-called average-risk
patients (completely resected and non-metastatic) with these tumours,
including pineoblastomas may have good survival with reduced dose
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CSRT (i.e. 23.4 Gy), although this needs to be conformed in larger series
(136).

Other embryonal tumours
As with other CNS tumour groups, there has been an explosion in our
knowledge and understanding of embryonal tumours. Until recently, the
majority of embryonal tumours not diagnosed as either MB or AT/RT
were included in the diagnostic category of CNS-PNET. In turn, the
concept of PNETs was originally proposed by Hart and Earle in
recognition of the similar histological characteristics of cerebellar PNETs
(MB) and supratentorial PNETs (StPNETs) (138). Although this was
accepted for many years, there appeared clear evidence of differences
between the molecular biology and the cells of origin of MB and StPNETs
(139). The term CNS-PNET was then used in preference to StPNET in
recognition of the fact that non-MB PNET may rarely arise in the posterior
fossa as well as the supratentorial region.

As a group, embryonal tumours previously diagnosed as CNS-PNET are
rare, around 2–3% of CNS tumours in childhood, with a mean age of
presentation of 5.5 years (137, 140). Most are cortical tumours but until
recently the spectrum of CNS-PNET included pineoblastoma.

In 2000, Eberhart et al. described a variant of StPNET, the ‘embryonal
tumour with abundant neuropil and true rosettes (ETANTR)’ as a tumour
exhibiting prominent ependymoblastic rosettes, neuronal differentiation,
and a neuropil background (141). This tumour was predominantly reported
in young children and was accepted as having a very poor prognosis. The
Heidelberg group subsequently described a novel genomic amplification
targeting the microRNA cluster at 19q13.42 in ETANTRs (142). More
recently, in 2014, the same team reported that a group that appears to
clearly separate from other embryonal tumours are the now termed
embryonal tumours with multilayer rosettes (ETMRs). ETMR is now
recognized as containing the three histological variants ETANTR,
ependymoblastoma, and medulloepithelioma (143). Although
histologically these three tumour types may appear different, they are
genetically indistinguishable. Almost all of them harbour the C19MC
amplicon and are highly positive for LIN28A, although LIN28A is not
totally specific for ETMRs, for example, some expression in AT/RTs and
in germ cell tumours. Similar findings were reported by Spence et al.
(144).

Of particular importance has been the observation from genomics and
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especially epigenetic studies appear to clearly show that the tumour group
that was understood as CNS-PNET is a very heterogeneous group of
tumours of which many are often misdiagnosed.

The Newcastle group in the United Kingdom, in collaboration with
others, has demonstrated the utility of DNA methylation profiling for the
discovery and distinction of clinical and molecular subclasses of brain
tumour types (145). Using DNA methylation profiling, they assessed a
series of 29 institutionally diagnosed archival CNS-PNET alongside
assessment of clinical and molecular characteristics. CNS-PNET did not
form a single discrete group; indeed, CNS-PNET clustered into six
different tumour groups, showing closer similarities to other clinically and
molecularly defined paediatric brain tumour groups investigated in
parallel. For example, around 30% clustered with high-grade glioma. This
work showed that despite a defining histological homogeneity using
accepted diagnostic criteria, tumours diagnosed as CNS-PNET displayed
highly heterogeneous DNA methylation patterns that are more commonly
related to other paediatric brain tumour types than to each other.

The Heidelberg group in Germany has also used DNA methylation
together with gene expression arrays to compare the data generated from a
large number of institutionally diagnosed ‘CNS-PNET’ to a very large
cohort of other brain tumours. They also noted that the majority of these
tumours can be reclassified into known entities like ETMR, AT/RT,
glioblastoma, or ependymoma (146).

These studies and others based on new genomic and epigenetic
information have completely altered understanding and indeed nosology of
embryonal tumours other than MB and AT/RT. This together with a re-
evaluation of the histological aspects of embryonal tumours has resulted in
the term CNS-PNET being removed from the 2016 WHO classification of
CNS tumours (132). Instead, the classification refers to the following
diagnoses within the overarching embryonal group: ETMR C19MC-
altered, ETMR NOS, medulloepithelioma, CNS neuroblastoma, CNS
ganglioneuroblastoma, CNS embryonal tumour NOS.

Alongside the histological reclassification of embryonal tumours,
further work has proposed new molecular classifications of this
heterogenous tumour group. In 2016, Sturm et al. from the Heidelburg
group proposed four new CNS tumour entities, each associated with a
recurrent genetic alteration and distinct histopathological and clinical
features. These new molecular entities were designated: ‘CNS
neuroblastoma with FOXR2 activation (CNS NB-FOXR2)’, ‘CNS Ewing
sarcoma family tumour with CIC alteration (CNS EFT-CIC)’, ‘CNS high-
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grade neuroepithelial tumour with MN1 alteration (CNS HGNET-MN1)’,
and ‘CNS high-grade neuroepithelial tumour with BCOR alteration (CNS
HGNET-BCOR)’ (143).

In conclusion, these and other data confirm that the group of embryonal
tumours previously recognized as CNS-PNETs are a heterogeneous group
of tumours and a significant proportion may represent a subgroup of
recognized tumour types including high-grade glioma as well as new
histological and molecularly defined groups now entering the lexicon of
CNS tumour classification.

Management
Embryonal tumours previous referred to as CNS-PNETs have generally
been treated with protocols designed for children with high-risk MB with
many historical trials and series including both tumour groups. Thus the
accepted standard therapy is to remove the tumour as completely as
possible. Historically, for children aged at least 3 years of age, CSRT is
delivered with a dose of 35–36 Gy with a boost to the primary tumour of
approximately 18 Gy. Conventional intensity chemotherapy is generally
administered according to combinations of drugs used in high-risk MB
protocols, although some protocols have also included myeloablative
chemotherapy with stem cell rescue.

Examples of older series of embryonal tumours classified as CNS-
PNET come from the SIOP PNET-3 (135), HIT 88/89 and 91 (134), and
CCG-921 (146) studies. More recently, the COG reported the outcome and
prognostic factors for children with ‘ST PNETs’ treated with carboplatin
during radiotherapy in accordance to the phase II trial for high-risk MB
(147).

Prognosis for these and other series reported survivals for ‘non-pineal
CNS-PNETs’ of around 30–45%. It is of note, however, that these series
may contain patients with other tumour types including high-grade glioma
and do not take into account the new histological and molecular
classification of embryonal tumours.

The observation that embryonal tumours other than MB, AT/RT, and
pineoblastoma consist of a number of entities requires further study to
fully classify these tumours and to develop focused therapeutic protocols.
It also suggests that such tumours should be subject to molecular
characterization as well as central pathological review, at least to enable
the diagnosis of ETMR and to rule out well-defined entities such as high-
grade glioma which, for example, may not require CSRT. Further
translational and clinical research is needed to fully classify these tumours
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and to develop focused therapeutic protocols and because of the rarity of
these tumours, global collaboration is clearly required.
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CHAPTER 10

Tumours of the cranial nerves
Joerg–Christian Tonn and Douglas Kondziolka

Definition
Most tumours of the cranial nerves are schwannomas (formerly neuromas),
which develop from the Schwann cells. The olfactory nerve very rarely
develops a so-called ectopic paediatric olfactory schwannoma. The optic
nerve has no Schwann cells and therefore does not give rise to any
schwannoma.

The second, less frequent, tumour type of cranial nerve tumours, is the
optic nerve sheath meningioma (ONSM). Since the optic nerve is the only
cranial nerve with its own arachnoidal cell layer, nerve sheath
meningiomas are restricted to only this location.

Epidemiology
The most frequent tumours of the cranial nerves are schwannomas, which
account for 8% of all intracranial tumours. The most common tumour is
the schwannoma of the vestibular nerve (formerly, often misleadingly,
termed ‘acoustic neuroma’) with an incidence of 1.3 per 100,000
population per year (1). In patients with neurofibromatosis type 2 (NF2),
the incidence is much higher (see Chapter 15).

Optic nerve sheath meningiomas are very rare, accounting for only 1%
of all meningiomas (2). Another rare, primary tumour of the cranial nerves
is the optic nerve glioma, which can extend to the optic pathway and is
much more common in children with NF1, compared to non-NF1 patients
and adults. The incidence is 1:10,000 (3).

The esthesioneuroblastoma (also termed olfactory neuroblastoma) is a
very rare, malignant tumour of the olfactory nerve and the olfactory bulb.
Approximately one thousand cases of this clinically malignant tumour
have been described so far (4).
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Malignant peripheral nerve sheath tumours (MPNST) are extremely rare
in cranial nerves with a preponderance of the trigeminal nerve and the
vestibulocochlear nerve (5).

Clinical symptoms
Usually the first clinical symptom of a tumour arising from a cranial nerve
is directly related to its impaired function.

For the most frequent tumours of the cranial nerves (vestibular
schwannoma), vertigo, progressive hearing loss, and tinnitus are the first
symptoms. Since they are rather unspecific and usually slowly progressive,
they can precede the diagnosis sometimes by years. Although vestibular
schwannomas have a very close anatomical relation to the facial nerve,
facial nerve symptoms occur rather infrequently in this type of tumour, and
if—mostly incomplete—facial nerve palsy occurs, it is rather more likely
due to a tumour primarily arising from the facial nerve. These very rare
primary facial nerve schwannomas in most instances involve the ganglion
geniculi. Very large tumours arising from the nerves of the
cerebellopontine angle can affect the trigeminal nerve at a later stage,
resulting in facial hypaesthesia or facial pain syndromes such as trigeminal
neuropathy or trigeminal neuralgia. Schwannomas of the caudal cranial
nerves or the jugular foramen can cause a hoarse voice, swallowing
difficulties, or a sensation of having a lump in the throat. Very large
tumours can cause ataxia or, due to obstruction of the cranial spinal fluid
pathways, the symptoms of obstructive hydrocephalus (6).

Optic nerve sheath meningiomas and optic gliomas typically lead to a
slowly progressive impairment of vision, bulbar protrusion, or both.
Bulbar protrusion is more common in large optic gliomas in childhood.
ONSMs in particular lead to very slow progression of symptoms. Any
unilateral progressive loss of vision must draw the ophthalmologist’s
attention towards this potential differential diagnosis.

The very rare malignant esthesioneuroblastoma causes a slow,
progressive loss of olfactory function; however, this is rarely realized by
the patient. Hence, epistaxis due to larger and already aggressively
destructive tumours are the leading symptoms.

Diagnosis
Once the clinical symptoms are suspicious of a tumour of the cranial
nerves, imaging with high-resolution magnetic resonance imaging (MRI)
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is warranted. Usually these tumours have very typical features in MRI
conducted with and without administration of gadolinium-DTPA as a
contrast medium. Schwannomas of the cranial nerves in particular usually
do not raise many diagnostic difficulties due to the tumour extension into
the foramen of the skull base (Fig. 10.1). The most frequent differential
diagnosis is a meningioma growing in close vicinity to the nerve.
Typically the lack of a broad contact area to the dura of the skull base and
a missing ‘dural tail’, a contrast enhancement of adjacent infiltrated dura,
indicates the schwannoma (7).

Fig. 10.1 Large vestibular schwannoma with brainstem compression (a) and small
intra/extracanalicular vestibular schwannoma without contact with the brainstem
(b).

For ONSMs, an enhancement of the outer sleeve of the optical nerve
without contrast enhancement of the nerve itself leads to the characteristic
‘railroad sign’ on axial contrast-enhanced T1 planes. On coronal sections,
a contrast-enhancing ring around the optic nerve is typical.

In contrast, the optic nerve glioma is characterized by intrinsic growth
of the tumour with gross enlargement of the diameter of the optic nerve
with a high T2 signal intensity and the absence of the features typical for
meningiomas (8). However, cavernous haemangiomas of the orbit,
granulomatous disease, sarcoidosis, and other inflammatory lesions might
appear rather similar. Even intraorbital schwannomas, although very rare,
have to be considered.

Tumours involving the bony structure of the skull base (e.g. vestibular
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schwannomas with growth inside the internal meatus, trigeminal
schwannomas growing in Meckel’s cave) require additional high-
resolution CT scans of the skull base. These benign lesions usually cause a
well-delineated bony defect, typical for long-lasting, slow, expansive
growth. This is also a very good diagnostic tool for the differentiation
against the destructive growth of skull base metastases (9).

Another differential diagnosis for lesions closely related to the jugular
foramen is tumours of the glomus jugulare (also referred to as
paraganglioma) with a characteristic extension into the middle ear and
below the skull base. Typically, they show an excessive enhancement after
the application of contrast media. Angiography, either as magnetic
resonance angiography or digital subtraction angiography, reveals a highly
vascularized tumour thus leading to the correct diagnosis (9, 10).

Destructive lesions of the skull base (e.g. chordoma or chondrosarcoma)
can be very well differentiated from schwannomas. The epidermoid
tumour of the cerebellopontine angle has also a completely different
growth pattern and can be easily diagnosed via diffusion-weighted MRI
(10).

Grading and classification
Clinical course and prognosis are reflected by the grading system of the
World Health Organization (WHO).

Schwannomas are graded as WHO I. Very rare malignant peripheral
nerve sheath tumours are assigned to WHO III or IV (11).

The ONSM corresponds to WHO I (11).
Usually gliomas of the optic nerve are classified as pilocytic

astrocytoma WHO I. However, even the more malignant spectrum like
anaplastic gliomas grade III and glioblastomas grade IV can be found,
although very seldomly (12).

Esthesioneuroblastoma is always classified as malignant being WHO IV
due to its aggressive growth, the poor prognosis, and the capability to
metastasize (13).

Tumour classification systems have been proposed for schwannomas,
and are referred to in Tables 10.1–10.3 (14, 15, 16, 17, 18). For
esthesioneuroblastomas, a grading system into three groups has been
proposed reflecting location and, thereby, invasive and distant growth
(Table 10.4) (19).

Table 10.1 Classification of vestibular schwannomas
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Size(Tos)Grade
(Koos)

Class
(Samii) Definition of tumour size

Grade I T1 Purely intracanalicular lesion

Grade II T2 Vestibular schwannoma protruding into the
cerebellopontine angle without brainstem contact

<1 cm IIA T2 Tumour diameter <1 cm

1–1.8 cm IIB T2 Tumour diameter 1–1.8 cm

Grade IIIT3a Filling cerebellopontine angle cistern

T3b Reaching the brainstem

Grade
IV

T4a Brainstem compression

T4b Severely dislocating the brainstem and compressing the
fourth ventricle

Source data from Tos M, Thomsen J, Proposal of classification of tumor size in
acoustic neuroma surgery. In: Tos M, Thomsen J (eds.), Acoustic Neuroma:
Proceedings of the First International Conference on Acoustic Neuroma, pp. 133–
137, Copyright (1991), Kugler Publications; J Neurosurg, 88(3), Koos W T, Day J
D, Matula C, Levy D I, Neurotopographic considerations in the microsurgical
treatment of small acoustic neurinomas, pp. 506–512, Copyright (1998), American
Association of Neurological Surgeons; Neurosurgery, 40(1), Samii, M, Matthies,
C, Management of 1000 vestibular schwannomas (acoustic neuromas): surgical
management and results with an emphasis on complications and how to avoid
them, pp. 11–21, Copyright (1997), Wolters Kluwer Health, Inc.

Table 10.2 Surgical classification of trigeminal schwannomas

Type Definition of tumour extension

A Intracranial predominantly in the middle fossa

B Intracranial predominantly in the posterior fossa

C Intracranial dumbbell-shaped in the middle and posterior fossa

D Extracranial with intracranial extension

Source data from J Neurosurg, 82(5), Samii M, Migliori MM, Tatagiba M, Babu
R, Surgical treatment of trigeminal schwannomas, pp. 711–718, Copyright (1995),
American Association of Neurological Surgeons.

Table 10.3 Surgical classification of jugular foramen schwannomas (CNS)

Type Definition of tumour extension
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A Primarily at the cerebellopontine angle with minimal enlargement of the FJ

B Tumours primarily in the FJ with intracranial extension

C Primarily extracranial tumour with extension into the FJ

D Dumbbell-shaped tumours with both intra- and extracranial components

FJ, foramen jugulare.

Source data from J Neurosurg, 82(6), Samii M, Babu R P, Tatagiba M, Sepehrnia
A, Surgical treatment of jugular foramen schwannomas, pp. 924–932, Copyright
(1995) American Association of Neurological Surgeons.

Table 10.4 Staging of esthesioneuroblastomas

Group Definition

A The tumour is limited to the nasal cavity

B The tumour is localized to the nasal cavity and paranasal sinuses

C The tumour extends beyond the nasal cavity and paranasal sinuses

Source data from Cancer, 37(3), Kadish S, Goodman M, Wang CC, Olfactory
neuroblastoma. A clinical analysis of 17 cases, pp. 1571–1576, Copyright (1976),
John Wiley and Sons.

Treatment
Due to the widespread availability of high-resolution MRI, tumours of the
cranial nerves are nowadays diagnosed at a rather early stage in disease,
with tumours being smaller and with function, although impaired, often
still present. Accordingly, preservation of function is nowadays considered
to be equally important to tumour control in those lesions which are
histologically and clinically benign. Whereas the (very rare) malignant
tumours of the cranial nerves such as esthesioneuroblastoma and
malignant peripheral nerve sheath tumours require a most radical resection
with adjuvant radio- and chemotherapy, the therapeutic concept for benign
tumours of the cranial nerves is different. Microsurgial resection,
radiosurgery, radiotherapy, and watchful waiting are options. They have to
be selected either alone or in combination, on an individual basis
according to the principles of ‘personalized therapy’ (20, 21).

Optic nerve sheath meningiomas
Optic nerve sheath meningiomas grow circumferentially around the optic
nerve being adherent to the nerve itself and its vascular supply which is
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typically located on the surface of the nerve. Hence, surgical resection has
an extremely high risk of complete loss of function leaving the patient
blind in the respective eye. Therefore, surgical resection is not a valid
option for ONSMs with the exception of tumour growth towards the optic
chiasm and the respective eye already being blind. In all other cases,
fractionated radiotherapy provides the best results of growth control and
maintenance of visual acuity (22, 23, 24, 25). In contrast to small
meningiomas in other locations, radiosurgical procedures are usually not
recommended in ONSM, unless vision is already lost or the tumour is
small and eccentric to the nerve. Favourable results have been published
using different concepts of conformal and stereotactic fractionated
radiotherapy. However, these treatments should only be administered in
case of symptomatic, especially progressive ONSM. In case of an
asymptomatic tumour, a watchful wait-and-scan strategy can be applied
since these tumours might stay biologically and clinically stable for longer
periods (2). In rare cases, where compression of the optic nerve within the
optic canal is likely to be the reason for functional decompensation, a
microsurgical unroofing of the canal by drilling away the bone without
removal of the meningioma itself might be warranted. In ONSM restricted
to the intraorbital space, such a decompression is not necessary (26, 27).

Optic nerve glioma
The vast majority of optic nerve gliomas occur in childhood and young
adolescence. In the very young (up to the age of 10–14 years), a close
monitoring with watchful waiting and ophthalmological check-up every 3
months and bi-annual MRI are advocated since a rather large proportion of
the lesions tend to stop growing at the beginning of adolescence. In case of
any doubt concerning the proper diagnosis based on high-resolution MRI,
a biopsy is warranted to obtain a histology. However, any therapeutic
intervention in optic nerve gliomas bears a very high risk of functional
deterioration. Whenever radiological and/or clinical progression is proven,
fractionated stereotactic radiotherapy is the treatment modality of first
choice (28, 29). There have even been reports of improved vision
thereafter. In case of exophytic tumours and whenever progression with
growth towards the chiasm is documented, surgical resection should be
considered (30). In these cases, the resection plane should be some
millimetres away from the chiasm in order not to destroy Meyer’s loop,
which would result in visual field deficits on the contralateral side.
Therefore, these tumours should be resected before they have reached the
chiasm. Since resection of intrinsic optic nerve gliomas nearly always
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result in blindness of that eye, the indication has to be very strict. In
exophytic lesions, high-resolution MRI may help to visualize a resection
plane allowing the removal of the tumour without severe impairment of
visual function. In selected, very well-delineated and circumscribed
lesions, stereotactic brachytherapy with implantation of radioactive 125I-
seeds have been shown to be effective with low treatment-related
permanent morbidity (31).

In the very rare cases of adult malignant optic nerve glioma, a
combination of radio/chemotherapy remains the only treatment option due
to a lack of alternatives, although they mostly progress rapidly (12).

Schwannomas
Preservation of function is key in schwannomas, especially with regard to
the biologically benign nature of the lesion. Microsurgical resection,
radiosurgery, and fractionated stereotactic radiotherapy are the treatment
options. For the growing number of incidental findings, a watchful
waiting/wait-and-scan policy may be acceptable as long as the tumour
remains asymptomatic and shows no growth on MRI. However, recent
natural history studies show a tumour doubling time between 1.5 and 4.5
years (20, 32, 33, 34).

For most cases, especially the very small lesions, stereotactic
radiosurgery and microsurgical removal are the best alternatives.
Generally, the imaging obtained by high-resolution MRI is typical,
especially any tumour extending out of the auditory canal into the
cerebellopontine angle. However, in case of any doubt, a proper histology
obtained before microsurgery is mandatory. The risk of microsurgical
removal compared to radiosurgery has to be calculated against the
potential benefit of a lower recurrence rate after tumour removal.
Whenever the tumour has exceeded an extracanalicular diameter of 30
mm, radiosurgical options are less effective at rapidly improving
symptoms and microsurgery is the treatment of choice (20). Patients with
disabling ataxia, trigeminal neuralgia, hydrocephalus, intractable
headache, or an unclear diagnosis should consider resection first. In case
of microsurgical tumour removal, online functional neuromonitoring is
mandatory. By means of modern techniques, several nerves can be
monitored via electromyography. These techniques include the facial
nerve, cranial nerves XII, XI, IX and the motor part of cranial nerve V. In
specialized centres cranial nerves III, IV, and VI can be monitored as well
(35, 36, 37, 38).

In large tumours, which at surgery turn out to be not completely
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resectable without a considerable risk of a severe functional deficit, it can
be wise to perform an incomplete resection with a very small remnant
being left in order not to compromise function (Fig. 10.2). These small
remnants may undergo planned radiosurgery several months later once
they progress. If there is a stable enhancement without progression, only
residual linear enhancement that may not be tumour, close imaging follow-
up is warranted. This combined concept has greatly improved the
functional results (39, 40).

Fig. 10.2 Large vestibular schwannoma with brainstem compression (a) and small
intracanalicular remnant at the facial nerve—being stable in size 10 years after
surgery (b).

Vestibular schwannoma stereotactic radiosurgery using the Gamma
Knife® has been practised for more than 40 years. Long-term outcome
results have established stereotactic radiosurgery as an important
minimally invasive alternative to resection. Advanced dose planning
software, intraoperative high-resolution MRI, dose optimization, and
robotic delivery reflect the evolution of this technology. To reduce risk,
various image-guided linear accelerator devices (Trilogy®, Synergy S®,
Novalis®, and CyberKnife®) might require fractionation of the radiation
delivery in 5–30 sessions. Proton beam technology is also used to deliver
fractionated radiation therapy. The goals of vestibular schwannoma
radiosurgery include prevention of further tumour growth and preservation
of existing neurological function. Stereotaxy, dose planning, and dose
delivery are three critical components of successful radiosurgery.
Complete volumetric conformal and selective tumour radiosurgery
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improves the rates of facial, cochlear, and trigeminal nerve preservation.
Reduction of dose delivered to the brainstem is especially relevant during
treatment of larger tumours.

Commonly, a radiosurgery dose of 11–13 Gy is typically prescribed to
the 50% (or other) isodose line that conforms to the three-dimensional
tumour margin. These marginal doses are associated with a low
complication rate and yet maintain a high rate of tumour control (41, 42,
43). Long relaxation time (T2), 1 mm axial plane volumetric MRI is
necessary to identify the cochlea for dose planning. A mean cochlear dose
less than 4.2 Gy may be important for hearing preservation. The
stereotactic radiosurgery technology must also be able to restrict dose to
adjacent structures by having a very sharp dose gradient at the tumour
edge. While many radiosurgical centres have evolved towards similar
dose-selection parameters, the doses and regimens chosen for fractionated
radiotherapy continue to vary.

Fractionated radiosurgery or fractionated stereotactic radiotherapy can
also be used for vestibular schwannomas. In 2009, Andrews et al.
published the Thomas Jefferson University experience using stereotactic
radiotherapy at total dose of 50.4 or 46.8 Gy (44). In patients with class I
or II hearing, the median follow-up was 65 weeks. Although no patient had
later tumour growth, the hearing preservation rates were better at the lower
dose. At 3 years, the hearing preservation rate was 55–60%, and no patient
with class II hearing maintained hearing if they received the 50 Gy dose
(44). Based on these findings, the group reported the use of even lower
doses to try to improve hearing outcomes. Recently, they updated their
experience at the 46.8 Gy dose in 154 patients at median follow-up of 35
months. Overall, hearing preservation was 66% and 54% at 3 and 5 years,
respectively. However, for patients with class II hearing, it was only 45%
at 3 years and 29% at 5 years (45).

Rasmussen et al. concluded that fractionated radiotherapy at a dose of
54 Gy (higher than used in the Thomas Jefferson University report)
appeared to accelerate hearing loss (46). Kapoor et al. published outcomes
after fractionated stereotactic radiotherapy from Johns Hopkins Hospital in
496 patients of whom 385 had follow-up (47). Radiation was administered
in five 5-Gy fractions or ten 3-Gy fractions. Resection was later performed
in 3%. Attempted hearing preservation is often given as reason why some
centres choose to use fractionated radiotherapy, but hearing results were
not provided.

During recent years, anti-angiogenic therapy with bevacizumab
(Avastin®) has been proposed as medical therapy in patients with
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vestibular or acoustic schwannomas, mostly in NF2 (48), and partial
regression of the tumour and improvement of hearing function have been
reported (see Chapter 15 for more details).

Esthesioneuroblastoma
In esthesioneuroblastoma, a most radical resection with tumour-free
margins is the treatment of choice with significant improvement of the
patient’s prognosis. To achieve this goal, combined craniofacial
procedures have to be chosen. In tumours limited to the nasal cavity
(Kadish stage A), surgery alone is appropriate; in Kadish group B (tumour
is localized in the nasal cavity and paranasal sinuses), additional
radiotherapy with up to 60 Gy is necessary. In Kadish group C (tumour
extends beyond the nasal cavity and the paranasal sinuses), additional
chemotherapy either prior to surgery or after irradiation is advocated.
Concerning metastases, local excision of metastases should be performed
with subsequent radiotherapy and, in case of distant and multifocal
metastases, chemotherapy; 5-year survival rates of approximately 55% can
be achieved. Due to a sometimes very late appearance of metastatic
spread, long-term follow-up is necessary. Radiosurgery can be effective
for locally recurrent disease (19, 49, 50, 51, 52, 53, 54, 55).

Current research topics
In terms of optic nerve gliomas, research focusing on glioma biology and
individualized treatment based on the molecular signature of tumours is
warranted.

In cranial nerve schwannomas, the concept of anti-angiogenic treatment
with bevacizumab is emerging (47). However, many questions remain to
be resolved, including: (i) up to now this therapy has mainly been tested in
patients with NF2—whether this seems to be effective in non-NF2 patients
still remains unclear; and (ii) there is a debate on whether bevacizumab has
to be given lifelong. It remains to be elucidated whether ‘drug holidays’
might increase the risk of a relapse. Since bevacizumab may impair
fertility in women with child-bearing potential, this aspect of therapy has
to be investigated more thoroughly since patients with neurofibromatosis
usually are younger (see Chapter 15).
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CHAPTER 11

Meningiomas
Rakesh Jalali, Patrick Y. Wen, and Takamitsu
Fujimaki

Epidemiology
Meningiomas are the most common type of primary brain tumours in
adults, accounting for 30% of the total (1, 2). The incidence of
meningioma increases progressively with age. Meningiomas in children
are rare, and usually associated with neurofibromatosis type 2 (NF2) or
prior therapeutic radiation therapy (3, 4). Meningiomas are more common
in women, with a female-to-male ratio of about 2:1 or 3:1 (3, 5). Spinal
meningiomas, which account for 10% of all meningiomas, have an even
higher female-to-male ratio of approximately 9:1. In contrast, the
incidence in females is not significantly increased in atypical or anaplastic
meningiomas, children, and radiation-induced meningiomas (4).

Pathological classification
The 2007 World Health Organization (WHO) classification of tumours of
the central nervous system lists 15 subtypes of meningioma (Box 11.1) (6).
Nine of them are purely benign (grade I) tumours, whereas atypical
meningioma, clear cell meningioma, and chordoid meningioma are grade
II, and papillary meningioma, anaplastic meningioma, and rhabdoid
meningioma are grade III. Histologically, atypical meningiomas are
defined as meningiomas with loss of architectural pattern, prominent
nucleoli, nuclear pleomorphism, increased mitotic activity, necrosis, and
hypercellularity. They may invade the brain or show malignant histology.
These tumours have a more aggressive natural history than benign
tumours. WHO grade III malignant meningiomas exhibit frank histological
malignancy or 20 mitotic figures per 10 high-power fields. Brain invasion
does not necessarily imply WHO grade III meningioma; in the absence of

289



frank anaplasia (7), approximately 70–80% are WHO grade I, 5–35% are
WHO grade II, and 1–3% are WHO grade III (8, 9). At the time of
recurrence, most tumours retain the same histological pattern, but some
exhibit a more advanced grade or a higher proliferative index (10).

Box 11.1 The grading of meningiomas according to the 2007 WHO
classification of tumours of the central nervous system

Grade I
Meningothelial
Fibrous (fibroblastic)
Transitional (mixed)
Psammomatous
Angiomatous
Microcystic
Secretory
Lymphoplasmocyte-rich
Metaplastic.

Grade II
Atypical
Clear cell meningioma (intracranial)
Chordoid.

Grade III
Papillary
Anaplastic (malignant) meningioma
Rhabdoid.

Source data from Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Ellison
DW, Figarella-Branger D, Perry A, Reifenberger G, Von Deimling A (Eds),
World Health Organization Classification of Tumours of the Central Nervous
System, Fourth Edition Revised, Copyright (2016), IARC Publications.

Genetic factors
Approximately 50–75% of patients with NF2 have meningiomas, which
are often multiple (11). NF2 is an autosomal dominant disorder caused by
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a mutation in the NF2 gene on chromosome 22, a tumour suppressor gene
which encodes a membrane cytoskeletal protein called merlin or
schwannomin (12). Meningiomas may also occur in schwannomatosis, a
condition characterized by multiple schwannomas and mutations in the
SMARCB1 tumour suppressor gene (13).

Hormonal factors
Because meningiomas are more common in women, especially during
their reproductive years (14, 15), as well as the presence of progesterone
and androgen receptors in two-thirds of patients (16, 17), there has been
longstanding interest in the possible role of sex hormones in meningioma
growth (18, 19, 20). Additionally, meningiomas may be more common
among breast cancer patients (21). Epidemiological data (22, 23) and case
reports (24) have suggested that exogenous oestrogens and progestins for
hormone replacement therapy and contraceptive use may promote
meningioma development or growth, but the associations are controversial
(25, 26).

Risk factors
The most important risk factor for development of meningiomas is prior
exposure to irradiation (26, 27). This may result from low doses used to
treat tinea capitis (28), intermediate doses used for prophylactic irradiation
to prevent central nervous system relapse in acute leukaemia, and high
doses for treatment of central nervous system and head and neck tumours
(29, 30). There are reports of increased incidence of meningiomas
following childhood exposure to computed tomography (CT) scans (31),
and dental X-rays (32), although the data is less conclusive. The latency of
radiation-induced meningiomas ranges from 20 years or more. In general,
radiation-induced meningiomas have greater atypia and are more likely to
be multiple. There are also reports of an association between body mass
index and meningiomas in women with an odds ratio of 1.4–2.1 (33).
Associations with mobile phone use (26) and head injury (26, 34) have
been reported but are not conclusive.

Clinical presentation
Increasingly, meningiomas are asymptomatic and discovered incidentally
on a neuroimaging study or at autopsy. In one study, 0.9% of the
population had an asymptomatic meningioma (35).

Symptoms caused by meningiomas are related to their location.
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Meningiomas can attach to the dura at any site in the nervous system. Most
commonly they arise from cranial vault, and at sites of dural reflection
such as the falx cerebri, tentorium cerebelli, and dura of the adjacent
venous sinuses (36). Less commonly, they can occur along the optic nerve
sheath, with ventricles or in the spine. The most common presenting
symptom is a seizure, occurring in up to 40% of patients (37, 38). Seizures
tend to be more common with convexity meningiomas (38) and tumours
with peritumoural oedema. Other symptoms include headaches, focal
deficits, and rarely, hydrocephalus caused by large posterior fossa
tumours. Very rarely, parasellar or subfrontal meningiomas may cause
optic atrophy in one eye as a result of compression of the optic nerve and
papilloedema in the other due to elevation of intracranial pressure, giving
rise to the ‘Foster–Kennedy syndrome’ (39).

Treatment and management of meningioma patients
Medical management of meningioma patients
Patients who present with seizures should be treated with standard
antiepileptic drugs (AEDs) such as levetiracetam, although other agents
are also acceptable. For other types of brain tumours it is preferable to
avoid AEDs that induce hepatic cytochrome P450 enzymes since this may
interfere with the metabolism of chemotherapeutic agents used to treat the
tumour. Given the lack of systemic agents for meningiomas, this concern
is of less importance currently, although this may change in the future as
new therapies are developed. Routine use of prophylactic AEDs for
patients who have not experienced a seizure are not recommended (40).
Atypical and malignant meningiomas may be associated with peritumoural
oedema. In patients who are symptomatic, corticosteroids such as
dexamethasone 2–4 mg twice daily may be used. In general, the lowest
possible dose should be used to avoid corticosteroid complications.
Patients with meningiomas are at increased risk of thromboembolism,
especially in the perioperative period, although this risk is diminishing
with aggressive prophylaxis (41). In the immediate postoperative period
when anticoagulation is contraindicated, inferior vena cava filters may be
used. If there are no contraindications, anticoagulation, preferably with
low-molecular-weight heparin is indicated.

Surgery
Surgery is the primary treatment for meningiomas in most instances.
However, for surgical planning, an understanding of the growth pattern
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and biology of meningiomas is important.
Meningiomas arise from arachnoid cells and mostly become attached to

the dura mater (Fig. 11.1a). They often invade into the overlying calvaria,
and this sometimes results in thickening of the skull (6). Cranial nerves or
important arteries may also become involved with the tumours, especially
in cases of meningioma arising in the skull base. Adjacent to the dural
attachment, thickening of the dura, or the ‘dural tail sign’, is often evident
on gadolinium-enhanced magnetic resonance imaging (MRI) scans (Fig.
11.1b). Although tumour cells may not always invade into the whole dural
tail or cause calvarial thickening, they do to some extent (42). As for the
boundary between meningioma and the brain parenchyma, there is a clear
surgical margin in most cases, and the pia mater remains intact. However
in some meningiomas, especially WHO grade II or grade III meningiomas,
the pia mater is destroyed and tumour cells invade into the brain
parenchyma (Fig. 11.1d) (6).

Fig. 11.1 Various types of meningiomas. T1-weighted gadolinium (Gd)-enhanced
MRI scans. (a) A convexity meningioma. The tumour did not have attachment to
the superior sagittal sinus nor the falx but attached to the dura of the convexity. (b)
A convexity meningioma of the temporal area. The dural tail is evident (white
arrow). (c) A giant skull base meningioma. The middle cerebral artery (*) was
encased in the tumour. (d) An atypical meningioma. The boundary between the
tumour and the cerebral cortex was obscure during surgery and the invasion was
confirmed by histological examination. Postoperative irradiation was performed.

In general, for WHO grade I meningiomas, total removal of the tumour
together with the dural attachment and invasion to the bone can provide
cure. However, when important arteries or cranial nerves are involved, it is
not always easy to resect tumours without damaging these important
structures. If the tumour has become attached to the superior sagittal sinus,
the posterior two-thirds at least of which are not resectable, then total
removal of the dural attachment is not possible. In these instances, partial
removal may also be an option, since the growth of many meningiomas is
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relatively slow (43), and therefore any small residual tumour would not be
a problem in many cases.

In the 1950s, Simpson proposed a classification system—the ‘Simpson
grading’—for the degree of resection (Box 11.2) (44). For example, in
Simpson grade 1 resection, where the tumours were totally resected
together with removal of the dural attachment and abnormal bone,
recurrences were observed in 8.9% of patients. In contrast, for Simpson
grade 3 resection, where tumours were removed totally without removal or
coagulation of the dural attachment, recurrences were observed in 29.2%
of patients. Since then, this grading system has been widely used.

Box 11.2 The Simpson grading system for removal of meningiomas

◆ Grade 1: macroscopically complete removal, with excision of dural
attachment and of any abnormal bone. (Resection of the dural venous
sinus.)

◆ Grade 2: macroscopically complete removal and, with coagulation
of dural attachment.

◆ Grade 3: macroscopically complete removal, without resection or
coagulation of dural attachment. (Without removal of invaded sinus
or hyperostotic bone.)

◆ Grade 4: partial removal.
◆ Grade 5: simple decompression (with or without biopsy).

Source data from J Neurol Neurosurg Psychiatry, 20(1), Simpson D, The
recurrence of intracranial meningiomas after surgical treatment, pp. 22–39,
Copyright (1957), BMJ Publishing Group Ltd.

In 2010, however, Sughrue et al. questioned the validity of this grading
system, and demonstrated that there were no statistically significant
differences in recurrence-free survival between Simpson grade 1, grade 2,
grade 3, and grade 4 resections (45). They concluded that Simpson grade 1
or grade 2 resection provides no clear benefit (especially for skull base
meningiomas). On the other hand, based on analysis of WHO grade I
convexity meningiomas, Hasseleid et al. concluded that Simpson grade 1
resection is still a gold standard of care for convexity meningiomas with
benign histology (46). The difference between the conclusions of these
two articles might have been attributable to the difference between the
patient populations studied. In an editorial for the Journal of
Neurosurgery, Heros pointed out that there were several important
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differences between these two reports (47). One was that the series
reported by Sughrue et al. contained more skull base meningiomas than is
usual in the normal population: 50.6%, compared with 40% for the general
population, according to the Brain Tumor Registry of Japan (Fig. 11.2) (2).

Fig. 11.2 Frequency of meningiomas of each localization according to the Brain
Tumor Registry of Japan.

Meningiomas of the skull base are reported to grow at a slower rate than
those in other locations (48). Therefore, radical resection might not be an
important factor in any cohort that contains a higher proportion of skull
base meningiomas, as was the case in Sughrue et al.’s series.

As for prediction of recurrence, histological examination of the tumour
is also important. Several reports have indicated that measurement of
proliferative activity by MIB-1 immunohistochemistry is useful for
predicting the potential for recurrence of meningiomas (49, 50).

Generally, total removal with any dural or bony attachment should be
attempted for meningiomas, but if the tumour is located in the skull base or
involves important structures such as arteries (Fig. 11.1c) or cranial
nerves, then leaving a small amount of tumour is a treatment option (47).

Any remnant tumour should be observed closely, and reoperation or
additional radiation treatment (described later) should be considered if re-
growth occurs.

In recent years, with advances in interventional neuroradiology,
preoperative embolization of tumour feeding arteries is sometimes
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performed. This reduces blood loss during surgery, shortens the operation
time, and might lead to better surgical resection. However, the advantages
of this procedure have not yet established, and further investigations are
needed (51).

Radiotherapy for meningiomas
Radiotherapy was debated to have any role in meningiomas in the early
part of this century as they were thought to be radioresistant. This was
mainly due to theories presuming that radiation led to malignant
degeneration of benign tumours or meningiomas can be even induced by
radiation itself (previously described in the risk factors section) (52). The
preconception that meningiomas are radioresistant tumours was proved to
be wrong by large retrospective studies which showed a significant role of
radiotherapy in local control and reducing recurrences in large
meningiomas, either suboptimally excised or as the only treatment in
inoperable tumours. Technological advancements in precise delivery of
modern conformal radiotherapy like stereotactic radiotherapy and
intensity-modulated radiotherapy (IMRT) aided in optimal dose delivery
and reduction of normal tissue damage. Studies demonstrate higher local
control rates and recurrence-free survival rates with conformal
radiotherapy compared to conventional techniques used in the past.

The role of radiotherapy, indications, and guidelines for energy, dose,
and fractionation of radiotherapy for meningioma are relatively lacking
due to a lack of phase III randomized controlled trials. Available evidence
for adjuvant or upfront radiotherapy for meningioma is based on large
retrospective studies or non-randomized prospective studies showing
excellent local control rates with stereotactic radiosurgery (SRS) and
fractionated external beam radiotherapy (EBRT). Among various large
studies, a review of nearly 50 studies involving more than 4500 patients by
Mehta et al. showed merits and demerits of various forms of radiotherapy.
SRS showed 5-year recurrence free survival of 75–100%, while
fractionated radiotherapy showed 80–100% (53).

The natural history of benign meningiomas was described for 244
patients with benign meningiomas on serial surveillance MRI scans and at
a follow-up of about 4 years, 74% showed growth on volumetric criteria
(>8.2%) and 44% using linear criteria (2 mm), with 26.3% requiring
treatment in this period (54).

Recurrence rates based on Simpson grading of excision of meningiomas
(as described earlier in the surgery section) shows a certain number of
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patients experience recurrences after incomplete resection as well as grade
1 (theoretically complete) resection (44).

A retrospective study to identify clinical features associated with
progression and death in atypical meningioma revealed that bone
involvement is associated with increased tumour progression and
decreased overall survival. Subtotal resection was associated with
increased tumour progression while aggressive bone removal with wide-
excision cranioplasty or adjuvant bone irradiation shows improvement in
treatment outcome (55).

Indications for radiotherapy
1. Primary radiotherapy: medically inoperable or not amenable for

surgical excision in symptomatic patients due to close proximity to
critical structures.

2. Radiotherapy after subtotal excision for grade I tumours: subtotal
excision alone may not be sufficient particularly at areas where re-
excision will not be feasible due to close proximity to important
structures, such as in a parasellar/skull base location, and will need
postoperative radiotherapy to decrease the chance of recurrence.

3. Radiotherapy after subtotal resection for atypical and malignant lesions:
recurrence rates of grade II and grade III are high. These tumours
always need postoperative radiotherapy irrespective of location and size
of the lesion.

4. Radiotherapy after gross total excision of grade II and grade III
tumours: upfront radiotherapy may be withheld in grade II lesions
which are totally excised, are amenable to close observation with
contrast MRI scanning, and those which are amenable for re-excision at
recurrence. However, those situated at eloquent areas and grade III
malignant lesions need postoperative radiotherapy after the first
excision.

5. Radiotherapy at recurrence: radiotherapy alone or after excision of the
recurrent lesion is effective for salvage of recurrent lesions.

Modalities of radiotherapy
Fractionated external beam radiotherapy
Compared to conventional radiotherapy and three-dimensional conformal
radiotherapy, IMRT is useful in tumours close to critical areas, especially
the skull base. IMRT provides better tumour coverage, better sparing of

297



the normal structures, improves local control, and reduces toxicity. In the
pre-IMRT era, patients were treated with fractionated stereotactic
conformal radiotherapy (SCRT). Late toxicity rates after IMRT in
literature are less than 5%. Improvements in outcome after IMRT are also
related to advances in technology of treatment planning and delivery.
IMRT delivered by segmental, dynamic, and arc-based IMRT and
tomotherapy techniques seem to produce equivalent target coverage and
avoidance of critical structures, although tomotherapy provides a
marginally better coverage and normal tissue toxicity (56).

Radiosurgery (RS)
Radiosurgery (RS) is a preferred modality for recurrent, small, grade I
lesions located in close proximity to critical structures or if the condition
of the patient does not permit delivery of prolonged fractionated
radiotherapy. Ideally in grade II or grade III lesions, RS is not practised as
the target volume of RS will not encompass subclinical disease. However
if the location of tumour is critical for re-excision and the residual disease
is small, they can be considered for RS. RS can be delivered by LINAC,
Gamma Knife®, or robotic radiosurgery system by CyberKnife®. A
meningioma size of greater than 3.5 cm mean diameter, optic nerve/chiasm
compression, or optic nerve sheath meningioma (ONSM) are cited as
contraindications to single-fraction radiosurgery. For larger meningiomas,
some groups have delivered RS for two to five fractions by CyberKnife®

and reported good short-term progression-free survival (PFS) rates and
low toxicity (57).

Proton therapy and heavy ions
Proton beam therapy is used as a boost treatment after EBRT with
comparable results with photon therapy. One debatable advantage of
proton therapy is the relatively low incidence of second malignancies due
to reduced integral dose, although long-term follow-up results are not
available. Carbon ion therapy has been used in the setting of re-irradiation.
Early results of this were comparable to photon therapy (58).

Imaging for volume delineation and planning
Contrast-enhanced T1 MRI is the best imaging modality for all
meningiomas and fat-suppressed sequences may be needed for a few skull
base tumours. For bony structures, infiltration of cavernous sinus or other
regions of the skull base, CT is better to demonstrate bone infiltration and
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osteolytic areas. Hence co-registration of CT/MRI may be helpful in many
situations (59).

Positron emission tomography (PET) imaging, especially with amino-
acid-PET or somatostatin-receptor-PET has been tested for volume
delineation, mainly to distinguish tumour from inflammation and oedema.
[11]C-methionine positron emission tomography (MET-PET) for gross
tumour volume delineation in fractionated stereotactic radiotherapy of
skull base meningiomas demonstrated that addition of MET-PET can lead
to an increase, as well as a decrease in gross target volume (GTV). In
addition, the inter-observer variability of target volume definition was
reduced significantly when adding MET-PET to CT/MRI-based
contouring.

68Ga-DOTA-D Phe[1]-Tyr[3]-octreotide (DOTATOC)-PET has also
been used in the treatment planning of meningiomas. In a study,
68GaDOTATOC-PET/CT for radiation treatment planning provided
additional information on tumour extension, median GTV was larger.
Many more studies implementing 68Ga-DOTATOC-PET/CT for volume
delineation have shown adaptations even in the postoperative setting, or in
regions of bony anatomy (60).

Modern imaging-based treatment planning such as CT/MRI-based target
definition and appropriate immobilization has improved the results of
modern conformal EBRT. Goldsmith and colleagues have shown that with
MRI-based planning and appropriate immobilization the local control rate
has improved from 77% to 98% (61).

Planning target volumes have varied from a 2–4 cm expansion around
the GTV to about 5 mm in the modern SCRT techniques. Traditional
definition of margins as defined by Milker-Zabel et al. was 1–2 mm
against normal brain, 3 mm against osseous structures, and 5 mm along the
dura (62). However, with lesser margins as in SCRT, marginal recurrences
are unknown. The SCRT technique for skull base meningiomas
demonstrated an impressive 5-year local control rate of 100% and actuarial
survival rate of 91%. SCRT was well tolerated with minimal toxicity in
terms of cranial neuropathy, pituitary dysfunction, and cognitive
dysfunction was minimal (63).

A common feature with meningioma is its dural attachment with
occasional invasion and also invasion of the overlying periosteum. The
linear trailing enhancement noted adjacent to the meningioma is known as
the ‘dural tail’, initially described by Borovich and Doron. Ahmadi et al.
confirmed the enhancement histopathologically and identified two types:
continuous and discontinuous. The continuous enhancements were found
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to contain only ‘proliferation, inflammation and hypervascularity’ of the
arachnoid membrane but not invasion by the meningioma, while the
discontinuous enhancements showed invasion by the dural tumour. Dural
tail is only a radiological finding and the majority of the studies
demonstrating efficacy of surgery alone have not excised the dural tail
(64).

In the present context, identifying the tumour accurately is very critical
in achieving maximum local control. Inclusion of the more suspicious,
thick or nodular dural area adjoining the main meningeal tumour is vital.

Hyperostosis in the bone adjacent to a skull base meningioma is found
to have tumour invasion and in order to achieve a complete resection,
removal of the adjacent bone has been recommended by Pieper and
colleagues. Simpson grade I resection needs removal of adjacent bone. If
not removed during surgery, inclusion of the hyperostotic bone in the SRS
or the EBRT volume has been shown to improve the local control,
although in tumours located close to optic pathway or petrous ridge, this
might increase the toxicity (65).

Perilesional oedema indicates a likelihood of brain invasion (for each
centimetre of oedema, the probability of brain invasion increases by 20%)
and has been shown to relate to tumour aggressiveness, correlating with a
high meningioma MIB-1 index (66).

Results of fractionated external beam radiotherapy
Primary EBRT for optic nerve sheath meningioma
Optic nerve sheath meningiomas arising from the dura surrounding the
optic nerve are ideal tumours for primary EBRT. Due to the relative rarity
of these tumours, they were either observed or excised, both of which led
to blindness in the affected eye. Optic nerve-sparing surgery can lead to
damage to the blood vessels that surround the nerve in the sheath and
eventually lead to blindness. Advances in neuroimaging have led to an
increase in incidence of these tumours. Modern conformal radiotherapy
has proved effective in preserving useful vision. ONSMs are presently
managed on the basis of clinical and radiological findings.

Turbin et al. reported outcomes of 64 optic nerve sheath meningiomas
(ONSM) patients with EBRT to a dose of 50–55 Gy and found that
fractionated EBRT was better in vision preservation compared to surgery
alone or observation. Available literature shows excellent efficacy of
EBRT alone for ONSM with a local control of 98%, improved vision in
75%, and stable vision in an additional 21%. Only 4% of patients had
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visual deterioration either at recurrence or as a sequel to EBRT (67). The
natural course of ONSM being gradual visual loss leading to blindness in
the affected eye, an earlier treatment initiation is found to yield higher
visual preservation rates, although this is debatable in patients with normal
vision and incidentally detected tumours.

Primary EBRT for skull base meningioma
The proximity of these tumours to vital structures makes decision-making
of treatment based on expertise of the treating clinician. With a growth rate
of 1–3 mm per year, incidentally detected asymptomatic tumours,
especially in elderly patients, just need observation alone by surveillance
with contrast-enhanced MRI. Intervention is needed when tumour growth
is documented or with clinical worsening. Fractionated stereotactic
radiotherapy, IMRT, or image-guided radiotherapy techniques for these
complex-shaped lesions in close vicinity to sensitive organs at risk by
using multifield techniques or with intensity-modulated individual beams
improves dose conformality and reduces dose to normal structures.

Nutting et al. demonstrated long-term efficacy of fractionated
stereotactic radiotherapy in 222 patients with grade I meningioma, treated
with doses of 50–55 Gy in 30–33 fractions. While the overall cohort had 5-
and 10-year local control rates of 93% and 86% respectively, patients with
cavernous sinus/parasellar region meningiomas had local control of 100%.
Cranial nerve deficit occurred in 3.5% (68).

Postoperative external beam radiotherapy
Radical excision of meningiomas may not be feasible for many sites.
Likelihood of progression after incomplete resection is shown to be nearly
35% at 5 years. Studies by Milker-Zabel and Henzel et al. have shown a 5-
year PFS of about 95% after fractionated conformal radiotherapy in
patients after subtotal resection (69, 70).

Results of radiosurgery
Studies involving radiosurgery either as sole treatment or after surgery to
doses ranging from 10 to 14 Gy demonstrated 5-year recurrence-free
survival of 75–100%. Various radiosurgery techniques are comparable
with respect to clinical outcome and toxicity. The relationship between
dose and volume on side effects after radiosurgery is well documented
especially for cranial nerves and development of intracranial oedema. This
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forms the basis of limitation for radiosurgery for complex volumes
adjacent to organs at risk and large size, while fractionated treatments are
not associated with toxicity and dose, volume, or diameter of the tumour.

In patients with brainstem compression or in critical locations such as
the foramen magnum, radiosurgery can be considered as a treatment
alternative especially in older patients or patients with significant co-
morbidities. Radiosurgery is recommended if the marginal doses are kept
below 15 Gy (70).

Large data from the Pittsburgh group for radiosurgery for petroclival
meningioma treated with the Gamma Knife® showed improvement in
neurological status after radiosurgery with median dose to the tumour
margin of 13 Gy. Overall 10-year PFS rate was 86% with radiation-related
complications associated with convexity/falx tumours, not in the skull base
region, and increasing tumour volume (71).

Toxicity after radiotherapy
Long-term toxicity is a concern for meningioma patients, as they usually
have long life expectancies. Overall permanent toxicity rates of 0–18%
and 2.5–23% have been reported with modern EBRT and radiosurgery
techniques.

Toxicity after external beam radiotherapy
For EBRT, optic neuropathy and retinopathy are rare with doses of 54 and
45 Gy, respectively (<2 Gy per fraction) and rates of severe dry-eye
syndrome, retinopathy, and optic neuropathy increase steeply after doses
of 40, 50, and 60 Gy to related organs, respectively. Pituitary hormone
insufficiency, seizures, hearing and other cranial nerve deficits, and
necrosis are occasionally reported. Although an improvement of 38% in
late effects after modern EBRT compared to traditional techniques has
been shown by Al-Mefty et al. (10), grade III toxicity in terms of cranial
neuropathy and deterioration of visual deficits has been shown to be about
1.7–2.2%. Soldà et al. showed that the rate of pituitary dysfunction and
cognitive deficits after SCRT for skull base meningiomas is about 4%
(72).

Toxicity after stereotactic radiosurgery
Cranial nerve deficits and vasogenic oedema are the most common side
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effects seen after SRS. The incidence of cranial deficits is about 8%, with
the sensory nerves of the anterior visual pathway being most susceptible.
Post-treatment vasogenic oedema was found to be most common in non-
basal meningiomas particularly in parasagittal meningiomas, as they tend
to have a large pial surface causing a larger part of the brain to be exposed.
Basal meningiomas on the other hand are known to produce less oedema
(73). Tumours more than 3 cm in size, doses greater than 15 Gy, and
pretreatment oedema are all known to cause increased vasogenic oedema
after SRS.

Recently, normal tissue tolerance and tolerance differences between
select neural structures have been defined by various groups. For the optic
pathway, the maximum dose in a single fraction should be below 10 Gy.
Between 10 and 15 Gy, radiation-induced optic neuropathy was around
30% and approximately 80% with doses of 15 Gy or more, while doses of
12–16 Gy to only very small segments of the optic nerve were associated
with acceptable toxicity (74).

Medical therapies for meningiomas
There is an important subgroup of patients with inoperable or high-grade
tumours who develop recurrent disease following surgery and radiation
therapy. The treatment options for these patients are currently inadequate
and there is significant interest in finding more effective medical therapies
for them (18, 75).

The evaluation of medical therapies has been complicated by the lack of
data regarding the natural history of untreated meningiomas. Many
chemotherapy studies report variable periods of disease stabilization, but it
is difficult to know whether this represents an improvement since these
tumours grow slowly and benign (WHO grade I) meningiomas especially
may appear radiographically stable for prolonged periods (76, 77).
Recently the Response Assessment in Neuro-Oncology (RANO) Working
Group reviewed the historical benchmarks for medical therapy trials in
surgery- and radiation-refractory meningioma and found a weighted 6-
month progression-free survival (PFS6) of 29% for benign (WHO grade I)
meningiomas, and 26% for atypical and malignant meningiomas (WHO
grades II and III) (78).

Chemotherapy
Data from small clinical trials and case series suggest that most
chemotherapeutic agents have minimal or no activity against meningiomas
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(3, 18, 19, 79, 80, 81, 82, 83, 84). Most interest has focused on
hydroxyurea, an oral ribonucleotide reductase inhibitor, which arrests
meningioma cell growth in the S phase of the cell cycle and induces
apoptosis (85). Although early reports suggested that hydroxyurea had
activity in recurrent meningiomas (86), a large number of subsequent
studies have failed to confirm these findings (87, 88, 89, 90, 91, 92, 93).
Other agents that have been studied with negative results include
chemotherapeutic regimens such as dacarbazine and Adriamycin®, or
ifosphamide and mesna that have activity in other soft tissue tumours (37,
81, 94) as well as temozolomide (95), irinotecan (96), and alpha interferon
(97, 98).

Hormonal therapy
Since oestrogen receptors are expressed in approximately 10% of
meningiomas, while progesterone receptors and androgen receptors are
present in approximately two-thirds of meningiomas (15, 18, 99, 100,
101), there has been extensive interest in hormonal therapy for
meningiomas. However, studies of oestrogen (102, 103) and progesterone
receptor inhibitors, including a large placebo-controlled phase II study of
the antiprogesterone mifepristone failed to demonstrate any antitumour
activity (104).

Somatostatin receptors, especially the sst2A subtype, are expressed in
nearly 90% of meningiomas (105). In a pilot study of 16 patients with
recurrent meningiomas treated with monthly injections of a sustained-
release somatostatin analogue (Sandostatin LAR®), 31% experienced a
response (106), suggesting that somatostatin analogues may have activity.
However, a recently completed multicentre study of pasireotide
(SOM230C), a somatostatin analogue with a wider somatostatin receptor
spectrum (including subtypes 1, 2, 3, and 5) and higher affinity
(particularly for subtypes 1, 3, and 5) than Sandostatin LAR® did not show
any activity (107).

Targeted molecular agents
The importance of dysregulated cell signalling as a cause of neoplastic
transformation is increasingly apparent. Emerging data have identified
aberrant expression of critical signalling molecules in meningioma cells
(84, 108), suggesting that drugs designed to target pathways involved in
cell growth, proliferation, and angiogenesis may prove valuable in therapy.
Unlike gliomas, where the blood–brain barrier limits the penetration of
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many therapeutic agents, the penetration of targeted agent in meningiomas
is unlikely to be a major issue. However, in contrast to the extensive work
on understanding the genetics of systemic cancers and gliomas, relatively
little work has been conducted in understanding the growth factors and
their receptors, and the signal transduction pathways that are critical to
meningioma growth (80, 109, 110, 111, 112).

Platelet-derived growth factor receptor
Meningiomas express both platelet-derived growth factor (PDGF)-AA and
-BB and PDGF-beta receptors (113, 114, 115, 116), raising the possibility
of an autocrine signalling loop supporting meningioma cell growth and
maintenance. Imatinib mesylate, an inhibitor of PDGFβ, was evaluated in
a phase II study in 23 recurrent meningiomas by the North American Brain
Tumor Consortium (NABTC). Although the treatment was generally well
tolerated, the agent had minimal activity (117). More recently, imatinib
has been combined with hydroxyurea and showed a PFS6 of 42.3% in
grade II/III meningiomas, raising the possibility that this combination has
some activity (118).

The epidermal growth factor receptor (EGFR) is also overexpressed in
more than 60% of meningiomas (119, 120, 121, 122, 123, 124, 125). The
NABTC conducted two small exploratory trials of the EGFR inhibitors
erlotinib and gefitinib and found no objective responses. For grade I
tumours, the PFS6 was 25%, while for grade II and III tumours, PFS6 was
29% (126).

Recently, evidence has emerged that the phosphatidylinositol-3-
kinase/mammalian target of rapamycin (mTOR) pathway is activated in
meningiomas and mTORC1 inhibitors such as temsirolimus have activities
in orthotopic models (127). In addition to temsirolimus, a number of other
mTOR inhibitors such as everolimus and sirolimus are clinically approved,
and may have therapeutic potential in meningiomas.

Most promising are the results of recent deep sequencing studies of
meningiomas which found AKT1 E17K mutations in approximately 8%,
and smoothened mutations (SMO W535L) in 5% of grade I meningiomas
(128, 129). Since these are known oncogenic mutations for which there are
available inhibitors, these findings have led to clinical trials of AKT and
SMO inhibitors for meningiomas with these mutations.

Inhibition of angiogenesis
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Meningiomas are highly vascular tumours. Vascular endothelial growth
factor (VEGF) and VEGF receptors (VEGFRs) are expressed in
meningiomas, and the level of expression increases with tumour grade
(130, 131, 132). VEGF expression is increased two-fold in atypical
meningiomas, and ten-fold in malignant meningiomas compared to benign
meningiomas (130). VEGF also plays an important role in the formation of
peritumoural oedema which adds to the morbidity of these tumours (131,
132). Inhibitors of VEGF and VEGFR have the potential not only to
inhibit angiogenesis, but also to decrease peritumoural oedema.

Clinical trials of angiogenesis inhibitors for meningiomas are ongoing.
A multicentre phase II study of sunitinib, a VEGFR/PDGFR inhibitor, was
recently completed and appears to have activity with a PFS6 in grade II/III
meningiomas of 42% (133). Phase II trials of vatalanib, another
VEGFR/PDGFR inhibitor, and bevacizumab, a humanized monoclonal
antibody, have completed accrual and results should become available in
the near future. While these agents may have a modest effect on
peritumoural oedema, and possibly tumour size, they are unlikely to
represent a significant advance in therapy.

A recently identified potential biomarker for meningioma is TERT
promoter mutation. The protein encoded by the TERT gene, telomerase
reverse transcriptase, contributes essentially to the immortalization of
cancer cells by extending their telomeres. Mutations in the promoter
region at hotspots chromosome 5:1,295,228 (C228T) or chromosome
5:1,295,250 (C250T), result in new binding sites for members of the E-
twenty-six (ETS) transcription factor family. Increased ETS-binding drives
upregulation of TERT expression, and consecutively maintains telomere
length of the proliferating cancer cells. Interestingly, increased ETS-1
expression appears to be associated with aggressive course of meningioma.
Median time to progression among mutant cases was 10.1 months
compared with 179.0 months among wildtype cases. TERT promoter
mutations are associated with higher meningioma grades and with early
recurrence and may be a useful tool assisting in the grading of
meningiomas (134).

Despite advances in surgery, radiation therapy, and radiosurgery, there
is a small but important subset of patients with meningiomas who develop
recurrent disease refractory to conventional therapies. Unfortunately,
chemotherapies and hormonal therapies have so far shown minimal
activity. Progress in identifying alternative forms of therapy for these
patients with recurrent meningiomas has been limited by poor
understanding of the molecular pathogenesis of meningiomas and the
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critical molecular changes driving tumour growth, and by the lack of
meningioma cell lines and tumour models for preclinical studies.
Nonetheless, progress in cancer genomics is providing molecular
information about meningiomas at an increasing rate, helping to identify
gene mutations such as in AKT1 and SMO that may drive growth in a
subset of tumours.

It is hoped that further advances in medical therapy based on
understanding of the biology of this tumour will lead to more effective
treatments for patients with meningiomas.

Conclusion
The gold standard for care for meningiomas is surgery, and radiation
therapy and radiosurgery can be applied in some instances. The majority of
meningiomas can be controlled by these modalities.
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CHAPTER 12

Other tumours of the meninges
M. Yashar S. Kalani, Sith Sathornsumetee, and
Charles Teo

Definition
Non-meningothelial tumours of the meninges constitute a rare but diverse
group of pathologies (Box 12.1). This group consists of: (i) mesenchymal,
non-meningothelial tumours including haemangiopericytomas, (ii)
melanocytic lesions, and (iii) haemangioblastoma (1). The bulk of the
literature on these tumours is limited to case reports or small series. As
such, the discussion on the majority of this topic rests upon expert opinion
and modification of treatment protocols for other diseases. Guidelines
from the National Comprehensive Cancer Network (NCCN) and other
professional organizations are not available.

Box 12.1 2016 WHO classification of tumours of the central nervous
system

Mesenchymal, non-meningothelial tumours
Solitary fibrous tumour/haemangiopericytoma
Grade 1 8815/0
Grade 2 8815/1
Grade 3 8815/3
Haemangioblastoma 9161/1
Haemangioma 9120/0
Epithelioid haemangioendothelioma 9133/3
Angiosarcoma 9120/3
Kaposi sarcoma 9140/3
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Ewing sarcoma/PNET 9364/3
Lipoma 8850/0
Angiolipoma 8861/0
Hibernoma 8880/0
Liposarcoma 8850/3
Desmoid-type fibromatosis 8821/1
Myofibroblastoma 8825/0
Inflammatory myofibroblastic tumour 8825/1
Benign fibrous histiocytoma 8830/0
Fibrosarcoma 8810/3
Undifferentiated pleomorphic sarcoma/malignant fibrous histiocytoma
8802/3
Leiomyoma 8890/0
Leiomyosarcoma 8890/3
Rhabdomyoma 8900/0
Rhabdomyosarcoma 8900/3
Chondroma 9220/0
Chondrosarcoma 9220/3
Osteoma 9180/0
Osteosarcoma 9180/3
Osteochondroma 9210/0

Melanocytic tumours
Meningeal melanocytosis 8728/0
Meningeal melanocytoma 8728/1
Meningeal melanoma 8720/3
Meningeal melanomatosis 8728/3

Reproduced from Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Ellison
DW, Figarella-Branger D, Perry A, Reifenberger G, Von Deimling A (Eds),
World Health Organization Classification of Tumours of the Central Nervous
System, Fourth Edition Revised, Copyright (2016), with permission from IARC
Publications.

Mesenchymal, non-meningothelial tumours
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Mesenchymal, non-meningothelial tumours comprise benign and
malignant tumours originating in the central nervous system (CNS) that
histologically resemble extracranial tumours of soft tissue or bone. They
range from benign tumours (World Health Organization (WHO) grade I)
to malignant sarcomas (WHO grade IV) and can be classified according to
their differentiated phenotypes. Haemangiopericytomas (WHO grade II
and III) represent the most common mesenchymal, non-meningothelial
tumours, which deserve discussion as a separate entity later in this chapter.
In general, mesenchymal tumours can affect patients at any age without
gender predilection. Rhabdomyosarcoma occurs primarily in children,
whereas malignant fibrous histiocytoma and chondrosarcoma
predominantly affect adults. No specific aetiology has been identified.
However, cranial irradiation may serve as a risk factor for development of
some mesenchymal tumours such as fibrosarcoma, chondrosarcoma,
malignant fibrous histiocytoma, and osteosarcoma. Spontaneous regression
of these tumours is rare.

Tumours of adipose tissue
Lipoma (8850/0)
Intracranial lipomas are quite rare and are mostly asymptomatic. They
arise from the meninx primitiva and are located in the midline, involving
the pericallosal structures in more than 50% of cases, the ambient and
quadrigeminal cisterns in 25% of cases, the cerebellopontine angle in 10%
of cases (Fig. 12.1), and the superior cerebellar, Sylvian and suprasellar
cisterns (2, 3, 4). Spinal cord lipomas are less common, whereas
intraventricular lipoma is rare (Fig. 12.2a). The incidence of lipomas has
been postulated to be between 0.1% and 0.2% based on autopsy and
radiological series (4). More than half of the patients have other more
serious brain malformations such as agenesis of the corpus callosum and
they are rarely associated with congenital neurocutaneous disorders and
vascular malformations including arteriovenous malformations and
aneurysms (5). Occasionally, there is fibrous connection between soft or
subcutaneous tissue and lipoma of central nervous system.
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Fig. 12.1 (a) Intraoperative photograph showed a lipoma of the cerebellopontine
angle. (b) Early stages of resection of the lipoma with preservation of the
juxtaposed cranial nerve.

Fig. 12.2 (a) Mid-sagittal MRI demonstrated an intraventricular lipoma. This
patient had mild ventriculomegaly and intermittent obstruction of the foramen of
Monro. (b) Gross pathology of the tumour in (a) after en bloc resection.

Other forms of lipomas include (i) angiolipoma (8861/0), a rare tumour
commonly involving the spinal canal with mixed histology of adipose
tissue and prominent vasculature underneath the tumour capsule; (ii)
hibernoma (8880/0), an uncommon variant composed of brown fat; and
(iii) liposarcoma (8850/3), an extremely rare but aggressive variant that
may present with subdural haematoma or as a component in gliosarcoma.

Lipomas are generally asymptomatic with minimal mass effect on
adjacent structures. Cases describing growth of lipomas in the setting of
steroid use have been reported. Epidural lipomatosis is a non-neoplastic
condition with diffuse hypertrophy of spinal epidural adipose tissue. It is
frequently associated with chronic steroid administration, endocrinopathy
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with increased endogenous steroids, or prolonged use of protease
inhibitors in AIDS patients (6, 7). The most common presentations of
intracranial lipomas are seizures and headaches, although it is unclear if
the seizures are caused by lipomas or the additional structural
malformations present in the brains of these patients. Other presentations
may be due to hydrocephalus (Fig. 12.2a, b), cranial nerve deficits, or
crowding in the posterior fossa.

Although computed tomography (CT) may reveal calcifications present
in some lipomas, magnetic resonance imaging (MRI) remains the gold-
standard modality for diagnosis of these lesions. Lipomas have a high
signal intensity on the T1-weighted sequences and intermediate to low
signal intensity on T2-weighted sequences. Although the literature
contains a small number of publications on the rare symptomatic lesion,
the majority need no intervention.

Surgical resection may be associated with a high rate of morbidity for
intracranial lipomas (8, 9). However, resection followed by radiation
therapy may provide local control and clinical benefit for liposarcoma
(10). Adjuvant chemotherapy may be considered but the efficacy has not
been established. Surgical decompression may also be considered in
patients with spinal cord lipoma, angiolipoma, or epidural lipomatosis,
who present with myelopathy.

Surveillance should be performed with MRI annually for 1–2 years to
confirm that the lesion does not exhibit growth or aggressive behaviour. In
malignant tumours such as liposarcoma, MRI should be performed more
frequently (i.e. every 3–6 months following definitive treatment).
Symptomatic treatments such as antiepileptic drugs for seizures, vestibular
suppressants and rehabilitation for vestibular symptoms, and cerebrospinal
fluid (CSF) shunting for hydrocephalus should be provided for
symptomatic patients.

Fibrous tumours
Solitary fibrous tumour (8815/0)
Solitary fibrous tumour (SFT) can arise from cranial or spinal meninges
with potential to invade the skull base and CNS parenchyma. Extracranial
SFT is usually classified in the same category with haemangiopericytoma.
Historically, intracranial or intraspinal counterparts are described as
separate entities. However, the 2016 WHO classification has defined SFT
and haemangiopericytoma in the same diagnostic entity with grading
according to the 2013 WHO classification of tumours of soft tissue and
bone as grade I (8815/0), grade II (8815/1), and grade III (8815/3). Most
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SFTs in the CNS are benign with only 6% being malignant.
Microscopically, SFT consists of spindle cells arranged in fascicles
between bands of collagen with immunoreactivity against CD34, Bcl-2,
ALDH1, and vimentin but not EMA or S-100 proteins (11). NAB2–STAT6
gene fusion is consistently identified in meningeal SFT and
haemangiopericytoma (12). This gene fusion resulted in strong nuclear
expression of STAT-6. Therefore, STAT-6 immunohistochemistry is
helpful to distinguish SFT from other histological mimics such as
meningiomas (13). There is no gender predilection for SFT. The median
age at diagnosis is 40–60 years old with less than 5% of cases under the
age of 20. SFTs can arise from cranial and spinal meninges at various
locations. The most common intracranial locations are tentorium cerebelli,
frontal convexity, and cerebellopontine angle. Patients with intracranial
SFTs presented with headache (50%) followed by gait disturbance (22%),
weakness (19%), and visual defect (19%). CT often demonstrates
hyperattenuated, solitary, and well-circumscribed lesions. Calcifications
are uncommon. MRI reveals isointense or hypointense signals on both T1-
and T2-weighted images with marked contrast enhancement (14).
Restricted diffusion, an elevated peak of myoinositol, and increased
perfusion are variable features on diffusion-weighted imaging, magnetic
resonance spectroscopy, and perfusion MRI, respectively (15). Surgery is
the mainstay treatment for SFT with gross total resection serving as a
favourable prognostic factor (16, 17). Recurrence is more common in
patients who had subtotal or partial resection. Radiation therapy may be
considered for unresectable tumours but prospective studies with longer
follow-up time are required to confirm the efficacy (18). Chemotherapy
for SFT is discussed later in this chapter under ‘Haemangiopericytoma,
which has recently been designated as the same diagnosis.
Fibrosarcoma (8810/3)
Fibrosarcoma is a rare mesenchymal tumour composed of bundles of
spindle cells arranged in a ‘herringbone’ pattern. It has high cellularity
with increased mitotic activity and necrosis. Fibrosarcomas may present as
discrete dural masses with frequent bone involvement or diffuse
leptomeningeal disease. Fibrosarcoma may develop in the sellar region
following radiation treatment for pituitary adenoma with the latency
ranged from 5 to more than 10 years (19). Primary fibrosarcomas occur at
any age with the most common ages between 30 and 50. Male to female
ratio is roughly equal. Intracranial fibrosarcomas are generally aggressive
tumours with the median survival of less than 1 year. Leptomeningeal
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seeding and systemic metastases are not uncommon. Symptoms and signs
are dictated by size, location, and extent of the tumour. CT scans may
demonstrate bone involvement. MRI typically shows a markedly
enhancing lesion following contrast administration. There is no standard
treatment for intracranial fibrosarcomas because of their rarity. Treatment
should be individualized following multi-disciplinary discussion and may
include surgical resection, chemotherapy and radiation therapy (20).
Undifferentiated pleomorphic sarcoma /malignant fibrous histiocytoma
(8802/3)
Undifferentiated pleomorphic sarcoma /malignant fibrous histiocytoma
involving the intracranial compartments is rare (Fig. 12.3). Given the rarity
of these lesions it is difficult to comment on their epidemiology (21, 22).
Tumours usually consist of atypical fibroblasts and histiocytes. The
pathogenesis of these tumours is not well understood. These lesions may
present with symptoms suggestive of mass effect and seizures. These
lesions appear hyperintense on contrast-enhanced T1-weighted MRI
sequence and may possess a ‘dural tail’ (23).

Fig. 12.3 Malignant fibrous histiocytoma showed extensive involvement of the
calvarium and overlying scalp.

The mainstay of treatment for these tumours is aggressive microsurgical
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resection when possible. Given the rarity of these tumours, the role of
chemoradiotherapy is not well defined. In aggressive/malignant variants,
Camacho et al. recommend the use of a combination of carboplatin, 4′-
epidoxorubicin and methotrexate combined with 60 Gy local adjuvant
radiotherapy (24).

Myogenic tumours
Leiomyoma (8890/0) and leiomyosarcoma (8890/3)
Leiomyoma is a benign smooth muscle tumour composed of intersecting
fascicles of spindle cells that lack mitotic activity, whereas
leiomyosarcoma represents a malignant smooth muscle tumour. It displays
immunoreactivity against smooth muscle actin and desmin. An
angioleiomyoma variant has been reported. The most common location is
cranial or spinal dura. However, the parasellar and pineal regions and
parenchymal involvement have been described. Dural leiomyomas or
leiomyosarcomas can be associated with Epstein–Barr virus infection in
AIDS patients (25). Surgical resection is usually offered for patients with
symptomatic tumours.
Rhabdomyoma (8900/0) and rhabdomyosarcoma (8900/3)
Rhabdomyoma is a tumour of well-differentiated striated muscle. It can
originate from the trigeminal, facial, and vestibular cranial nerves (26, 27,
28). In addition, one case of meningeal rhabdomyomatosis has been
reported (29). Although rhabdomyosarcomas represent the most common
soft tissue paediatric sarcomas, they are exceedingly rare in the intracranial
compartment (30). Reports of adult meningeal rhabdomyosarcomas are
even rarer than those reported in children. Meningeal rhabdomyosarcomas
must be distinguished from other pathologies including
medullomyoblastoma, gliosarcoma, and germ cell tumours, all of which
can exhibit skeletal muscle elements. Intracranial rhabdomyosarcoma may
be associated with malformations of CNS.

The cell of origin of these tumours is postulated to be the pluripotent
mesenchymal cells of the meninges. Although few cases have reported
diffuse meningeal involvement, this pattern is associated with a worse
prognosis (31, 32).

Presentation may be due to symptoms suggestive of raised intracranial
pressure (Fig. 12.4a, b), cranial neuropathy, seizures, or headache. In
contrast to other mesenchymal tumours, rhabdomyosarcomas are often
infratentorial in location. Given the paucity of the literature on these
lesions, it is difficult to quantify the contribution of each presentation.
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The imaging workup for this tumour should be MRI of whole neuraxis.
Positron emission tomography/CT may be considered to rule out an
extracranial primary site. MRI usually demonstrates an enhancing mass on
T1-weighted contrast sequences. Some centres utilize cerebrospinal fluid
cytology to stage patients.

A review of 38 intracranial rhabdomyosarcomas reported a mean
survival of 9.1 months (33). The majority of the reported cases have been
managed with surgical resection (Fig. 12.4c, d) and adjuvant radiotherapy
with a dose ranging from 2500 to 8200 cGy (34). The utility of
chemotherapy and the appropriate agent is a matter of debate and no
guidelines have been reported on this topic. Recent case reports have
demonstrated encouraging activity of concurrent temozolomide with
radiotherapy and/or vincristine, actinomycin-D and cyclophosphamide
(VAC), a standard chemotherapy regimen for systemic sarcoma (34).
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Fig. 12.4 (a, b) MRI findings of a third ventricular rhabdomyosarcoma in a 48-
year-old woman who presented with reduced level of consciousness. The sagittal
image showed extension into the posterior fossa and the axial image displayed the
intimate involvement with the vein of Galen. (c, d) Brain MRI following a radical
resection showed the residual tumour adherent to the vein of Galen.

Osteocartilaginous tumours
These are very rare tumours that mostly occur in and around the clivus and
associated synchondroses. Conversely, osteomas and aneurysmal bone
cysts, which are also included in this group, are much more common and
are usually found in the calvarium and not the skull base.
Osteocartilaginous tumours may derive from several origins including
meningeal heterotopias, multipotent mesenchymal cells, mesenchymal
differentiation of fibrous or fibrohistiocytic tumours, or teratoma.
Osteochondroma (9210/0)
The most common benign osteocartilaginous tumour is an osteochondroma
of the long bones but these are rare in the craniofacial area. They are more
commonly located in the mandibular condyle and coronoid process but
have been documented in the skull base, foramen magnum, and
frontotemporosphenoidal suture.

Imaging of benign bony tumours is best conducted with high-resolution
CT scans. MRI is superior in ascertaining involvement of surrounding soft
tissue structures. Benign bone tumours may be hot or cold on bone scans
but malignant tumours are always hot. Presentation depends on their
location and varies between being totally asymptomatic to cranial
neuropathies and brainstem compression.

Treatment is directed by symptomatology. Incidental tumours may be
left alone and followed with yearly clinic visits and MRI surveillance.
Symptomatic tumours should be managed by consultation with specialized
craniofacial and/or skull base teams to determine the best surgical or
radiotherapeutic options. These slow-growing tumours are invariably
cured with radical macroscopic resection.
Chondrosarcoma (9220/3)
Chondrosarcomas are rare tumours arising from the skull base, accounting
for 6% of skull base and 0.1% of intracranial tumours (35). The most
common locations for these tumours include the parasellar region (Fig.
12.5), cerebellopontine angle, and the convexity. These tumours
commonly arise de novo but have been associated with Ollier’s disease,
Maffucci syndrome, Paget’s disease, and osteochondroma.
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Chondrosarcomas have been described as conventional, mesenchymal,
clear cell, and dedifferentiated subtypes, with the majority of intracranial
tumours being conventional or mesenchymal.

Fig. 12.5 Axial MRI demonstrated a left petrous apex, mildly enhancing, bony
tumour in a 54-year-old woman who presented with cranial neuropathies.
Pathology confirmed chondrosarcoma.

The bones of the skull base develop via endochondral ossification and
this mechanism of bony development has been linked to the pathogenesis
of chondrosarcomas (36). Although poorly understood, several authors
have postulated that chondrocytes within the rests of endochondral
cartilage may serve as the cell of origin for these tumours while pluripotent
mesenchymal cells of the skull base and mature fibroblasts have been cited
as other sources (37, 38, 39).

Chondrosarcomas predominantly affect men during the second and third
decades of life (40). These tumours commonly present with cranial
neuropathies, symptoms suggestive of mass effect, or are incidentally
identified. Despite an indolent course in most cases, rarely these tumours
may exhibit rapid growth, causing morbidity, especially in the confines of
the posterior fossa with its labyrinth of neurovascular structures.
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Computed tomography frequently demonstrates a calcified mass; MRI
demonstrates intermediate intensity on the T1-weighted sequences and
heterogeneity on the T2-weighted sequences. These lesions enhance after
the administration of contrast material.

Chondrosarcomas have been categorized based on degree of cellularity,
nuclear atypia, and the amount of chondroid matrix into three grades. This
grading system has clinical implications (41). The reported 5-year survival
rates of chondrosarcomas are 90% for grade I, 81% for grade II, and 43%
for grade III (42).

The mainstay of treatment for chondrosarcomas is aggressive
microsurgical resection (40). With the improved visualization of the skull
base with endoscopic, transnasal techniques, more radical and complete
resections may be achieved with reduced morbidity (Fig. 12.6). Although
the majority of the data on surgical management of chondrosarcomas is
represented as a pooled assessment, which sometimes includes chordomas,
the prognosis of chondrosarcomas is much better than chordomas, and has
been reported to be greater than 80% at 5 years (43).

Fig. 12.6 (a) Pre- and (b) postoperative MRIs of chondrosarcoma showed a
complete endoscopic endonasal resection of the tumour. The patient did extremely
well without neurological deficits and resolution of preoperative cranial
neuropathies.

Radiation as a stand-alone treatment for chondrosarcomas has been
reported. Modalities include fractionated (photon) radiotherapy, proton
beam therapy, and stereotactic radiosurgery. In the University of
California at San Francisco (UCSF) experience, only 8% of patients
received radiation as the sole modality (44). The 5-year rate of recurrence
following treatment with radiation alone was 19%, which the authors
noted was statistically lower than the recurrence rate of patients who
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received only surgical resection. This data is limited by its small sample
size but suggests that in cases not amenable to aggressive surgical
resection, biopsy followed by radiation therapy may be an acceptable
alternative. In this UCSF series, grade I chondrosarcoma had a 15%
chance of recurrence, and grades II and III demonstrated a recurrence rate
of 16% and 33%, respectively (44). The range reported in the literature is
12–60% at a median follow-up of 1.9–30 years (40, 43).

Chemotherapy is not routinely administered for treatment of intracranial
chondrosarcomas. However, several agents such as ifosfamide and
doxorubicin have been used in selected cases owing to their activities in
extracranial chondrosarcomas (45). In addition, targeted therapies
directing at molecular abnormalities of chondrosarcomas may have a role
in the future. Several deregulated signalling pathways such as PI3K, MEK-
ERK, and integrins may represent promising therapeutic targets (46).
Osteosarcoma (9180/3)
Osteosarcoma arising from meninges is very rare. Occasionally it can
present as a component of germ cell tumours or gliosarcoma. Radiation-
induced meningeal osteosarcomas have been reported (47, 48). The first-
line treatment is surgical resection. Adjuvant radiotherapy and/or
chemotherapy may be considered but with only limited evidence (49, 50).

Vascular tumours
Haemangioma (9120/0)
Most haemangiomas arise from bone. However, dural and CNS
parenchymal origins have been rarely reported. Facial haemangioma may
be associated with ipsilateral or contralateral leptomeningeal
haemangioma. Histologically, haemangiomas can be classified into
capillary or cavernous types. Intracranial capillary haemangioma can
affect both sexes with the median ages of diagnosis of 4.8 and 22.5 years
for men and women, respectively (51). The most common sites for
capillary haemangiomas are extra-axial dura around major venous sinuses,
whereas cavernous haemangiomas often involve dura of cavernous sinus,
tentorium, and cerebellopontine angle (52). Intracranial dural
haemangiomas are radiographically indistinguishable from meningiomas.
Complete resection is the treatment of choice and is associated with
favourable outcome.
Epithelioid haemangioendothelioma (9133/3)
Epithelioid haemangioendothelioma (EH) is a very rare vascular tumour of
intermediate grade involving skull base, dura, and brain parenchyma. It
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affects infants to young adults and predominantly affects more males in
childhood, whereas there is no gender predilection in adults (53). A study
integrating genomic and cytogenetic evaluation of EH identified a
characteristic gene fusion of WWTR1 (WW domain-containing
transcription regulator 1) and CAMTA1 (calmodulin-binding transcription
activator 1) derived from the t(1;3)(p36;q25) chromosomal translocation
(54). This disease-defining gene fusion may serve as a new therapeutic
target for EH. While EH has a low-to-intermediate proliferation index, it
can exhibit aggressive clinical behaviour with local invasion in
approximately one-third and distant metastases in 15% of cases. Gross
total resection is recommended to prevent recurrence (55). Radiotherapy,
chemotherapy, or both, may be offered in unresectable or partially
removed tumours. Several chemotherapy regimens have been evaluated
for extracranial EH. Antiangiogenic agents, particularly bevacizumab,
have demonstrated promising efficacy in case series and a trial for EH and
angiosarcoma (56).
Angiosarcoma (9120/3)
This malignant vascular tumour can arise primarily from brain
parenchyma or meninges. Clinical course is usually rapid with progressive
neurological symptoms. Brain MRI often demonstrates a well-demarcated
tumour with avid enhancement following gadolinium administration.
Complete resection is the primary treatment (57). Radiotherapy,
chemotherapy, or both, may be considered as additional treatment in the
adjuvant setting or salvage therapy for tumour recurrence. Some experts
recommend temozolomide as the first-line agent because it crosses the
blood–brain barrier and has activity against some sarcomas. Other agents
include doxorubicin and paclitaxel but the activity in intracranial
angiosarcoma has not been established. Antiangiogenic agents such as
bevacizumab alone or in combination with radiotherapy or chemotherapy
such as temozolomide have been used with some success in selected
patients with intracranial angiosarcomas. In a recent open-label,
multicentre, phase II study of 30 evaluable patients with metastatic or
locally advanced, extracranial, angiosarcoma, or EH, bevacizumab was
associated with 17% partial response, 50% stable disease, and a mean time
to progression of 26 weeks (56). This promising activity warrants further
investigation of bevacizumab and other antiangiogenic agents in
intracranial angiosarcoma.
Kaposi sarcoma (9140/3)
Central nervous system involvement of Kaposi sarcoma is exceptionally
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rare. It can occur primarily in the brain or meninges or as a metastasis
from extracranial sites in patients with AIDS. Kaposi sarcoma is invariably
associated with human herpes virus type 8 (HHV8) infection. Subdural
haematoma may be an initial presentation of dural Kaposi sarcoma (58).
Antiretroviral treatment with or without chemotherapy may be considered.

Meningeal sarcomatosis
This is a very rare neoplastic condition with a predilection for the
paediatric population (59). The gross appearance of the meninges is cloudy
and thickened. Tumour cells may extend to the depths of sulci and nodular
involvement of the subarachnoid space has been reported. Areas between
the pia and arachnoid are filled with poorly differentiated spindle cells,
suspended in a network of reticulin. Pathological re-evaluation with
additional immunohistochemical stains of meningeal sarcomatosis
demonstrated that most were in fact carcinoma, lymphoma, glioma, or
primitive neuroectodermal tumours (PNETs).

Patients may present with symptoms suggestive of mass effect, seizures,
cranial neuropathies, or other less specific symptoms (especially in
children). The treatment paradigm for these tumours is not well
established. Surgery may be attempted to relieve symptoms of mass effect.
The role of adjuvant therapies including radiation and chemotherapy for
this disease is evolving and made challenging due to the rarity of the
tumour (60).

Ewing sarcoma/peripheral primitive neuroectodermal tumour (EWS-
pPNET; 9364/3)
Ewing sarcoma/ peripheral primitive neuroectodermal tumour in the CNS
is extremely rare and can occur as primary meningeal tumour or as local
invasion from adjacent craniovertebral bony structures or soft tissues. It is
most common during the second decade of life. Histologically,
EWS/PNET displays small, round, undifferentiated cells with occasional
Homer Wright rosettes and focal reactivity to neuronal markers such as
synaptophysin or neuron-specific enolase. CD99 or Ewing sarcoma
antigen is abundantly expressed on cell membranes, however, it is not
specific. Therefore, the genetic test for characteristic translocations of
chromosome 22 is recommended to confirm the diagnosis. The most
common translocation is t(11;22)(q24;q12) resulting in fusion of the EWS
gene on chromosome 22 and the FLI1 gene on chromosome 11 (61). A
case of the rare translocation t(21;22)(q22;q12) has been reported (62).
Treatment often includes surgical resection. Radiotherapy and/or
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chemotherapy may be considered as adjuvant or salvage treatments.

Haemangiopericytoma (8815)
Haemangiopericytoma or SFT (as discussed earlier in the chapter) is a rare
tumour involving the meninges and arising from Zimmerman’s pericytes, a
modified smooth muscle cell (63). Historically, haemangiopericytoma was
considered an aggressive subtype of meningioma (64).
Haemangiopericytoma constitutes less than 1% of all intracranial tumours
and approximately 2–4% of all meningeal tumours (65). These tumours
are known for their aggressive growth (Fig. 12.7), high rate of local
recurrence, and late distant metastases (66, 67, 68).
SFT/haemangiopericytoma can be classified into grade I (8815/0), II
(8815/1), and III (8815/3) according to the 2016 WHO classification. The
WHO grade III SFT/haemangiopericytoma is associated with higher rates
of recurrence than the grade II counterpart. However, overall survival may
not be affected by tumour grade. The mean age of presentation ranges
from 37 to 44 years (69, 70, 71, 72). SFT/haemangiopericytoma affects
men and women at similar rates with a slight male predominance in some
series (73, 74, 75).

Fig. 12.7 (a) Axial contrast-enhanced T1-weighted MRI demonstrated the
aggressive nature of a haemangiopericytoma that eroded through the dura and skull
to involve the scalp. (b) Intraoperative photograph of the tumour in (a). (c)
Postoperative MRI showed a complete resection of the tumour and involved dura,
skull and sub-galeal soft tissue.

Symptoms and signs depend on the location of the tumour. The most
common presentation in one of the largest series was headache (76). Other
common causes of presentation include hydrocephalus, mass effect,
seizures, nausea, and vomiting. Myelopathic symptoms can result from
spinal disease due to metastases from primary intracranial tumour or rarely
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a primary spinal SFT/haemangiopericytoma that usually involves the
cervical region (77). Acute neurological symptoms may arise from
intratumoural haemorrhage.

SFT/haemangiopericytomas are multilobulated, heterogeneous extra-
axial masses on both CT and MRI. They enhance avidly (Fig. 12.8) and
heterogeneously following contrast administration and may be associated
with flow-related vascular malformations (78). Unlike meningiomas,
hyperostosis and intratumoural calcification are usually not present (76).
Angiography typically demonstrates dual blood supply from meningeal
and cortical arteries with a corkscrew-like vascular pattern in the tumour.
Preoperative embolization may reduce the risk of intraoperative bleeding
and improve surgical outcome.

Fig. 12.8 MRI of a haemangiopericytoma with vivid enhancement following
gadolinium administration.

The mainstay of treatment for SFT/haemangiopericytoma is aggressive
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surgical resection (66, 73, 74). Profuse bleeding can occur during surgery.
The UCSF group reviewed the literature on 563 patients with
haemangiopericytoma. They determined an overall median survival of 13
years. The 1-, 5-, 10-, and 20-year survival rates were 95%, 82%, 60%,
and 23%, respectively. Gross total resection alone resulted in a median
survival of 13 years, whereas patients treated with subtotal resection alone
had a median survival of 9.75 years (75). The addition of postoperative
radiotherapy may increase disease-free and overall survival (79, 80, 81, 82,
83, 84, 85). An analysis of the Surveillance Epidemiology and End Results
(SEER) database of 227 patients with CNS haemangiopericytoma
demonstrated that the 5-year survival rate was 83% (81). Gross total
resection in combination with adjuvant radiotherapy served as an
independent favourable prognostic factor for overall survival in a
multivariate analysis (81). In a review of the Queen’s Square experience,
the recurrence rates at 1, 5, and 15 years were 3.5%, 46%, and 92%,
respectively. Stereotactic radiosurgery at the median marginal dose of 15
Gy after resection was associated with local control rate of 89% for grade
II tumour and progression-free survival rates of 89%, 67%, and 0% at 1, 2,
and 5 years, respectively, for grade III haemangiopericytoma (86). Single
and repeated, Gamma Knife® or CyberKnife® radiosurgeries, exploited at
higher marginal doses of 17 Gy or more, demonstrated improved local
control rates of 95–100%, 71–85%, and 68–71% for 1, 2, and 5 years,
respectively (87, 88, 89). Locoregional recurrence can occur at the primary
site or as leptomeningeal seeding. Surgical resection is usually considered
for recurrent local tumour, whereas stereotactic radiosurgery represents an
important treatment option for small local recurrences (74). External beam
radiotherapy, if not administered at the time of initial diagnosis, should be
considered as a first-line salvage treatment (74). Distant metastases can
develop in 20–25% of patients and can occur many years following
treatment of the primary site (Fig. 12.9) (66, 80). Unfortunately, the
occurrences are not hampered by adjuvant radiotherapy. The most
common sites of metastasis include bone, lung, liver, kidney, pancreas,
and adrenals (65, 90). Multiple reports suggest that patients may continue
to do well despite recurrence/metastasis and should be treated aggressively
(74, 80).
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Fig. 12.9 Axial MRI showed bony metastases involving both occipital condyles
approximately 4 years after resection of a tentorial haemangiopericytoma in a 26-
year-old man.

Chemotherapy is not traditionally used for this tumour. Doxorubicin-
containing regimens were administered in seven patients with recurrent
haemangiopericytoma at the Mayo Clinic with only one partial response
that lasted 8 months (91). Sequential chemotherapeutic regimens were
studied in 15 patients with recurrent, radiation-refractory,
haemangiopericytoma (92). The regimens were cyclophosphamide,
doxorubicin, and vincristine (CAV) followed by alpha-interferon (IFNα)
upon disease progression. Subsequent treatment with ifosfamide,
carboplatin and etoposide (ICE) was applied when interferon failed to
control tumour. Six patients had partial radiographic responses (two with
CAV and four with IFNα) and fourteen patients had stable disease (nine
with CAV and five with IFNα). The median survival was 14 months (92).

Haemangiopericytoma is a highly vascularized tumour with intense
expression of VEGF and VEGFRs that may serve as therapeutic targets. A
retrospective study of 14 patients with haemangiopericytoma or malignant
solitary fibrous tumours from University of Texas MD Anderson Cancer
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Center demonstrated promising efficacy of bevacizumab (Avastin®), a
humanized monoclonal antibody against VEGF, in combination with
temozolomide, a DNA methylating agent (93). Temozolomide was orally
administered at 150 mg/m2 on days 1–8 and days 15–21 and bevacizumab
was given intravenously at 5 mg/kg on day 8 and day 22 of a 28-day cycle.
Using Choi’s response criteria to evaluate tumour size and density by CT,
partial responses were observed in 11 patients (79%) with a median time to
response of 2.5 months. Two patients had stable disease and one patient
developed progressive disease as their best responses. With a median
follow-up time of 34 months, the estimated progression-free survival was
9.7 months with a 6-month progression-free survival rate of 78.6%.
Treatment was adequately tolerated with myelosuppression as the most
frequent adverse event. A prospective trial of this regimen is ongoing.

Other cytotoxic chemotherapies and molecularly targeted agents have
been used in selected cases. Trabectedin was reported to provide clinical
benefit in a recurrent haemangiopericytoma patient who failed several
prior therapies (94). Dasatinib (Sprycel®), an inhibitor of PDGFR,
BCR/ABL, and SRC, showed disease control for over 2 years in a patient
with recurrent heavily pretreated haemangiopericytoma with PDGFR
overexpression (95). Sunitinib malate (Sutent®), a multitargeted kinase
inhibitor against VEGFRs, PDGFRs, KIT, FMS-like tyrosine kinase (FLT-
3), RET, and CSF-1 receptor, was associated with stable disease for more
than 6–12 months in a few patients with metastatic haemangiopericytoma
(96, 97).

Melanocytic lesions
Meningeal melanocytosis (8728/0)
The meningeal coverings can be affected by a range of melanocytic
pathologies, including diffuse melanocytosis and melanomatosis,
melanocytomas, and primary malignant melanomas (98). In diffuse
melanocytosis, proliferating melanocytes involve the leptomeninges
without frank invasion of the brain. Unequivocal invasion of brain
parenchyma may indicate malignant transformation to melanomatosis.
Diffuse meningeal melanomatosis is a very rare variant of primary
malignant melanoma. This disease results from spread of malignant
melanocytes into the Virchow–Robin spaces. This malignancy has been
reported in both adults and children but appears to be more common in
adults (98). A majority of meningeal melanocytosis cases are reported in
children with neurocutaneous melanosis manifested as pigmented skin
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lesions and various CNS malformations such as Dandy–Walker
malformation, lipoma, and syringomyelia.

The aetiology of diffuse melanocytosis is similar to that for primary
malignant melanoma and is discussed below. Age of presentation is within
the first two decades of life without gender and racial predilection. The
most common sites of involvement include the cerebellum, pons, medulla
and temporal lobes. The clinical presentation may be due to raised
intracranial pressure, hydrocephalus caused by blockage of CSF
absorption, or cranial neuropathies (99). Diffuse meningeal melanocytosis
may clinically mimic other conditions including subacute meningitis, viral
encephalitis, and idiopathic hypertrophic cranial pachymeningitis and may
be identified during work-up for these pathologies (100, 101).

The clinical diagnosis of this pathology may be established by means of
cytological examination of the CSF (100). MRI commonly reveals
extensive leptomeningeal enhancement with focal or multifocal nodularity.

Optimal treatment for this rare tumour type is not established. Surgery
for achieving the diagnosis and relieving mass effect may be attempted.
Radiation and chemotherapy classically administered for melanoma have
been used. Recently, temozolomide has been reported to provide clinical
and radiographic improvement in a patient with meningeal melanocytosis
(102). Prognosis for symptomatic patients is generally poor despite the
lack of malignant histology.

Meningeal melanocytoma (8728/1)
Meningeal melanocytoma is a rare benign tumour of the leptomeningeal
melanocytes, cells that are derived from the neural crest. It accounts for
0.06–0.1% of brain tumours. Although these lesions can be found
anywhere in the neuraxis, they have a predilection for the foramen
magnum, posterior fossa, and Meckel’s cave (103). Spinal tumours often
arise in the intradural extramedullary compartment of the cervical and
thoracic spinal levels. Spinal intramedullary melanocytomas are very rare.
The majority of cases of meningeal melanocytoma present in adults during
the fourth or fifth decade, while paediatric presentation is exceedingly rare
(104). Women are slightly more affected than men.

The clinical presentation is attributed to the location and size of the
tumour. Patients may present with evidence of increased intracranial
pressure, cranial nerve deficits, and rarely haemorrhage (105, 106).
Radiographically, melanocytomas present as well-defined, iso- to
hyperdense, contrast-enhancing lesions on CT. The MRI signal
abnormalities depend on the amount of melanin but most lesions are iso- to
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hyperintense on T1-weighted images and hypointense on T2-weighted
images. These lesions are avidly contrast-enhancing on T1-weighted
sequences.

Pathological evaluation reveals cells with fusiform, epithelial,
polygonal, or spindle-like morphology with eosinophilic cytoplasm.
Grossly the lesions are well-circumscribed, darkly pigmented masses.

The natural history of the majority of melanocytomas is benign. In rare
cases, these tumours may transform into malignant melanomas (107). As
such, the complete and aggressive microsurgical resection of these
tumours should be the goal of treatment (108). In the setting of incomplete
resection and without adjuvant radiation, these tumours have a 42% 5-year
survival. In contrast, the 5-year survival rate for patients with incomplete
resection but with adjuvant radiotherapy is 100% for cerebral
melanocytoma and 59% for spinal meningeal melanocytoma (109, 110).
Radiation doses of 45–55 Gy offered more local control than doses of less
than 45 Gy (109). For spinal meningeal melanocytoma, a radiation dose of
50.4 Gy was associated with good local control and a low risk of radiation
myelopathy (110). Despite complete resection, cases of tumour recurrence
have been noted. This pattern of recurrence and the likelihood of
malignant transformation have led some to recommend adjuvant radiation
therapy for both completely and incompletely resected cases (111).

Malignant melanoma (8720/3)
Primary leptomeningeal melanoma is a rare disease, seen most commonly
as a neurocutaneous syndrome in association with ocular melanosis in
children (112, 113). In adults, these tumours are equally are but are not
associated with neurocutaneous syndromes. Symptoms are generally non-
specific and include cranial nerve deficits, seizures, hydrocephalus, or
elevated intracranial pressure.

Pathologically these tumours present with cells infiltrating the
subarachnoid space and occupying the Virchow–Robin spaces. As such,
the diagnosis may be aided by CSF cytology. Radiographic evidence of
tumour spread in the subarachnoid space may be noted on CT scan.
Contrast administration will demonstrate enhancement of the meninges of
the brainstem and the basilar cisterns. Rarely, and in advanced disease, the
convexities may enhance. MRI appearance of the tumour is variable and
again dependent on the degree of melanin present.

Gross total resection when possible is associated with improved
outcome. However, in many patients, the role of surgery is limited to
achieving a diagnosis and relieving mass effect. Similar to melanoma in
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other locations radiation is generally unsuccessful and the mainstay of
treatment is palliative systemic therapy, although combination of whole-
brain radiotherapy and systemic treatment may offer benefit in some cases
(114). Systemic treatment options are similar to those for brain metastases
from systemic malignant melanoma and are discussed in another chapter.
In short, current treatment regimens may include: (i) immunotherapy with
checkpoint inhibitors such as ipilimumab (anti-CTLA-4 antibody) and
pembrolizumab or nivolumab (anti-PD-1 antibodies) and interleukin-2 (IL-
2); (ii) signal transduction inhibitors including BRAF inhibitors such as
dabrafenib and vemurafenib, MEK inhibitors, and KIT inhibitors; and (iii)
chemotherapy such as nitrosoureas, temozolomide, and intrathecal
cytarabine for leptomeningeal melanomatosis (115). A recent report
demonstrated that vemurafenib treatment was associated with
improvement of symptoms, radiographic improvement, and CSF
cytological remission in a patient with leptomeningeal melanomatosis
(116).

Survival rates with this rare tumour are dismal with the majority of
patients succumbing to the disease in 3–6 months. Rare survivals past 1
year have been reported but are the exception rather than the rule.
However, the prognosis of patients with localized primary meningeal
melanoma undergoing complete resection and without distant metastases is
better than that of brain metastases from systemic malignant melanoma.

Haemangioblastoma (9161/1)
Meningeal haemangioblastoma is a rare tumour (117, 118).
Leptomeningeal haemangioblastomatosis involving intracranial and spinal
compartments is even rarer and more aggressive (119, 120).
Haemangioblastomas can occur sporadically or in association with von
Hippel–Lindau (VHL) disease, an autosomal dominant syndrome ascribed
to mutations on chromosome 3 (121). VHL disease and
haemangioblastoma are discussed in Chapter 16. Briefly,
haemangioblastomas are benign neoplasms and represent 1–2% of all
primary central tumours (122). The presence of cerebellar
haemangioblastoma is the most common initial manifestation, affecting
64% of patients with VHL and is the most important cause of mortality
(123, 124, 125).

Meningeal haemangioblastoma can occur in supratentorial or, less
commonly, infratentorial locations. Clinical manifestations of meningeal
haemangioblastoma are similar to those of meningioma. The most
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common presenting symptoms of these tumours are symptoms suggestive
of elevated intracranial pressure, headache, seizures, and cranial
neuropathies. Given the rarity of these lesions, reliable epidemiological
information is not available.

The imaging study of choice for the diagnosis of meningeal
haemangioblastoma is gadolinium-enhanced MRI. Similar to
haemangioblastomas in other locations, the tumour may appear isointense
on T1-weighted images and demonstrate high signal on T2-weighted
images. Contrast administration may result in focal enhancement although
a mural nodule is usually not observed with meningeal
haemangioblastoma. Meningeal haemangioblastomas may be highly
vascular lesions with pathologically dilated vessels appearing hyperintense
on flow-enhanced gadolinium studies (126). As such, angiography may be
used to delineate the anatomy of the tumour as well as to selectively
embolize the tumour prior to resection.

Haemangioblastomas, including the rare subset affecting the meninges,
can be cured by surgical resection (Fig. 12.10) (127, 128, 129, 130, 131).
Surgery can be combined with endovascular embolization to devascularize
the tumour, aiding in its resection (132, 133). Other treatment modalities
include radiation therapy and antiangiogenic agents, but these remain
secondary modalities if surgery is not possible (134, 135, 136, 137).
Several antiangiogenic drugs, including IFNα2a; thalidomide;
multitargeted angiogenic kinase inhibitors such as sunitinib, semaxanib,
and pazopanib; and a monoclonal antibody against VEGF, bevacizumab,
have demonstrated efficacy in single patients or case series with
haemangioblastomas (138, 139, 140, 141, 142, 143, 144, 145, 146). These
promising agents represent a reasonable option for surgically unresectable
or refractory haemangioblastomas.
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Fig. 12.10 (a, b) The preoperative MRI image showed a meningeal
haemangioblastoma of the cavernous sinus. Although the postoperative image
confirmed a complete resection, this patient suffered a recurrence 4 years later.
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CHAPTER 13

Tumours of the haematopoietic
system
Tracy T. Batchelor, Oussama Abla, Zhong–ping
Chen, Dennis C. Shrieve, and Samar Issa

Primary central nervous system lymphoma
Definition
Primary central nervous system lymphoma (PCNSL) is an extranodal non-
Hodgkin’s lymphoma (NHL) confined to the brain, leptomeninges, eyes,
and/or spinal cord (1). The prognosis of PCNSL is inferior to that of other
NHL subtypes including other organ-specific subtypes of extranodal NHL.
The 5- and 10-year survival proportions for PCNSL are 29.3% and 21.6%,
respectively (2). The diagnosis and management of PCNSL differs from
that of other primary brain cancers and NHL in other parts of the body.

Epidemiology
Primary CNS lymphoma is a rare brain tumour and subtype of NHL. An
estimated 1425 cases of PCNSL were diagnosed each year in the United
States from 2007 to 2011 and the number of cases is expected to increase
further with the ageing of the US population (2). The median age at
diagnosis is 65 and PCNSL is slightly more common among males.
PCNSL accounted for approximately 2.1% of total and 6.2% of malignant
primary CNS tumours diagnosed each year in the United States between
2007 and 2011. Between 1970 and 2000, the incidence of PCNSL
increased, largely due to the human immunodeficiency virus (HIV)
pandemic. Since 2000, there has been a further increase in the incidence of
PCNSL, especially in the elderly.

Aetiology
Acquired or congenital immunodeficiency is the major risk factor for the
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development of PCNSL. Infection with HIV increases the risk of PCNSL
by 3600-fold, and this is thought to have accounted for the increased
incidence from 1970 to 2000. However, the incidence of PCNSL has
decreased in the era of highly active antiretroviral therapy (HAART) (3).
Central nervous system post-transplant lymphoproliferative disorder is the
second most common malignancy to be diagnosed in organ transplant
recipients after skin cancer (4). The time of appearance of PCNSL
following transplantation ranges from 3 weeks to 21 years, with a mean
time of 33 months. Almost half of cases of PCNSL occur within 1 year of
transplant. Patients with congenital immunodeficiencies have a 4% risk of
developing PCNSL. Immunosuppressive conditions such as systemic lupus
erythematosus, vasculitis, and idiopathic thrombocytopenic purpura also
increase the risk of PCNSL. Second malignancies are not uncommon in
patients with PCNSL. In a study of 129 PCNSL patients with a median
follow-up of 44.8 months, 30 second malignancies were identified in 28
patients for a second malignancy proportion of 22.2%. Twenty (15.5%)
were prior or synchronous malignancies and 10 (7.7%) were subsequent
malignancies. The most common second malignancies were skin, prostate,
and gastrointestinal cancers (5).

Pathogenesis
Approximately 90% of PCNSL cases are diffuse large B-cell lymphomas
(DLBCL), with the remainder consisting of T-cell lymphomas, poorly
characterized low-grade lymphomas, or Burkitt’s lymphomas (6).
Histologically, primary CNS DLBCL is composed of centroblasts or
immunoblasts typically clustered in the perivascular space, with reactive
small lymphocytes, macrophages and activated microglial cells intermixed
with the tumour cells. Most tumours express pan-B-cell markers including
CD19, CD20, CD22, and CD79a. The molecular mechanisms underlying
transformation and localization to the CNS are poorly understood (7).
Limitations in molecular studies of PCNSL include the rarity of the
disease and the limited availability of tissue since the diagnosis is most
often made with stereotactic needle biopsy. Like systemic DLBCL,
PCNSL harbours chromosomal translocations of the BCL6 gene, deletions
in 6q, and aberrant somatic hypermutation in proto-oncogenes including
MYC and PAX5. Inactivation of CDKN2A is also commonly observed in
both entities. Similar to DLBCL, PCNSL can be classified into three
molecular subclasses by gene expression profiling: type 3 large B-cell
lymphoma, germinal centre B-cell (GCB) lymphoma, and post-germinal
centre activated B-cell lymphoma (ABC). In DLBCL cases, the ABC gene
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expression profile is associated with an inferior prognosis versus the GCB
profile. The ABC subclass accounted for greater than 95% of primary CNS
DLBCL cases in one series (8). This higher prevalence of the ABC gene
expression profile subtype in PCNSL is likely to account for the relatively
inferior prognosis of this lymphoma versus systemic DLBCL. Moreover,
there are other molecular features that distinguish primary CNS DLBCL
from systemic DLBCL. Gene expression profiles demonstrate that PCNSL
is characterized by differential expression of genes related to adhesion and
extracellular matrix pathways, including MUM1, CXCL13, and CHI3L1.
The ongoing somatic hypermutation with biased use of VH gene segments
that has been observed in PCNSL is suggestive of an antigen-dependent
proliferation. These observations are consistent with the hypothesis that
PCNSL arises following antigen-dependent activation of circulating B
cells, which subsequently localize to the CNS by expression of various
adhesion and extracellular-matrix related genes. However, further
molecular studies to investigate the transforming events and the
subsequent events responsible for CNS tropism in PCNSL are needed.
Genomic analysis of 19 tumour specimens obtained from 19
immunocompetent PCNSL patients demonstrated a high prevalence of
MYD88 mutations and other genetic alterations consistent with activation
of the B-cell receptor (BCR), toll-like receptor (TLR), and nuclear factor-
kappa beta (NF-κB) pathways in greater than 90% of cases. These
observations provide insight into potential therapeutic targets for future
clinical trials in PCNSL (7, 9).

Clinical presentation
The presenting symptoms and signs of PCNSL are variable. In 248
immunocompetent patients with this tumour, 43% had neuropsychiatric
signs, 33% had symptoms of increased intracranial pressure, 14% had
seizures, and 4% had ocular symptoms (10). Seizures are less common
than with other types of brain tumours probably because PCNSL involves
predominantly subcortical white matter rather than epileptogenic grey
matter. Unlike patients with systemic NHL, PCNSL patients rarely
manifest B symptoms such as weight loss, fevers, or night sweats.

The International PCNSL Collaborative Group (IPCG) has developed
guidelines to determine extent of disease (11). A gadolinium-enhanced
brain magnetic resonance imaging (MRI) scan is the most sensitive
radiographic study for the detection of PCNSL. Most PCNSL patients
present with a single brain mass. The diagnosis of PCNSL is typically
made by stereotactic brain biopsy. Occasionally, if a brain biopsy cannot
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be performed the diagnosis can be made by cerebrospinal fluid (CSF)
analysis, or by analysis of vitreous fluid aspirate in patients with ocular
involvement. However, given the possible delay in diagnosis and treatment
with the latter two methods, prompt stereotactic biopsy is advised in
almost all cases that are surgically accessible. Concurrent leptomeningeal
and ocular involvement occurs in approximately 15–20% and 5–25% of
PCNSL patients, respectively. While leptomeningeal dissemination of
PCNSL does not appear to negatively impact prognosis, ocular
involvement was associated with an inferior progression-free (PFS) and
overall survival (OS) in one prospective study (12). Presenting symptoms
of ocular involvement include eye pain, blurred vision, and floaters (13). A
thorough diagnostic evaluation is needed to establish the extent of the
lymphoma and to confirm localization to the CNS. Physical examination
should consist of lymph node examination, a testicular examination in
men, and a comprehensive neurological examination. A lumbar puncture
should be performed if not contraindicated, and CSF should be assessed by
flow cytometry, cytology, and immunoglobulin heavy-chain gene
rearrangement. Because extra-neural disease must be excluded to establish
a diagnosis of primary CNS lymphoma, computerized
tomography/positron emission tomography (CT/PET) scans of the chest,
abdomen, and pelvis, and a bone marrow aspirate and biopsy are advised
to exclude occult systemic disease. Involvement of the optic nerve, retina,
or vitreous humour should be excluded with a comprehensive eye
evaluation by an ophthalmologist that includes a slit-lamp examination.
Blood tests should include a complete blood count, a basic metabolic
panel, serum lactate dehydrogenase, and HIV serology (11).

Two prognostic scoring systems have been developed specifically for
PCNSL (14, 15). In a retrospective review of 105 PCNSL patients, the
International Extranodal Lymphoma Study Group (IELSG) identified age
over 60 years, Eastern Cooperative Oncology Group (ECOG) performance
status greater than 1, elevated serum lactate dehydrogenase level, elevated
CSF protein concentration, and involvement of deep regions of the brain as
independent predictors of poor prognosis. In patients with 0–1 factors (low
risk), 2–3 factors (intermediate risk), and 4–5 factors (high risk) the 2-year
survival proportions were 80%, 48%, and 15%, respectively. In another
prognostic model, PCNSL patients were divided into three groups based
on age and performance status: (i) less than 50 years old; (ii) 50 years old
or older with a Karnofsky performance score (KPS) of 70 or higher; (iii)
50 years old or older with a KPS less than 70. Based on these three
divisions significant differences in overall and failure-free survival were
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observed. There is no formal staging system that correlates with prognosis
or response to treatment in PCNSL. However, as PCNSL is a
multicompartmental disease potentially involving the brain, spinal cord,
eye, and CSF, the IPCG recommends an extent of disease evaluation, as
noted above, that will enable clinicians to follow the response to therapy
(11).

Imaging
Contrast-enhanced brain MRI is the imaging modality of choice in
evaluating a patient with a suspected diagnosis of PCNSL. If MRI is not
possible or is contraindicated, a contrast-enhanced brain CT scan is
advised. The mass is typically isointense to hyperintense on T2-weighted
MRI sequences and homogeneously enhancing on post-contrast images
(Fig. 13.1).

Fig. 13.1 Magnetic resonance images from a patient with PCNSL. A T1-weighted,
axial, post-contrast, scan (left) demonstrates intense, homogenous enhancement of
the tumour in the region of the left caudate nucleus. An axial T2/FLAIR scan at the
same anatomical level (right) demonstrates hyperintense signal surrounding the
tumour, reflecting vasogenic cerebral oedema.
Images courtesy of Priscilla K. Brastianos, M.D.

Since PCNSL is characterized by a high nuclear:cytoplasmic ratio and
high cell density, there may be regions of restricted diffusion observed on
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diffusion-weighted MRI sequences and apparent diffusion coefficient
imaging may be useful as a biomarker of response to chemotherapy (16).

In immunocompetent PCNSL patients, lesions are solitary in 65% of
cases and are located in a cerebral hemisphere (38%), thalamus/basal
ganglia (16%), corpus callosum (14%), periventricular region (12%), or
cerebellum (9%) (17). Isolated spinal cord involvement is rare and
observed in less than 1% of cases so spinal imaging is only necessary if
warranted based on clinical suspicion or to screen for leptomeningeal
involvement if lumbar puncture cannot be performed.

Treatment: adults
Treatment for newly diagnosed PCNSL consists of a remission-induction
(induction) phase and a remission-consolidation (consolidation) phase.
Typically, induction consists of chemotherapy with the objective of
achieving a complete response/remission. Once this response/remission is
achieved a different chemotherapy regimen or whole-brain radiation
therapy (WBRT) is administered to ‘consolidate’ the response/remission.
Defining response to treatment in PCNSL requires assessment of all
documented sites (brain, CSF, eye) of involvement on the baseline
assessment. The IPCG has established response criteria that have been
adopted into most prospective clinical trials of PCNSL (Table 13.1) (11).

Table 13.1 International PCNSL Collaborative Group consensus
guidelines for the assessment of response in PCNSL

Response Brain imaging Steroid
dose

Ophthalmologic
examination

CSF
cytology

Complete
response

No contrast enhancing
disease

None Normal Negative

Unconfirmed
complete
response

No contrast enhancing
disease

Minimal enhancing
disease

Any
Any

Normal
Minor RPE abnormality

Negative
Negative

Partial response 50% decrease in
enhancement

No contrast enhancing
disease

NA
NA

Normal or minor RPE
abnormality

Decrease in vitreous
cells or retinal
infiltrate

Negative
Persistent or

suspicious

Progressive
disease

25% increase in
enhancing disease

NA Recurrent or new
disease

Recurrent or
positive
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Any new site of disease

Stable disease All scenarios not
covered by responses
above

CSF, cerebrospinal fluid; RPE, retinal pigment epithelium; NA, not applicable.

Reproduced from J Clin Oncol, 23(22), Abrey LE, Batchelor TT, Ferreri AJ,
Gospodarowicz M, Pulczynski EJ, Zucca E, et al., Report of an international
workshop to standardize baseline evaluation and response criteria for primary CNS
lymphoma, pp. 5034–5043, Copyright (2005), with permission from American
Society of Clinical Oncology.

Surgery
Surgical resection is not part of the standard treatment approach for
PCNSL given the multifocal nature of this tumour (18). Although in one
report a possible benefit of gross total resection in PCNSL patients was
suggested, this was a retrospective, subset analysis likely confounded by
selection bias (19). Other reports demonstrate no clear benefit. Median
survival following surgery alone is 1–4 months (20). The role of
neurosurgery in PCNSL is to establish a diagnosis via stereotactic biopsy.
Corticosteroids
Corticosteroids decrease tumour-associated oedema and may result in
partial radiographic regression of PCNSL. However, after an initial
response to corticosteroids, almost all patients quickly relapse.
Corticosteroids should be avoided if possible prior to a stereotactic brain
biopsy, given the risk of disrupting cellular morphology, resulting in a
non-diagnostic pathological specimen. Nevertheless, initial radiographic
response to corticosteroids in newly diagnosed PCNSL patients is a
favourable prognostic marker with survival of 117 months in responders
versus 5.5 months in non-responders in one study (21).
Radiation
Historically, PCNSL was treated only with WBRT at doses ranging from
36 to 45 Gy, which resulted in a high proportion of radiographic responses
but also early relapse. In a multicentre, phase II trial, 41 patients were
treated with WBRT to 40 Gy plus a 20 Gy tumour boost and achieved a
median OS of 12 months (22). Given the lack of durable responses to
radiation and the risk of neurotoxicity associated with this modality of
therapy, WBRT alone is no longer a recommended treatment for patients
with newly diagnosed PCNSL. Moreover, as PCNSL is an infiltrative,
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multifocal disease, focal radiation or radiosurgery is not typically advised.
Chemoradiation
Prior to the establishment of methotrexate as the foundation of
chemotherapy for PCNSL, regimens that were standardized in other forms
of NHL were utilized. A randomized trial of WBRT versus WBRT plus
cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) was
terminated early due to poor accrual although results suggested that
WBRT and CHOP was not superior to WBRT alone (23). Given that the
agents in the CHOP regimen poorly penetrate the blood–brain barrier, this
was not a surprising result and this treatment regimen was abandoned for
patients with CNS lymphoma.

Combined modality therapy for PCNSL consists of WBRT and
chemotherapy. The most effective chemotherapeutic for PCNSL at this
time is intravenous, high-dose methotrexate (HD-MTX) at variable doses
(1–8 g/m2), typically utilized in combination with other chemotherapeutic
agents or WBRT, or both. However, there is no consensus on the optimal
dose of HD-MTX or on the role of WBRT in combination with
methotrexate in the management of PCNSL. A number of randomized
trials have been developed to address these issues. Doses of methotrexate
greater or equal to 3 g/m2 result in therapeutic concentrations in the brain
parenchyma and CSF, and when combined with WBRT lead to more
durable treatment responses (24, 25, 26). In a phase II trial, 79 PCNSL
patients were randomized to receive induction therapy with either (i) HD-
MTX (3.5 g/m2, day 1) versus (ii) HD-MTX (3.5 g/m2, day 1) + cytarabine
(2 g/m2 twice daily, days 2–3). Each chemotherapy cycle was 21 days. All
patients underwent consolidative WBRT after induction chemotherapy.
The HD-MTX + cytarabine arm had a higher proportion of complete
radiographic responses (46% versus 18%) and a superior 3-year OS (27).
However, it is now recognized that there is a high incidence of
neurotoxicity with combined modality treatment that includes WBRT,
especially in elderly patients (28). Moreover, higher doses of consolidative
WBRT, which are associated with higher risk of neurotoxicity, do not
improve outcome. In a non-randomized study of 33 PCNSL patients in
complete radiographic response after methotrexate-based chemotherapy,
WBRT doses greater than 40 Gy were not associated with improved
disease control but were associated with cognitive impairment (29). These
observations have prompted studies utilizing lower doses of consolidative
WBRT. In a multicentre, phase II study, no significant neurocognitive
decline was observed after consolidative reduced-dose WBRT (23.4 Gy)
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and cytarabine in patients who had achieved a complete response to
induction chemotherapy including HD-MTX (30). However, further study
and longer neuropsychological follow-up of these patients is necessary to
definitively assess the safety of this regimen as numerous studies have
demonstrated the delayed neurotoxic effects of WBRT in the PCNSL
population and the reduced risk of neurotoxicity in regimens consisting of
chemotherapy alone (31, 32).
Chemotherapy
Given the risk of treatment-related neurotoxicity in regimens that include
WBRT, many experts advise deferral of WBRT and the application of
chemotherapy induction and consolidative approaches for newly
diagnosed PCNSL patients. These approaches are based on a foundation of
HD-MTX. Variable doses and schedules of HD-MTX have been utilized
in these approaches, but in general, doses greater than or equal to 3 g/m2

delivered as an initial bolus followed by an infusion over 3 hours,
administered every 10–21 days is recommended for optimal outcomes and
adequate CSF concentrations (25). Multiple, phase II studies have
demonstrated the safety, efficacy, and relatively preserved cognition of
HD-MTX-based chemotherapy regimens (33, 34). Moreover, longer
duration of induction chemotherapy with HD-MTX (greater than six
cycles) results in higher complete response proportions (30, 33).

In a multicentre study of 25 patients treated with intravenous
methotrexate (8 g/m2) monotherapy, 52% of patients achieved a complete
response (CR), the median PFS was 12.8 months, the median OS was 55.4
months, and median disease-specific survival had not been reached at 72.3
months (35). In this study, 5 of the 25 patients treated with methotrexate
alone achieved a CR and have not relapsed after a median follow-up of 6.8
years.

While methotrexate monotherapy may be effective for a small subset of
patients, patients will generally require combination chemotherapy to
achieve a durable response. In patients over 60 years of age, a regimen
consisting of methotrexate, CCNU, procarbazine, methylprednisolone,
intrathecal methotrexate, and intrathecal Ara-C was associated with a
median OS of 14.3 months and a decreased risk of neurotoxicity relative to
historical controls (36). Another regimen including methotrexate, Ara-C,
vincristine, ifosfamide, cyclophosphamide, and intrathecal
methotrexate/Ara-C/prednisolone was associated with a 71% overall
response rate and a median OS of 50 months. Despite these promising
results, however, 6 patients died from treatment-related complications and
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12 patients had Ommaya reservoir infections (37). The combination of
methotrexate, temozolomide, and rituximab (MTR) induction followed by
consolidation with etoposide and cytarabine has been utilized successfully
in the multicentre setting as induction therapy in PCNSL (34). Each agent
in the MTR regimen has been studied as monotherapy in PCNSL patients
with activity of each agent demonstrated (33, 38, 39). In this study, 66% of
patients treated with MTR induction achieved a complete radiographic
response and the median PFS was 2.4 years. However, these preliminary
results from non-randomized, uncontrolled studies must be confirmed in
prospective, randomized clinical trials.

The IELSG conducted a follow-up, randomized, phase II trial in newly
diagnosed PCNSL patients utilizing the MTX + cytarabine combination
from the IELSG20 study as a control arm. In this study, IELSG32, three
different induction chemotherapy regimens were compared: arm A, MTX
+ cytarabine; arm B, MTX + cytarabine + rituximab; arm C, MTX +
cytarabine + rituximab + thiotepa (MATRix). In this study the
combination of the four drugs (arm C, MATRix) was superior to the other
arms in terms of complete response and overall response proportions (40).
There are other induction chemotherapy regimens currently under study in
randomized, multicentre trials including the methotrexate, temozolomide,
rituximab (MTR) regimen (34); the rituximab, procarbazine, methotrexate,
vincristine (R-MPV) regimen (30); and the rituximab, methotrexate,
teniposide, BCNU, prednisolone (R-MBVP) regimen (41). In addition to
different chemotherapeutic agents these different induction regimens also
include different doses and schedules of methotrexate. As there have been
no head-to-head comparisons of these induction chemotherapy regimens in
randomized trials for newly diagnosed PCNSL, there is no compelling
rationale at this time to select one over the other. Future randomized trials
will likely test these different induction regimens against one another to
identify the optimal chemotherapy combination to use in patients with
newly diagnosed PCNSL.

Rituximab, a chimeric monoclonal antibody targeting the CD20 antigen
on B lymphocytes, improves response rate and prolongs event-free
survival and OS in systemic DLBCL. It is being incorporated in
combination induction chemotherapy regimens for PCNSL. When
rituximab is administered intravenously at doses of 375–800 mg/m2, CSF
levels from 0.1% to 4.4% of serum levels are achieved. Despite limited
CSF penetration, radiographic responses have been observed in relapsed
PCNSL patients treated with rituximab monotherapy and this antibody has
been incorporated into contemporary regimens for PCNSL (42). Moreover,
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in historical comparisons the complete radiographic response rates are
higher with induction regimens that include rituximab versus those in
which there is no rituximab (43).

The optimal consolidative therapy for PCNSL has not been identified.
Options include WBRT, chemotherapy, or high-dose-chemotherapy
followed by autologous stem cell transplantation (HDT/ASCT). Given the
risk of clinical neurotoxicity, several trials have assessed whether WBRT
can be eliminated from the management of PCNSL. In a multicentre,
phase III trial, patients were randomized to receive HD-MTX-based
chemotherapy with or without consolidative WBRT (44, 45). Five hundred
and fifty-one patients were enrolled of whom 318 were treated per
protocol. Intent-to-treat analysis revealed that patients treated in the
combined modality arm (chemotherapy + WBRT) achieved use improved
PFS but no improvement was observed in OS, demonstrating that the
elimination of WBRT from the treatment regimen did not compromise OS.
There are also efforts to reduce the dose of consolidative WBRT in an
effort to mitigate the risk of neurotoxicity as noted above (30). Employing
chemotherapy alone in the consolidation phase of therapy is also being
studied. In a cooperative group, multicentre, phase II study, 44 PCNSL
patients were treated with induction chemotherapy consisting of HD-MTX
at 8 g/m2 (day 1), rituximab at 375 mg/m2 (day 3), and temozolomide at
150 mg/m2 (days 7–11) (34). This induction chemotherapy was followed
by consolidative chemotherapy consisting of intravenous etoposide 5
mg/kg as a continuous infusion over 96 hours and cytarabine at 2 g/m2

every 12 hours for eight doses. Sixty-six per cent of these patients
achieved CR to induction chemotherapy, median PFS of the entire group
was 2.4 years, and median OS was not observed at the time of publication.
These results are comparable to regimens that include consolidative
WBRT. It is noteworthy that in this study PFS was significantly shorter in
PCNSL patients in whom chemotherapy was delayed for more than 1
month after diagnosis compared to those patients who promptly initiated
chemotherapy (3-year PFS of 20% versus 59%, respectively). This
observation highlights the importance of early diagnosis and prompt
initiation of chemotherapy in PCNSL patients. Given the success of high-
dose chemotherapy HDT/ASCT in relapsed or refractory systemic NHL
and PCNSL there is also interest in this approach as consolidative therapy
for newly diagnosed PCNSL (46). Conditioning regimens including
thiotepa have demonstrated the most encouraging results. In a multicentre,
phase II study, 79 patients were treated with induction HD-MTX,
cytarabine, rituximab, and thiotepa, followed by carmustine and thiotepa
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conditioning prior to ASCT. The overall response rate was 91%, 2-year
OS was 87%, and treatment-related deaths occurred in less than 10% of
enrolled patients. The toxicities, mostly cytopenias, were manageable.
There are four ongoing, multicentre, randomized trials comparing the
efficacy of consolidative HDT/ASCT versus chemotherapy or WBRT for
newly diagnosed PCNSL (Table 13.2).

Table 13.2 Randomized trials in primary central nervous system
lymphoma

Induction Consolidation

Completed trials

Medical Research Council
Phase II, n = 53 (stopped early)
(MUST INCLUDE RITUXIMAB)
CHOP versus WBRT followed by CHOP
(23)

G-PCNSL-SG-1 – NCT00153530
Phase III, n = 551, age ≥ 18 years
Arm 1: methotrexate ± ifosfamide =>

WBRT
Arm 2: methotrexate ± ifosfamide
(44)

IELSG 20—NCT00210314
Phase II; n = 79, ages 18–75 years
Induction arm 1: methotrexate + cytarabine

=> WBRT
Induction arm 2: methotrexate => WBRT
(27)

ANOCEF-GOELAMS—NCT00503594
Phase 2, n = 95, age ≥ 60 years
Arm 1: methotrexate, procarbazine,

vincristine, cytarabine
Arm 2: methotrexate, temozolomide
(53)

IESLG 32—NCT01011920
Phase 2, n = 227, ages 18–70 years
Induction arm 1: methotrexate, cytarabine
Induction arm 2: methotrexate, cytarabine,

rituximab
Induction arm 3: methotrexate, cytarabine,

rituximab, thiotepa
(40)
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Ongoing trials

ALLG/HOVON—EudraCT 2009-014722-
42

Phase 3, n = 200, ages 18–70 years
rituximab, methotrexate, BCNU, teniposide,

prednisone
Arm 1: rituximab, methotrexate, BCNU,

teniposide, prednisone => cytarabine,
WBRT

Arm 2: methotrexate, BCNU, teniposide,
prednisone => cytarabine, WBRT

IESLG 32—NCT01011920
Phase 2, n = 104, ages 18–70 years
Consolidation arm 1: WBRT
Consolidation arm 1: HDT/ASCT

ANOCEF-GOELAMS—NCT00863460
Phase 2, n = 100, ages 18–60 years
R-MBVP =>
Consolidation arm 1: HDT/ASCT
Consolidation arm 2: WBRT

RTOG 1114—NCT01399372
Phase 2, n = 84, age ≥18 years
Methotrexate, procarbazine, vincristine,

rituximab =>
Consolidation arm 1: WBRT (lower dose)

=> cytarabine
Consolidation arm 2: cytarabine

Alliance 51101—NCT01511562
Phase 2, n = 110, ages 18–75 years
Methotrexate, temozolomide, rituximab,

cytarabine =>
Consolidation arm 1: HDT/ASCT
Consolidation arm 2: etoposide,

cytarabine

MATRix/IELSG43
Phase 2, n = 220, ages 18–70 years
Methotrexate, cytarabine, thiotepa,

rituximab (MATRix) =>
Consolidation arm 1: HDT/ASCT
Consolidation arm 2: dexamethasone,

ifosfamide, VP-16, carboplatin
(DEViC)
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ALLG: Australasian Leukaemia and Lymphoma Group; ANOCEF, Association
des Neuro-Oncologue d’Expression Française; GOELAMS, Groupe Ouest Est
d’Etude des Leucémies et Autres Maladies du Sang; G-PCNSL-SG, German
Primary CNS Lymphoma Study Group; HDT/ASCT, high-dose chemotherapy and
autologous stem cell transplantation; HOVON, Stichting Hemato-Oncologie voor
Volwassenen Nederland (Dutch-Belgian Cooperative Trial Group for Hematology
Oncology); IELSG, International Extranodal Lymphoma Study Group; NCT,
national clinical trial; RTOG, Radiation Therapy Oncology Group; WBRT, whole
brain radiation therapy.

Intrathecal chemotherapy
Several first-generation chemotherapy regimens for PCNSL included
intrathecal chemotherapy. However, a number of non-randomized studies
that included intrathecal chemotherapy did not improve outcomes in
PCNSL relative to regimens that did not include intrathecal injections of
chemotherapy (47, 48). Moreover, the ability to consistently achieve
micromolar concentrations of MTX in the CSF at least at doses of 8 g/m2

has led to the elimination of intrathecal chemotherapy from most of the
induction chemotherapy regimens currently in use. However, the question
regarding the role of intrathecal chemotherapy in the management of
PCNSL should ultimately be addressed in a randomized trial.

Treatment in the elderly
Elderly patients account for more than half of all the subjects diagnosed
with PCNSL (2). The risk of neurotoxicity is highest in this population,
and in general, chemotherapy alone is the preferred option for this
subgroup. The majority of PCNSL patients over 60 years of age develop
clinical neurotoxicity after treatment with a WBRT-containing regimen
and some of these patients die of treatment-related complications, rather
than recurrent disease (49). Several studies have indicated that HD-MTX
at doses of 3.5–8 g/m2 is generally well tolerated in elderly patients with
manageable grade 3 or 4 renal and haematological toxicity (50, 51). A
meta-analysis of 783 PCNSL patients over 60 years of age demonstrated
that regimens including HD-MTX are associated with improved survival.
While WBRT alone was also associated with improved survival it was also
associated with an increased risk of neurological side effects (odds ratio,
5.23) (52). In a multicentre, randomized, phase II trial of chemotherapy
alone in elderly patients with PCNSL, 98 patients were randomized to
receive three 28-day cycles of either MPV-A (methotrexate 3.5 g/m2, days
1,15; procarbazine 100 mg/m2, days 1–7; vincristine 1.4 mg/m2, days 1
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and 15) or MT (methotrexate 3.5 g/m2, days 1 and 15; temozolomide 100–
150 mg/m2, days 1–5, 15–19) with one additional cycle of cytarabine (3
g/m2/day for 2 consecutive days) in the MPV arm only. While trends
favoured the MPV-A regimen over the simpler, less toxic MT regimen
with respect to CR rate, PFS and OS, none of these differences reached
statistical difference (53). Subsequent studies suggest that the addition of
rituximab to both MPV and MT could increase the radiographic response
rate. Other non-randomized studies have demonstrated the feasibility of
HD-MTX (8 g/m2) and multi-agent, immunochemotherapy consisting of
rituximab, methotrexate, procarbazine, and lomustine for elderly patients
with newly diagnosed PCNSL (51, 54, 55). There is no standard of care
established for elderly patients (>60 years of age) with newly diagnosed
PCNSL but deferral of WBRT and utilization of chemotherapeutic
approaches is the primary approach recommended by most experts.

Refractory and relapsed lymphoma
Despite aggressive first-line treatment, the majority of patients with
PCNSL will progress or relapse and require salvage therapy. Optimal
management of relapsed or refractory PCNSL has yet to be determined
and has only been studied in relatively small studies using heterogeneous
therapies. Despite high initial response rates with HD-MTX-based
induction therapy, most patients with PCNSL relapse. Moreover, there is a
subset of patients who have HD-MTX-refractory disease. In general,
prognosis for patients with relapsed or progressive PCNSL is poor with a
median survival of approximately 4.5 months (56). In a study of 256
PCNSL patients with relapsed or refractory disease after initial therapy,
relapse was asymptomatic in 25% of patients and was identified on serial
surveillance imaging. This highlights the importance of surveillance
imaging as recommended by the IPCG. Survival was worse in those
patients who had refractory PCNSL or who relapsed within 1 year versus
those who relapsed after 1 year (57). Although relapses in PCNSL are
predominantly within the CNS, relapses in extraneural organs are reported
in up to 17% of patients (58). Late relapses also appear to occur more
commonly in primary CNS DLBCL versus systemic DLBCL. In one long-
term follow-up study, 26% of all relapses were after 5 years and 1.7%
were after 10 years (58). Re-challenge with HD-MTX can be effective in
patients who had previously responded to this agent. In a multicentre,
retrospective study of 22 relapsed PCNSL patients with a history of prior
response to HD-MTX, 91% had a radiographic response to the first
salvage treatment with HD-MTX, and 100% to a second salvage. The
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median OS from the first salvage was 61.9 months (59). In patients who
have not previously been treated with HDT/ASCT this is also an option at
the time of relapse. In a phase II trial of 43 patients with relapsed or
refractory PCNSL, salvage therapy with high-dose cytarabine and
etoposide was followed by HDT/ASCT with a conditioning regimen
consisting of thiotepa, busulfan, and cyclophosphamide. Twenty-seven
patients ultimately proceeded to transplantation. Twenty-six of 27 patients
had a CR and the median PFS and OS in this group were 41.1 and 58.6
months, respectively (60). It is also noteworthy that in a small series of
patients with relapsed PCNSL after initial HDT/ASCT a second
autotransplantation was successful as salvage treatment (61). WBRT in
patients who have not received radiation as a part of their initial treatment
is an effective option in the relapsed PCNSL setting, although the risk of
neurotoxicity remains high (62, 63). Many clinicians reserve WBRT for
those patients with chemotherapy-refractory disease or at the time of
relapse. In a series of 27 relapsed or refractory PCNSL patients treated
with WBRT (median dose 36 Gy), 74% achieved an overall radiographic
response and the median OS was 10.6 months. Delayed neurotoxicity rates
of 15% were noted at doses greater than 36 Gy even in this setting of short
survival. Novel therapeutic agents currently under study for primary CNS
DLBCL include ibrutinib, lenalidomide, pomalidomide, buparlisib,
pemetrexed, everolimus, pemetrexed, and bendamustine (7). In light of the
fact that more than 90% of primary CNS DLBCL cases are of the poor
prognosis ABC subtype and the importance of BCR signalling in these
tumours, a treatment regimen designed to target BCR signal transduction
using the Bruton’s tyrosine kinase (BTK) inhibitor, ibrutinib is
noteworthy. In six patients treated with temozolomide, etoposide, doxil,
dexamethasone, ibrutinib, and rituximab (TEDDI-R), it was observed that
all patients had tumour regression with three achieving CR and one
achieving PR (64). Lenalidomide, an oral, immunomodulatory agent has
antiproliferative properties and is the subject of several ongoing,
prospective clinical trials in relapsed and refractory PCNSL. In one report
of six patients with relapsed PCNSL, two patients (33%) achieved a CR
including duration of 24+ months in one subject (65). In a phase I study of
dose-escalating lenalidomide, nine patients with relapsed or refractory
CNS lymphoma (seven PCNSL, two secondary central nervous system
lymphomas (SCNSL)) were treated and eight out of eight evaluable
subjects achieved objective responses (four CR, four PR) after 1 month of
lenalidomide monotherapy. In a separate cohort of ten patients from the
same study with relapsed or refractory CNS lymphoma (eight PCNSL, two
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SCNSL), lenalidomide (5–10 mg) was administered as maintenance
therapy after first-line salvage treatment and five patients maintained
durable responses for 2 or more years suggesting that this agent should be
further investigated as a potential maintenance or consolidative therapy
(66). Clinical trials of lenalidomide plus rituximab for relapsed or
refractory PCNSL are ongoing.

Neurotoxicity
The most frequent complication in long-term PCNSL survivors is delayed
neurotoxicity. Although this risk is high, the exact incidence of delayed
neurotoxicity is unclear, as most studies have not systematically assessed
neurocognitive function with serial neuropsychological testing. The elderly
are at highest risk for this complication, with the majority of patients aged
over 60 developing clinical neurotoxicity following combined modality
therapy. Treatment with WBRT has been identified as the major risk factor
for the development of late neurotoxicity. Common symptoms and signs
include deficits in attention, memory, executive function, gait ataxia, and
incontinence. These deficits have a detrimental impact on quality of life.
Radiographic findings include periventricular white matter changes,
ventricular enlargement, and cortical atrophy. Pathological studies reveal
demyelination, hippocampal neuronal loss, and large-vessel atherosclerosis
(67). Although the pathophysiology is unclear and likely multifactorial,
damage to neural progenitor cells has been implicated as playing an
important role in radiation-related neurotoxicity (68). Currently, there are
no treatments to reverse these delayed neurotoxic effects.
Neuropsychological function was maintained in one long-term follow-up
study of PCNSL patients treated with chemotherapy alone. It is critical that
serial neuropsychological and quality-of-life assessments be incorporated
into clinical trials of patients with PCNSL, as cognitive outcome is a
critical endpoint. The IPCG has developed an instrument for this purpose,
which is composed of quality-of-life questionnaires and standardized
neuropsychological tests that include assessment of executive function,
attention, memory, and psychomotor speed (28).

Monitoring and follow-up
As treatment improves for PCNSL more patients are living longer,
emphasizing the need to optimize neurocognitive function and quality of
life. The IPCG recommends a schedule of follow-up neuroimaging studies
and cognitive assessments in PCNSL survivors (11).
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PCNSL in children
Primary CNS lymphoma is rare in childhood, accounting for
approximately 1% of all PCNSL cases diagnosed from 1973 to 1998 in the
United States (69). Fewer than 100 cases have been reported with the
largest series consisting of 29 cases. Although most reported cases were in
immunocompetent hosts, both acquired and congenital immunodeficiency
increase the risk of PCNSL in the paediatric population. As with PCNSL
in adults, the majority of cases consist of the diffuse large B-cell type. In
the largest series reported the median age at diagnosis was 14 years.
Although paediatric PCNSL may have a better prognosis and treatment
outcome compared to the adult population the small number of cases and
the lack of any prospective clinical trials make such a conclusion
speculative (69).

As with adults, it is very unlikely that resection confers any benefit to
children with PCNSL given the multifocal nature of the disease. In an
older series of paediatric PCNSL patients treated with WBRT alone or in
combination with chemotherapy, the median OS was 17 months.
Subsequent series of children with PCNSL treated with methotrexate
and/or cytarabine containing chemotherapy regimens suggests better
outcomes with event-free survival of 70% in one series. In the largest
series of 29 children with PCNSL the treatment regimens were
heterogeneous although 20/29 were initially treated with chemotherapy
approaches and 15/29 subjects received high-dose methotrexate and
cytarabine as a component of their induction chemotherapy. The 3-year
OS for the entire group was 80% with 10/29 patients experiencing relapse.
Five of the six patients who relapsed after chemotherapy alone were
successfully salvaged. Four patients treated with HDT/ASCT at the time of
relapse achieved CR and none had relapsed at the time of the report.
Unfortunately, long-term follow-up was available for only seven patients
in this study with three out of seven manifesting learning disabilities.
Given the potential for long-term survival and the well-characterized risks
of neurotoxicity with WBRT in children the authors of this report suggest
the use of methotrexate-based chemotherapy approaches without WBRT
as initial therapy (69).

Other types of PCNSL
Primary vitreoretinal lymphoma
Primary vitreoretinal lymphoma (PVRL), also referred to as primary
intraocular lymphoma, is a rare form of DLBCL usually presenting as a
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posterior uveitis and with a unique tropism for the retina (70). As noted
previously, 5–25% of patients with PCNSL will have concurrent ocular
involvement and such patients have an inferior prognosis. PVRL is less
common than concurrent brain and ocular lymphoma with an estimated
380 cases diagnosed each year in the United States. It is estimated that 65–
95% of patients with PVRL will subsequently develop CNS lymphoma,
which may account for the relatively poor prognosis of PVRL. Delay in
diagnosis is common as patients most commonly present with non-specific
ocular symptoms such as blurred vision, decreased visual acuity, and
floaters. The most common findings are vitreous cell infiltration
(lymphomatous and inflammatory cells) and subretinal tumour infiltration
as noted on dilated funduscopy, fluorescent angiography, and optical
coherent tomography. The gold standard for PVRL diagnosis is the
identification of PVRL cells in the eye achieved by aqueous aspiration,
vitrectomy, retinal or chorioretinal biopsy, and, rarely, enucleation.
Cytology and histopathology are required for pathological diagnosis.
Optimal treatment for PVRL is not defined and consists of local
(intravitreal therapy, radiation) or systemic (intravenous chemotherapy)
approaches. Micromolar (i.e. cytotoxic) doses of methotrexate can be
achieved in the aqueous and vitreous humour with a dose of 8 g/m2 (71).
In a retrospective study of 83 immunocompetent patients with PVRL with
a median age of 65 years, the median time to diagnosis was 6 months (72).
Diagnosis was achieved by vitrectomy in 74/83 patients and 55 of the
cases were large B-cell. Nine of 60 (15%) patients had concurrent CSF
involvement by lymphoma. Treatment consisted of local therapy
(intravitreal methotrexate, ocular radiation) in 23 patients and extensive
therapy (systemic chemotherapy, WBRT) in 53 patients. Forty-seven
patients relapsed in the brain (47%), eyes (30%), brain and eyes (15%),
and systemically (8%) at a median time of 19 months. Local therapy did
not increase the risk of brain-specific or overall relapse. The median PFS
and OS were 29.6 months and 58 months, respectively and were
unaffected by treatment type. Ocular complications, including decreased
visual acuity and cataracts, occurred in 32% and 36% of patients receiving
local radiation or intravitreal chemotherapy, respectively. Based on
observations from this, albeit retrospective, study there is no compelling
evidence to recommend local versus systemic therapy for PVRL. It is not
clear whether systemic chemotherapy might reduce the risk of subsequent
CNS involvement (70, 72).
Primary leptomeningeal lymphoma
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Primary leptomeningeal lymphoma (PLL) is defined as lymphoma
confined to the leptomeninges (CSF) without involvement of brain, spinal
cord, eye, or other extraneural organs (73). PLL is rare, accounting for
approximately 7% of all PCNSL cases with only case reports or small case
series reported. The IPCG summarized the largest, retrospective series of
PLL consisting of 48 cases from 12 centres from 1981 to 2011 (73). In this
series the median age at diagnosis was 51. Most cases consisted of
DLBCL although 9/48 (19%) were primary leptomeningeal T-cell
lymphomas. Consistent with other forms of leptomeningeal cancer, most
(68%) patients presented with multifocal neurological symptoms and signs
including cranial neuropathies, weakness, bowel or bladder dysfunction, or
pain. Brain or spine imaging was abnormal in 81%, most commonly
leptomeningeal enhancement in the brain and spinal cord. Diagnosis was
established by CSF cytology in 67% of patients although meningeal biopsy
was required to make the diagnosis in 33% of patients. In the patients with
diagnostic CSF, a median of three lumbar punctures was required to make
the diagnosis. Treatment in this retrospective series was variable including
systemic chemotherapy and intrathecal chemotherapy and radiation.
However, most patients (68%) received intravenous methotrexate as part
of their treatment. Most patients achieved either complete or partial
responses based on imaging and CSF analysis. The median time to
progression was 8 months and the median OS was 24 months. Eleven
patients were alive at a median of 50 months of follow-up and were
potentially cured with treatment. Given the retrospective nature of this
study, firm conclusions regarding the optimal therapeutic approach to PLL
are not possible (73, 74).
Primary intramedullary spinal cord lymphoma
Primary intramedullary spinal cord lymphoma (PISCL) is another rare
variant of PCNSL with the published experience consisting of case reports
and one case series (75). The case series consisted of 14 patients with
PISCL from a single institution. The median age at diagnosis in this case
series was 62.5 years. Most patients were presumed to have demyelinating
disease at presentation and delay in diagnosis was common with a median
time to PISCL diagnosis of 8 months. Patients presented with multifocal
symptoms and signs and MRI demonstrated multifocal intramedullary
spinal cord enhancement with 8/14 demonstrating radiographic
involvement of the conus medullaris, cauda equina or both. Concurrent
brain involvement occurred in 9/14 patients. Diagnosis was made by
biopsy (ten patients), CSF analysis (one), or at autopsy (one).

369



Methotrexate was the most commonly utilized initial treatment approach
(9/12). However, relapses occurred in most patients, 50% of patients were
wheelchair-dependent by 10 months and the 2-year survival was only 36%
(75).

Intravascular large B-cell lymphoma of the central
nervous system
Intravascular large B-cell lymphoma (IVLBCL) is a rare form of
lymphoma, mainly encountered in elderly patients (76). Pleomorphic large
lymphoid cells are confined within small arteries, veins, and capillaries.
The CNS and skin are the most frequently involved organs and isolated
CNS cases have been reported. Clinical manifestations are variable
although fever, rash, and encephalopathy are common. Cerebral ischaemic
lesions occur in approximately 50% of IVLBCL cases and may be the
initial neurological presentation of IVLBCL. The lack of underlying
vascular risk factors may be suggestive of this diagnosis in a patient
presenting with multiple cerebral infarcts. Diagnosis of IVLBCL is
difficult due to the non-specific systemic and neurological manifestations
of the disease. In one report, approximately half of the IVLBCL diagnoses
were made on postmortem analysis. Brain biopsy is necessary to make the
diagnosis of CNS-IVLBCL. Outcomes are generally poor with greater than
80% mortality in one report, possibly due to delayed diagnosis and
treatment. However, early diagnosis and treatment might be effective in
some patients. Regimens that include high-dose methotrexate and
rituximab have been successful in the management of some patients with
isolated CNS-IVLBCL. Combinations of high-dose methotrexate-based
and anthracycline-based regimens (e.g. R-CHOP) are necessary for
patients with systemic and CNS involvement (77).

Lymphomatoid granulomatosis of the central nervous
system
Lymphomatoid granulomatosis (LYG) is a rare angiocentric and
angiodestructive B-cell proliferative process often associated with a
reactive T-cell infiltration (78). Underlying immunodeficiencies are
common in LYG and patients with systemic LYG are Epstein–Barr virus
positive (EBV+). LYG typically involves the lungs but may also occur in
extra-pulmonary sites including the CNS. A grading system from I to III
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has been proposed to classify LYG based on the presence of atypical
lymphocytes, EBV+ B cells, and necrosis (79). Grade III LYG is
considered a monoclonal, malignant lymphoma. Concurrent systemic and
CNS-LYG occurs in 22.5–52% of cases. Isolated CNS involvement has
been reported in approximately 20 cases in the literature. In a summary of
these published cases, the mean age at diagnosis was 45 years and CNS-
LYG was more common in males. Radiographic features include discrete,
ring-enhancing brain parenchymal masses or diffuse, infiltrative lesions. A
multifocal, punctate, and linear enhancing radiographic pattern is most
common. Due to the non-specific radiographic features, biopsy or
resection is required for a specific histopathological diagnosis. Treatment
of systemic LYG involves steroids, interferon, cyclosprine A, rituximab,
chemotherapy, or HDT/ASCT. Treatment of CNS-LYG has mainly
consisted of steroids, radiation, and chemotherapy. In the subgroup of
CNS-LYG patients with discrete brain masses resection is anecdotally
associated with improved survival. Although also anecdotal, it is possible
that less aggressive therapy is necessary for grade I CNS-LYG while
chemotherapy alone or in combination with radiation is required for grade
II or grade III CNS-LYG. Prognosis is variable but CNS involvement is
considered a poor prognostic marker. However, aggressive treatment may
lead to long-term survival in some cases of CNS-LYG.

PCNSL in the immunocompromised host: acquired
immunodeficiency syndrome
The incidence of AIDS-related PCNSL has significantly decreased in the
era of HAART. Studies have shown a survival benefit in patients with
AIDS-related PCNSL who receive HAART compared to WBRT alone,
and there have been case reports of radiographic regression of PCNSL
following HAART alone. An increase in the CD4+ count to above 50
cells/μL, and a decrease in HIV viral load are associated with improved
survival. Standard treatment in this setting is currently HAART with
WBRT. However, the neurotoxicity associated with WBRT has generated
interest in studies of high-dose methotrexate alone, which have yielded
promising results (80).

PCNSL in the immunocompromised host: primary
CNS post-transplant lymphoproliferative disease
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Primary CNS post-transplant lymphoproliferative disease (PCNSPTLD)
occurs in the setting of solid organ transplantation, is typically diagnosed
years after transplant in the setting of immunosuppressive therapy, and is
associated with a high frequency (>90%) of EBV+ (4). The largest series
of PCNSPTLD included 84 cases of solid organ transplant recipients (79%
kidney) (81). The median time to diagnosis of PCNSPTLD was 54 months
but 25/84 of cases presented more than 10 years after solid organ
transplantation. The pathological diagnosis was monomorphic histology
(83%) and 93% of tumour specimens were EBV+. In this series, CSF
involvement was diagnosed in 10% of subjects while ocular involvement
was not noted in any subject. Initial treatment consisted of reduction of
immunosuppression in 93% of subjects. Additional treatment consisted of
high-dose methotrexate (48%), high-dose cytarabine (33%), WBRT
(24%), and/or rituximab (44%). Sixty per cent of patients responded to
first-line treatments as outlined above although treatment-related mortality
was 13%. The 3-year PFS and OS rates were 32% and 43%, respectively.
Lack of response to first-line therapy was a poor prognostic sign.

Primary T-cell central nervous system lymphoma
Primary CNS T-cell lymphoma (TPCNSL) is a rare subtype of PCNSL
with an estimated incidence of less than 4% of PCNSL cases in Western
countries but up to 8% of PCNSL cases in Japan. There are fewer than 100
cases reported in the literature. Most are classified as peripheral T-cell
lymphomas (PTCLs), not otherwise specified. The largest series of
TPCNSL contained 45 cases collected over 23 years from different
medical centres from around the world (82). Based on the long time
interval for case ascertainment, the variable treatments and multiple
different sites definitive comparison to primary CNS DLBCL is not
possible. However, it can be stated that the clinical features of these 45
TPCNSL cases were generally similar to those reported in patients with
primary CNS DLBCL. The median age at diagnosis was 59.5, there was a
male preponderance, 19% had positive CSF cytology, 4% had ocular
involvement, and 29% had multiple brain lesions. Treatment was
heterogeneous. Twenty-four out of 45 patients received chemotherapy
followed by irradiation, 7/45 received chemotherapy alone, 2/45 received
intra-arterial chemotherapy, and 11/45 received irradiation alone.
Methotrexate was the most commonly used chemotherapeutic agent
(29/45). Performance status at diagnosis and use of methotrexate were
associated with disease-specific survival in a multivariate model. The
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median PFS and OS durations in this case series were 22 months and 25
months, respectively (82).

Primary central nervous system anaplastic large T-
cell lymphoma
Primary CNS anaplastic large T-cell lymphoma (ALCL) is a rare entity
with approximately 25 cases reported in the literature (83). In the cases
reported with ALK status, 13 patients were ALK-positive and 10 patients
were ALK-negative. Leptomeningeal involvement is not uncommon in
primary CNS-ALCL, occurring in 10/24 reported cases. Clinical
symptoms and signs are often related to leptomeningeal or dural
involvement. ALK-positive patients are younger and may have a more
favourable prognosis. Leptomeningeal involvement does not appear to
confer an inferior prognosis although the number of reported cases is too
small to draw firm conclusions.

Primary central nervous system natural killer/T-cell
lymphoma
Natural killer/T-cell lymphomas (NK/TCLs) are a rare group of NHLs
arising from post-thymic T cells. These lymphomas are more common in
Asian and South American populations (84). Systemic NK/TCL rarely
disseminates to the nervous system. Extranodal, primary CNS-NK/TCL of
the nasal type is a rare entity with fewer than ten cases reported in the
literature (85). Only one female case has been reported. Five of the six
reported primary CNS-NK/TCL cases involved brain parenchyma while
one was confined to the leptomeninges. Five of the six cases were positive
for EBV suggesting a pathogenic role for this infectious agent in primary
CNS-NK/TCL. All cases experienced a rapidly progressive course and
poor outcome with survival ranging from 1–18 months. Radiation and
multiagent chemotherapy have been utilized but no standard of care exists
for this very rare malignancy.

Low-grade primary central nervous system
lymphoma
Low-grade primary CNS lymphomas of the brain parenchyma are
extremely rare. The largest series consisted of 40 subjects collected from
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18 centres in 5 countries (86). These 40 tumours consisted mainly of non-
classifiable small cell lymphomas although there were 11 cases of
lymphoplasmacytic lymphoma and 1 case of follicular lymphoma. The
median age at diagnosis was 60. Treatment was variable with
chemoradiation in 15 patients, irradiation alone in 12 patients,
chemotherapy alone in 10 patients, tumour resection alone in 2 patients,
and no treatment in 1 patient. The median PFS, disease-free survival, and
OS durations were 61.5 months, 130 months, and 79 months, respectively.
Older age was the only variable that was associated with inferior PFS and
OS in multivariate analysis.

Mucosa-associated lymphoid tissue lymphoma of the
dura
Mucosa-associated lymphoid tissue (MALT) lymphomas are a subtype of
marginal zone lymphoma and may arise in multiple organs. The
pathogenesis of these lymphoid tumours is related to chronic infection and
autoimmune disease. MALT lymphoma of the dura is a rare lymphoid
tumour with approximately 100 cases reported in the literature. In a review
of 91 patients with MALT lymphoma of the dura, the median age at
diagnosis was 52 and female gender predominated (79%) (87). Symptoms
and signs are often subtle and slowly progressive. Most patients present
with headaches (43%) or seizures (38%) and single intracranial dural
lesions are more common (84%). Radiographic features are similar to
meningiomas including extra-axial location and contrast enhancement.
However, restricted diffusion may be present and while typical for
lymphoma would be unusual for meningioma. Transient radiographic
response to corticosteroids is also suggestive of lymphoma rather than
meningioma (88). In the series of 91 patients with MALT lymphomas of
the dura, treatment consisted of either surgery, radiation, chemotherapy, or
combinations of these modalities. Outcomes were uniformly good
irrespective of treatment modality or unifocality versus multifocality with
94% of patients alive at the time of the report.

Central nervous system Hodgkin’s lymphoma
Hodgkin’s lymphoma (HL) rarely involves the CNS with an incidence of
0.02–0.5% reported (89). The largest case series reported consists of 16
cases of CNS-HL collected from 13 centres in 6 countries (90). In this
series, eight patients presented with CNS-HL at the time of initial HL
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diagnosis, two of whom had isolated CNS-HL, and eight patients
presented with CNS-HL at the time of HL relapse. In the eight patients
who presented at the time of disease relapse the median time to diagnosis
of CNS-HL was 11.7 months (range 6.9–189 months) and five of the eight
had isolated CNS disease. The median age at diagnosis of CNS-HL was 45
years. Presenting neurological symptoms were variable including
headaches, seizures, encephalopathy, motor, and sensory symptoms. Ten
of the 16 cases presented with brain parenchymal disease, 5 presented with
isolated leptomeningeal or dural disease, and 1 presented with brain and
leptomeningeal disease. Fifteen patients had histological confirmation of
CNS-HL by biopsy, resection, or autopsy and 1 patient had diagnosis of
CNS-HL by CSF. All 16 cases had classical HL according to WHO
criteria including 7 with classical HL, NOS; 7 with nodular sclerosis; and
2 with mixed cellularity. Nine patients underwent lumbar puncture for
CSF analysis with two of these nine demonstrating ‘atypical cells’ in the
CSF. Treatment was variable and included surgery or radiation alone,
chemotherapy and radiation, or chemotherapy alone. The median OS for
these 16 CNS-HL patients was 60.9 months from the first diagnosis of HL
and 43.8 months from the diagnosis of CNS-HL. Long-term survival was
observed in patients who achieved a complete response to treatment.

PCNSL management guidelines
The National Comprehensive Cancer Network (NCCN) and the European
Association of Neuro-Oncology (EANO) have published
management/treatment guidelines for PCNSL although there is only
limited data available from randomized clinical trials (91, 92). The IPCG
has established consensus-based response criteria and a neurocognitive
battery for incorporation into clinical trials (11, 28). The IPCG criteria
may also be useful for the assessment of patient outcomes in clinical
practice.

Post-treatment surveillance
As treatment improves for PCNSL, more patients are living longer,
emphasizing the need to optimize neurocognitive function and quality of
life. The IPCG recommends a schedule of follow-up neuroimaging studies
and cognitive assessment in PCNSL survivors (11).

Current research topics
Preclinical research studies include efforts to elucidate the underlying
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genetic drivers of primary CNS DLBCL utilizing whole-exome or whole-
genome sequencing. As noted previously, preliminary studies have
identified mutations and activation of signal transduction pathways, which
appear to be unique to primary CNS DLBCL versus other types of nodal
and extranodal DLBCL. Identification of predictive imaging markers is
also of interest in order to identify PCNSL patients most likely to benefit
from chemotherapy. Medical therapies focused on targeting the relevant
pathways of the ABC subtype of DLBCL are also under development.
Finally, despite the rarity of PCNSL there are an increasing number of
randomized trials (see Table 13.2) either completed or under development
that will provide future guidance in the management of this lymphoma
subtype.

Histiocytic tumours of the central nervous system
Definition
Histiocytoses are a diverse group of proliferative disorders involving
dendritic cells and macrophages. They represent a spectrum of diseases
ranging from a reactive inflammatory accumulation of cells, pathological
immune activation, or neoplastic clonal proliferation (93). The most
common types of histiocytoses are Langerhans cell histiocytosis (LCH),
haemophagocytic lymphohistiocytosis (HLH), and the non-LCH disorders.

The WHO classification of histiocytic tumours include LCH and non-
LCH disorders such as Erdheim–Chester disease (ECD), Rosai–Dorfman
disease (RDD), juvenile xanthogranuloma (JXG), and histiocytic sarcoma
(HS). This section will focus on the CNS presentations of these histiocytic
neoplasms.

Langerhans cell histiocytosis
Langerhans cell histiocytosis is a dendritic cell (DC) neoplasm defined by
the presence in the lesion of pathological Langerhans cells (LCH cells)
that are positive for CD1a, CD207 (langerin), and S100. Although LCH
was once considered a disorder of immune regulation, the identification of
activating mutations in the proto-oncogene BRAF V600E in 50–60% of
cases, and MEK and ERK phosphorylation in 100% of examined cases,
has changed the definition of LCH to a dendritic cell neoplasm with a
strong inflammatory component (94).

Clinically, LCH has a diverse clinical behaviour ranging from benign
single system disease (SS) that can regress spontaneously to multisystem
(MS) disease that can be life-threatening or a chronically reactivating form
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of disease that has the potential to result in significant permanent sequelae
such as diabetes insipidus (DI), growth retardation, bone pain, hearing
loss, sclerosing cholangitis, and CNS neurodegenerative disease (CNS-
ND) (95). LCH can occur at any age but is more common in children, of
whom two-thirds have SS-LCH predominantly in bone followed by skin.
In adults, the mean age at diagnosis is 35 years with 10% being older than
55 years. Most adults with LCH have MS-LCH with skin and lung
involvement in 51% and 62%, respectively (96). MS-LCH, involving two
or more systems, can be associated with a poor survival when there is risk
of organ involvement (RO+) such as liver, spleen, or bone marrow.
Patients with MS-LCH who are RO− have better survival and are usually
treated with systemic chemotherapy (vinblastine/prednisone) in an attempt
to reduce reactivations and prevent permanent sequelae (95). The
Histiocyte Society LCH-III trial demonstrated that prolongation of
induction therapy to 12 weeks in patients who did not achieve a complete
response by week 6, and an early switch to salvage therapy for those with
progressive disease on week 6, appeared to significantly decrease mortality
in MS-LCH patients (97). Central nervous system disease in LCH can
manifest either as DI, CNS-ND, or as parenchymal CNS mass lesions. DI
is the most common neuroendocrine manifestation of LCH with an
incidence of 8–12% (97). The differential diagnosis in children with
isolated DI and pituitary stalk thickening includes LCH, germinoma, or
lymphoma. Craniofacial bone lesions, particularly in the ear, eye, and oral
region, have been found to be associated with a three-fold greater risk for
DI independent of the extent of disease, and therefore these lesions are
termed CNS-risk lesions (98). Patients with LCH and coexisting DI carry a
higher risk of anterior pituitary dysfunction and CNS-ND (99).
Development of DI during or after treatment of another site is considered
reactivation and can be treated with LCH-directed therapy for an
additional year with single-agent cytarabine (100) or with
cytarabine/vincristine/prednisone therapy (101). In adults with isolated DI,
the differential diagnosis may also include Erdheim–Chester disease
(ECD). In the absence of other sites of disease in a patient in whom a
pituitary biopsy is not possible, checking for BRAF V600E in peripheral
blood or CSF may support the diagnosis and identify a potential for
targeted therapy (100). Clofarabine is also a reasonable alternative therapy
for both LCH and ECD in adults with isolated pituitary lesions (102).

The second most common CNS finding in LCH is CNS-ND, which is a
devastating and irreversible complication that may occur even 10 years
after resolution of LCH lesions. It is characterized by a cerebellar
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syndrome or learning difficulties, with bilateral symmetric lesions in the
dentate nucleus of the cerebellum or basal ganglia on neuroimaging (103).
Patients may develop clinical symptoms of dysarthria, ataxia, dysmetria,
and behavioural changes. The diagnostic radiological findings may
precede clinical symptoms by several years (104), and it is unknown when
is the best time to treat these patients. Patients with CNS-risk lesions and
with radiographic CNS-ND should be routinely monitored with regular
neurological examinations and the Ataxia Rating Scale to document early
changes in tremor, speech, visual abilities, and motor function (100). A
score increase of 5 points indicates clinical deterioration, which together
with progressive changes on MRI, should merit starting empirical systemic
therapy. Similarly, annual brain MRI should be performed on patients with
DI to screen for the development of CNS-ND. Early treatment in patients
with worsening symptoms is essential. Intravenous gamma-globulin and
retinoic acid have been reported to stabilize progression of CNS-ND (105,
106). In one series, vincristine/cytarabine was associated with
improvement in clinical symptoms and MRI findings in six out of eight
patients (107). Some patients fail to respond to these therapies and have a
gradual decline in neurological function over the course of years. More
recently, an anecdotal response to vemurafenib (BRAF V600E inhibitor)
has been reported in a 3-year-old boy with progressive CNS-ND LCH
(108). Phase I/II trials are ongoing in paediatric patients of the BRAF
inhibitor, dabrafenib (NCT01677741).

Parenchymal mass lesions of the brain secondary to LCH may respond
to vinblastine/prednisone, cladribine, cytarabine, or clofarabine (102, 107,
109, 110). Although there is no supportive evidence from a randomized
trial, cytarabine has been effective in a majority of patients and has shown
possible benefit against CNS-ND LCH (107). Vinblastine/prednisone is an
alternative frontline treatment of pituitary/hypothalamic lesions based on
established protocols for multisystem LCH (97).

Erdheim–Chester disease
Erdheim–Chester disease, a rare non-LCH disorder, appears to be
morphologically and immunohistochemically a member of the JXG family
that involves the long bones in a bilateral fashion. ECD can be
distinguished from LCH by the characteristic XG immunostaining, which
is factor XIIIa+/CD68+/CD163+/fascin+ and S100−/CD1a−/Langerin
−/Birbeck granules (111, 112). ECD occurs predominantly in adults
between the ages of 40 and 70 years (mean age 55 years), and is more
frequently diagnosed in males (113). Paediatric cases of ECD have rarely
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been described (114).
The aetiology of ECD has been a matter of debate, as it has been

considered either an inflammatory disorder or a clonal neoplastic disease.
The recent discovery of BRAF V600E mutations and MAP kinase pathway
mutations in ECD cases, as well as the high frequency of association
between LCH and ECD, may re-define ECD as an inflammatory myeloid
neoplasia (115, 116).

The diagnosis of ECD is based on histopathological findings in the
appropriate clinical and radiological context. The radiographic finding of
bilateral and symmetric diaphyseal and metaphyseal osteosclerosis in the
legs is present in almost all patients. ECD is a true multisystemic disease,
as almost all organs can be involved. Patients may present with skeletal
involvement with bone pain, DI, exophthalmos, xanthelasma, interstitial
lung disease, bilateral adrenal enlargement, retroperitoneal fibrosis with
perirenal and/or ureteral obstruction, renal impairment, testis infiltration,
and involvement of the cardiovascular system (113). CNS involvement
occurs in 40% of ECD patients. Cerebellar and pyramidal syndromes are
the most frequent neurological complications, but seizures, headaches,
neuropsychiatric signs or cognitive impairment, sensory disturbances,
cranial nerve paralysis, and asymptomatic lesions can also occur.
Neurological involvement leads to severe functional disability in almost all
patients. CNS involvement is a major prognostic factor in ECD, as studies
have identified this factor as an independent predictor of death. The most
devastating neurological complication of ECD is neurodegenerative
involvement of the cerebellum, which is present in 17% of patients and is
extremely difficult to treat (113).

There is no standard therapy for patients with ECD and response to
treatment is variable. The prognosis of ECD is guarded with more than
half of patients dying of their disease within 3 years from diagnosis.
Interferon alpha (IFNα) appears to be the best choice for the initial
treatment of ECD. Rapid and persistent regression of retro-orbital
infiltration and a progressive improvement of bone lesions, pain, and DI
have been reported in three ECD patients given IFNα (117). However, in
eight patients with ECD treated with low-dose IFNα (3 MU × 3/week), the
efficacy differed between the sites involved (118). In some cases, the
symptoms failed to respond to such low doses of IFNα, particularly in
patients with severe multisystemic forms of ECD (CNS and cardiovascular
involvement) (119). Therefore, higher doses of IFNα (9 MU × 3/week) are
recommended since they might be more effective against meningeal
infiltrations, sub- and retrosellar masses, and pericardial and pseudo-atrial

379



infiltrations (113). However, IFNα is not effective against
neurodegenerative ECD. Survival analysis of 53 ECD patients showed that
treatment with IFNα and/or pegylated IFNα was a major independent
predictor of survival (119). Therefore, it is generally recommended to start
treatment with pegylated forms of IFNα since they are better tolerated than
IFNα in the long term.

In a pilot study of vemurafenib (BRAF V600E inhibitor) for three
patients with multisystemic and refractory ECD who carried the BRAF
V600E mutation, two of whom also had skin or lymph node LCH,
vemurafenib led to rapid, substantial clinical and biological improvement
of all three patients (120). Subsequently, five other patients were treated
with vemurafenib and the drug was associated with long-term efficacy.
One patient developed squamous cell carcinoma after 6 months of
treatment, but no major adverse effects were reported in the others (121).
Long-term remissions have also been anecdotally reported in ECD patients
treated with cladribine, anakinra, or imatinib mesylate, although mixed
responses have also been observed (122, 123, 124). Radiotherapy to ECD
lesions has been reported but mainly as short-term palliation, with disease
progression occurring within months. Surgical debulking is limited in ECD
to severe orbital lesions or resectable intracranial lesions (113).

The prognosis of ECD is poor, with 43% of patients alive after an
average follow-up of 32 months. Recent reports describing survival of
ECD patients treated with interferon therapy describe a 5-year OS of 68%
(113). The promising results obtained with vemurafenib in ECD patients
will likely lead to better long-term outcomes in the future, however, larger
studies are urgently needed.

Rosai–Dorfman disease
Rosai–Dorfman disease, or sinus histiocytosis with massive
lymphadenopathy, is another rare non-LCH disorder characterized by a
benign proliferation of S100-positive histiocytes within the sinus of the
lymph nodes and the lymphatic vessels of internal organs. Initially
described by Rosai and Dorfman in 1969, RDD is defined as a non-
neoplastic, polyclonal, and self-limited disease. RDD cells are CD14+,
HLA-DR+, CD68+, CD163+, S100+, and fascin+ macrophages, and they
are typically negative for CD1a and langerin (125).

RDD is most frequently seen in children and young adults, but can
occur at any age. Patients presenting with isolated intracranial disease tend
to be older. The disease is more common in males and in individuals of
African descent (126). The aetiology of RDD remains unknown, and no
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BRAF V600E mutations have been identified (127). However, RDD has
been reported following bone marrow transplant for precursor-B acute
lymphoblastic leukaemia, concurrently with HL and NHL or with other
histiocytic disorders such as LCH and HS. RDD has also been associated
with autoimmune diseases such as autoimmune lymphoproliferative
syndrome, autoimmune haemolytic anaemia, systemic lupus erythematous,
and juvenile idiopathic arthritis (93).

The most common presentation of RDD is bilateral, painless, massive
cervical lymphadenopathy associated with fever, night sweats, fatigue, and
weight loss. Mediastinal, inguinal, and retroperitoneal lymph nodes may
also be involved. Extranodal involvement by RDD has been documented
in 43% of cases with the most frequent sites being skin, soft tissue, upper
respiratory tract, multifocal bone, eye, and retro-orbital tissue (126). Other
reported sites include the urogenital tract, breast, gastrointestinal tract,
liver, pancreas, and lungs. Head and neck involvement has been reported
in 22% of cases, most commonly the nasal cavity followed by the parotid
gland. The CNS, mainly the meninges, is involved in less than 5% of cases
and this usually occurs without extracranial lymphadenopathy. Most
intracranial lesions are attached to the dura with only a few extending into
the parenchyma. CNS disease can present clinically and radiologically like
meningioma, but the presence of emperipolesis in the CSF is usually
diagnostic of CNS RDD (93, 126).

In a review of 111 RDD cases with involvement of the CNS, 15% of
patients showed relapses or had died, but only 19 of them had been
followed for more than 3 years (128). Subsequent cases have been
published mainly describing stable results after surgery, sometimes
combined with corticosteroids or azathioprine (129). Partial resection
followed by adjuvant chemotherapy has been recommended, especially for
difficult sites (129). However, progression to blindness and deafness has
been reported (130), as well as mixed responses with an enlargement of
the intracranial lesion, but resolution of extracranial manifestations,
following treatment with steroids (131). In a retrospective study of 13
patients, 6 patients with involvement of the CNS, Zhu et al. observed
stable conditions in only half of their cases (132). The treatment of CNS
RDD is not well established, but surgical resection seems to be the most
effective strategy. Treatment of relapsed or refractory RDD cases with
cladribine (133) or clofarabine (102), both of which can penetrate the
blood–brain barrier, is promising. Long-term remissions of intracranial
RDD have also been reported after post-surgical maintenance with CHOP-
like regimens (134). Further, the efficacy of the anti-CD20 monoclonal
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antibody, rituximab, has been anecdotally described in refractory cases
(135). Lastly, one report described a patient with systemic RDD who
demonstrated a rapid and complete response to the tyrosine kinase
inhibitor imatinib mesylate. The patients’ histiocytes were positive for the
imatinib target proteins ‘platelet-derived growth factor-receptor β
(PDGFRB)’ and ‘KIT’. The disease completely responded to treatment
with 400–600 mg daily of imatinib for more than 7 months (136).

Juvenile xanthogranuloma
Juvenile xanthogranuloma, the most common form of non-LCH disorders,
is a benign proliferative disorder that usually resolves spontaneously. It
affects the skin in 80% of cases and occurs predominantly in early
childhood, although adults may also be affected. JXG has been associated
with neurofibromatosis type 1 (NF1) and juvenile myelomonocytic
leukaemia (JMML). In these patients, the JXG usually precedes or occurs
concurrently with JMML. Children with JXG and NF1 have a 20–32-fold
increased risk of JMML than patients with NF1 alone. JXG diagnosis is
confirmed by biopsy to rule out LCH or other benign histiocytoses.
Typical histopathological features of JXG are giant cells with a ring of
nuclei (Touton giant cells), which are also characteristic of ECD.
Immunohistochemistry is classically positive for factor XIIIa, fascin,
CD14, CD68, and CD163 and negative for Langerin, CD1a, and the S100
protein (114).

The pathogenesis of JXG is unknown, but recent whole-exome
sequencing studies suggest a role of pathological ERK activation. One
study identified 17 somatic mutations by whole-exome sequencing in four
JXG lesions, and although no BRAF V600E mutations were identified in
these lesions, a PI3KCD mutation was identified in one patient and a
germline NF1 mutation was found in another one with NF1 and JXG
(127).

Systemic JXG is rare (4–10%) and has been reported in the soft tissues,
orbits, CNS, heart, lungs, bone, and bone marrow (137). Isolated
intracranial JXG is rare, and most patients have multiple intracranial or
spinal cord lesions or leptomeningeal involvement. The disease may cause
significant neurological problems such as seizures, DI, blindness, and
subdural effusions (138). Further, fatalities due to CNS JXG and malignant
transformation to a clonal histiocytic neoplasm have been reported (139).

The standard treatment for solitary and symptomatic CNS JXG is
surgical resection, provided that surgery is feasible. Patients with
unresectable or multifocal cranial JXG have been successfully treated with
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cladribine (140), clofarabine (102), and vinblastine (141). A review
suggested that symptomatic cases of multisystem JXG, including CNS
disease, can successfully be treated with LCH-based regimens that include
corticosteroids and vinca alkaloids (142). Cranial radiation therapy can be
considered for unresectable and refractory CNS disease; however, due to
its severe side effects in young children, it is preferable to reserve this
option as the last therapeutic attempt.

Histiocytic sarcoma
Histiocytic sarcoma is a very rare non-Langerhans cell histiocytic
neoplasm that arises from antigen-processing phagocytes (or mature
histiocytes). The aetiology of HS remains unknown, but some cases have
been diagnosed in patients with mediastinal germ cell tumours, follicular
lymphoma, myelodysplastic syndrome, and acute lymphoblastic leukaemia
(143). More recent Sanger sequencing data showed a high rate of BRAF
V600E mutations (62.5%, five of eight) in histiocytic sarcoma cases (144),
which suggests a central role of the BRAF pathway in the pathogenesis or
malignant transformation of histiocytic and dendritic cell neoplasms. HS
has been reported in all age groups but is more commonly observed in
adults, with a median age of 46–55 years, and predominantly in males.
Clinically, HS presents with single or multifocal extranodal tumours, most
commonly in the bowels, skin, or soft tissue. Diffuse lymphadenopathy,
fever, weight loss, small bowel obstruction, and bone marrow involvement
with cytopenias have been reported (143). Rarely, HS can involve any site
within the CNS, including the brain parenchyma, spinal cord, and
meninges. Patients can present with headaches or neurological deficits,
which can sometimes be misdiagnosed as demyelinating disease (145).
Excisional biopsy usually shows large cells with abundant eosinophilic
cytoplasm, ovoid nuclei, and one or more nucleoli. Immunohistochemistry
is positive for histiocytic markers like CD163, CD68, CD45, and
lysozyme. CD1a staining is classically negative which differentiates HS
from LCH. S100 can be weakly positive while Ki67 is variable (143).

Treatment strategies for HS include surgical resection, steroids,
chemotherapy, and radiotherapy. Most CNS HS tumours are unresectable
due to their location and number. Total excision, if possible, should always
be considered as it may provide a better prognosis with survival up to 1
year after complete resection (146). Steroids may relieve the symptoms
temporarily by their anti-oedematous and oncolytic effects, but should be
avoided before a biopsy as they may interfere with an accurate
pathological diagnosis (145). Chemotherapy for HS has historically been
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unsuccessful (147). High doses of MTX and Ara-C were found to be
ineffective in one case report of a CNS HS (145). However, long-term
remissions with thalidomide (148, 149), alemtuzumab (150), or the MAID
(mesna, doxorubicin, ifosfamide, and dacarbazine) regimen (151) have
been reported in systemic HS. Some investigators recommend
consolidation with haematopoietic stem cell transplant (152), although it
remains controversial whether this prolongs survival. Dramatic response to
vemurafenib has been reported in a BRAF V600E-mutated primary CNS
HS (153). Whole-brain radiotherapy in CNS HS may improve the response
to chemotherapy and may decrease local recurrence rates, but it is not
curative and the rate of neurotoxicity is high (143, 145). Regardless of the
treatment, the prognosis of HS is very poor and most patients die within
months from the diagnosis. Patients with localized disease have a better
prognosis than those with intracranial or metastatic disease. Due to the
rarity of this disease in adults and children, the optimal treatment approach
has yet to be determined. In the meantime, patients should be referred for
clinical trials or treated at tertiary care centres with experience in
histiocytic sarcomas.

The Histiocyte Society has recently opened an international registry for
the rare histiocytic disorders (IRHDR) to better understand the natural
history, clinicopathological features, and the most effective therapeutic
strategies for all of the non-LCH disorders, including histiocytic sarcomas
and other malignant histiocytoses.

References
1. Batchelor TT, DeAngelis LM (eds). Lymphoma and Leukemia of the Nervous

System (2nd edn). New York: Springer; 2013.
2. Ostrom QT, Gittleman H, Liao P, et al. CBTRUS statistical report: primary

brain and central nervous system tumors diagnosed in the United States in
2007-2011. Neuro Oncol 2014; 16 Suppl 4:iv1–63.

3. Matinella A, Lanzafame M, Bonometti MA, et al. Neurological
complications of HIV infection in pre-HAART and HAART era: a
retrospective study. J Neurol 2015; 262(5):1317–1327.

4. Cavaliere R, Petroni G, Lopes MB, et al. Primary central nervous system
post-transplantation lymphoproliferative disorder: an International Primary
Central Nervous System Lymphoma Collaborative Group Report. Cancer
2010; 116(4):863–870.

5. Wang J, Pulido JS, O’Neill BP, et al. Second malignancies in patients with
primary central nervous system lymphoma. Neuro Oncol 2015; 17(1):129–
135.

384



6. Swerdlow SH, Campo E, Harris NL, et al. (eds) WHO Classification of
Tumours of Haematopoietic and Lymphoid Tissues. Lyon: International
Agency for Research on Cancer, 2008.

7. Ponzoni M, Issa S, Batchelor TT, et al. Beyond high-dose methotrexate and
brain radiotherapy: novel targets and agents for primary CNS lymphoma. Ann
Oncol 2014; 25(2):316–322.

8. Camilleri-Broet S, Criniere E, Broet P, et al. A uniform activated B-cell-like
immunophenotype might explain the poor prognosis of primary central
nervous system lymphomas: analysis of 83 cases. Blood 2006; 107(1):190–
196.

9. Braggio E, Van Wier S, Ojha J, et al. Genome-wide analysis uncovers novel
recurrent alterations in primary central nervous system lymphomas. Clin
Cancer Res 2015; 21(17):3986–3994.

10. Bataille B, Delwail V, Menet E, et al. Primary intracerebral malignant
lymphoma: report of 248 cases. J Neurosurg 2000; 92(2):261–266.

11. Abrey LE, Batchelor TT, Ferreri AJ, et al. Report of an international
workshop to standardize baseline evaluation and response criteria for primary
CNS lymphoma. J Clin Oncol 2005; 23(22):5034–5043.

12. Kreher S, Strehlow F, Martus P, et al. Prognostic impact of intraocular
involvement in primary CNS lymphoma: experience from the G-PCNSL-
SG1 trial. Ann Hematol 2015; 94(3):409–414.

13. Grimm SA, Pulido JS, Jahnke K, et al. Primary intraocular lymphoma: an
International Primary Central Nervous System Lymphoma Collaborative
Group Report. Ann Oncol 2007; 18(11):1851–1855.

14. Abrey LE, Ben-Porat L, Panageas KS, et al. Primary central nervous system
lymphoma: the Memorial Sloan-Kettering Cancer Center prognostic model. J
Clin Oncol 2006; 24(36):5711–5715.

15. Ferreri AJ, Blay JY, Reni M, et al. Prognostic scoring system for primary
CNS lymphomas: the International Extranodal Lymphoma Study Group
experience. J Clin Oncol 2003; 21(2):266–272.

16. Barajas RF, Jr, Rubenstein JL, Chang JS, et al. Diffusion-weighted MR
imaging derived apparent diffusion coefficient is predictive of clinical
outcome in primary central nervous system lymphoma. AJNR Am J
Neuroradiol 2010; 31(1):60–66.

17. Kuker W, Nagele T, Korfel A, et al. Primary central nervous system
lymphomas (PCNSL): MRI features at presentation in 100 patients. J
Neurooncol 2005; 72(2):169–177.

18. Bellinzona M, Roser F, Ostertag H, et al. Surgical removal of primary central
nervous system lymphomas (PCNSL) presenting as space occupying lesions:
a series of 33 cases. Eur J Surg Oncol 2005; 31(1):100–105.

19. Weller M, Martus P, Roth P, et al. Surgery for primary CNS lymphoma?
Challenging a paradigm. Neuro Oncol 2012; 14(12):1481–1484.

20. Batchelor T, Loeffler JS. Primary CNS lymphoma. J Clin Oncol 2006;
24(8):1281–1288.

385



21. Mathew BS, Carson KA, Grossman SA. Initial response to glucocorticoids.
Cancer 2006; 106(2):383–387.

22. Nelson DF, Martz KL, Bonner H, et al. Non-Hodgkin’s lymphoma of the
brain: can high dose, large volume radiation therapy improve survival?
Report on a prospective trial by the Radiation Therapy Oncology Group
(RTOG): RTOG 8315. Int J Radiat Oncol Biol Phys 1992; 23(1):9–17.

23. Mead GM, Bleehen NM, Gregor A, et al. A medical research council
randomized trial in patients with primary cerebral non-Hodgkin’s lymphoma:
cerebral radiotherapy with and without cyclophosphamide, doxorubicin,
vincristine, and prednisone chemotherapy. Cancer 2000; 89(6):1359–1370.

24. DeAngelis LM, Seiferheld W, Schold SC, et al. Combination chemotherapy
and radiotherapy for primary central nervous system lymphoma: Radiation
Therapy Oncology Group Study 93–10. J Clin Oncol 2002; 20(24):4643–
4648.

25. Ferreri AJ, Guerra E, Regazzi M, et al. Area under the curve of methotrexate
and creatinine clearance are outcome-determining factors in primary CNS
lymphomas. Br J Cancer 2004; 90(2):353–358.

26. Glantz MJ, Cole BF, Recht L, et al. High-dose intravenous methotrexate for
patients with nonleukemic leptomeningeal cancer: is intrathecal
chemotherapy necessary? J Clin Oncol 1998; 16(4):1561–1567.

27. Ferreri AJ, Reni M, Foppoli M, et al. High-dose cytarabine plus high-dose
methotrexate versus high-dose methotrexate alone in patients with primary
CNS lymphoma: a randomised phase 2 trial. Lancet 2009; 374(9700):1512–
1520.

28. Correa DD, Maron L, Harder H, et al. Cognitive functions in primary central
nervous system lymphoma: literature review and assessment guidelines. Ann
Oncol 2007; 18(7):1145–1151.

29. Ferreri AJ, Verona C, Politi LS, et al. Consolidation radiotherapy in primary
central nervous system lymphomas: impact on outcome of different fields
and doses in patients in complete remission after upfront chemotherapy. Int J
Radiat Oncol Biol Phys 2011; 80(1):169–175.

30. Morris PG, Correa DD, Yahalom J, et al. Rituximab, methotrexate,
procarbazine, and vincristine followed by consolidation reduced-dose whole-
brain radiotherapy and cytarabine in newly diagnosed primary CNS
lymphoma: final results and long-term outcome. J Clin Oncol 2013;
31(31):3971–3979.

31. Doolittle ND, Korfel A, Lubow MA, et al. Long-term cognitive function,
neuroimaging, and quality of life in primary CNS lymphoma. Neurology
2013; 81(1):84–92.

32. Juergens A, Pels H, Rogowski S, et al. Long-term survival with favorable
cognitive outcome after chemotherapy in primary central nervous system
lymphoma. Ann Neurol 2010; 67(2):182–189.

33. Batchelor T, Carson K, O’Neill A, et al. Treatment of primary CNS
lymphoma with methotrexate and deferred radiotherapy: a report of NABTT

386



96-07. J Clin Oncol 2003; 21(6):1044–1049.
34. Rubenstein JL, Hsi ED, Johnson JL, et al. Intensive chemotherapy and

immunotherapy in patients with newly diagnosed primary CNS lymphoma:
CALGB 50202 (Alliance 50202). J Clin Oncol 2013; 31(25):3061–3068.

35. Gerstner ER, Carson KA, Grossman SA, et al. Long-term outcome in PCNSL
patients treated with high-dose methotrexate and deferred radiation.
Neurology 2008; 70(5):401–402.

36. Hoang-Xuan K, Taillandier L, Chinot O, et al. Chemotherapy alone as initial
treatment for primary CNS lymphoma in patients older than 60 years: a
multicenter phase II study (26952) of the European Organization for
Research and Treatment of Cancer Brain Tumor Group. J Clin Oncol 2003;
21(14):2726–2731.

37. Pels H, Schmidt-Wolf IG, Glasmacher A, et al. Primary central nervous
system lymphoma: results of a pilot and phase II study of systemic and
intraventricular chemotherapy with deferred radiotherapy. J Clin Oncol 2003;
21(24):4489–4495.

38. Reni M, Mason W, Zaja F, et al. Salvage chemotherapy with temozolomide
in primary CNS lymphomas: preliminary results of a phase II trial. Eur J
Cancer 2004; 40(11):1682–1688.

39. Batchelor TT, Grossman SA, Mikkelsen T, et al. Rituximab monotherapy for
patients with recurrent primary CNS lymphoma. Neurology 2011;
76(10):929–930.

40. Ferreri AJ, Cwynarski K, Pulczynski E, et al. Addition of thiotepa and
rituximab to antimetabolites significantly improves outcome in primary CNS
lymphoma: first randomization of the IELSG32 trial. Hematol Oncol 2015;
33:103 (Abstr 9).

41. Poortmans PM, Kluin-Nelemans HC, Haaxma-Reiche H, et al. High-dose
methotrexate-based chemotherapy followed by consolidating radiotherapy in
non-AIDS-related primary central nervous system lymphoma: European
Organization for Research and Treatment of Cancer Lymphoma Group Phase
II Trial 20962. J Clin Oncol 2003; 21(24):4483–4488.

42. Rubenstein JL, Combs D, Rosenberg J, et al. Rituximab therapy for CNS
lymphomas: targeting the leptomeningeal compartment. Blood 2003;
101(2):466–468.

43. Holdhoff M, Ambady P, Abdelaziz A, et al. High-dose methotrexate with or
without rituximab in newly diagnosed primary CNS lymphoma. Neurology
2014; 83(3):235–239.

44. Thiel E, Korfel A, Martus P, et al. High-dose methotrexate with or without
whole brain radiotherapy for primary CNS lymphoma (G-PCNSL-SG-1): a
phase 3, randomised, non-inferiority trial. Lancet Oncol 2010; 11(11):1036–
1047.

45. Korfel A, Thiel E, Martus P, et al. Randomized phase III study of whole-
brain radiotherapy for primary CNS lymphoma. Neurology 2015;
84(12):1242–1248.

387



46. Illerhaus G, Fritsch K, Egerer G, et al. Sequential high dose immuno-
chemotherapy followed by autologous peripheral blood stem cell
transplantation for patients with untreated primary central nervous system
lymphoma—a multicentre study by the Collaborative PCNSL Study Group
Freiburg. Blood 2012, 120: abst 302.

47. Khan RB, Shi W, Thaler HT, et al. Is intrathecal methotrexate necessary in
the treatment of primary CNS lymphoma? J Neurooncol 2002; 58(2):175–
178.

48. Sierra Del Rio M, Ricard D, Houillier C, et al. Prophylactic intrathecal
chemotherapy in primary CNS lymphoma. J Neurooncol 2012; 106(1):143–
146.

49. Nayak L, Batchelor TT. Recent advances in treatment of primary central
nervous system lymphoma. Curr Treat Options Oncol 2013; 14(4):539–552.

50. Jahnke K, Korfel A, Martus P, et al. High-dose methotrexate toxicity in
elderly patients with primary central nervous system lymphoma. Ann Oncol
2005; 16(3):445–449.

51. Zhu JJ, Gerstner ER, Engler DA, et al. High-dose methotrexate for elderly
patients with primary CNS lymphoma. Neuro Oncol 2009; 11(2):211–215.

52. Kasenda B, Ferreri AJ, Marturano E, et al. First-line treatment and outcome
of elderly patients with primary central nervous system lymphoma (PCNSL)-
a systematic review and individual patient data meta-analysis. Ann Oncol
2015; 26(7):1305–1313.

53. Omuro A, Chinot O, Taillandier L, et al. Multicenter randomized phase II
trial of methotrexate (MTX) and temozolomide (TMZ) versus MTX,
procarbazine, vincristine, and cytarabine for primary CNS lymphoma
(PCNSL) in the elderly: An Anocef and Goelams Intergroup study. J Clin
Oncol 2013; 31(Suppl): abstr 2032.

54. Kasenda B, Fritsch K, Schorb E, et al. Rituximab, methotrexate, procarbazine
and lomustine for elderly primary CNS lymphoma patients—the PRIMAIN
study by the German Cooperative PCNSL Group. Hematol Oncol 2015;
33:173 (Abstr 134).

55. Fritsch K, Kasenda B, Hader C, et al. Immunochemotherapy with rituximab,
methotrexate, procarbazine, and lomustine for primary CNS lymphoma
(PCNSL) in the elderly. Ann Oncol 2011; 22(9):2080–2085.

56. Jahnke K, Thiel E, Martus P, et al. Relapse of primary central nervous system
lymphoma: clinical features, outcome and prognostic factors. J Neurooncol
2006; 80(2):159–165.

57. Langner-Lemercier S, Houillier C, Soussain C, et al. Management of
outcome of primary CNS lymphoma at first relapse/progression: analysis of
256 patients from the French LOC Network. Hematol Oncol 2015; 33:173–
174 (Abstr 135).

58. Wang N, Gill C, Betensky RA, et al. Relapse patterns in primary CNS diffuse
large B-cell lymphoma. Neurology 2015; 84(14S):P3.1437.

59. Plotkin SR, Betensky RA, Hochberg FH, et al. Treatment of relapsed central

388



nervous system lymphoma with high-dose methotrexate. Clin Cancer Res
2004; 10(17):5643–5646.

60. Soussain C, Hoang-Xuan K, Taillandier L, et al. Intensive chemotherapy
followed by hematopoietic stem-cell rescue for refractory and recurrent
primary CNS and intraocular lymphoma: Societe Francaise de Greffe de
Moelle Osseuse-Therapie Cellulaire. J Clin Oncol 2008; 26(15):2512–2518.

61. Kasenda B, Schorb E, Fritsch K, et al. Primary CNS lymphoma—radiation-
free salvage therapy by second autologous stem cell transplantation. Biol
Blood Marrow Transplant 2011; 17(2):281–283.

62. Nguyen PL, Chakravarti A, Finkelstein DM, et al. Results of whole-brain
radiation as salvage of methotrexate failure for immunocompetent patients
with primary CNS lymphoma. J Clin Oncol 2005; 23(7):1507–1513.

63. Hottinger AF, DeAngelis LM, Yahalom J, et al. Salvage whole brain
radiotherapy for recurrent or refractory primary CNS lymphoma. Neurology
2007; 69(11):1178–1182.

64. Dunleavey K, Lai C, Roschewski, et al. Phase I/II study of TEDDI-R with
Ibrutinib in untreated and relapsed/refractory primary CNS lymphoma.
Hematol Oncol 2015; 33:174–175 (Abstr 136).

65. Houillier C, Choquet S, Touitou V, et al. Lenalidomide monotherapy as
salvage treatment for recurrent primary CNS lymphoma. Neurology 2015;
84(3):325–326.

66. Rubenstein JL, Formaker P, Wang X, et al. Lenalidomide is highly active in
recurrent CNS lymphomas: phase I investigation of lenalidomide plus
rituximab and outcomes of lenalidomide as maintenance monotherapy.
Hematol Oncol 2015; 33:175 (Abstr 137).

67. Lai R, Abrey LE, Rosenblum MK, et al. Treatment-induced
leukoencephalopathy in primary CNS lymphoma: a clinical and autopsy
study. Neurology 2004; 62(3):451–456.

68. Monje ML, Vogel H, Masek M, et al. Impaired human hippocampal
neurogenesis after treatment for central nervous system malignancies. Ann
Neurol 2007; 62(5):515–520.

69. Abla O, Weitzman S, Blay JY, et al. Primary CNS lymphoma in children and
adolescents: a descriptive analysis from the International Primary CNS
Lymphoma Collaborative Group (IPCG). Clin Cancer Res 2011; 17(2):346–
352.

70. Chan CC, Rubenstein JL, Coupland SE, et al. Primary vitreoretinal
lymphoma: a report from an International Primary Central Nervous System
Lymphoma Collaborative Group symposium. Oncologist 2011; 16(11):1589–
1599.

71. Batchelor TT, Kolak G, Ciordia R, et al. High-dose methotrexate for
intraocular lymphoma. Clin Cancer Res 2003; 9(2):711–715.

72. Grimm SA, McCannel CA, Omuro AM, et al. Primary CNS lymphoma with
intraocular involvement: International PCNSL Collaborative Group Report.
Neurology 2008; 71(17):1355–1360.

389



73. Taylor JW, Flanagan EP, O’Neill BP, et al. Primary leptomeningeal
lymphoma: International Primary CNS Lymphoma Collaborative Group
report. Neurology 2013; 81(19):1690–1696.

74. Lachance DH, O’Neill BP, Macdonald DR, et al. Primary leptomeningeal
lymphoma: report of 9 cases, diagnosis with immunocytochemical analysis,
and review of the literature. Neurology 1991; 41(1):95–100.

75. Flanagan EP, O’Neill BP, Porter AB, et al. Primary intramedullary spinal
cord lymphoma. Neurology 2011; 77(8):784–791.

76. Cruto C, Taipa R, Monteiro C, et al. Multiple cerebral infarcts and
intravascular central nervous system lymphoma: a rare but potentially
treatable association. J Neurol Sci 2013; 325(1–2):183–185.

77. Kebir S, Kuchelmeister K, Niehusmann P, et al. Intravascular CNS
lymphoma: Successful therapy using high-dose methotrexate-based
polychemotherapy. Exp Hematol Oncol 2012; 1(1):37.

78. Gonzalez-Darder JM, Vera-Roman JM, Pesudo-Martinez JV, et al. Tumoral
presentation of primary central nervous system lymphomatoid
granulomatosis. Acta Neurochir (Wien) 2011; 153(10):1963–1970.

79. Lucantoni C, De Bonis P, Doglietto F, et al. Primary cerebral lymphomatoid
granulomatosis: report of four cases and literature review. J Neurooncol
2009; 94(2):235–242.

80. Gonzalez-Aguilar A, Soto-Hernandez JL. The management of primary
central nervous system lymphoma related to AIDS in the HAART era. Curr
Opin Oncol 2011; 23(6):648–653.

81. Evens AM, Choquet S, Kroll-Desrosiers AR, et al. Primary CNS
posttransplant lymphoproliferative disease (PTLD): an international report of
84 cases in the modern era. Am J Transplant 2013; 13(6):1512–1522.

82. Shenkier TN, Blay JY, O’Neill BP, et al. Primary CNS lymphoma of T-cell
origin: a descriptive analysis from the international primary CNS lymphoma
collaborative group. J Clin Oncol 2005; 23(10):2233–2239.

83. Menon MP, Nicolae A, Meeker H, et al. Primary CNS T-cell lymphomas: a
clinical, morphologic, immunophenotypic, and molecular analysis. Am J Surg
Pathol 2015; 39(12):1719–1729.

84. Liao B, Kamiya-Matsuoka C, Gong Y, et al. Primary natural killer/T-cell
lymphoma presenting as leptomeningeal disease. J Neurol Sci 2014; 343(1–
2):46–50.

85. Prajapati HJ, Vincentelli C, Hwang SN, et al. Primary CNS natural killer/T-
cell lymphoma of the nasal type presenting in a woman: case report and
review of the literature. J Clin Oncol 2014; 32(8):e26–e29.

86. Jahnke K, Korfel A, O’Neill BP, et al. International study on low-grade
primary central nervous system lymphoma. Ann Neurol 2006; 59(5):755–
762.

87. Beltran BE, Kuritzky B, Quinones P, et al. Extranodal marginal zone
lymphoma of the cranial dura mater: report of three cases and systematic
review of the literature. Leuk Lymphoma 2013; 54(10):2306–2309.

390



88. Sebastian C, Vela AC, Figueroa R, et al. Primary intracranial mucosa-
associated lymphoid tissue lymphoma. A report of two cases and literature
review. Neuroradiol J 2014; 27(4):425–430.

89. Kresak JL, Nguyen J, Wong K, et al. Primary Hodgkin’s lymphoma of the
central nervous system: two case reports and review of the literature.
Neuropathology 2013; 33(6):658–662.

90. Gerstner ER, Abrey LE, Schiff D, et al. CNS Hodgkin’s lymphoma. Blood
2008; 112(5):1658–1661.

91. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®).
National Comprehensive Cancer Network. Central Nervous System Cancers.
Version 1.2015. 2015.
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp#cns.

92. Hoang-Xuan K, Bessell E, Bromberg J, et al. Diagnosis and treatment of
primary CNS lymphoma in immunocompetent patients: guidelines from the
European Association for Neuro-Oncology. Lancet Oncol 2015; 16(7):e322–
e332.

93. Vaiselbuh SR, Bryceson YT, Allen CE, et al. Updates on histiocytic
disorders. Pediatr Blood Cancer 2014; 61(7):1329–1335.

94. Berres ML, Lim KP, Peters T, et al. BRAF-V600E expression in precursor
versus differentiated dendritic cells defines clinically distinct LCH risk
groups. J Exp Med 2015; 212(2):281.

95. Abla O, Egeler RM, Weitzman S. Langerhans cell histiocytosis: current
concepts and treatments. Cancer Treat Rev 2010; 36(4):354–359.

96. Arico M, Girschikofsky M, Genereau T, et al. Langerhans cell histiocytosis
in adults. Report from the International Registry of the Histiocyte Society.
Eur J Cancer 2003; 39(16):2341–2348.

97. Gadner H, Minkov M, Grois N, et al. Therapy prolongation improves
outcome in multisystem Langerhans cell histiocytosis. Blood 2013;
121(25):5006–5014.

98. Grois N, Potschger U, Prosch H, et al. Risk factors for diabetes insipidus in
Langerhans cell histiocytosis. Pediatr Blood Cancer 2006; 46(2):228–233.

99. Donadieu J, Rolon MA, Thomas C, et al. Endocrine involvement in pediatric-
onset Langerhans’ cell histiocytosis: a population-based study. J Pediatr
2004; 144(3):344–350.

100. Allen CE, Ladisch S, McClain KL. How I treat Langerhans cell histiocytosis.
Blood 2015; 126(1):26–35.

101. Egeler RM, de Kraker J, Voute PA. Cytosine-arabinoside, vincristine, and
prednisolone in the treatment of children with disseminated Langerhans cell
histiocytosis with organ dysfunction: experience at a single institution. Med
Pediatr Oncol 1993; 21(4):265–270.

102. Simko SJ, Tran HD, Jones J, et al. Clofarabine salvage therapy in refractory
multifocal histiocytic disorders, including Langerhans cell histiocytosis,
juvenile xanthogranuloma and Rosai-Dorfman disease. Pediatr Blood Cancer
2014; 61(3):479–487.

391

http://www.nccn.org/professionals/physician_gls/f_guidelines.asp#cns


103. Barthez MA, Araujo E, Donadieu J. Langerhans cell histiocytosis and the
central nervous system in childhood: evolution and prognostic factors.
Results of a collaborative study. J Child Neurol 2000; 15(3):150–156.

104. Grois N, Prayer D, Prosch H, et al. Course and clinical impact of magnetic
resonance imaging findings in diabetes insipidus associated with Langerhans
cell histiocytosis. Pediatr Blood Cancer 2004; 43(1):59–65.

105. Idbaih A, Donadieu J, Barthez MA, et al. Retinoic acid therapy in
‘degenerative-like’ neuro-Langerhans cell histiocytosis: a prospective pilot
study. Pediatr Blood Cancer 2004; 43(1):55–58.

106. Imashuku S. High dose immunoglobulin (IVIG) may reduce the incidence of
Langerhans cell histiocytosis (LCH)-associated central nervous system
involvement. CNS Neurol Disord Drug Targets 2009; 8(5):380–386.

107. Allen CE, Flores R, Rauch R, et al. Neurodegenerative central nervous
system Langerhans cell histiocytosis and coincident hydrocephalus treated
with vincristine/cytosine arabinoside. Pediatr Blood Cancer 2010;
54(3):416–423.

108. Donadieu J, Armari-Alla C, Templier I, et al. First use of vemurafenib in
children LCH with neurodegenerative LCH. In: 30th Annual Histiocyte
Society Meeting, Toronto, Canada; October 28–30 2014; 35 (Abstr 3).

109. Dhall G, Finlay JL, Dunkel IJ, et al. Analysis of outcome for patients with
mass lesions of the central nervous system due to Langerhans cell
histiocytosis treated with 2-chlorodeoxyadenosine. Pediatr Blood Cancer
2008; 50(1):72–79.

110. Ng Wing Tin S, Martin-Duverneuil N, Idbaih A, et al. Efficacy of vinblastine
in central nervous system Langerhans cell histiocytosis: a nationwide
retrospective study. Orphanet J Rare Dis 2011; 6:83.

111. Chester W. Über Lipoidgranulomatose. Virchows Arch Pathol Anat 1930;
279(2):561–602.

112. Veyssier-Belot C, Cacoub P, Caparros-Lefebvre D, et al. Erdheim-Chester
disease. Clinical and radiologic characteristics of 59 cases. Medicine
(Baltimore) 1996; 75(3):157–169.

113. Diamond EL, Dagna L, Hyman DM, et al. Consensus guidelines for the
diagnosis and clinical management of Erdheim-Chester disease. Blood 2014;
124(4):483–492.

114. Weitzman S, Jaffe R. Uncommon histiocytic disorders: the non-Langerhans
cell histiocytoses. Pediatr Blood Cancer 2005; 45(3):256–264.

115. Emile JF, Diamond EL, Helias-Rodzewicz Z, et al. Recurrent RAS and
PIK3CA mutations in Erdheim-Chester disease. Blood 2014; 124(19):3016–
3019.

116. Hervier B, Haroche J, Arnaud L, et al. Association of both Langerhans cell
histiocytosis and Erdheim-Chester disease linked to the BRAFV600E
mutation. Blood 2014; 124(7):1119–1126.

117. Braiteh F, Boxrud C, Esmaeli B, et al. Successful treatment of Erdheim-
Chester disease, a non-Langerhans-cell histiocytosis, with interferon-alpha.

392



Blood 2005; 106(9):2992–2994.
118. Haroche J, Amoura Z, Trad SG, et al. Variability in the efficacy of interferon-

alpha in Erdheim-Chester disease by patient and site of involvement: results
in eight patients. Arthritis Rheum 2006; 54(10):3330–3336.

119. Arnaud L, Hervier B, Neel A, et al. CNS involvement and treatment with
interferon-alpha are independent prognostic factors in Erdheim-Chester
disease: a multicenter survival analysis of 53 patients. Blood 2011;
117(10):2778–2782.

120. Haroche J, Cohen-Aubart F, Emile JF, et al. Dramatic efficacy of
vemurafenib in both multisystemic and refractory Erdheim-Chester disease
and Langerhans cell histiocytosis harboring the BRAF V600E mutation.
Blood 2013; 121(9):1495–1500.

121. Haroche J, Cohen-Aubart F, Emile JF, et al. Reproducible and sustained
efficacy of targeted therapy with vemurafenib in patients with
BRAF(V600E)-mutated Erdheim-Chester disease. J Clin Oncol 2015;
33(5):411–418.

122. Courcoul A, Vignot E, Chapurlat R. Successful treatment of Erdheim-Chester
disease by interleukin-1 receptor antagonist protein. Joint Bone Spine 2014;
81(2):175–177.

123. Janku F, Amin HM, Yang D, et al. Response of histiocytoses to imatinib
mesylate: fire to ashes. J Clin Oncol 2010; 28(31):e633–e636.

124. Myra C, Sloper L, Tighe PJ, et al. Treatment of Erdheim-Chester disease
with cladribine: a rational approach. Br J Ophthalmol 2004; 88(6):844–847.

125. Rosai J, Dorfman RF. Sinus histiocytosis with massive lymphadenopathy. A
newly recognized benign clinicopathological entity. Arch Pathol 1969;
87(1):63–70.

126. Foucar E, Rosai J, Dorfman R. Sinus histiocytosis with massive
lymphadenopathy (Rosai-Dorfman disease): review of the entity. Semin
Diagn Pathol 1990; 7(1):19–73.

127. Chakraborty R, Hampton OA, Shen X, et al. Mutually exclusive recurrent
somatic mutations in MAP2K1 and BRAF support a central role for ERK
activation in LCH pathogenesis. Blood 2014; 124(19):3007–3015.

128. Adeleye AO, Amir G, Fraifeld S, et al. Diagnosis and management of Rosai-
Dorfman disease involving the central nervous system. Neurol Res 2010;
32(6):572–578.

129. Le Guenno G, Galicier L, Uro-Coste E, et al. Successful treatment with
azathioprine of relapsing Rosai-Dorfman disease of the central nervous
system. J Neurosurg 2012; 117(3):486–489.

130. Nalini A, Jitender S, Anantaram G, et al. Rosai Dorfman disease: case with
extensive dural involvement and cerebrospinal fluid pleocytosis. J Neurol Sci
2012; 314(1–2):152–154.

131. Walker RN, Nickles TP, Lountzis NI, et al. Rosai-Dorfman disease with
massive intracranial involvement: asymmetric response to conservative
therapy. J Neuroimaging 2011; 21(2):194–196.

393



132. Zhu F, Zhang JT, Xing XW, et al. Rosai-Dorfman disease: a retrospective
analysis of 13 cases. Am J Med Sci 2013; 345(3):200–210.

133. Konca C, Ozkurt ZN, Deger M, et al. Extranodal multifocal Rosai-Dorfman
disease: response to 2-chlorodeoxyadenosine treatment. Int J Hematol 2009;
89(1):58–62.

134. Rivera D, Perez-Castillo M, Fernandez B, et al. Long-term follow-up in two
cases of intracranial Rosai-Dorfman Disease complicated by incomplete
resection and recurrence. Surg Neurol Int 2014; 5:30.

135. Petschner F, Walker UA, Schmitt-Graff A, et al. ‘Catastrophic systemic lupus
erythematosus’ with Rosai-Dorfman sinus histiocytosis. Successful treatment
with anti-CD20/rutuximab. Dtsch Med Wochenschr 2001; 126(37):998–1001.

136. Utikal J, Ugurel S, Kurzen H, et al. Imatinib as a treatment option for
systemic non-Langerhans cell histiocytoses. Arch Dermatol 2007;
143(6):736–740.

137. Dehner LP. Juvenile xanthogranulomas in the first two decades of life: a
clinicopathologic study of 174 cases with cutaneous and extracutaneous
manifestations. Am J Surg Pathol 2003; 27(5):579–593.

138. Freyer DR, Kennedy R, Bostrom BC, et al. Juvenile xanthogranuloma: forms
of systemic disease and their clinical implications. J Pediatr 1996;
129(2):227–237.

139. Orsey A, Paessler M, Lange BJ, et al. Central nervous system juvenile
xanthogranuloma with malignant transformation. Pediatr Blood Cancer
2008; 50(4):927–930.

140. Rajendra B, Duncan A, Parslew R, et al. Successful treatment of central
nervous system juvenile xanthogranulomatosis with cladribine. Pediatr Blood
Cancer 2009; 52(3):413–415.

141. Auvin S, Cuvellier JC, Vinchon M, et al. Subdural effusion in a CNS
involvement of systemic juvenile xanthogranuloma: a case report treated with
vinblastin. Brain Dev 2008; 30(2):164–168.

142. Stover DG, Alapati S, Regueira O, et al. Treatment of juvenile
xanthogranuloma. Pediatr Blood Cancer 2008; 51(1):130–133.

143. Dalia S, Shao H, Sagatys E, et al. Dendritic cell and histiocytic neoplasms:
biology, diagnosis, and treatment. Cancer Control 2014; 21(4):290–300.

144. Go H, Jeon YK, Huh J, et al. Frequent detection of BRAF(V600E) mutations
in histiocytic and dendritic cell neoplasms. Histopathology 2014; 65(2):261–
272.

145. So H, Kim SA, Yoon DH, et al. Primary histiocytic sarcoma of the central
nervous system. Cancer Res Treat 2015; 47(2):322–328.

146. Bell SL, Hanzely Z, Alakandy LM, et al. Primary meningeal histiocytic
sarcoma: a report of two unusual cases. Neuropathol Appl Neurobiol 2012;
38(1):111–114.

147. Feldman AL, Arber DA, Pittaluga S, et al. Clonally related follicular
lymphomas and histiocytic/dendritic cell sarcomas: evidence for
transdifferentiation of the follicular lymphoma clone. Blood 2008;

394



111(12):5433–5439.
148. Abidi MH, Tove I, Ibrahim RB, et al. Thalidomide for the treatment of

histiocytic sarcoma after hematopoietic stem cell transplant. Am J Hematol
2007; 82(10):932–933.

149. Bailey KM, Castle VP, Hummel JM, et al. Thalidomide therapy for
aggressive histiocytic lesions in the pediatric population. J Pediatr Hematol
Oncol 2012; 34(6):480–483.

150. Shukla N, Kobos R, Renaud T, et al. Successful treatment of refractory
metastatic histiocytic sarcoma with alemtuzumab. Cancer 2012;
118(15):3719–3724.

151. Uchida K, Kobayashi S, Inukai T, et al. Langerhans cell sarcoma emanating
from the upper arm skin: successful treatment by MAID regimen. J Orthop
Sci 2008; 13(1):89–93.

152. Mainardi C, D’Amore ES, Pillon M, et al. A case of resistant pediatric
histiocytic sarcoma successfully treated with chemo-radiotherapy and
autologous peripheral blood stem cell transplant. Leuk Lymphoma 2011;
52(7):1367–1371.

153. Idbaih A, Mokhtari K, Emile JF, et al. Dramatic response of a BRAF V600E-
mutated primary CNS histiocytic sarcoma to vemurafenib. Neurology 2014;
83(16):1478–1480.

395



CHAPTER 14

Germ cell tumours
Claire Alapetite, Takaaki Yanagisawa, and Ryo
Nishikawa

Definition (histology)
Histological classification of intracranial germ cell tumours (iGCTs)
consists of germinoma, mature and immature teratoma, teratoma with
malignant transformation, yolk sac tumour, embryonal carcinoma,
choriocarcinoma (1), and mixed tumours of these components. A clinically
practical classification into two subgroups, that is, germinoma and non-
germinomatous GCTs (NGGCTs), is widely accepted. However, there are
controversies: for example, immature teratoma and choriocarcinoma are
both included in the NGGCT category, but the strength of treatment for
those tumours should be different (2). There used to be another
classification: secreting GCTs and non-secreting GCTs. However, not only
germinomas but also most teratomas and some of the embryonal
carcinomas would be categorized as non-secreting, which would not be
reasonable from the therapeutic view. A Japanese group proposes a three-
group classification based on prognosis: the good prognosis group consists
of germinoma and mature teratoma; the intermediate prognosis group
consists of immature teratoma, teratoma with malignant transformation,
and mixed tumours of mainly germinoma and/or teratomatous
components; and the poor prognosis group consists of choriocarcinoma,
yolk sac tumour, embryonal carcinoma, and mixed tumours of mainly
those malignant components (2).

Epidemiology
Geographic incidence has been considered to vary substantially. In far-east
Asia, iGCT accounted for 2–3% of primary brain tumours—2.3% in Japan
(3) and 1.8% in Korea (4)—while in the United States, iGCT accounts for
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0.4% of primary brain tumours (5). A population-based study in a district
of Japan reported the age-adjusted annual incidence of iGCTs as 0.62 per
100,000 (male (M) = 0.93, female (F) = 0.09) (6), while an age-adjusted
incidence of 0.10 per 100,000 person-years (M = 0.14, F = 0.06) has been
reported in the United States (5). However, the age-adjusted annual
incidence of iGCT calculated from the Japan Cancer Surveillance
Research Group in 14 population-based registries in Japan recently
showed the annual incidence of 0.096 per 100,000 (M = 0.143, F = 0.046)
(7). This group also reported the incidence of iGCTs in a district of Japan
decreased over time, especially in males (8). Male dominance in pineal
GCTs and histological distribution (about 40% are germinoma) are similar
in the United States and Japan (7).

Molecular pathogenesis
The genetics of GCTs have been largely a mystery for years. The
hypothesis that iGCTs represent the neoplastic offspring of primordial
germ cells was proposed and has been discussed (1, 9). Isochromosome
12p and gain of chromosome X have been the features of GCTs. Recent
developments in molecular genetics elucidated whole-genome
characteristics of many brain tumours such as medulloblastoma and
ependymoma, and iGCTs (10, 11).

Clinical presentation
The three major locations of iGCTs are the pineal region,
neurohypophysis, and basal ganglia. Tumours of the pineal region often
obstruct the aqueduct, resulting in obstructive hydrocephalus with
intracranial hypertension. When lesions compress the tectal plate, a
characteristic paralysis of upward gaze and convergence known as
Parinaud syndrome occurs. Neurohypophyseal GCTs typically impinge on
the optic chiasm causing bitemporal hemianopsia. They also damage the
hypothalamo–hypophyseal axis as evidenced by the occurrence of diabetes
insipidus that sometimes precedes the finding of tumours by years. These
tumours used to be called suprasellar GCTs. Careful observation of their
magnetic resonance imaging (MRI) features revealed those tumours would
be better described as neurohypophyseal GCTs (12). Basal ganglia GCTs
typically show an enhanced mass in and around the basal ganglia causing
hemiparesis. However, their early feature is atrophy of the basal ganglia
that is recognizable before development of hemiparesis (13).

397



Imaging, biomarkers, and endoscopic biopsies
Magnetic resonance imaging is of diagnostic importance. However, MRI
does not distinguish histological subtypes of iGCT in the pineal region
(14). Human chorionic gonadotropin (HCG) or HCG-beta would be a
marker for choriocarcinoma. If serum HCG is higher than 2000 mIU/mL,
the histology of the tumour is most likely choriocarcinoma (2). If serum
alpha-fetoprotein (AFP) is higher than 2000 ng/mL, the histology of the
tumour is most likely yolk sac tumour (2). However, moderately elevated
HCG would not distinguish highly malignant choriocarcinomas that
require maximum strength of treatment including whole neuroaxis
irradiation and intermediate prognostic mixed tumours of immature
teratoma and choriocarinoma that would not need whole neuroaxis
irradiation but whole ventricle + local boost radiotherapy (details will be
discussed later). Furthermore, most germinomas secrete HCG that is
detectable by mRNA analyses (15). Therefore biomarkers would not be
definitely diagnostic.

Recent surgical innovations, especially endoscopic techniques, have
been integrated into the surgical treatment of iGCTs. The major advantage
is performing tumour biopsy and third ventriculostomy, and CSF sampling
for biomarkers if necessary, as a one-time procedure with minimum
morbidity (16). On the other hand, the possible disadvantage would be
diagnostic accuracy with endoscopic tumour biopsy, which should be
looked at retrospectively and prospectively.

Treatment
Surgery
It is widely accepted that biopsy is enough for germinoma. This notion is
based on a small series of 29 germinomas; biopsy samples were obtained
in 16 patients, partial resection was attained in 5, and gross total resection
was achieved in 8. After postoperative radiotherapy with or without
chemotherapy, complete remission was achieved in all 29 patients, and the
overall tumour-free survival rate was 100% at a median follow-up period
of 42 months (17). This is a reasonable strategy as the response rate of
postoperative chemoradiotherapy is quite effective for germinomas.
However, there would be a rationale for aggressive resection of
germinoma for the purpose of increasing diagnostic accuracy. Many
tumours classified as germinomas have been shown to contain non-
germinomatous elements upon further evaluation. So, the question remains
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if a more aggressive resection of germinomas would improve outcome
from the standpoint of more accurate diagnostic interpretation and/or
reduced tumour burden.

Then, the next question would be if aggressive resection for the
intermediate prognostic group of iGCTs, such as immature teratoma or
mixed tumours of immature teratoma and germinoma, still needs to be
performed. Aggressive resection would accompany certain surgical
morbidity. The experience in systemic GCTs suggested that a mature
teratoma that became evident after initial treatment with chemotherapy or
radiotherapy would be a good candidate for delayed or second-look
surgery. A number of published reports substantiate the approach of using
second-look surgery (18, 19, 20). The role of resection in iGCTs warrants
further investigation.

Radiotherapy
Children and young adults receive similar radiation treatment (RT)
although series report mainly the paediatric age group. Recent and current
studies include patients either until 21 years old (COG) or at all ages
(International Society of Paediatric Oncology (SIOP)).
Localized, ‘pure germinoma’ with ‘low’ level of HCG (pineal,
neurohypophyseal, and bifocal)
Radiation treatment-only early approaches, using craniospinal irradiation
(CSI) at 36 Gy, with tumour bed (TB) boost at a total dose of 50 Gy, gave
excellent results (relapse-free survival >90%), which emphasized the high
radiosensitivity of CNS germinoma tumours. This treatment was
recognized as the gold standard until the early 1990S (21, 22).

The potential for adverse late effects on neurocognition and health-
related quality of life of CSI RT led to general attempts to lower RT
weight, starting in the 1990. Radiation treatment dose de-escalation was
evaluated in RT approaches using CSI and TB boost. The German MAKEI
successive studies concluded that respectively 30 Gy CSI and 45 Gy to the
TB were safe (23). Hardenbergh et al. reported in 1997 a low-dose RT
group receiving 18.8–25.5 Gy CSI and 44.5–49.5 Gy to the TB (24),
similar to Merchant et al. (25). De-escalation over time was also reported
by Cho et al. (26) and 19.5 Gy CSI and 39.3 to the TB were recommended.
Concomitantly, RT to reduced volumes was explored: to whole brain or to
whole ventricle (WV), in mono- or multicentric studies although at
relatively high doses, around 50 Gy (27, 28, 29).

In parallel, chemotherapy-only approaches were initiated. In a multi-
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institutional trial, including 45 patients, it proved to be inferior to RT-
based approaches. Indeed unacceptably high recurrence rates were shown
with event-free survival (EFS) at 6 years of 45.6%, assessing that CNS
germinoma tumours were chemosensitive but not chemo-curable (30, 31,
32). This confirmed the essential role of RT for germinoma disease
control.

In the 1990S, clinical research dedicated to CNS GCT was developed,
and multicentre/international trials were launched, in histologically
documented germinoma, potentially allowing for larger numbers to be
analysed in this rare condition. The general tendency was to deliver
primary chemotherapy aiming at reducing both RT volume and RT dose:
the first multi-institutional clinical study in Japan was in 1995; the French
SFOP (Société Française d’Oncologie Pédiatrique/French Pediatric
Oncology Society) was in 1990, followed by the European SIOP study
(1996); the first multimodality clinical trials in North America were POG
9530 (1999) followed by the Beth Israel consortium and COG ACNS 0232
(2002).

Results of the Japanese study with primary chemotherapy (CARE-VP)
followed by focal TB RT initially and ventricular RT after 1999 for all
germinoma and HCG germinoma, at 24 Gy, without boost to the primary
site, were recently updated and showed a 10-year progression-free survival
(PFS) and overall survival (OS) of 84.7% and 97.5% respectively, in 115
germinoma patients. Thirty-five additional cases with high HCG secretion
resulted in a similar outcome (33).

The European SIOP-96 study results were published in 2013 (34). This
trial compared in a prospective, non-randomized trial, CSI at 24 Gy
followed by a TB boost up to 40 Gy (option A, 125 patients) and a
combined approach with primary chemotherapy followed by focal TB RT
at 40 Gy (option B, 65 patients). While OS was similar in the two
treatment arms, PFS was decreased in option B: 88% versus 97%.

North American first trials were based on adaptation of RT dose and
volume to response to chemotherapy. Results of the POG trial have been
reported on 12 germinoma patients (35). The COG ACNS 0232 trial, that
followed the Beth Israel Germinoma consortium, unfortunately had low
accrual. This phase III study, in histologically confirmed germinoma, was
aimed at comparing standard RT only (WV RT 24 Gy, with a boost up to
45 Gy to the primary tumour) to chemotherapy followed by a response-
based, reduced RT. Patients with a complete response (CR) received only
involved-field TB RT at 30 Gy (36).

Relapses were reviewed in the French SFOP (Société Française
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d’Oncologie Pédiatrique/French Pediatric Oncology Society) series first
reported in 2002 and subsequent SIOP-96 study, as well as in the interim
analysis of the Japanese study in 1999, that showed after combined
approaches with RT volume limited to the TB, a relatively high rate of
relapses at 10 years: 27% in Japan (in patients who did not received the
planned ventricular RT), 17% in France, and for the SIOP-96 study 11% at
5 years. A characteristic, subependymal ventricular pattern of relapses was
observed with no or very few recurrences away from the ventricular
system (37, 38). These relapses occurred mainly out of RT fields or at
margins. SIOP-96 analysis also underlined that those patients who did not
have complete initial work-up (extension or markers) were more
susceptible to recurrence when treated according to the combined option
with RT volume limited to the TB. Consequently that led, in combined
approaches, to enlargement of RT fields to encompass the ventricular
system including the fourth ventricle (Europe) or not (Japan). Other groups
confirmed this pattern and emphasized the very low incidence of relapses
in the spinal compartment (39, 40, 41, 42, 43, 44, 45, 46, 47).

Single institutions also have adopted primary chemotherapy followed by
ventricular RT, such as the Los Angeles Children’s Hospital group in the
germinoma series from 2003 to 2008 using chemotherapy followed by WV
RT at 21.4–24 Gy and simultaneous integrated TB boost up to 30 Gy with
at 7 years PFS of 91.5% and OS of 96.5% (48, 49).

After reduced RT dose/volume, relapses appear to be salvageable
including a re-irradiation component (33, 37, 50). This has led to more
convergence in the volume of choice for radiation treatment in the current
generation of protocols used across the world, with CSI no longer being
prescribed for localized germinoma provided that the initial work-up is
complete, and the whole ventricular system is being recognized as the new
reference for RT-target volume (second multi-institutional clinical study in
Japan (33), SIOP CNS GCT 2 (49), COG ACNS 1123 (52)). Total dose to
the ventricles and/or to the primary site vary according to studies and most
frequently are adapted to the response of the tumour to primary
chemotherapy; WV irradiation doses for good responders of 18 Gy (COG)
or of 24 Gy (Japan, SIOP); and, in non-responders, of 24 Gy for all
studies. Total dose to the TB: in good responders 24 Gy (Japan, SIOP) or
30 Gy (COG), and, in non-responders of 24 Gy (Japan), 36 Gy (COG), or
40 Gy (SIOP).

Of note, high radiosensitivity with rapid kinetics of response to ionizing
radiation has allowed prescribing a lower dose per fraction (1.5
Gy/fraction COG, 1.6 Gy/fraction SIOP) with the aim of improving
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normal brain parenchyma tolerance (SIOP studies). Future analysis of the
ongoing multicentre/international studies will help in determining the
minimal necessary RT dose/volume in combination with chemotherapy.

Whether chemotherapy followed by focal TB RT only might still be an
option in selected cases for younger patients remains to be addressed with
the help of additional prognostic factors (53). Radiotherapy only might be
a challenging option as discussed by Rogers et al. (43), and by Yen et al.
(53), with the minimal relevant volume being the ventricles (including the
primary sites areas) and minimal dose to be determined.

A specific pattern of relapse for a basal ganglia primary site, suggests a
requirement for whole-brain irradiation in this peculiar site (33).

The radiation oncologist community currently investigates recent
techniques that offer potential for optimization of the dose distribution
with the aim of maximizing sparing of normal brain. These include both
X-ray delivery techniques: intensity-modulated RT (IMRT) (54, 55),
tomotherapy, and volumetric modulated arc therapy (VMAT) (56); and
proton beam delivery techniques (57): conformal PT, intensity-modulated
PT (IMPT) (37, 49, communication at the 52nd Particle Therapy
Cooperative Group meeting (PTCOG) and SIOP 2013). Indeed, WV
represents a large and complex volume and normal brain sparing might be
best optimized using the unique dose distribution of proton beams with
finite range, resulting in no exposure of normal tissues down to the target
volume.

Technical recommendations including delineation of target volume,
dedicated workshops, and prospective RT-quality control as part of the
trials are necessary in multicentre studies and will help to
optimize/homogenize radiotherapy practice, and to minimize the risk of
relapse in the distal parts of the horns of the ventricular system.
Prospective evaluation of neurocognitive outcome and health-related
quality of life is part of all new protocols and will help in determining the
best possible approach for optimized therapeutic index.
‘Disseminated’ germinoma, ‘low’ level of HCG
Craniospinal irradiation is the common practice. Chemotherapy may not
be necessary as documented in the SIOP-96 which showed similar
excellent survival in the CSI + boost RT-only arm in comparison to the
combined arm with additional chemotherapy (34). However, definition of
dissemination varies among countries, and results in different RT volumes
delivery. Indeed, ventricular dissemination at diagnosis will receive
ventricular irradiation in Japan, but CSI in Europe. Classification is an area
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of further consensus to be possibly obtained.
Non-germinoma germ cell tumours
Non-germinoma germ cell tumours (NGGCTs) are less radiosensitive than
germinoma. A radiotherapy-alone procedure offers a 5- and 10-year
survival of 36% (58). Alternatively, chemotherapy alone is associated with
poor outcome and hardly salvageable relapses (30, 59, 60). This implies
that, in association with the best possible surgical resection, both
chemotherapy and radiotherapy are required in the management of
NGGCT. Multimodality treatment is the rule. This heterogeneous
histological group, including embryonal carcinoma, endodermal sinus
tumour (yolk sac tumour), choriocarcinoma, malignant teratoma and
mixed tumours, with sometimes germinoma components, is presently
treated according to the same approach.

For localized NGGCTs, radiation treatment modalities are discussed,
with no clear conclusions in early studies which delivered either focal TB
RT or CSI with a TB boost, with a total dose to the primary site of 55 Gy
(59, 61). Indeed reported relapses occurred mostly inside focal RT fields,
less frequently at distance, with some in the ventricles.

Several multicentre trials opened in the 1990s: the first multi-
institutional clinical study for CNS GCT (1995) in Japan treated this poor-
prognosis group with postoperative, post-chemotherapy CSI at 30 Gy
followed by a boost to ventricles and primary site up to 60 Gy with
additional post-RT chemotherapy. Analysis at 10 years showed a PFS of
62.7% and an OS of 58.8%. Early progressions led to a modified approach
during the study with concomitant chemo-radiotherapy (33).

The European SIOP 96 study (1996) was used in a combined setting, for
localized disease, focal RT fields, limited to the TB at 54 Gy. PFS of
patients with localized disease was 69% ± 4% (median follow-up 53
months), OS: 78% ± 4%; (median follow-up 41 months). A total of 41/146
relapses were observed, local (24), distant (5), combined (8), and gave
arguments for continuing the focal RT approach. The analysis of the trial
identified prognosis factors allowing for new risk stratification in the next
current protocol with intensified chemotherapy in high-risk patients but no
modification of the RT volume. The prognostic role of pre-RT residual
disease was also underlined. Disseminated disease received craniospinal
RT at 30 Gy, followed by a TB boost up to 54 Gy. Results are similar to
localized disease. CSI does not prevent distant relapses (34).

In the POG 9530 protocol (1996), RT doses were adapted to the
response to chemotherapy with non-responders receiving CSI 36 Gy
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followed by a TB boost up to 54 Gy, while responders had decreased
doses: CSI 30.6 Gy and boost to the primary site 50 Gy. Results showed
11/14 were progression-free at 58 months (35)

The following COG ACNS 0122 trial (2004) in localized disease
evaluated a chemotherapy response-adapted procedure, with or without
second-look surgery and intensified chemotherapy. CSI appeared a safe
conservative approach, and was homogeneously applied, with CSI at 36
Gy and TB boost up to 54 Gy. Results were introduced during the third
international CNS GCT symposium (2013), by S. Goldman, and showed
good local control (EFS 84%) and OS (93%) with optimal results in
responders (49). All cases with dissemination received CSI.

It must be kept in mind that the threshold for the HCG marker for
classification as non-germinoma GCT is subject to debate. In the European
and North America trials, cut-off was 50 IU/L. This might jeopardize
conclusions of trials and might have contributed to over-treating some
patients. In the Japanese experience, higher levels (up to 200 IU/L) have
not been associated with adverse outcome provided that RT volume
encompasses the third and the lateral ventricles together with the primary
site (38, 40).

Other groups used multimodal approaches including CSI (62). Current
Japanese and European multicentre approaches have not introduced
modifications in the radiation treatment phase. The Japanese second multi-
institutional clinical study for CNS GCT phase II emphasizes strict
application of concurrent chemotherapy and CSI plus TB boost up to 60
Gy (33); the SIOP CNS GCT II study is a risk-adapted chemotherapy
regimen, and stays with focal TB RT up to 54 Gy in localized NGGCT
(51). The current COG protocol ACNS 1123 replaces previous CSI by WV
irradiation at slightly reduced doses (30.6 Gy) but stays with total dose to
the TB of 54 Gy (63).

In terms of radiotherapy technical evolutions, again, best possible
conformity is provided in order to optimize the radiotherapeutic index.
Three-dimensional conformal planning is necessary for all X-ray and
proton beam delivery. Proton therapy, due to the unique dose distribution,
reduces by a factor of two the exposure of non-target normal tissues in
comparison to standard radiotherapy and is an option especially in younger
patients (57).
Central nervous system teratoma
Documented outcomes for CNS teratoma, in respect to radiation treatment
have been seldom reported. In Japanese studies, and SIOP studies, mature
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teratoma when associated with a germinoma component is part of the good
prognostic group. In this mixed germinoma-teratoma tumour, surgery is
the treatment of choice for the teratoma component, non-sensitive to
chemotherapy. After complete removal, radiation treatment delivery is
performed similarly to pure germinoma. If there is incomplete resection,
the SIOP protocol recommends higher doses to the primary site (54 Gy).

Immature teratoma and teratoma with malignant transformation are part
of the intermediate group in Japanese studies and receive chemotherapy
followed by 30 Gy to the ventricles including the primary tumour site,
followed by a boost up to 50 Gy to the TB. In the current SIOP study those
cases will be documented, and treatment recommendations will be given
on an individual basis—no overall therapeutic strategy is outlined in the
protocol. The goal for the future is to accrue sufficient data on teratoma,
including the impact of radiotherapy, in order to develop standardized
guidelines for diagnosis and treatment of this subgroup of patients.

Chemotherapy
Investigation protocols for localized and metastatic testicular GCTs
employing a synergetic combination of cytotoxic agents succeeded in
durable remission rates of 60–90% with the following surgery and
radiotherapy (64, 65). These included vinblastine, actinomycin-D,
bleomycin, doxorubicin, cyclophosphamide, and cisplatin. Cisplatin-based
combination chemotherapy has significantly enhanced the survival rates
among patients with bulky and/or metastatic disease (64, 65). Carboplatin
was later shown to have comparable efficacy to cisplatin with less
ototoxicity and nephrotoxicity. Vinblastine was largely replaced by
etoposide for synergism with cisplatin. Ifosfamide was found to be the
third most active agent and was investigated initially as salvage therapy in
patients with refractory disease (66). The most common combination
regimens are PEB (cisplatin, etoposide, and bleomycin), PVB (cisplatin,
vinblastine, and bleomycin), and JEB (carboplatin, etoposide, and
bleomycin). Most of the agents could be delivered systemically to achieve
concentration sufficient to cross the blood–brain barrier and led to the
significant improvement of survival in cases of brain metastases in
testicular GCTs. This experience enhanced the incorporation of
chemotherapy among CNS GCTs at relapse and then at diagnosis during
the 1980s (64, 65).
Chemotherapy-only approaches
The treatment of CNS GCTs remains controversial for their pathological
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heterogeneity and rarity. Germinomas are extremely radiosensitive and 5-
year survival rates exceed 90% with radiotherapy alone. In contrast,
malignant NGGCTs are less radiosensitive and previous studies reported
20–76% 5-year survival rates following radiotherapy, with or without
chemotherapy. Radiotherapy can lead to several significant long-term
adverse sequelae including endocrinopathy, neurocognitive impairment,
and second malignancy. In addition, morbidities in GCT and NGGCT in
developing countries are higher, due to the paucity of modern radiotherapy
techniques. These together led to the seeking of alternative chemotherapy-
based regimens. A number of investigators examined the novel strategy of
chemotherapy alone in the management of GCT to avoid radiotherapy
because of the relative ineffectiveness of irradiation alone on MMGCT and
the well-known sensitivity of systemic GCT to chemotherapy.

The SFOP group treated 18 patients with GCT secreting either AFP or
β-HCG by six cycles of a chemotherapy-only regimen of vinblastine,
bleomycin, carboplatin, and etoposide, and/or ifosfamide with surgical
resection of residual tumour after chemotherapy. Focal external beam
radiotherapy (EBRT) was reserved for cases with viable residual tumour.
Thirteen (72%) patients were treated only with chemotherapy and two
were additionally treated with radiation. Twelve of the cases (67%)
without radiotherapy developed recurrent tumour. Of 18 patients, 12
survived, but required EBRT. The investigators acknowledged that AFP-
or β-HCG-secreting GCTs were not curable with conventional
chemotherapy only and recommended that focal irradiation should be
added to the treatment (60).

The First International Germ Cell Tumor Study investigated a
chemotherapy-only regimen of carboplatin, etoposide, and bleomycin to
avoid radiotherapy. In this study, germinoma patients with a complete
remission (CR) after four cycles of induction chemotherapy were treated
with two additional cycles. Those with less than a CR were treated with a
chemotherapy regimen intensified by cyclophosphamide and following
EBRT. This study accessioned 45 patients with germinoma and 26 with
NGGCT, of whom 68 were considered evaluable. Thirty-nine of 68 (57%)
patients achieved a CR within four cycles. Of 29 patients less than a CR,
16 achieved a CR with intensified chemotherapy or second surgery.
Overall, 55 of the 71 patients (78%) achieved a CR without irradiation.
The CR rate was 84% for germinoma and 78% for NGGCT. Twenty-eight
of 71 patients (39%) remained disease free with a median follow-up period
of 31 months. Twenty-eight patients (39%) showed tumour recurrence and
seven patients showed disease progression on treatment. Ninety-three per
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cent of the recurrent disease underwent successful salvage therapy. Seven
patients (10%) died of chemotherapy related toxicity. In conclusion, 41%
of surviving patients and 50% of all patients were treated successfully with
chemotherapy only without radiotherapy. The 2-year OS was 84% for
germinoma and 62% for NGGCT (30). The Second International CNS
Germ Cell Study Group employed two cycles of intensive cisplatin,
etoposide, cyclophosphamide, and bleomycin (regimen A) to access the
response in a group of 20 patients with NGGCT. According to this
protocol, patients achieving a CR were treated with two additional cycles
of carboplatin, etoposide, and bleomycin (regimen B). Those in CR after
four cycles of treatment received one additional courses of regimen A and
regimen B. Those not in CR underwent second-look surgery and/or EBRT.
Ninety-four per cent of evaluable patients (n = 17) achieved CR or partial
response after two cycles of regimen A. The median EFS for patients with
CR was 62 months compared with 23 months mean EFS for those with a
partial response (PR). Sixty-nine per cent of the evaluable patients
developed progressive disease during or following chemotherapy. The 5-
year EFS and OS for all the patients were 36% and 75%, respectively (31).

The other report from this study showed the results among 19 patients
with germinoma, treated with the same protocol. All 11 patients with
postoperative residual disease assessable for response achieved a CR.
However, only 8 of 19 patients (42%) remained in remission, with a
median follow-up of 6.5 years. Regarding the toxicities, three patients died
of treatment-related toxicities and one patient died from an
uncharacterized leucoencephalopathy. A toxic-death rate resulted in 19%.
The 5-year EFS and 5-year OS were 47% and 68%, respectively. The
investigators concluded the ineffectiveness of this approach for
maintaining long-term disease control even among germinoma patients
and were critical of the treatment-related toxicities (67).

The Third International CNS Germ Cell Tumor Study aimed to examine
the efficacy of a risk-tailored chemotherapy-only regimen. Regimen A
consisted of four to six cycles of carboplatin–etoposide alternating with
cyclophosphamide–etoposide for low-risk localized germinoma with
normal CSF and serum tumour markers. Regimen B consisted of four to
six cycles of carboplatin–cyclophosphamide–etoposide for intermediate-
risk germinoma with positive β-HCG and/or CSF β-HCG less than 50
mU/mL and high-risk, biopsy-proven non-germinomatous malignant
element (MMGCT) or elevated serum/CSF AFP and/or β-HCG
serum/CSF greater than 50mU/mL. Eleven patients were classified as low
risk, 2 as intermediate risk and 12 as high risk. Seventeen (68%) patients
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achieved a CR after two courses and 19 (76%) after four courses of
chemotherapy. Eleven patients relapsed at a mean of 30.8 months. The 6-
year EFS and OS for 25 patients were 45.6% and 75.3%, respectively. The
investigators concluded that standard treatment for CNS GCT continues to
include radiotherapy either alone or combined with chemotherapy for pure
germinoma and with chemotherapy with MMGCT (32).

All other studies also show that a chemotherapy-only strategy is
associated with a significantly inferior outcome to radiotherapy-only
treatment in spite of chemosensitivity in germinoma. They also show that
very intensive chemotherapy does not contribute to the improvement of
survival in NGGCT, without EBRT.
Chemotherapy in combined modality treatment
The addition of neoadjuvant chemotherapy has been attempted in order to
reduce the dose and/or volume of radiotherapy in germinoma and to
intensify the treatment for NGGCT in the multimodal treatment.
Combined modality therapy including both chemotherapy and
radiotherapy is considered the current standard of care. Investigators from
the Memorial Sloan-Kettering Cancer Center used two cycles of
carboplatin for 11 patients with primary CNS germinoma without
metastatic disease. Patients achieving a CR were treated with reduced-dose
EBRT (30 Gy to the involved field with 21 Gy to the neuroaxis). Those
with lesser responses underwent two additional course of chemotherapy
followed by full-dose irradiation (50 Gy to the involved filed with 36 Gy
to the neuroaxis). There were five patients (45%) with a CR after two
cycles and an additional two (64%) after the fourth course. Two patients
demonstrated over 50% tumour reduction after two cycles and one after a
total of four cycles of chemotherapy. Ninety-one per cent of the patients
remained in complete remission for a median of 25 months (68).

The SFOP investigators reported the results of neoadjuvant
chemotherapy in 51 patients with biopsy proven, localized germinoma.
Four alternating courses of etoposide–carboplatin and etoposide–
ifosfamide were administered prior to EBRT. EBRT consisted of limited-
field irradiation (40 Gy) for patients for localized disease (51 patients) and
low-dose craniospinal EBRT for those with dissemination. With a median
follow-up period of 42 months, the 3-year EFS and OS were 96.4% and
98%, respectively (69). They later reported the pattern of relapse and
outcome of neoadjuvant chemotherapy studies. Neoadjuvant
chemotherapy with involved-field radiation therapy resulted in an
unacceptably high rate of relapse within ventricle outside the radiation
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field (37).
The practice at the University of Tokyo has been to stratified GCT

patients by relative risk into three subgroups: (i) germinoma and mature
teratoma, (ii) mixed GCT with predominance of germinoma or teratoma
with some pure malignant tumour (embryonal carcinomas, endodermal
sinus tumours, and choriocarcinomas), and (iii) mixed tumours with
predominance of pure malignant tumour. Surgery and EBRT produced 10-
year OS rates of 91.7% among the germinoma patients. Combination
chemotherapy (cisplatin–vinblastine–bleomycin, cisplatin–etoposide, or
carboplatin– etoposide) and radiotherapy was shown to significantly
reduce the risk of disease recurrence in the intermediate prognostic group
when compared with irradiation alone (P = 0.049). Forty-one per cent of
these patients experienced a CR following induction chemotherapy (2).
Based upon these observations, the Japanese Pediatric Brain Tumor Study
Group conducted a clinical trial for CNS GCT. Germinoma patients were
treated with neoadjuvant chemotherapy with carboplatin–etoposide or
cisplatin–etoposide and followed with EBRT. Among those with
germinomas, 94% achieved a CR with induction chemotherapy. Over a
median follow-up period of 2.9 years, recurrent disease developed in 12%.
In the majority of these, relapse occurred outside the radiation portal in the
ventricle (70).

The SIOP CNS GCT-96 trials conducted a non-randomized internal
study for germinoma that compared chemotherapy followed by focal
irradiation with reduced dose CSI alone. Patients with localized disease (n
= 190) received two cycles of carboplatin–etoposide alternating with
ifosfamide and etoposide followed with focal primary tumour site
irradiation of 40 Gy (n = 65) or dose-reduced CSI alone (24 Gy CSI with
16 Gy boost to the primary tumour site) (n = 125). There was no difference
in 5-year EFS or OS, but a difference in PFS between two groups. Four of
the 125 patients with reduced dose CSI alone experienced relapse at the
primary tumour site compared with 7 of the 65 patients with combination
treatment. The six of the seven relapsed patients treated with
chemotherapy and focal irradiation experienced ventricular recurrence
outside the primary radiotherapy field. They recommend including the
whole ventricle irradiation to focal irradiation in patients treated without
CSI (34). Together with the results from other studies, the current standard
care of the multimodal treatment of germinoma includes 21–24 Gy WV
irradiation with or without a boost to the primary tumour site.

The Hokkaido University Group protocol combined induction
chemotherapy with low-dose involved-field EBRT. Pure germinomas are
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initially treated with etoposide–cisplatin. The clinical treatment volume for
EBRT includes the tumour site for germinomas and multifocal
germinomas received irradiation (24 Gy) to the whole ventricle, which
includes the second and lateral ventricles; for pineal region tumours the
fourth ventricle is also treated. They reported their results with 16
germinoma patients, 11 with β-HCG secreting germinomas. Eight patients
had multifocal origin and three suffered from metastatic disease. Every
germinoma patient achieved a CR by the third course of chemotherapy.
The presence of β-HCG did not affect the response to therapy. Relapse-
free survival rates at 5 years were 90% for the germinoma, and 44% for
those with β-HCG secreting germinomas (the difference between the last
two being P = 0.0025) (71).

The University of Eppendorf group paid attention to the risk of
iatrogenic dissemination following surgical biopsy and/or resection among
biomarker-positive GCT of the pineal region. They employed one course
of neoadjuvant bleomycin–etoposide–cisplatin to induce significant
regression and better delineation of the tumour’s margins. After attempt
for gross total resection, vinblastine–ifosfamide–cisplatin chemotherapy
and craniospinal EBRT (50 Gy to tumour boost with 30 Gy to the
neuroaxis) followed. Three patients, two with elevated β-HCG and one
with AFP, were treated with this protocol. Following induction therapy,
pathological analysis revealed benign, mature teratoma with derivatives
from all three germinal layers. There was also haemorrhagic necrosis with
granulomatous and lymphocytic inflammation. In one case, there was
small admixture of immature teratoma with mitosis. None of them
demonstrated malignant extraembyonal surgery (72). The investigators of
Kumamoto University also proposed treating patients with NG-GCT with
neoadjuvant chemotherapy employing cisplatin–etoposide, carboplatin–
etoposide, or ifosfamide–cisplatin–etoposide and EBRT to cytoreduce the
tumour as to allow gross total resection. In 11 patients (five with yolk sac
tumour, one with embryonal carcinoma, one with immature teratoma, and
four with mixed malignant GCT), induction treatment produced two CR,
six PR, two SD and one progressive disease. Ten of the 11 patients are
alive at a mean of 96 months (20). They confirmed the effectiveness of this
strategy in their later report of the results of the treatment of 14 patients
with NGGCT with the same neoadjuvant chemotherapy and EBRT.
Residual tumour was confirmed in 11 of the 14 patients after
chemotherapy. Total removal was successful in 10 of the 11 patients. The
5-year EFS and OS rates were 86% and 93%, respectively (73).

The recent Children’s Oncology Group (COG) phase II trial
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(ACNS0122) evaluated the effect of neoadjuvant chemotherapy with or
without second-look surgery before CSI on response rates and survival
outcomes. Patients demonstrating less than complete response after
induction chemotherapy were encouraged to undergo second-look surgery.
Patients who did not achieve completely response or partial response with
any treatments proceeded to high-dose chemotherapy with peripheral
blood stem cell rescue before CSI. Patients with newly diagnosed NGGCT
(n = 102) received six cycles of carboplatin–etoposide alternating with
ifosfamide–etoposide. Sixty-nine percent of patients achieved complete
response or partial response with this neoadjuvant chemotherapy. Two
patients with residual disease underwent consolidation high-dose
chemotherapy with thiotepa and etoposide. At 5 years, EFS was 84% ± 4%
(SE) and OS was 93% ± 3%, with medial follow-up of 5.1 years. There
were no treatment-related deaths. This study showed that a neoadjuvant
chemotherapy regimen, together with or without second-look surgery, is
feasible and well tolerated but also produces a high response rate
contributing to excellent survival outcomes in NGGCT patients (74).

Combined modality therapy including both chemotherapy and EBRT is
considered the current standard of care in NGGCT. As CSI or whole-brain
irradiation are both associated with significant late effects, there have been
some trials to minimize the RT by stratifying patients according to risk of
disease progression (75).

In the Japanese Pediatric Brain Tumor Study Group, the NG-GCT
patients received ifosfamide–cisplatin–etoposide for three courses
followed with irradiation. The intermediate prognosis group consisted of
18 patients with malignant teratoma and mixed tumours. There were no
CRs noted with chemotherapy. However, following the completion of
radiotherapy, 56% were tumour free. Two patients relapsed during a
median observation period of 3.7 years. The poor prognosis group was
made up of nine patients, of whom two were still alive without recurrence
more than 2 years after the treatment (70).

The later Japanese Germ Cell Tumor study group treated intermediate
prognosis patients with five cycles of carboplatin–etoposide followed by
whole ventricle to 30.6 Gy and IFR to 50 Gy. The 10-year PFS and OS
rates of this group were 81.5% and 91.3%, respectively. Patients with
predominantly malignant germ cell tumour elements, called the poor
prognosis group, were treated with three cycles of ifosfamide–cisplatin–
etoposide and EBRT (CSI 30.6 Gy with focal irradiation to primary
tumour site of 50 Gy). Second-look surgery was recommended for
removal of residual tumour after EBRT. Patients received an additional

411



five cycles of the same regimen after CSI and/or surgery. The 10-year-PFS
and OS rate were 58.5% and 62.7% respectively (75).

In spite of the modest improvement of survival from these studies, it is
still difficult to identify the standard management of NGGCT because of
the historical differences in diagnosis, classification or risk stratification,
and role of surgery among the study groups in the world, as well as its
rarity and insufficient findings of biology of this disease. We need to have
consensus on these subjects to perform larger-scale multi-institutional
clinical trials and collaborative biology research to improve outcome and
quality of life in patients with this disease.
High-dose chemotherapy with autologous stem cell transplantation for
recurrent or progressive disease on treatment
Patients with progressive disease on treatment and those with relapse
following multimodal treatment suffered a dismal prognosis. Investigators
from the Memorial Sloan-Kettering Cancer Center evaluated the efficacy
of high-dose chemotherapy (HDCT) utilizing thiotepa with autologous
stem cell transplantation (auto-SCT) in 21 patients with recurrent or
progressive CNS GCT. EFS and OS rates for the entire group 4 years after
HDCT were 52% and 57%, respectively. Seven of 9 (78%) patients with
germinoma survived disease free after HDCT with a median survival of 48
months. Only 4 of 12 (33%) patients with NGGCT survived without
evidence of disease, with a median survival of 35 months. Patients
achieving a CR had significantly better outcome. There was no toxic death
for HDCT (76).

The Korean Society of Pediatric Neuro-Oncology conducted the
prospective study of HDCT with autologous stem cell transplantation.
They enrolled 20 patients with recurrent or progressive disease (9 with
germinoma and 11 with NGGCT). Patients received two to eight cycles of
conventional chemotherapy prior to HDCT with auto SCT with or without
radiotherapy. Sixteen patients proceeded to the first HDCT with auto SCT,
and 9 proceeded to the second HDCT with auto SCT. A carboplatin–
thiotepa–etoposide regimen was used for the first and cyclophosphamide–
melphalan was used for the second HDCT. Twelve patients (four NGGCT
and eight germinoma) remain alive with a median follow-up of 47 months
after relapse or progression. The 3-year OS was 59.1% (36.4% for
NGGCT and 88.9% for germinoma). There were no treatment-related
deaths (77).

Together with the reported results from other groups, sustained tumour
control can be achieved with HDCT with auto-SCT both in germinoma
and NGGCT. The success rate is higher in patients with recurrent
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germinoma. The role of adjuvant radiotherapy remains unclear (78).
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CHAPTER 15

Familial tumour syndromes:
neurofibromatosis,
schwannomatosis, rhabdoid
tumour predisposition, Li–
Fraumeni syndrome, Turcot
syndrome, Gorlin syndrome,
and Cowden syndrome
Scott R. Plotkin, Jaclyn A. Biegel, David Malkin,
Robert L. Martuza, and D. Gareth Evans

Introduction
Several familial tumour syndromes are associated with an increased
incidence of nervous system tumours. Recognition of these syndromes is
necessary to provide optimal clinical care and to provide genetic
counselling to affected patients and their families. The hereditary
syndromes included in this chapter are limited to those associated with
nervous system tumours. These include neurofibromatosis type 1 (NF1),
neurofibromatosis type 2 (NF2), schwannomatosis, rhabdoid tumour
predisposition, Li–Fraumeni syndrome (LFS), Turcot syndrome, Gorlin
syndrome, and Cowden syndrome. The majority of these syndromes are
inherited in an autosomal dominant fashion, and the genes involved
function primarily as tumour suppressors (Table 15.1). Consistent with
Knudson’s ‘two-hit hypothesis’, germline mutations in these genes result
in increased susceptibility to tumours, which develop following a
secondary somatic mutation or loss of heterozygosity of the normal copy
of the gene (1). Study of these tumour syndromes has provided critical
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insight into mechanisms of tumourigenesis and recent large-scale genetic
studies have confirmed the importance of these tumour suppressor genes in
the formation of common sporadic cancers such as glioblastoma,
meningioma, lung cancer, breast cancer, and colon cancer.

Table 15.1 Clinical and genetic features of tumour suppressor syndromes
that predispose to nervous system tumours

Disease Gene Hallmark tumour Other tumours Epidemiology

NF1 NF1 Neurofibroma Optic pathway glioma,
MPNST, GIST,
phaeochromocytoma

Birth
incidence:
1/2700–3300

NF2 NF2 Vestibular
schwannoma

Meningioma, spinal
ependymoma

Birth
incidence:
1/25,000–
40,000

SchwannomatosisSMARCB1
LTZR1

Schwannoma Meningiomas (rarely) Birth
incidence:
1/40,000–
100,000

Rhabdoid tumour
predisposition

SMARCB1
SMARCA4

Atypical
teratoid/rhabdoid
tumours

Renal rhabdoid
tumours

Not defined

LFS TP53 Sarcoma Astrocytic brain
tumours,
adrenocortical
carcinoma, breast
cancer

Estimated
incidence:
1/5000–
20,000

Gorlin syndrome PTCH Multiple basal cell
carcinomas

Medulloblastoma,
meningioma

Estimated
incidence
1/19,000

Turcot syndrome APC and
DNA-repair
mismatch
genes

Colorectal cancer Medulloblastoma,
astrocytoma,
ependymoma,
glioblastoma

Not defined

Cowden
syndrome

PTEN Cerebellar
gangliocytoma
(Lhermitte–Duclos
syndrome)

Breast cancer, thyroid
cancer, endometrial
cancer

Incidence: not
defined

Prevalence:
1/200,000
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General principles
Genetic counselling is an essential component of the care of the patient
with tumour suppressor syndromes. Genetic testing is routinely used to
confirm a diagnosis for some conditions but not usually for others (e.g.
NF1). Genetic testing for single-gene disorders can be used for family
planning (i.e. prenatal or pre-implantation genetic diagnosis) or for pre-
symptomatic diagnosis of individuals at risk (especially in LFS, NF1, and
NF2). If a causative mutation can be identified in the proband, molecular
testing with 100% specificity will be available for that family.

Cancer screening is commonly recommended for patients with tumour
suppressor syndromes. Screening presents both advantages and
disadvantages which must be weighed. The goal of screening programmes
is to promote detection of benign and malignant tumours at an early stage
where treatment outcomes are improved. Screening can also improve
patients’ emotional well-being by providing a sense of expectation and
control (2). However, false-positive results of imaging or laboratory
studies can lead to unnecessary procedures and increased patient anxiety.
In addition, the benefit of screening recommendations has not been
established for most tumour suppressor syndromes.

Neurofibromatosis 1
Definition
Neurofibromatosis 1 (OMIM #162200) is a tumour suppressor syndrome
characterized by a predisposition to develop neurofibromas, gliomas,
pigmentary lesions, and bony abnormalities.

Epidemiology
Neurofibromatosis 1 is the most common neurogenetic disorder with a
birth incidence between 1 in 2000 and 1 in 3300 (3, 4, 5, 6). The disease
affects all racial groups and genders equally. NF1 is an autosomal
dominant disorder with full penetrance and phenotypic variability both
within and between families. About 42% of patients have new mutations
with clinically unaffected parents (5). Life expectancy of patients with
NF1 is reduced compared with the local population in England (71.5 vs 80
years) (7) and even more in Finland (6).

Aetiology/genetics
A germline mutation in the NF1 gene can be identified in more than 95–
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97% of classically affected individuals if a combined approach including
RNA analysis is utilized (8, 9). Thus far, no particular mutational hot spot
has been identified in the NF1 gene and most unrelated patients carry
distinct mutations, including nonsense (~37%), splice-site (~28%),
frameshift (~18%), and missense mutations (~9%) (8, 9). Despite intense
investigation, few discrete genotype–phenotype relationships have been
described. Deletion of the entire gene is associated with a more severe
phenotype with greater burden of cutaneous and internal neurofibromas
but higher degrees of dysmorphism and increased rates of mental
retardation and malignant peripheral nerve sheath tumours (MPNSTs)
compared with NF1 patients in general (10, 11). It is not yet clear whether
this phenotype is due to the deletion of flanking elements, although
deletion of the 3 intronic genes which are reverse transcribed may well be
the cause (12). In addition, absence of cutaneous neurofibromas has been
associated with a 3-bp in-frame deletion in exon 17 of the NF1 gene (13).
Recently, germline mutations in the SPRED1 gene have been identified in
patients with a mild NF1 phenotype who do not have a germline NF1
mutation (14). This condition, termed Legius syndrome, is characterized
by the presence of multiple cafe-au-lait macules, skinfold freckling, and
macrocephaly. Patients with Legius syndrome represent approximately
1.9% of anonymous individuals that meet the National Institutes of Health
(NIH) criteria for NF1 in a large mutational analysis database (15) and 8%
of sporadic children with 6+ café-au-lait patches (9). Diagnosis of Legius
syndromes in patients with clinical features of NF1 is important since
these individuals do not appear to be at risk for nerve sheath tumours, optic
pathway glioma, or malignancy and have a milder phenotype than NF1
patients (15).

Mosaic NF1 is caused by postzygotic mutation of the NF1 gene (16).
The clinical phenotype depends on the timing of the mutation and the cell
types affected. Mutations occurring early in development will lead to a
mild, generalized form of NF1, similar to patients with an inherited
mutation. Mutations occurring at a later stage of development, in a more
specialized cell type, lead to segmental disease localized to one region,
quadrant, or occasionally half of the body (Fig. 15.1). Gonadal mosaicism
occurs when gametes are affected but other tissues are unaffected. This
situation is rare and is usually diagnosed when clinically unaffected
parents have two or more affected offspring (17). It is important to be able
to identify mosaic forms of the disease as the risk of transmitting the
affected gene to offspring is usually much lower than in those with an
inherited germline mutation.
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Fig. 15.1 Photograph of a patient with segmental NF1 manifested as a localized
patch of cutaneous neurofibromas without other manifestations of NF1.

Pathogenesis
Neurofibromin, the most common NF1 gene product, is a 2818-amino acid
protein with a GTPase-activating protein (GAP) domain which functions
to inactivate RAS signalling. Loss-of-function mutations of the NF1 gene
are associated with increased RAS activity and with the occurrence of
benign and malignant tumours, suggesting a tumour suppressor function
for the gene (18, 19). The demonstration of NF1 mutations or ‘second hits’
in NF1-related tumours has been complicated by the heterogeneous
pathological composition of neurofibromas. The presence of Schwann
cells, fibroblasts, vascular structures, and mast cells within these tumours
suggests that NF1 is lost in a single cell type, which then recruits other
wild-type elements into the tumour. Supporting this hypothesis, loss of
NF1 in Schwann cells alone is sufficient to generate tumours in mice (20)
and can be demonstrated in Schwann cells, but not in fibroblasts, from
human tumours (21).

Genetically engineered mouse models of NF1 suggest that the
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microenvironment plays an important role in tumourigenesis. In these
models, complete loss of neurofibromin is necessary but not sufficient for
gliomagenesis. For example, neither Nf1 +/− mice nor mice with targeted
loss of Nf1 in astroglial cells develop optic pathway gliomas (22, 23). In
contrast, mice with Nf1 loss in astroglial cells on a heterozygous
background do develop optic pathway gliomas. Similarly, mice with Nf1
loss in Schwann cells do not develop neurofibromas while mice with Nf1
loss in Schwann cells on a heterozygous background develop
neurofibromas (20).

Clinical presentation
Nearly all patients with NF1 present with clinical signs in the first decade
of life. The most common presenting feature is café-au-lait macules which
are typically present before the age of 1 year (24). Skinfold freckling and
Lisch nodules (iris hamartomas) develop in childhood, and cutaneous
neurofibromas often develop during adolescence. Optic pathway gliomas
and plexiform neurofibromas are thought to be congenital lesions; when
symptomatic, they often present in childhood. The lifetime risk of
malignant MPNST is about 10–15% (25, 26); these tumours represent the
primary cause of disease-specific mortality in NF1 patients (12, 23, 24,
26). The majority of MPNSTs occur by age 40 in most clinical series (22,
27). Non-nervous system tumours that may be seen in association with
NF1 include gastrointestinal stromal tumours, phaeochromocytomas,
rhabdomyosarcoma, myeloid leukaemia, breast cancer, and carcinoid.
Diagnostic criteria
Diagnostic criteria were developed through the NIH Consensus
Conference in 1987 and updated in 1997 (28). These criteria require the
presence of at least two of the following clinical features: six or more café-
au-lait macules, two or more neurofibromas or one plexiform
neurofibroma, freckling in the axillary or inguinal regions, optic pathway
glioma, two or more Lisch nodules, a distinctive bony lesion such as
sphenoid dysplasia or thinning of the long bone cortex, and a first-degree
relative with NF1. Reliance on just pigmentary criteria alone may
misdiagnose NF1 in a third of cases (9), but the presence of at least one
non-pigmentary criterion retains specificity.
Neurofibromas and MPNST
Neurofibromas are benign tumours derived from the nerve sheath which
contain multiple cell types including Schwann cells, perineural cells,
fibroblasts, and mast cells embedded in extracellular matrix and collagen
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(29). Neurofibromas grow within the nerve bundle and do not usually have
a surrounding capsule. By puberty, more than 80% of NF1 patients
develop neurofibromas (24), which can be cutaneous, subcutaneous, or
deep in location. Radiographic evidence of spinal neurofibromas is
common but symptomatic lesions are rare, representing less than 2% of
patients in a large observational study (30). Intracranial neurofibromas are
exceedingly rare; in contrast, neurofibromas of the head and neck are
common.

Malignant peripheral nerve sheath tumours are sarcomas derived from
the nerve sheath. In NF1 patients, these tumours typically develop within
pre-existing plexiform neurofibromas (29) although some appear to
develop de novo. The capacity for malignant transformation is not shared
equally by all forms of neurofibroma: MPNSTs typically develop within
plexiform and localized intraneural neurofibromas and never within
cutaneous neurofibromas (29). The lifetime risk of MPNSTs in NF1 is
about 10–15%; the prognosis of MPNSTs in patients with NF1 is worse
compared with MPNSTs in the general population (25, 31, 32). At the
present time, there is no effective screening protocol for MPNSTs
although positron emission tomography scanning has excellent sensitivity
and specificity to identify MPNSTs transformed from pre-existing
neurofibromas (33).
Gliomas
Pilocytic astrocytomas are closely associated with NF1. These World
Health Organization (WHO) grade I tumours have low cellularity and
exhibit a biphasic histological pattern that includes compact areas with
bipolar piloid cells and Rosenthal fibres, and loosely textured microcystic
areas. Although these tumours may appear in any part of the brain,
pilocytic astrocytomas in NF1 patients preferentially involve the optic
nerve, chiasm, and tract, and the adjacent hypothalamus (i.e. optic pathway
gliomas) (Fig. 15.2) (34). Optic pathway gliomas are identified in
approximately 15% of patients with NF1; in most cases, such disease is
limited to non-progressive enlargement of the optic pathway structures.
Symptomatic optic gliomas occur in only 4% of patients (24) and typically
present as proptosis, visual loss, or precocious puberty. Children less than
7 years old are at greatest risk for these neoplasms although older children
and adults may rarely present with symptomatic tumours (35).
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Fig. 15.2 Coronal MRI scan of the brain after administration of contrast
demonstrating expansion of the optic chiasm consistent with an optic pathway
glioma.

Non-optic gliomas also occur at increased frequency in NF1. The
prevalence in patients less than 50 years of age is 100-fold greater than
expected according to Surveillance, Epidemiology, and End Results
(SEER) estimates for this age group (36). The most common sites include
the brainstem (49%), cerebral hemispheres (21%), and basal ganglia
(14%); histologies include both low-grade and high-grade tumours (34).
The outcome of NF1 patients with glioblastoma is not well characterized
due to the relative rarity of these tumours but small studies in children
suggest that patients with NF1 fare better than their sporadic counterparts
(37). Despite this advantage, gliomas are the second most common cause
of death in NF1 patients (27).
Genetic testing
Genetic testing for NF1 is not necessary to confirm a diagnosis in patients
who meet clinical criteria, except if these are just pigmentary (freckling
and café-au-lait) (9). The role of genetic testing in individuals with some
features of NF1 but who do not meet criteria is controversial. Many
clinicians recommend genetic testing for children with multiple café-au-
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lait macules and clinically unaffected parents while other clinicians
monitor these patients clinically. Nonetheless, in childhood there should be
suspicion for congenital mismatch repair deficiency that can mimic NF1.
In contrast, genetic testing is certainly appropriate for affected individuals
who wish to receive prenatal diagnosis or preimplantation genetic
diagnosis.

Imaging and monitoring
Asymptomatic neurofibromas are common in patients with NF1 (38, 39).
For many years, experts have questioned the utility of imaging
asymptomatic patients. However, the introduction of whole-body magnetic
resonance imaging (MRI) scanning has permitted the rapid assessment of
whole-body tumour burden (40), introducing a new element into the
ongoing debate regarding the role of imaging in these patients. Plexiform
neurofibromas grow more rapidly in childhood, raising the question of
whether early detection can be helpful.

Imaging studies of the brain and spine should be reserved for those NF1
patients with unexplained or progressive symptoms since identification of
asymptomatic optic glioma in 10–15% of patients may lead to unnecessary
procedures (41). In contrast, screening for symptomatic optic glioma is
recommended and includes annual ophthalmological examinations
between ages 2 and 7 years and review of growth and sexual development
to identify hypothalamic dysfunction (41). Ophthalmological assessment
should include measures of visual acuity and evaluation of the optic disc;
visual-evoked potentials are not recommended (42). Routine laboratory
investigations are not needed for patients with NF1.

Management
Neurofibroma
Surgery is the mainstay for treatment of neurofibroma although complete
resection of plexiform neurofibromas is challenging given the invasive
nature of these tumours (Fig. 15.3). Surgery may be considered for patients
with symptomatic or progressive tumours but the benefit of treatment must
be weighed carefully against the possibility of surgical morbidity. In
patients with little or no neurological dysfunction related to their tumours,
watchful waiting may allow patients to retain neurological function for
many years. Radiation is typically deferred in patients with NF1 given the
increased risk of malignant transformation (43). Chemotherapy trials for
NF1-related plexiform neurofibroma have been performed but no drugs
are currently approved for this indication (44). In a single-arm phase II
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study, administration of sirolimus to NF1 patients with progressive
plexiform neurofibroma resulted in longer median time to progression
(15.4 months) than historical control (11.9 months) (45). For NF1 patients
with non-progressive plexiform neurofibroma, no patients experienced a
radiographic response by 6 months and the stratum was closed by design
(46).

Fig. 15.3 Whole-body MRI scan (left) of a patient with NF1 demonstrates multiple
plexiform neurofibromas (pink) affecting numerous body regions. Regional MRI
scan (right) highlights the invasive nature of these tumours (arrows), a factor that
limits the ability to achieve a complete resection.

Glioma
Patients with symptomatic optic gliomas should be followed closely, but
therapy should be reserved for those lesions that are progressive. Surgery
should be considered for patients with painful proptosis and blindness or
those with hydrocephalus from chiasmal lesions. Similarly, radiation
therapy is reserved for patients who progress through chemotherapy
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because of the risk of developing moyamoya syndrome (47),
endocrinological dysfunction, and cognitive problems after treatment. In
addition, radiation has been associated with an increased risk of malignant
transformation of optic pathway gliomas (48). Current treatment options
for progressive optic gliomas include chemotherapy such as
carboplatin/vincristine, vinblastine, or temozolomide.

Asymptomatic, homogenously enhancing lesions outside the optic
pathway can be followed serially by MRI without intervention. Tumour
growth or new symptoms should prompt consideration of surgical
sampling to establish tumour grade. Specific treatment guidelines for high-
grade glioma are not defined for NF1 patients and these tumours are
typically treated in a similar fashion to sporadic tumours. However,
radiation therapy should be deferred in low-grade tumours, if possible, for
the reasons outlined above. The recent finding that the mammalian target
of rapamycin (mTOR) pathway is involved in the development of tumours
in NF1 (49) has led to a clinical trial of everolimus for NF1-related glioma.

Neurofibromatosis 2
Definition
Neurofibromatosis 2 (OMIM #101000) is characterized by the
predisposition to develop multiple tumours including schwannomas,
meningiomas, and spinal cord ependymomas.

Epidemiology
Neurofibromatosis 2 is significantly less common than NF1 with a birth
incidence of 1 in 25,000–33,000 (50). NF2 is transmitted in autosomal
dominant fashion with full penetrance. The proportion of cases due to de
novo mutation is around 56% (5). There is no evidence for gender
preference or racial imbalance. Life expectancy of patients with NF2 is
reduced compared with the local population in England (69 vs 80 years)
(7) but is improving in the modern era with specialist care (51).

Aetiology/genetics
A causative germline mutation in the NF2 gene can be identified in 70–
90% of affected individuals (52). Factors which prevent the identification
of all mutations include the presence of large deletions, mutations in
promoter or intronic regions, and somatic mosaicism. The introduction of
improved detection methods has increased mutation detection rates.
Currently, an NF2 alteration is not identified in 33% of de novo patients
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presenting with bilateral vestibular schwannomas and in 60% of patients
presenting with unilateral vestibular schwannomas, likely due to somatic
mosaicism (53), but found in 95% of second-generation affected
individuals.

Constitutional mutations of the NF2 gene include nonsense (29–39%),
splice-site (~25%), frameshift (25–27%), and missense mutations (5–7%)
(54, 55). Mutation hot spots have been identified at CpG dinucleotides that
lead to TGA nonsense mutations, particularly in exons 2, 6, 8, and 11 (54).
To date, genotype–phenotype correlations have been identified, with
truncating mutations more common in severely affected patients (51, 56)
and non-truncating mutations being more associated with milder disease
(57). There is also a correlation between site of mutation and
meningiomas, with 3′ mutations giving earlier diagnosis and more frequent
disease. Constitutional truncating mutations in exons 2–13 are also
associated with significantly poorer life expectancy (51).

Genetic mosaicism is a common cause of non-informative testing in
sporadic NF2 patients. For these individuals, tumour specimens should be
frozen for molecular analysis, if possible. If two genetic alterations (e.g.
one mutation and one allele loss of the NF2 gene) can be identified in a
tumour, one is inferred to be the constitutional mutation. Haplotype
analysis can then be used to screen at-risk individuals for the mutation(s)
in constitutional DNA (58). In families with two or more affected
individuals, linkage analysis using intragenic markers or markers flanking
the NF2 gene can be used for pre-symptomatic diagnosis with greater than
99% certainty of affected status.

Pathogenesis
The NF2 gene was mapped to chromosome 22 in 1987 (59, 60) and then
identified by two independent groups in 1993 (61, 62). The NF2 gene is
composed of 17 exons spanning 110 kb. There are three alternative
messenger RNA species (7 kb, 4.4 kb, and 2.6 kb) due to variable length of
the 3′ untranslated region. The predominant NF2 gene product is a 595-
amino acid protein and is a member of the 4.1 family of cytoskeletal
proteins named Merlin (moezin, ezrin, radixin-like protein). The protein
links membrane-associated proteins to the actin cytoskeleton, thereby
acting as an interface with the extracellular environment (63).

The NF2 protein is a true tumour suppressor, as biallelic loss of the gene
results in tumour growth. Inactivation of the NF2 gene can be detected in
the great majority of sporadic vestibular schwannomas (64) and in about
50–60% of sporadic meningiomas (65). Despite significant progress in
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understanding the role of the NF2 gene product, the molecular mechanism
by which loss of Merlin leads to tumourigenesis has not been fully
elucidated. Multiple binding partners have been identified for Merlin with
implications in a variety of signalling pathways involved in maintenance
of contact-dependent inhibition of growth and proliferation, stabilization
of adherens junctions, and the regulation of receptor tyrosine kinases at the
cell surface (63). There is evidence implicating a novel nuclear function of
Merlin to interact with an E3-ubiqiutin ligase (66).

Clinical presentation
The hallmark feature of NF2 is vestibular schwannomas which develop in
more than 95% of patients with the disorder (Fig. 15.4). Non-vestibular
schwannomas of cranial, spinal, and peripheral nerves are also common
(Fig. 15.5). NF2-related schwannomas are histologically benign, and there
does not appear to be an increased risk of spontaneous malignancy in this
condition. However, MPNSTs may occur in patients who have received
prior radiation therapy. Intradermal schwannomas help distinguish NF2
from schwannomatosis.
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Fig. 15.4 Post-contrast axial MRI of the skull base in a patient with NF2 reveals
bilateral vestibular schwannomas (arrowheads) extending out of the internal
auditory canals to compress the brainstem. Multiple meningiomas are present in
the posterior fossa (arrows).
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Fig. 15.5 Post-contrast sagittal MRI scan of the lumbar spine in a patient with NF2
demonstrating multiple schwannomas (arrows) in the lumbar spine and cauda
equina with a larger lesion (arrowhead) that has enlarged over time. Patients with
heavy tumour burden in this region can be asymptomatic.

Meningiomas are common in NF2 patients. The cumulative incidence is
approximately 80% by 70 years of age without a clear gender bias (67).
Intracranial meningiomas most commonly arise along the cerebral falx and
convexity (~70%), followed by the skull base (~25%), and within the
ventricles (~3%) (Fig. 15.4) (68). Optic sheath meningiomas occur in 4–
8% of patients with NF2 and are a disproportionate cause of decreased
visual acuity. The majority of meningiomas (>60%) show little or no
growth over clinical follow-up times; a minority of tumours progress and
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require surgery (68). Among symptomatic meningiomas resected in a large
case series, WHO grade II and III tumours were found in 29% and 6% of
cases, respectively (68).

Spinal ependymomas in patients with NF2 present as intramedullary
spinal cord lesions (Fig. 15.6) and occur in up to 50% of patients (69, 70).
Two-thirds of patients with ependymomas have multiple tumours. The
cervicomedullary junction or cervical spine is most commonly involved
(63–82%) followed by the thoracic spine (36–44%) (69, 70). The brain and
lumbar spine, common sites for sporadic ependymomas, are rarely
involved. Radiographic evidence of tumour progression occurs in less than
10% of patients and progressive neurological dysfunction requiring
ultimate surgical intervention occurs in only 12–20% of patients with
ependymoma (69, 70).

Fig. 15.6 Post-contrast sagittal MRI scan of the cervical spine in a patient with
NF2 reveals an ependymoma (single arrow) at the cervicomedullary junction with
cystic components superior and inferior to the solid tumour. The patient required
suboccipital craniectomy for progressive symptoms (arrowhead). Note the
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presence of a large vestibular schwannoma (double arrows).

The average age of onset of symptoms for NF2 is between 17 and 21
and typically precedes a formal diagnosis of NF2 by 5 to 8 years. Signs of
eighth nerve dysfunction (deafness, tinnitus, or imbalance) are the most
common presenting symptoms in adults, but occur in only a minority of
paediatric patients (71). In younger patients, presenting signs include
cranial nerve dysfunction, peripheral nerve dysfunction, myelopathy,
seizures, skin tumours, café-au-lait macules, and juvenile cataracts (72).
Diagnostic criteria
Clinical criteria for the diagnosis of NF2 were first formulated at the NIH
Consensus Conference on NF1 and NF2 in 1987 and revised in 1991 (28,
73). By NIH criteria, a diagnosis of NF2 is based on either (i) the presence
of bilateral vestibular schwannomas or (ii) a family history of NF2 and
either a unilateral vestibular schwannoma or any two other tumours
typically associated with NF2 (28, 73). Thus, only patients with bilateral
vestibular schwannomas or a family history can qualify for a diagnosis
under NIH criteria. Patients who do not fulfil these criteria but have
multiple features associated with NF2 represent a diagnostic dilemma. For
this reason, revised criteria were proposed by the Manchester group in
1992 and by the National Neurofibromatosis Foundation (NNFF) in 1997.
The relative merits of these criteria continue to be debated by researchers
and while all three diagnostic criteria identify the majority of patients with
NF2, there remains difficulty in diagnosing some sporadic patients who
present without bilateral vestibular schwannomas (74). There is also now
some overlap with LZTR1 schwannomatosis which can present with
unilateral vestibular schwannomas and other schwannomas fulfilling
Manchester criteria (75). Indeed, even the presence of bilateral vestibular
schwannoma in older patients with no other NF2 features may occur by
chance alone (76).

Imaging and monitoring
Initial evaluation of patients who have or are at risk for NF2 should
include testing to confirm a diagnosis and to identify potential problems
such as hearing loss, visual loss, myelopathy, or gait problems. A medical
history should include questions about auditory and vestibular function,
focal neurological symptoms, skin tumours, seizures, headache, and visual
symptoms. A family history should explore unexplained neurological and
audiological symptoms in all first-degree relatives. MRI scanning of the
brain should include contrast and axial and coronal thin cuts through the
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brainstem to identify vestibular schwannomas. A MRI scan of the spine
with contrast should be performed given the predisposition to spinal
ependymomas. Ophthalmological examination serves to identify
characteristic lesions such as lens opacities, retinal hamartomas, or
epiretinal membranes. A complete neurological examination serves as a
baseline for future comparison and may assist in the selection of sites
within the nervous system that require further imaging studies. Audiology
(including pure tone threshold and word recognition) documents eighth
cranial nerve dysfunction related to vestibular schwannomas and sets a
baseline for future comparisons.

After initial diagnosis, patients should be evaluated relatively frequently
(every 3–6 months) until the growth rate and biological behaviour of the
tumour is determined. Consultation with an experienced surgeon after
initial diagnosis is often helpful for pre-symptomatic patients (i.e. those
with adequate hearing) to discuss the risks and benefits of hearing-sparing
surgery. After the initial evaluation period most patients without acute
problems can be followed on an annual basis. Evaluation at these visits
should include a complete neurological examination, an MRI scan of the
brain with contrast and thin cuts (≤3 mm) through the brainstem, MRI
scans with contrast of symptomatic lesions outside the brain (if present),
and audiology testing. Ophthalmological evaluation should be performed
in selected patients with visual impairment or facial weakness. Yearly
audiology exams serve to document changes in pure tone threshold and
word recognition. This information can be helpful in planning early
surgical intervention for vestibular schwannomas and for counselling
patients regarding possible deafness. The frequency with which routine
spinal imaging is obtained varies, but is clearly indicated in patients with
new or progressive symptoms referable to the spinal cord. Patients with
dysphonia or dysphagia should undergo evaluation of lower cranial nerve
function with direct laryngoscopy and swallow evaluation. These
evaluations are particularly important since lower cranial nerve
dysfunction contributes to mortality in NF2 (7).

Management
The approach to management of NF2-associated tumours differs from that
of sporadic tumours. The surgical removal of every lesion is not possible
or advisable and the primary goal is to preserve function and maximize
quality of life.
Vestibular schwannomas
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Surgery is the mainstay of treatment of NF2-related tumours. Surgery is
clearly indicated for patients with significant brainstem or spinal cord
compression or with obstructive hydrocephalus. In patients with little or no
neurological dysfunction related to their tumours, watchful waiting may
allow patients to retain neurological function for many years (77). Facial
weakness and laryngeal weakness are common complications of surgery
for vestibular schwannomas. Treatment of these complications with facial
reanimation and laryngoplasty can significantly improve quality of life for
these patients.

Indications for surgical resection of other tumours are less defined. In
general, schwannomas of other cranial nerves are slow growing and
produce few symptoms. Surgical resection in these patients should be
reserved for those with unacceptable neurological symptoms or rapid
tumour growth. With demonstrated tumour growth, surgery may be
indicated to prevent neurological deficit rather than delaying surgery until
deficit occurs.

Radiation is often used as adjuvant therapy for treatment of sporadic
brain tumours, but treatment outcomes for patients with NF2-related
vestibular schwannomas are worse than for patients with sporadic tumours
(78). Most clinicians prefer surgical extirpation of tumours when possible
and reserve radiation treatment for tumours that are not surgically
accessible or for those that progress after surgery. This practice is based on
the experience that radiation therapy makes subsequent resection of
vestibular schwannomas and function of auditory brainstem implants more
difficult (79). In addition, there are reports of malignant transformation of
NF2-associated schwannomas after radiation treatment and indirect
evidence of increased numbers of malignancy in NF2 patients who have
received radiation (80, 81). More recently, fractionated stereotactic
radiotherapy has been advocated to minimize the risk of hearing loss after
radiation. The actuarial 5-year local control rate using this technique is
93% with a hearing-preservation rate of 64% (82).

More recently, a number of targeted agents have been studied in patients
with NF2 and progressive vestibular schwannoma. Despite preclinical
evidence suggesting that the EGFR and ERBB2 pathways are important
for schwannoma formation, clinical studies with erlotinib (an EGFR
inhibitor) and lapatinib (an EGFR/ERBB2 inhibitor) have been
disappointing (83, 84). Similarly, a small study of everolimus, an mTOR
inhibitor, did not reveal any radiographic responses in NF2 patients with
progressive vestibular schwannoma (85). However, there is mounting
evidence that treatment with bevacizumab, an anti-vascular endothelial

437



growth factor (VEGF) antibody, can produce durable hearing and
radiographic responses in these patients (86). In a prospective, multi-
institutional phase II study of NF2 patients with progressive vestibular
schwannomas, 36% of patients experienced confirmed hearing
improvement and no patients experienced hearing decline (87). A
radiographic response was noted in 43% of target vestibular schwannomas.
Meningiomas
NF2 patients may have multiple meningiomas, and resection of all lesions
in these patients is often not advisable. The benefit of surgery must be
carefully weighed against potential complications. As a general rule,
indications for resection include rapid tumour growth and worsening
neurological symptoms or signs. Intervention for spinal cord tumours is
necessary in a minority of patients (69). Surgery is more often required in
patients with extramedullary tumours like meningiomas or schwannomas
(59%) than for intramedullary tumours (12%) (70). The role of adjuvant
radiation in other tumours such as meningiomas and ependymomas is not
established but the majority of these tumours demonstrate benign histology
and can be controlled surgically. No case series have been published on
radiation therapy for NF2-related meningiomas.

Schwannomatosis and rhabdoid tumour
predisposition
Definition
Schwannomatosis (OMIM #162091) and rhabdoid tumour predisposition
(OMIM #609322) are discussed together since there is genetic and
phenotypic overlap between these conditions. Schwannomatosis is
characterized by the predisposition to develop multiple schwannomas and,
less commonly, meningiomas. This is clinically distinguished from the
predisposition to renal and extra-renal rhabdoid tumours, including
atypical teratoid/rhabdoid tumours (AT/RTs) of the central nervous system
(CNS) that develop in childhood (88, 89).

Epidemiology
Schwannomatosis was observed to be as be as prevalent as NF2 in a small
Finnish study, but was only one-third of the NF2 incidence (1 in 33,000) in
a larger UK-based study (90). The true prevalence of schwannomatosis is
likely higher given the difficulty in case ascertainment. Unlike patients
with NF1 who have characteristic dermatological findings and patients
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with NF2 who have eighth cranial nerve dysfunction at a young age,
patients with schwannomatosis have non-specific symptoms that may not
lead to medical evaluation. Familial schwannomatosis accounts for 15% of
cases and is transmitted in autosomal dominant fashion with incomplete
penetrance. Sporadic schwannomatosis accounts for the remaining 85% of
patients, who have clinically unaffected parents.

Rhabdoid tumours account for approximately 1–2% of paediatric brain
tumours. Twenty-five to thirty-five per cent of patients with rhabdoid
tumours have a germline alteration of a rhabdoid tumour-associated gene
that predisposes them to the development of AT/RTs, renal rhabdoid
tumours, and less frequently, extra-renal rhabdoid tumours. The overall
survival of patients with AT/RTs has increased from 16% to 40% in
limited institution studies with the use of very aggressive therapeutic
strategies (91).

Aetiology/genetics
Germline mutations or deletions in SMARCB1 are identified in 40–50% of
kindreds affected by familial schwannomatosis, in 10% of sporadic
schwannomatosis patients, in one-third of patients with rhabdoid tumours,
and in virtually all patients with multiple primary rhabdoid tumours, or
rhabdoid tumour with a family history of schwannomatosis or rhabdoid
tumour (92, 93). Germline alterations in rhabdoid tumour patients tend to
be truncating (frameshift/nonsense) mutations in the central exons, or
deletions or duplications of one or more exons, leading to complete
knockout of the SMARCB1 gene (94, 95). In tumours, this is coupled with
a somatic loss of the second allele, leading to biallelic inactivation of
SMARCB1. In contrast, inherited mutations found in familial
schwannomatosis are more likely to be non-truncating (missense or splice-
site) mutations which predominate at either end of the gene (96, 97), which
might account for the milder phenotype as compared to rhabdoid tumour
cases, as these mutations are potentially hypomorphic. However, sporadic
schwannomatosis patients may carry truncating (frameshift or nonsense) or
non-truncating (missense/splice-site) mutations (98, 99), which are
predicted to knock out the protein product. Schwannomatosis-associated
SMARCB1 mutations are more frequent at either end of the gene whereas
mutations associated with the inherited predisposition to rhabdoid tumours
are more centrally located. It is possible that the specific combination of
resulting somatic mutations, including the frequent co-mutation of the NF2
gene in tumours from schwannomatosis patients (96, 97), may regulate the
severity of the resulting phenotype.

439



In 2013, a second schwannomatosis gene, LZTR1, was found to be the
cause of a high proportion of SMARCB1-negative schwannomatosis cases
with NF2 loss in their tumours (100). LZTR1-related schwannomatosis has
more overlap with NF2 with a likely 10–15% risk of developing vestibular
schwannoma (75). Mutations in a second rhabdoid tumour locus,
SMARCA4 (BRG1) (101), also a component of the SWI/SNF complex, has
been reported in a small number of patients.

Clinical testing for SMARCB1 mutations is now recommended as
standard of care for patients with rhabdoid tumours. For schwannomatosis
patients, clinical testing for SMARCB1 and LZTR1 mutations is available.

Pathogenesis
SMARCB1 (also called hSNF5, INI1, and BAF47) and SMARCA4 are
subunits of the SWI/SNF complex, an ATP-dependent chromatin
remodelling complex (101, 102, 103, 104, 105). SMARCB1 exerts its
tumour suppressor function by regulating the cell cycle and inducing
senescence (106, 107). In addition to regulating cell cycle, SMARCB1 and
the SWI/SNF components regulate lineage specific gene expression and
embryonic stem cell programming. SMARCB1 and SWI/SNF complexes
have been shown to be involved in the control of neurogenesis,
myogenesis, adipogenesis, osteogenesis, and haematopoiesis (108, 109,
110, 111, 112, 113). LZTR1 mutations have been identified in several
cancers, and the gene functions as a tumour suppressor in glioblastoma
where biallelic mutations have been reported (100). The LZTR1 protein
belongs to the BTB/POZ superfamily and is involved in multiple cellular
processes including regulation of chromatin conformation and the cell
cycle (100).

Clinical presentation
Patients with schwannomatosis most commonly develop symptoms in the
second or third decade of life but a formal diagnosis is usually delayed by
approximately 10 years (114). Patients typically come to medical attention
with complaints of pain (46%), a mass (27%), or both (11%). Indeed, pain
is the most frequent symptom reported by patients, with 68% of patients
experiencing chronic pain. Schwannomas commonly affect the spine
(74%) and peripheral nerves (89%) but cranial nerve schwannomas
(mostly trigeminal) are uncommon (8%). Neurological dysfunction related
to schwannomas is uncommon and, when present, is often a complication
of surgery. Anatomically limited disease, presumably due to genetic
mosaicism, is seen in about 30% of patients.
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In contrast to patients with NF2, vestibular schwannomas are rare
particularly in SMARCB1 schwannomatosis and the presence of a
vestibular schwannoma in a patient with schwannomatosis should raise
concern for an alternative diagnosis (e.g. mosaic NF2) (92). Until recently,
the presence of a vestibular schwannoma excluded a diagnosis of
schwannomatosis but a patient with a germline SMARCB1 mutation has
been described (115) and five with LZTR1 mutations met NF2 criteria
(75). Meningiomas occur in approximately 5% of schwannomatosis
patients (114) and have a predilection for the cerebral falx (116). Families
with multigenerational meningiomas and SMARCB1 germline mutations
have been reported (116, 117).

Patients with a genetic predisposition to rhabdoid tumour typically come
to clinical attention by their initial diagnosis of a CNS, renal, or extra-renal
malignancy, confirmed by the identification of a germline SMARCB1 or
SMARCA4 mutation or deletion. Patients with a chromosome 22q11.2
deletion syndrome that includes SMARCB1 are also at increased risk for
rhabdoid tumours (118, 119).
Diagnostic criteria
The diagnostic criteria for schwannomatosis were revised in 2013 (92) and
incorporate both molecular and clinical features. A molecular diagnosis of
schwannomatosis is confirmed by either (i) two or more pathologically
proven schwannomas or meningiomas and genetic studies of at least two
tumours with loss of heterozygosity (LOH) for chromosome 22 and two
different NF2 mutations—if there is a common SMARCB1 mutation, this
defines SMARCB1-associated schwannomatosis; or (ii) one pathologically
proven schwannoma or meningioma and a germline SMARCB1 pathogenic
mutation. A clinical diagnosis of schwannomatosis is confirmed by either
(i) two or more non-intradermal schwannomas, one with pathological
confirmation, including no bilateral vestibular schwannoma on brain MRI
(detailed, contrast-enhanced study of the internal auditory canals with
slices no more than 3 mm thick); or (ii) one pathologically confirmed
schwannoma or intracranial meningioma and an affected first-degree
relative. Clinicians should consider schwannomatosis as a possible
diagnosis if a patient has two or more non-intradermal nerve sheath
tumours but none pathologically proven to be a schwannoma; the
occurrence of chronic pain in association with the tumour(s) increases the
likelihood of schwannomatosis. Patients cannot fulfil the diagnosis for
schwannomatosis if they have a germline pathogenic NF2 mutation, fulfil
diagnostic criteria for NF2, have a first-degree relative with NF2, or have
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schwannomas limited to a previous radiation field. Despite the detailed
formulation of these criteria, some mosaic NF2 patients will be
misdiagnosed with schwannomatosis at a young age, and some
schwannomatosis patients will be misdiagnosed as having unilateral
vestibular schwannomas (rarely) or multiple meningiomas. Mosaic NF2
can be excluded by identifying different NF2 mutations in separate
schwannomas from the same patient.

The genetic predisposition to rhabdoid tumour is a molecular diagnosis
based on the identification of a germline mutation or deletion of
SMARCB1 or SMARCA4 in the context of an affected individual or family
member with a primary rhabdoid tumour. It should be noted that other
types of brain tumours may also be observed in association with
SMARCB1 mutations, but the incidence of germline SMARCB1 mutations
is unknown based on the small number of cases reported to date.

Imaging and monitoring
Initial evaluation of patients who have or are at risk for schwannomatosis
should include testing to confirm a diagnosis (usually by excluding NF1
and NF2) and to identify potential problems such as weakness, pain, or
myelopathy. A medical history should include questions about auditory
and vestibular function, focal neurological symptoms, skin tumours or
hyperpigmented lesions, seizures, headache, and visual symptoms. A
family history should explore unexplained neurological, dermatological,
and audiological symptoms in all first-degree relatives. A contrast-
enhanced MRI scan of the brain with attention to the internal auditory
canals (with slices no more than 3 mm thick) should be performed to
exclude vestibular schwannomas. MRI scans of other body parts should be
obtained based on the history and clinical exam. A combination of MRI
scanning and pathological analysis is used to establish a diagnosis of
schwannomatosis.

The radiographic appearance of schwannomatosis is characterized by
multiple, discrete lesions along peripheral or spinal nerves (Fig. 15.7).
Pathologically, schwannomas in patients with schwannomatosis resemble
those from patients with NF2 and sporadic lesions. Although no single
feature can reliably distinguish schwannomatosis-associated
schwannomas, they tend to have more peritumoural oedema in the
adjacent nerve, intratumoural myxoid changes, and intraneural growth
patterns versus other schwannomas (120).
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Fig. 15.7 Axial FLAIR MRI sequence demonstrating multiple peripheral
schwannomas in a patient with schwannomatosis.

Patients at risk for rhabdoid tumour should have baseline contrast-
enhanced brain and spine MRI scans and abdominal ultrasound to rule out
the presence of a renal rhabdoid tumour. While frequent scans are
recommended during the first several years of life for an infant with a
germline SMARCB1 alteration, the recommended intervals are not yet
established. The tumours have an extremely rapid growth rate, and may
cause clinical symptoms over the course of months.

Management
Schwannomas

443



Management of patients with schwannomatosis is primarily symptom
oriented. As noted earlier, pain is the hallmark of this disorder. Surgery
should be reserved for patients with symptomatic tumours or rapidly
expanding lesions in the spinal cord. Surgery is the treatment of choice for
symptomatic schwannomas and, in many patients, can relieve local pain or
symptoms arising from compression of neighbouring tissues. The major
risk of surgery is secondary nerve injury and hence, surgeons experienced
with nerve-sparing surgery should be involved when considering a
schwannoma resection.

Experience with radiation therapy for management of schwannomatosis-
related schwannomas is limited. Over the past two decades, there has been
increasing experience with stereotactic radiation for sporadic vestibular
schwannomas and spinal schwannomas (121, 122). Early results suggest
that this modality is safe and effective for individuals without an
underlying tumour suppressor syndrome. However, there is a theoretical
possibility that radiation treatment could increase the risk for malignant
transformation in patients with schwannomatosis, as has been reported for
NF1 and NF2 (123). To date, there are no available data on the risk of
secondary malignant transformation of tumours in schwannomatosis
patients. At this time, most experts reserve the use of radiation for patients
who require treatment for enlarging schwannomas that cannot be treated
with surgery. The role of chemotherapy for symptomatic (i.e. painful)
schwannomas remains unclear, although bevacizumab may be effective in
some individuals.

Most patients require pain medication; these patients may benefit from
referral to a comprehensive pain clinic with experience in managing
neuropathic pain. Chronic pain is common in patients with
schwannomatosis (114). The aetiology of pain in schwannomatosis is
unclear: there is no clear relationship between tumour number, size,
location, and the intensity of pain, and the pain has both neuropathic and
nociceptive features. Perhaps for this reason, there is no consensus
approach for treating pain in these patients.
CNS atypical teratoid/rhabdoid tumours
Currently, there are no National Comprehensive Cancer Network (NCCN)
guidelines for treatment of AT/RTs, but therapy typically involves
maximal safe surgical resection followed by chemotherapy with or without
stem cell rescue and radiation. The prognosis is generally poor. In a
registry review of 42 patients, the median overall survival was 16.75
months (124). A subset of patients (~25%) had prolonged survival; many
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of these patients were treated with radiation therapy, chemotherapy, and
stem cell rescue (124). For this reason, prospective studies using intensive,
multimodality therapy are under way. One study demonstrated 40%
overall survival with intensive chemotherapy, although the morbidity
associated with this treatment was high.

Li–Fraumeni syndrome
Definition
Li–Fraumeni syndrome is an autosomal dominant tumour disorder that
predisposes to early onset of multiple specific neurological and non-
neurological cancers and very high lifetime cumulative cancer risk.

Epidemiology
The true incidence of LFS is difficult to ascertain but it is thought to affect
about 1 in 5000–20,000 individuals (125). The occurrence of multiple
cancers, especially in a young person, should prompt consideration of
LFS. De novo mutations in TP53 are uncommon (<20% of cases), and a
high index of suspicion is necessary to diagnose LFS in patients with little
or no family history of cancer (126).

The penetrance of cancer is high in LFS patients. The cumulative risk of
cancer in patients with a germline TP53 may be up to 40% before the age
of 20, and is greater than 80% by age 70 (127, 128). The mean age at
diagnosis of first tumour is 24.9 years (128). Cancer penetrance is also
more pronounced in women than in men, where the lifetime risk is 90%
versus 70% (125). The excess number of cancers in TP53-positive females
is primarily due to the sex-specific breast cancers in this group. Women
also have an earlier average age of onset of cancer than men (29 vs 40
years, respectively) (129), with many breast cancers occurring age less
than 30 years where mutations are as common as with the BRCA2 gene
(125).

Aetiology/genetics
Li–Fraumeni syndrome 1 (LFS1, OMIM #151623) is caused by germline
mutations in the TP53 tumour suppressor gene, which accounts for 56–
83% of individuals with LFS (125, 130). The majority of gene alterations
correspond to point mutations or small deletions or insertions which are
widely distributed between exons 3–11; a small percentage represent
genomic rearrangements (131). Missense mutations, particularly in the
DNA core binding domain, are associated with an earlier age at tumour
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onset (131) but no strong genotype–phenotype correlations exist.
Germline mutations in the checkpoint kinase gene, CHEK2, have been

identified in a small percentage of TP53-negative families (132, 133). The
CHEK2 protein causes cell cycle arrest in response to DNA damage.
However, several subsequent analyses of LFS families have not confirmed
an underlying role for CHEK2 (134).

Pathogenesis
The encoded protein of the TP53 gene (p53) is one of the major proteins
that control genome integrity in the context of DNA damage, hypoxia, and
other stressors. TP53 activation results in cell cycle arrest, senescence, and
apoptosis.

Clinical presentation
Sarcomas and premenopausal breast cancer are the most frequent cancers
associated with LFS, although approximately 13% of LFS kindreds with
TP53 mutations develop CNS tumours (128, 135). In a study of 738
evaluable cancers in 185 affected patients or kindreds, 70 were brain
tumours making it the fourth most common cancer in these patients (136).
Of brain tumours with reported histology, about 44–70% are of astrocytic
origin, 30% are choroid plexus carcinomas, and 17% are
medulloblastomas or primitive neuroectodermal tumours (128, 137). The
age distribution of patients with brain tumours is bimodal, with a peak
during childhood and a smaller peak in the third to fourth decade of life
(137). The majority of brain tumours occur in children with a mean age of
diagnosis of 16 years (138). Choroid plexus carcinoma is uncommon in
LFS but patients with this tumour should be referred for genetic
counselling regardless of family cancer history since choroid plexus
carcinoma is strongly associated with germline TP53 mutations (125).
Diagnostic criteria
Multiple diagnostic criteria exist for LFS including classic LFS criteria,
Li–Fraumeni-like syndrome criteria (LFL), and Chompret criteria (138). In
the ‘classic’ definition, LFS is confirmed when all three criteria are
fulfilled: (i) a proband diagnosed with sarcoma before 45 years of age, (ii)
a first-degree relative with cancer before 45 years of age, and (iii) another
first- or second-degree relative with any cancer diagnosed under 45 years
of age or with sarcoma at any age (125). The sensitivity and specificity for
germline TP53 mutations vary among the criteria, and TP53 mutation
detection rates among families meeting classic LFS, LFL, and Chompret
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criteria are 56–83%, 30–40%, and 30% respectively (131, 138, 139, 140).

Imaging and monitoring
Surveillance protocols for LFS patients have been proposed to detect
asymptomatic cancers at an early stage. Preliminary results from a small,
non-randomized study suggest that active surveillance using non-invasive
biochemical screening and imaging may reduce mortality through early
detection and therapeutic intervention (141). The patients with the greatest
benefit from this protocol appear to be children with malignant brain
tumours who benefit from early detection followed by resection.

Treatment
Treatment of brain tumours associated with LFS is similar to that for
sporadic tumours, although LFS patients should also be monitored for the
development of secondary malignancies following administration of DNA-
damaging treatments such as ionizing radiation or most chemotherapeutics
(43).

Gorlin syndrome (nevoid/basal cell carcinoma
syndrome)
Definition
Gorlin syndrome (GS), also called nevoid basal cell carcinoma syndrome
(NBCCS), is an autosomal dominant disorder that predisposes to multiple
basal cell carcinomas, jaw cysts, partial absence of the stratum corneum on
the hands and feet (palmar/plantar pits), dural calcifications, rib
abnormalities, medulloblastoma, and meningioma.

Epidemiology
The estimated prevalence of Gorlin syndrome is 1 in 30,000–164,000 (5,
142, 143) and the estimated birth incidence is 1 in 15,000 (5). The
frequency of new mutations in the absence of a family history is about
50%. Life expectancy of patients with Gorlin syndrome is slightly reduced
compared with the local population in England (73.4 vs 80 years) (7).

Genetics
Gorlin syndrome is linked to germline mutations of the human homolog of
the Drosophila melanogaster Patched gene (PTCH) on chromosome 9q
(144). Exon scanning of the PTCH gene of 106 unrelated pedigrees
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submitted to a DNA diagnostics laboratory identified mutations in 47
kindreds (44%). Pedigrees with only a single feature of GS, including
patients with multiple basal cell carcinomas, did not have mutations in
PTCH.

Pathogenesis
The protein product of PTCH is a transmembrane receptor for the secreted
ligand sonic hedgehog (SHH) which is essential for cerebellar
development. In the absence of SHH, PTCH exists as an inactive form in
association with the transmembrane receptor smoothened (SMO). Binding
of SHH to PTCH releases the inhibition of SMO and allows it to transduce
freely within the SHH signalling pathway. The majority of PTCH
mutations result in a truncated protein product with resultant unregulated
activation of this pathway (145).

Clinical features
Most patients with GS are diagnosed on the basis of compatible clinical
findings, including two major or one major and two minor criteria (146).
The lifetime risk for developing medulloblastomas in GS is about 3–5%;
conversely, GS is identified in 1–2% of patients with medulloblastomas
(147). However, in reality the risks are about 1–2% for medulloblastoma
in PTCH-related GS and up to 30% in SUFU-related GS (148). Gorlin
syndrome-related medulloblastomas tend to occur at an earlier age than
their sporadic counterparts, and medulloblastomas may often represent the
initial tumour manifestation of GS (147). Medulloblastomas in GS patients
are most commonly classified as desmoplastic (149), particularly in
infants. Dural calcifications and meningioma are found in up to 70% and
5% of patients with GS, respectively (150). Less commonly, astrocytoma,
oligodendroglioma, and craniopharyngioma are diagnosed in patients with
GS.

Diagnostic criteria
A diagnosis of GS is confirmed when two major or one major and two
minor criteria are fulfilled (149). The major criteria include: (i) more than
two or one basal cell carcinoma diagnosed in patients younger than 20
years; (ii) odontogenic keratocyst of the jaw proven by histology; (iii)
three or more palmar or plantar pits; (iv) bilamellar calcification of the falx
cerebri; (v) bifid, fused, or markedly splayed ribs; or (vi) first-degree
relative with NBCCS. The minor criteria include: (i) macrocephaly
determined after adjustment for height; (ii) congenital malformations: cleft
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lip or palate, frontal bossing, ‘coarse face’, moderate or severe
hypertelorism; (iii) other skeletal abnormalities: Sprengel deformity,
marked pectus deformity, marked syndactyly of the digits; (iv) radiological
abnormalities: bridging of the sella turcica, vertebral anomalies such as
hemivertebrae, fusion, or elongation of the vertebral bodies, modelling
defects of the hands and feet, and flame-shaped lucencies of the hands or
feet; (v) ovarian fibroma; and (vi) medulloblastoma.

Imaging and monitoring
Consensus guidelines for surveillance of patients with GS have not been
established. However, some authorities recommend a neurological
examination every 6 months in order to detect deficits related to a
medulloblastoma (146). At 3 years of age, the frequency of examinations
may be reduced to once a year until 7 years of age, after which a
medulloblastoma is very unlikely. Routine MRI screening of
asymptomatic individuals has not been studied but is not considered
routine for all individuals with GS, except perhaps those with SUFU
mutations (149).

Management
Management of patients with GS-associated medulloblastomas is similar
to that for sporadic tumours. However, careful consideration should be
given to radiation planning due to the predisposition for radiation-induced
tumours (151). Some experts recommend deferral of radiation for patients
with desmoplastic medulloblastoma given the increased risk of secondary
tumours. Some, but not all reports, suggest GS-associated
medulloblastomas are associated with a better prognosis than sporadic
medulloblastomas (152).

Future treatment of both sporadic medulloblastomas as well as those
associated with GS may include the use of small molecule inhibitors of the
SHH pathway. These molecules have been tested in preclinical murine
models (153) and vismodegib has been approved for treatment of
advanced basal cell carcinoma (154).

Turcot syndrome
Definition
Turcot syndrome refers to the rare association of brain tumours and
colorectal polyposis/adenocarcinoma. Two forms of hereditary colorectal
cancer have been established, including familial adenomatous polyposis
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(FAP) and hereditary nonpolyposis colorectal cancer (HNPCC), now
known as Lynch syndrome (LS). As such, the syndrome may represent an
extreme form of the risk spectrum in these dominantly inherited conditions
and not a family-specific diagnosis. More recently described recessive
forms of LS with congenital mismatch repair deficiency may be a better fit
for the originally described family with a very high risk of CNS
malignancy and polyps/colorectal cancer.

Epidemiology
The estimated prevalence of FAP in the Danish population is 1 in 31,260,
and the estimated birth incidence is 1 in 7021 (155). The frequency of new
mutations in the absence of a family history is about 20–25% (156). The
prevalence of HNPCC is more difficult to estimate but the proportion of all
colorectal cancers due to this condition is around 2.2%. In the Danish
HNPCC Registry, primary CNS tumours were identified in 14% of
families (157). The median age of diagnosis was 42 years; the most
common tumour type was glioblastoma (56%) followed by astrocytoma
(22%) and oligodendroglioma (9%). The cumulative risk of brain tumour
by age 70 was 2.5% for MSH2 carriers, 0.8% for MSH6 carriers, and 0.5%
for MLH1 carriers (157).

Aetiology/genetics
The complex molecular basis for Turcot syndrome was first reported in
1995 (158). Tumours in patients with FAP result from mutations in the
APC gene on chromosome 5 while HNPCC-related tumours result from
mutations in a series of DNA-mismatch repair (MMR) genes. The majority
of affected HNPCC families have mutations in the MSH2 and MLH1
genes, but additional mutations have also been described in other MMR
genes including PMS1, PMS2, and MSH6 (158).

Rarely, patients with biallelic inactivation of MMR genes have been
reported. This autosomal recessive tumour syndrome is termed brain
tumour-polyposis syndrome 1 and is characterized by early-onset
malignancies, including glioblastoma. Interestingly, these patients may
demonstrate an NF1-type phenotype with multiple cafe-au-lait macules
and skinfold freckling.

Pathogenesis
The primary mechanism by which mutations in the APC gene are believed
to result in tumourigenesis is through disruption of the WNT signalling
pathway, a pathway that is also commonly disrupted in sporadic colorectal
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cancers and medulloblastomas. Germline mutations in MMR genes result
in the characteristic finding of microsatellite instability, a consequence of
failure to repair mismatched nucleotides during DNA replication and
subsequent misalignment of DNA strands (158). Such mutations have been
identified as a cause of sporadic high-grade gliomas in young individuals
(159).

Clinical presentation
FAP is characterized by the development of hundreds to thousands of
polyps in the colon and rectum during adolescence. Although these polyps
are benign, progression to malignancy typically occurs by the age of 35–40
years. The absolute risk of an individual with FAP developing a brain
tumour is low, but the relative risk is significantly elevated compared to
the general population (158, 160). Pooled data on families with FAP
indicate that medulloblastomas are the most common type of brain tumour
(60%), followed by astrocytomas (14%), and ependymoma (10%). In
contrast, patients with HNPCC usually develop fewer adenomatous
polyps, but they are typically larger and more likely to represent
adenocarcinomas. Affected patients have an increased incidence of extra-
colonic malignancies, including glioblastoma.

Diagnostic criteria
Turcot syndrome is typically diagnosed clinically in patients with a
primary CNS tumour and evidence of colorectal polyposis. In practice,
genetic studies are recommended to differentiate mutations in MMR genes
(Turcot syndrome type 1) from APC mutations (Turcot syndrome, type 2),
a distinction that is most relevant in affected patients with attenuated forms
of FAP and fewer adenomatous polyps.

Imaging and monitoring
Although Turcot syndrome is a rare disorder, patients with either FAP or
HNPCC who develop neurological symptoms must be thoroughly
evaluated for the presence of an underlying CNS tumour, including
contrast-enhanced brain MRI scanning.

Treatment
No NCCN guidelines exist for treating CNS tumours related to Turcot
syndrome. Treatment of brain tumours in this population is similar to that
for sporadic tumours; however, treatment with DNA-damaging agents
such as ionizing radiation should be used with caution due to the increased
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risk of secondary malignancies.

Cowden syndrome
Definition
Cowden syndrome (CS) is an autosomal dominant disorder characterized
by the presence of hamartomas in multiple organ systems, including the
CNS, as well as an increased predisposition for cancers of the breast,
thyroid, and endometrium. Within the CNS, the pathognomonic feature is
the presence of Lhermitte–Duclos disease (LDD), although other
associations include megencephaly, heterotopias, seizures, vascular
abnormalities, and mental retardation.

Epidemiology
While the incidence of the disorder has been estimated at 1 in 200,000
(161), this likely represents an underestimate given the variable expression
of CS and often subtle cutaneous signs.

Genetics
In 1996, the genetic basis for CS was identified as a germline mutation in
the PTEN gene on chromosome 10 (161). Diagnostic criteria for Cowden
disease were proposed by an international consortium of researchers in
1996 before identification of the CS gene (162). In early studies, PTEN
mutations were identified in approximately 80% of patients fulfilling these
criteria (163). More recent data suggests that the detection rate of PTEN
mutations using these criteria is around 60% and that germline mutations
can be identified in about 40% of patients who do not fulfil these criteria
(164). For this reason, updated criteria have been suggested that increase
the specificity of the diagnosis (164).

Pathogenesis
The product of the PTEN gene is a phosphatase that inhibits signal
transduction within the PI3K/AKT pathway that regulates important
processes including cellular growth, migration, differentiation, and
apoptosis. Mutations in PTEN also lead to increased activation of the
downstream target mTOR, and increased activation of AKT and mTOR
have been demonstrated in immunohistochemical analyses from the
majority of adult-onset LDD patients. Conversely, samples from patients
with childhood LDD reveal normal levels of PTEN activity and germline
PTEN mutations are not observed, and childhood LDD is not considered a

452



manifestation of CS (165, 166).

Clinical presentation
The primary neuro-oncological manifestation of Cowden disease is LDD
—a space-occupying lesion of the cerebellar cortex that most commonly
presents as headaches, nausea, vomiting, and ataxia. Secondary obstructive
hydrocephalus may result in obstruction of the fourth ventricle.
Histologically, LDD is characterized by the replacement and expansion of
the internal granular layer of the cerebellum with hypertrophic neurons, as
well as loss of Purkinje cells and increased myelination within the
molecular layer (166). The hamartomatous nature of LDD is suggested by
the absence of mitoses, atypia, or proliferation within pathological
specimens from affected patients.

LDD is typically identified in the third or fourth decade of life. The
prevalence of LDD in Cowden disease is difficult to estimate since most
asymptomatic patients are not imaged. Estimates of the prevalence range
from 2% to 15% in clinical and research series (167, 168, 169). Adult-
onset LDD appears to have a stronger association with germline PTEN
mutations than does paediatric-onset LDD, and adult-onset LDD is no
longer considered pathognomonic for Cowden disease (164).

Imaging and monitoring
Although the definitive diagnosis of LDD is made histopathologically, the
unique features of LDD allow for an accurate diagnosis to be made by
radiographic imaging. MRI reveals a well-circumscribed, non-enhancing
lesion resulting in enlargement of the cerebellar folia (Fig. 15.8). T2-
hyperintensity is typically present and the involved cerebellar cortex has a
striated, laminated appearance often described as ‘tiger-striped’ (170).
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Fig. 15.8 Axial T2-weighted MRI of the cerebellum of a patient with Cowden
syndrome showing Lhermitte–Duclos syndrome (cerebellar gangliocytoma).

Consensus guidelines for surveillance of patients with CS have not been
published. Routine neurological examination should be performed in order
to detect any deficit related to LDD. Routine MRI screening of
asymptomatic individuals has not been studied but is not considered
standard for all individuals with CS.

Management
Although LDD represents a benign lesion, it frequently demonstrates
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progressive enlargement and resection is considered the only effective
method of treatment. Recurrences are not uncommon, most likely due to
difficulty in identifying distinct borders between the normal and affected
cerebellum during surgery (166). Symptoms from LDD result from
hypertrophy of individual cells rather than cellular proliferation, and
concordantly, radiation therapy has not been effective in achieving
regression of these lesions. Demonstration of increased mTOR activity
within LDD samples suggests that inhibitors of the mTOR pathway may
be effective.
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CHAPTER 16

Familial tumour syndromes: von
Hippel–Lindau disease
Hiroshi Kanno and Joachim P. Steinbach

Definition
This chapter addresses von Hippel–Lindau (VHL) disease with
haemangioblastoma as the primary manifestation affecting the nervous
system as well as sporadic haemangioblastomas. Sporadic
haemangioblastomas and those arising in association with von Hippel–
Lindau disease are graded as grade I by the World Health Organization
(WHO) classification (1).

Epidemiology
The incidence of VHL is estimated to be 1 in 36,000–43,000 live births
and the prevalence to be 1 in 53,000–91,000 (2, 3). VHL is an autosomal
dominant disorder with full penetrance and phenotypic variability within
molecular subtypes of the condition (4, 5). The proportion of cases due to
de novo mutation is around 20% (6). Life expectancy of patients with VHL
is substantially reduced compared with the local population in England
(52.5 vs 80 years) (7).

Pathology
Haemangioblastomas appear as circumscribed, highly vascularized
tumours commonly associated with large cysts (1). Histologically, they are
characterized by two distinct components: large and vacuolated stromal
cells and abundant endothelial cells forming vascular structures. The
stromal cells have been regarded to constitute the neoplastic component of
the tumour and may display some degree of atypia, but usually show little
proliferative activity (8). Recent data suggests that an embryological,
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developmentally arrested haemangioblast is the tumour cell of origin for
VHL-associated haemangioblastomas (9). Intratumoural haemorrhage as
well as reactive changes in the surrounding brain tissue such as gliosis and
Rosenthal fibres are frequently observed (WHO classification,
haemangioblastoma section). Stromal cells are negative for glial fibrillary
acidic protein and endothelial cell markers. They commonly express
vimentin, neuron-specific enolase, neural cell adhesion molecule, S-100,
and other markers. In addition, they express high levels of vascular
endothelial growth factor (VEGF), which is complemented by expression
of vascular endothelial growth factor receptor (VEGFR)-2 and other
receptors for angiogenic growth factors on the endothelial cell fraction.
This loop is considered the key driver of vessel formation. VEGF secretion
is also considered to contribute to peritumoural oedema.

Pathogenesis
Research into the pathogenesis of VHL has been instrumental for the
definition of the canonical and widely conserved oxygen-sensing hypoxia-
inducible factor (HIF) system. In summary, in the presence of oxygen,
VHL protein serves to prevent the accumulation of HIF protein by
targeting it to the proteasomal pathway. The mechanism includes
hydroxylation of proline residues of the HIF protein by oxygen-dependent
prolyl hydroxylase domain factors. These hydroxylated residues are
necessary for the interaction with the beta-domain of VHL protein, which
is part of an ubiquitin E3 ligase complex that targets HIF-alpha subunits to
the ubiquitin–proteasome pathway. Biallelic inactivation of VHL thus
blocks oxygen-dependent degradation of HIF-alpha and leads to
constitutive activation of the HIF pathway although oxygen is present (10,
11). This may be referred to as pseudohypoxia and causes many biological
changes that are normally observed in cells exposed to hypoxia and
include prominent metabolic and proangiogenic responses. HIF then acts
as a transcription factor promoting expression of several hundred target
genes that are involved in angiogenesis, proliferation and survival,
metabolism, and other processes enabling neoplastic growth. These
include VEGF, platelet-derived growth factor, erythropoietin, and many
others. The proangiogenic signals mediated mainly via VEGF and VEGFR
have been considered the most important oncogenic capacities of VHL
inactivation and are consistent with the angiogenic appearance of many
tumour types in VHL syndrome. However, the metabolic reprogramming
resulting from disinhibition of HIF signalling may be equally important,
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with altered metabolism recently having been recognized as one additional
hallmark of cancer (12). It would appear that the uniform activation of HIF
should result in true pathway addiction which may be exploited by
therapies targeting VEGF/VEGFR. This has been moderately successful in
renal cell cancer, but results in haemangioblastomas and other tumour of
the VHL spectrum have been disappointing (see ‘Clinical features’). One
explanation for this is the HIF-independent effects of VHL deficiency
which have more recently been recognized and which include effects on
the regulation of extracellular matrix assembly and apoptosis (13, 14).

Clinical features
Central nervous system manifestation of VHL is haemangioblastoma,
which is the most common manifestation of all VHL-associated lesions,
found in 70–80% of VHL patients. Haemangioblastoma is a WHO grade I
benign tumour of uncertain cytogenesis that does not metastasize to remote
organs, but it is associated with significant neurological morbidity and
mortality based on its location and multiplicity. Since the management of
VHL is complex, a deep understanding of the natural course of
haemangioblastoma in VHL is needed (1). A diagnostic and therapeutic
flowchart for this tumour is shown in Fig. 16.1 (15).

Fig. 16.1 Diagnostic and therapeutic flowchart for CNS haemangioblastoma.
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Approximately 25% of CNS haemangioblastomas are associated with
VHL, with approximately 75% of them being sporadic. In VHL patients,
50–60% of haemangioblastomas are located in the cerebellum, 40–50% in
the spinal cord, 10–20% in the brainstem, and 2–4% in the pituitary stalk.
In the spinal cord, 30–50% are located in the thoracic segments, 40–50%
in the cervical segments, and 10–20% in the lumbar segments (16, 17).
CNS haemangioblastoma is the earliest or the second earliest
manifestation of VHL patients, and the onset age of CNS
haemangioblastoma ranges from 7 to 73 years, with the mean age being 29
years (17, 18). Signs and symptoms vary based on the anatomical tumour
location, associated oedema and cyst, and tumour size. Usually, tumours
that become symptomatic and require resection grow faster than
asymptomatic ones (1). Patients with cerebellar haemangioblastomas can
present with symptoms as a result of cerebellar impairment, and with those
symptoms due to increased intracranial pressure. Those symptoms are
mainly attributed not to the solid tumours themselves but to cyst
enlargement. Patients with spinal haemangioblastomas can present with
symptoms stemming from radiculopathy and with those owing to
myelopathy. In addition, patients with brainstem haemangioblastomas can
display symptoms mainly due to both lower cranial nerve impairment and
high intracranial pressure. As mentioned previously, most symptoms
caused by haemangioblastomas do not arise from the solid tumour itself
but from the associated rapidly growing cyst or syrinx (16). Therefore,
symptoms can occasionally develop rapidly, though usually they develop
slowly. Previous large-scale studies on VHL patients have shown that
haemangioblastomas have a sporadic growth pattern with periods of
growth followed by growth arrest, that is, a saltatory growth pattern (16,
20, 21, 22, 23). Patterns of growth vary and are categorized as saltatory
(70–75% of growing tumours), linear (5–7%), or exponential (20–25%).
Many tumours will remain the same size for several years (16). In one
study, VHL patients were found to have a mean of 8.5 tumours/patient
(range, 1–33 tumours/patient) at initial evaluation. Mean tumour
development was 0.4 new tumours/year and was correlated with age, with
more frequent development in the younger patients (23). If located close to
the ventricular system, these tumours can cause cerebrospinal fluid
obstructions, which may be lethal. In rare cases, haemangioblastomas
present by intraparenchymal or subarachnoid haemorrhage (1).
Approximately 5% of patients develop polyglobulia, which can be cured
by removing the solid tumour mass (1, 23). Performance status (PS) of
VHL patients with CNS haemangioblastomas has been assessed according
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to the Eastern Cooperative Oncology Group performance status (ECOG
PS).

This study result revealed that most patients have a low ECOG PS score
(PS = 0, 1). The mean ECOG PS of patients with a single CNS
haemangioblastoma was significantly lower than that of patients with
multiple CNS haemangioblastomas (17).

Diagnostic strategy
Central nervous system haemangioblastoma in VHL disease is diagnosed
according to symptoms and signs, past and family histories, neurological
assessment, laboratory data, neuroradiological findings, pathological
findings, and genetic testing.

Symptoms of patients with CNS haemangioblastomas, which vary based
on the anatomical location, are shown in Table 16.1 (1). VHL-related past
and/or family histories support the diagnosis of CNS haemangioblastoma
in VHL patients. Neurological assessment suggesting cerebellar, spinal, or
brainstem lesions leads to a diagnosis of their lesions. In terms of
laboratory data, patients bearing haemangioblastomas often show
polycythemia as a result of erythropoietin secreted from
haemangioblastoma cells, suggesting the presence of haemangioblastoma.

Table 16.1 Symptoms based on anatomical location of tumours

Location Percentage

Cerebellum

Headache 77.0%

Gait ataxia 57.0%

Nausea/vomiting 19.0%

Vertigo 18.0%

Speech difficulties 15.0%

Dysmetria 11.0%

Spinal cord

Paresthesia 75.7%

Pain 64.9%

Gait ataxia 35.1%

Dysesthesias 24.3%
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Urinary/bowel abnormalities 18.9%

Brainstem

Headache 83.3%

Singultus 66.6%

Nausea/vomiting 50.0%

Dysphagia 41.7%

Cough 25.0%

Paresthesia 25.0%

Reproduced from J Transl Med Epidemiol., 2(1), Huntoon K, Lonser RR, Nervous
system manifestations of von Hippel-Lindau disease, pp. 1015, Copyright (2014),
JSciMed Central, reproduced under the Creative Commons License 4.0.

Regarding neuroradiological findings, haemangioblastomas are most
often visualized by contrast-enhanced T1-weighted magnetic resonance
imaging (MRI) (Fig. 16.2) or contrast enhanced computed tomography
(CT). In post-contrast images, the tumour tissue appears as a homogenous,
bright contrast-enhanced mass that clearly stands out from the surrounding
tissue. T2-weighted or FLAIR MRI allows excellent quantification of
oedema and peritumoural cysts, which appear as high-signal areas. Cyst
walls of haemangioblastomas are not usually enhanced on MRI or CT.
Angiography can be used to highlight the tumour staining, arteriovenous
shunting, and early draining veins associated with these tumours prior to
resection. Angiography is also performed for intended preoperative
embolization in the case of large solid haemangioblastomas (15).

Fig. 16.2 Contrast-enhanced T1-weighed MRIs of CNS haemangioblastomas in
VHL patients. Left, cerebellar haemangioblastoma associated with a cyst. Centre,
multiple spinal cord haemangioblastomas. Right, brainstem haemangioblastoma.
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The pathohistological diagnosis of tumour tissue is the final diagnosis of
haemangioblastoma. A haemangioblastoma is mainly composed of two
different constituents, that is, stromal cells and vascular cells, of which the
stromal cells represent the neoplastic component (24, 25). It has been
suggested that these stromal cells are derived from haemangioblast
progenitor cells (26, 27) and that the vascular cells represent reactive
angiogenesis (28). Markers commonly positive in the stromal cells are
commonly positive for various markers, including neuron-specific enolase,
neural cell-adhesion molecule (CD56), and vimentin (27); whereas the
vascular cells are commonly positive for CD34 and CD31 (2).
Haemangioblastoma histologically mimics the clear cell type of renal cell
carcinoma (RCC), but a differential diagnosis can be made.

Genetic testing to detect VHL gene mutations can be performed using a
VHL patient’s peripheral blood or tumour tissue. This testing can reveal
VHL gene mutations in both peripheral blood (29) and tumour tissue in
VHL patients, whereas it can detect such mutations in tumour tissue only
in the case of sporadic haemangioblastoma (31). Germline VHL gene
mutations, spread diversely and producing three distinct cancer
phenotypes, have been identified: (i) type 1, renal carcinoma without
phaeochromocytoma; (ii) type 2A, renal carcinoma with
phaeochromocytoma; and (iii) type 2B, phaeochromocytoma alone (30;
Fig. 16.3).

Fig. 16.3 Genetic testing of the VHL gene from blood of a VHL patient bearing a
CNS haemangioblastoma. A germline mutation (Cys161Thr) is shown (arrow).

In addition, VHL is diagnosed according to clinical diagnostic criteria
(20). In the presence of a positive family history, VHL can be diagnosed
clinically in a patient with at least one typical VHL tumour, such as retinal
or CNS haemangioblastoma, RCC, phaeochromocytoma, or pancreatic
tumour. Endolymphatic sac tumours and multiple pancreatic cysts suggest
a positive carrier. In contrast, in patients with a negative family history of
VHL-associated tumours, diagnosis of VHL can be made when such
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patients exhibit two or more CNS haemangioblastomas or a single
haemangioblastoma in association with a visceral tumour such as RCC,
phaeochromocytoma, or pancreatic tumour (19).

Therapeutic strategy
Using well-defined microsurgical techniques, the vast majority of
haemangioblastomas in the CNS can be resected safely (21, 22). Because
of the inability to accurately predict which tumours will become
symptomatic and the sporadic growth patterns of tumours, surgical
resection principally is better postponed until the tumours become
symptomatic. This surgical management paradigm avoids unnecessary
surgery and can be used to maintain neurological function in most patients
(20, 22).

Surgical indication
In VHL patients, the therapeutic strategy of each haemangioblastoma has
to be discussed individually with respect to the tumour location, tumour
size or associated cysts, as well as symptoms and general condition of the
patient, because most VHL patients will develop numerous
haemangioblastomas growing at different rates and at several locations.
Although the appropriate treatment strategies for haemangioblastomas are
still a matter of debate, there is a general consensus that the symptomatic
tumours should be treated (16, 31). Since these haemangioblastomas do
not grow continuously at the same rate but with intermittent quiescent and
rapid-growth phases, therapeutic strategies for asymptomatic tumours in
VHL patients are controversial. Although asymptomatic tumours, which
are stable in MRI screening, are recommended to be followed
radiographically, those which imminently cause obstruction of the
cerebrospinal fluid should be treated promptly. In the case of
asymptomatic but progressive tumours, treatment strategies slightly differ
in the literature. However, the majority of reports recommend early
surgery (31, 32), since preoperative neurological symptoms are usually not
reversible, and surgical resection can usually be performed with low
morbidity.

Preoperative embolization
Preoperative embolization can be helpful in the case of large solid tumours
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to prevent intraoperative haemorrhage. Since this procedure is, however,
occasionally associated with side effects such as swelling, haemorrhage,
and infarction, preoperative embolization is controversial. The time span
between embolization and an operation should not exceed 3 days, since
perifocal swelling can cause enhanced unnecessary risks (15).

Surgical treatment
Surgical treatment is usually the most recommended therapy for CNS
haemangioblastomas, and its final goal is the complete resection of all
tumour components. Since most VHL patients bear multiple
haemangioblastomas and undergo multiple surgeries causing deterioration
of PS (17), during removal of symptomatic tumours any small
asymptomatic tumours in the same anatomical location should be removed
simultaneously if they can be found. The cystic wall, not contrast-
enhanced, may be left untreated, since the cyst fluid is solely caused by the
tumour cells (32). But cysts associated with tumours will refill again in the
case of incomplete resection of the solid tumour (33). The cystic wall
consists of reactive gliosis without an epithelial lining (32). Since
haemangioblastomas are highly vascular tumours, it is not recommended
to cut the tumour into pieces, and debulking of the tumour should be
avoided since it can cause extensive bleeding. Resection must be carried
out with careful visualization, and cutting and coagulation of each feeding
vessel must be done. It is therefore necessary to consequently dissect the
area between the tumour capsule and the surrounding tissue. In many cases
the cyst has grown much bigger than the solid part and is causative of
progressive neurological symptoms. Upon removal of the solid part of the
tumour, the cyst has usually opened and become reduced in size (34, 35).
The solid tumour itself can be distinguished from the surrounding brain
tissue due to its reddish or orange colour and can usually be removed
completely. However, distinction from the surrounding vessels is
occasionally difficult. In this case, indocyanine green video-angiography
and fluorescent visualization with 5-ALA are useful (36, 37). Doppler flow
sonography can also be useful, since it is a sensitive intraoperative tool to
guide the surgical approach and resection (36, 37, 38, 39). Intraoperative
monitoring including motor-evoked potentials for spinal cord
haemangioblastomas and an additional D-wave for those located in the
vicinity of motor tracts should be applied in the case of surgery of spinal
cord haemangioblastomas (35). If the spinal haemangioblastoma is not
visible on the surface of the spinal cord, enlarged arterialized veins can be
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helpful for finding the tumour. Enhanced-power Doppler ultrasonography
can also be of help in this case. These enlarged arterialized veins except
for those penetrating the tumour should be preserved to avoid swelling and
haemorrhage from the tumour. Even if a dorsal fascicle is involved in the
tumour, it can usually be removed with no neurological deficit or only
slight disturbance of deep sensation (32, 35).

Radiotherapy
It has been demonstrated that stereotactic radiosurgery for
haemangioblastomas has an acceptable risk for adverse radiation effects,
but results in partial diminishment of tumour control over long-term
follow-up (40). Principally, stereotactic radiosurgery can be used for
surgically inaccessible or multiple cranial and spinal tumours (41). More
recently, fractionated external beam radiotherapy (42) and infratentorial
craniospinal radiation therapy (43) have been investigated for use against
haemangioblastomas, and favourable outcomes were reported for VHL-
associated haemangioblastomas.

Pharmacological treatment
Despite their highly vascular nature and the presence of VEGF, inhibition
of the VEGF/VEGFR system, in contrast to RCC, has not demonstrated
substantial benefit in haemangioblastomas. Smaller series of patients
treated with SU5416/semaxanib, a first-generation inhibitor of VEGFR-2
(44), and bevacizumab, an anti-VEGF-A antibody (45), have primarily
shown disease stabilization in some cases, which may have been mainly
due to anti-oedema effects. A single-arm phase II trial with the multi-
tyrosine kinase inhibitor sunitinib, now the standard therapy for VHL RCC
patients, has confirmed that haemangioblastomas respond worse to
VEGF/VEGFR-based therapies. From fifteen patients treated, 18 RCC and
21 haemangioblastoma lesions were evaluable. Six of the RCCs (33%)
responded partially, but none of the haemangioblastomas did (46). A larger
study with bevacizumab as well as studies with vatalanib and pazopanib,
two multi-tyrosine kinase inhibitors, are ongoing.

Follow-up of central nervous system
haemangioblastomas in VHL patients
Patients with VHL and CNS haemangioblastomas should undergo MRIs of
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the brain and spinal cord at least once a year. VHL patients above 10 years
old, who do not display CNS haemangioblastomas, should undergo MRI
screening of their whole neuroaxis every 2 years. Ophthalmological
examination should be performed to screen for retinal
haemangioblastomas. In addition, MRI of the abdomen is performed to
screen for RCC, pancreatic lesions, and phaeochromocytoma (15, 20, 27).

Current research topics
In contrast to renal cell cancer, research and clinical trials into
haemangioblastomas have been underpowered. One major challenge will
be to exploit VHL pathway addiction beyond VEGF/VEGFR inhibition,
which appears to be less efficient in haemangioblastomas (46). This may
be accomplished by inhibitors of the more upstream HIF protein, or more
specific downstream interventions targeting other HIF effectors.
Interestingly, a synthetic lethality screen identified a HIF-dependent
essential requirement for the glucose transporter Glut-1 in VHL mutant
renal cell cancer (47). Fibroblast growth factor signalling may also be a
relevant target in haemangioblastomas, since it is expressed there in higher
levels compared to RCC (46). HIF-independent effects of VHL deficiency
should also be exploited. It has also been suggested that immunotherapy
has particular prospects in VHL-mutated tumours, because decreased
expression of HLA-I molecules in mutated VHL renal tumour cells
sensitizes them to NK-mediated lysis (48).

In general, specifically for haemangioblastomas, more translational
research on tumour tissue is necessary in order to define specific driver
alterations there, to determine target modulation in trials with candidate
drugs, and to explore alternative targets. Based on the recognition of the
embryological, developmentally arrested haemangioblast as the tumour
cell of origin for VHL-associated haemangioblastomas, therapies that
exploit the differentiation potential of the haemangioblast may offer such
an alternative treatment paradigm for CNS haemangioblastoma (9). In
missense mutation VHL disease, the rapid degradation of a malformed
protein within the tumours causes VHL pathway deficiency. Treatment
with the histone deacetylase inhibitor vorinostat appears to increase VHL
protein levels (49) and a clinical trial is ongoing.
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CHAPTER 17

Familial tumour syndromes:
tuberous sclerosis complex
Howard Weiner and Peter B. Crino

Definition
The tuberous sclerosis complex (TSC) was first described in 1880 by
Bourneville who reported a young woman with severe epilepsy who died
following status epilepticus, and who was found to have lesions in the
heart and kidneys. Over the past century, numerous clinical reports have
described the protean clinical manifestations of TSC and in the 1990s, the
identification of mutations in two distinct TSC genes (TSC1 and TSC2)
ushered in the modern era of molecular and cellular pathogenesis of TSC
(see reference 1). Mutations in TSC genes lead to tissue hamartomas
(lesions exhibiting abnormal growth) that disrupt or interfere with normal
organ functioning. TSC is a multisystem disorder that can affect virtually
any organ system in varying severity but exhibits a proclivity for the brain,
lung, heart, skin, and kidney (1, 2, 3). The manifestations of TSC in each
organ system lead to an often complicated set of clinical features including
epilepsy, cognitive disability, autism, hydrocephalus, renal dysfunction,
retroperitoneal haemorrhage, progressive pulmonary failure, and often
cosmetically disfiguring skin lesions. Thus, the multiple manifestations of
TSC require ongoing surveillance and care, usually by a multidisciplinary
team.

Epidemiology
An autosomal dominant disorder, TSC has an estimated annual incidence
of 1 in 6000–10,000 live births (4) and currently affects an estimated 1
million individuals worldwide. There seems to be no ethnic or racial
predisposition and males and females are affected to approximately equal
extents. Patients can develop TSC by an inherited mode of transmission
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from affected parents or by a spontaneous de novo mutation in either TSC1
or TSC2. As an autosomal dominant disease, there is no carrier state for
TSC. However, the clinical severity can be highly variable with a spectrum
and bimodal distribution of severely and mildly affected individuals.

Aetiology and genetics
TSC results from mutations in the TSC1 (9q34) (5) or TSC2 (16p13.3) (6)
gene. TSC1 is a 23-exon gene encoding an 8.6 kb transcript, and a 30 kDa
protein, TSC1 (hamartin). TSC2 encodes a 5.5 kb transcript and a 180 kDa
protein, TSC2 (tuberin). These proteins are ubiquitously expressed in most
organ systems and cell types. There is high interspecies sequence
conservation of these genes and proteins, from Drosophila to man.
Approximately 80% of TSC cases result from sporadic TSC1 or TSC2
mutations, while approximately 20% of affected TSC patients exhibit a
dominant inheritance pattern (7, 8). There are over 2000 unique TSC1 and
TSC2 allelic variants encompassing missense, nonsense, insertion, and
deletion mutations, distributed within nearly all exons of TSC1 and TSC2
(see http://chromium.liacs.nl/LOVD2/TSC/home.php?select_db=TSC1 or
=TSC2). TSC2 mutations account for 60% of TSC, and TSC1 mutations
account for 30% of cases (9, 10). While TSC1 or TSC2 mutations are
identified in 70–90% of TSC patients, approximately 10–15% of clinically
defined TSC patients have no mutation identified (‘NMI’) (11), perhaps
reflecting low-level somatic mosaicism or perhaps an unidentified TSC3
gene. A sequencing analysis of TBC1 domain family member 7
(TBC1D7), whose encoded protein binds to TSC1, failed to identify
pathogenic mutations suggesting a TSC3 gene locus (12). Patients with
NMI pose a particular diagnostic challenge as subjects with major
diagnostic features on clinical examination may have NMI following
genotype screening.

Interestingly, there are few specific genotype–phenotype correlations in
TSC in which a particular genotype reliably predicts the clinical features
or course of any one TSC patient (13, 14, 15). Broadly, studies suggest
that patients with a sporadic TSC1 gene mutation generally have milder
disease manifestations, in particular neurological manifestations, than
patients of similar age with TSC2 mutations. However, this is not a
uniform finding and many patients with identified TSC1 mutations have
severe neurological features. Additionally, patients with NMI can have
clinically severe TSC but may also have less severe disease than patients
with identified TSC1 or TSC2 mutations. Modifier genes have been
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proposed as one mechanism to account for phenotypic variability of TSC,
although to date, none have been identified for neurological features.

Pathogenesis
The TSC1 and TSC2 proteins form a heterodimeric complex that serves as
an upstream regulator of the mammalian target of rapamycin (sirolimus)
(mTOR) signalling pathway (Fig. 17.1).

Fig. 17.1 Schematic of the mammalian target of rapamycin (mTOR) signalling
cascade. Upstream signalling of cell surface molecules, e.g. IGF-1, through PI3K,
PDK1, and Akt. TSC1 and TSC2 (and TBC1D7) proteins form a heterodimeric
complex that modulates the mTOR signalling pathway via Rheb. mTOR forms two
distinct complexes with other proteins, e.g. raptor, specific to mTOR complex 1
(mTORC1), and rictor, specific to mTORC2, to regulate protein translation, gene
transcription, cell proliferation, differentiation, and autophagy. mTORC1 signals
downstream to numerous target proteins including p70S6K1 and STAT3 while
mTORC2 modulates signalling through SGK1 and PKC.

The effects, regulators, and targets of mTOR have been recently
reviewed (see reference 16). mTOR is a ubiquitous serine/threonine kinase
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that integrates signals from growth factors (e.g. IGF-1), nutrients, energy,
and cellular stressors (e.g. hypoxia) (17, 18) to regulate multiple cellular
processes such as cell growth and proliferation, gene transcription, protein
translation, and cell death and autophagy. mTOR binds with other proteins
to form two structurally and functionally distinct protein complexes:
mTOR complex 1 (mTORC1), comprised of mTOR, raptor (regulatory-
associated protein of mTOR) and PRAS40, and mTORC2, comprised of
mTOR, rictor (rapamycin-insensitive component of mTOR), mSin1, and
Protor1/2 (19). DEPTOR interacts with and inhibits both mTORC1 and
mTORC2 (20). The stress response gene REDD1 is a novel mTOR
inhibitor that regulates mTOR signalling through the TSC1/TSC2 complex
as a function of cellular oxygen tension (21). REDD1 is induced in
response both to hypoxia and energy stress, and cells that lack REDD1
exhibit defective mTOR regulation in response to either of these stress
signals. TSC1 protein stabilizes TSC2 by direct binding, preventing its
ubiquitination and when bound to TSC1, TSC2 acts as a GTPase-
activating protein towards the signalling protein Ras homologue enriched
in brain (Rheb), which then constitutively activates mTOR signalling. A
third component of the complex, TBC1D7 (12), has been shown to bind to
TSC1 and to play an important role in modulating the GAP activity
exerted by TSC2 on Rheb. In experimental studies, TBC1D7 knockdown
diminishes the association between TSC1 and TSC2, decreases the Rheb-
GAP activity, and increases mTORC1 signalling.

mTORC1 governs a variety of cellular processes including pyrimidine
synthesis, amino acid utilization, gene transcription, ribosome biogenesis,
mRNA translation, and autophagy, via phosphorylation of substrate
proteins including p70S6K, ribosomal S6, and 4E-BP1 (22, 23, 24). In
virtually all organ systems assessed in TSC patients, loss-of-function
mutations in TSC1 or TSC2 lead to enhanced activation of mTOR
signalling, evidenced by increased phosphorylation of p70S6K1, S6, and
4E-BP1. Phosphoproteomic analyses have shown that in addition to its
well-defined substrates (e.g. p70S6K), mTORC1 may modulate
phosphorylation of several hundred downstream proteins thus positing
TSC1:TSC2:mTOR as a pivotal signalling node in many cell types (25,
26). The macrolide antibiotic sirolimus (rapamycin) is a highly specific
mTORC1 inhibitor that has been used successfully in several TSC clinical
trials (see ‘Management’). Sirolimus inhibits mTORC1 through
association with another mTOR binding protein, FKBP12.

In contrast to mTORC1, mTORC2 signals through Akt, PIK3, and
serum and glucocorticoid-inducible kinase 1 (SGK1) (27, 28). mTORC2
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regulates actin cytoskeletal organization and hyperactivated mTORC2
signalling results in altered cell motility in endothelial cells and glioma
cell lines. mTORC2 is relatively insensitive to sirolimus inhibition
although long-term treatment in mammalian cells can prevent de novo
mTORC2 assembly. Torin1 is a recently defined compound that inhibits
both mTORC1 and mTORC2 signalling in vitro. While the TSC1:TSC2
complex serves an inhibitory role on mTORC1 signalling, some studies
have reported opposite effects on mTORC2, suggesting that TSC1:TSC2 is
required for its proper activation. In renal angiomyolipomas (AMLs) and
Tsc2 +/− mouse kidney tumours, mTORC1 biomarkers are increased while
mTORC2 effectors are attenuated (29). Conversely, following knockdown
of Tsc2 in mouse neural progenitor cells, mTORC2 signalling is activated
(30). Thus, there may be temporal, regional, and cellular specificity to how
mTOR signalling is regulated within each of its complexes.

TSC1:TSC2:mTOR complex signalling contributes to numerous
functions in the developing and mature brain. For example, in the brain,
neuronal and glial size is regulated by mTOR activity and loss of either
Tsc1 or Tsc2 in vitro or in vivo leads to enhanced cell soma size. For
example, Cre-mediated deletion of exons 17 and 18 of Tsc1 in cultured
mouse hippocampal neurons results in enhanced S6 phosphorylation and
increased neuronal soma size (31). Conditional knockout of Tsc1 or Tsc2
under synapsin- (32), Emx- (33), GFAP- (34), or nestin-specific promoters
(35) leads to enhanced cell size and mTORC1 activation. Tsc2 knockdown
with shRNA in vitro and in vivo causes a two-fold increase in cell size
(30). In all systems tested, increased cell size by reduced Tsc1 or Tsc2 can
be reversed with sirolimus suggesting that regulation of cell size is
mTORC1 dependent.

Clinical presentation
The diagnosis of TSC is made according to a set of clinical criteria in
which individual manifestations of TSC are identified in single or multiple
organ systems (36). Thus, a combination of a detailed physical
examination and select radiographic studies are necessary to assemble a
comprehensive clinical evaluation of each patient. Surveillance criteria
have been published to guide long-term follow-up in TSC patients (37).
The features of TSC have been divided into major and minor diagnostic
criteria that are used to yield either definite or possible TSC. For example,
major diagnostic criteria include cortical dysplasias (cortical tubers and
white matter radial migration lines), subependymal nodules (SENs), and
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subependymal giant cell astrocytomas (SEGAs), retinal hamartomas,
pulmonary lymphangioleiomyomatosis (LAM; occurs almost exclusively
in females with TSC), AMLs in the kidney or liver, cardiac
rhabdomyomas, ungual fibromas, facial angiofibromas, hypomelanotic
macules (‘ash leaf spots’), the Shagreen patch, and the detection of clearly
deleterious mutations in TSC1 or TSC2 (Table 17.1) (36, 37). Detection of
a clearly pathogenic mutation in either TSC1 or TSC2, can serve as an
independent diagnostic criterion that is sufficient for the diagnosis of TSC
regardless of the individual clinical findings (36). Minor diagnostic criteria
include intraoral hamartomas, ‘confetti lesions’ on the skin (e.g. multiple,
small, and scattered hypomelanotic areas), and renal cysts. The
identification of two or more major diagnostic criteria, or one major
feature with at least two minor features confirms a clinical diagnosis of
‘definite’ TSC, whereas one major feature, or two or more minor features
suggests ‘possible’ TSC.

Table 17.1 Revised diagnostic criteria for TSC. Definite diagnosis: two
major features or one major feature with at least two minor features.
Possible diagnosis: either one major feature or at least two minor features

Major Minor

Cortical dysplasias Intraoral fibromas

Subependymal giant cell astrocytoma Retinal achromic patch

Subependymal nodules Non-renal hamartomas

Retinal hamartomas ‘Confetti’ skin lesions

Angiofibromas Renal cysts

Ungual fibromas Dental enamel pits

Shagreen patch

Hypomelanotic macules

Angiomyolipomas

Cardiac rhabdomyoma

Lymphangioleiomyomatosis

TSC1 or TSC2 pathogenic mutation

Adapted from Pediatr Neurol., 49(4), Northrup H, Krueger DA, International
Tuberous Sclerosis Complex Consensus Group. Tuberous sclerosis complex
diagnostic criteria update: recommendations of the 2012 international tuberous
sclerosis complex consensus conference, pp. 243–54, Copyright (2013), with
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permission from Elsevier; Pediatr Neurol., 49(4), Krueger DA, Northrup H,
International Tuberous Sclerosis Complex Consensus Group. Tuberous sclerosis
complex surveillance and management: recommendations of the 2012 international
tuberous sclerosis complex consensus conference, pp. 255–65, Copyright (2013),
with permission from Elsevier.

The diagnosis for many TSC patients is straightforward with easy
identification of major features in the skin, brain, or kidney. However, in
some individuals, ascertaining the clinical diagnosis can be more
challenging, especially if a pathogenic mutation is not identified. For
example, clinicians may be faced with patients exhibiting minimal skin
abnormalities and normal renal imaging but who exhibit a single brain
lesion. Alternatively, there are some individuals with renal cysts (a minor
criterion) and a single skin lesion. The numerous possible combinations of
features require a detailed physical examination including Wood’s lamp
examination for hypomelanotic lesions, coupled with imaging of kidney,
brain, and, in female patients, lungs to assess LAM to fully evaluate the
presence of major and minor diagnostic features.

The classic neuropathological manifestations of TSC include cortical
tubers (Fig. 17.2), SENs, and SEGAs in variable percentages of TSC
patients (38). The revised diagnostic criteria include cortical tubers and
radial migration lines seen radiographically under the heading of cortical
dysplasias. The incidence of each varies across the TSC population with
tubers found in over 80% of TSC patients and SENs in 50%. SEGAS are
found in 10–20% of TSC patients. While tubers and SEGAs are associated
with neurological features, SENs are believed to be asymptomatic. Each
can typically be visualized by brain computerized tomography (CT) and
magnetic resonance imaging (MRI) and serve as useful diagnostic
signposts. Tuber and SEGA number and size are closely tied to overall
patient morbidity and mortality in TSC.
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Fig. 17.2 (a) A brain specimen depicting a tuber (arrow) as a focal thickening in
cortical gyration. (b) Note complete loss of normal hexalaminar cortical structure
and the presence of numerous giant cells (arrows) immunoreactive for the p70S6
kinase substrate phosphorylated ribosomal S6 protein, a biomarker of mTORC1
activation.
Adapted from N Engl J Med, 355(13), Crino PB, Nathanson KL, Henske EP,
Medical Progress: The tuberous sclerosis complex, pp. 1345–1356, Copyright
(2006), with permission from Massachusetts Medical Society.

Imaging
There is evidence that distinct tuber subtypes can be defined by brain MRI
based on signal intensity (39). For example, ‘type A’ tubers appear
isointense on T1 images but may exhibit subtle hyperintensity on T2-
weighted and FLAIR sequences. ‘Type B’ tubers are hypointense on T1,
and hyperintense on T2 and FLAIR sequences (Fig. 17.3). Finally, ‘type
C’ tubers are hypointense on T1, hyperintense on T2, and heterogeneous
on FLAIR sequences. In this study, patients with type A tubers had a
milder neurological phenotype, whereas patients with type C tubers tended
to have additional MRI findings in addition to tubers (e.g. SEGAs), and a
higher probability of having intractable epilepsy, a history of infantile
spasms, and autism spectrum disorder, compared to patients with type A or
type B tubers.
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Fig. 17.3 Radiographic appearance of focal cortical dysplasia (tubers) and SEGAs
in TSC. (a) Axial T2 image depicting two tubers (arrows) that are hyperintense
(type B). (b) Axial FLAIR image depicting a SEGA (arrows) causing obstructive
hydrocephalus.

Management
Epilepsy
More than 80% of TSC patients suffer from epilepsy and for many patients
seizures will be intractable to medical therapies. The mechanisms by
which seizures are generated in TSC remain to be fully defined. Seizures
of all types, for example, simple partial, complex partial, generalized
tonic–clonic, and atonic, may be observed. There is commonly an
association between the localization of a tuber and onset zone for seizures
in most TSC patients with the presumption being that tubers serve as the
epileptogenic substrate for seizures in TSC. Because tubers can be
multiple, TSC patients may suffer from multifocal seizure onset or a more
pervasive epilepsy syndrome such as infantile spasms or Lennox–Gastaut
syndrome. The development of recurrent seizures in TSC likely results
from multifactorial contributions of TSC1 or TSC2 gene mutations,
abnormal cortical cytoarchitecture, altered synaptic connections, changes
in neurotransmitter receptor or ion channel expression, aberrant expression
of growth or trophic factors, and a robust proinflammatory response.
Surgical resection of tubers is associated with seizure reduction, although
the ictal onset zone may not lie within the tuber itself but at the interface
between the tuber and the surrounding perituberal cortex (see ‘Treatment
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of epilepsy’).
Several mouse models of TSC exhibit spontaneous seizures, suggesting

that effects of TSC gene mutations on brain development can cause robust
changes in excitability. For example, there are changes in astrocyte
regulation of extracellular glutamate homeostasis leading to impaired
glutamate transport by astrocytes, elevated extracellular glutamate
concentrations, neuronal hyperexcitability, excitotoxic cell death, and
seizures (40). In addition to regulation of glutamate homeostasis, a defect
in potassium buffering by inward-rectifying potassium (Kir) channels on
astrocytes could lead to neuronal hyperexcitability and seizures. The
expression and function of specific Kir channels are significantly reduced
in astrocytes from Tsc1 GFAPCKO mice. There are limited data on the
electrophysiological properties of dysplastic neurons (DNs) and giant cells
(GCs) in tubers obtained from slice recordings in surgically resected tubers
(41). For example, analysis of tuber acute slice specimens revealed that
passive membrane properties of normal-appearing pyramidal neurons (e.g.
cell capacitance, input resistance, time constant, resting membrane
potentials, firing properties, or current–voltage relationships) did not differ
from that of normal pyramidal neurons. Cytomegalic DNs exhibit a larger
membrane capacitance, time constant, and input resistance than normal-
appearing pyramidal neurons. DNs display repetitive calcium oscillations,
a sign of hyperexcitability. GCs do not display inward currents and in
current clamp mode, they do not fire action potentials.

Analysis of human tuber specimens resected at the time of epilepsy
surgery reveals significant changes in the expression of mRNAs and
proteins encoding NMDA, AMPA, and GABAA receptor subunits and
uptake sites (42, 43). Subsequent studies demonstrated alterations in
expression and cell-specific distribution of group I (mGluR1, mGluR5),
group II (mGluR2/3), and group III (mGluR4 and mGluR8) mGluR
subtypes in cortical tubers using immunocytochemistry (44). Robust group
I mGluR immunoreactivity, in particular mGluR5, was observed in a large
majority of TSC specimens in DNs and GCs within cortical tubers.
mGluR1 was detected in a subpopulation of neurons and giant cells. Group
II and particularly group III mGluR immunoreactivity was less frequently
observed than group I mGluRs in dysplastic neurons and giant cells of
tubers.
Treatment of epilepsy
Research in TSC has provided a highly successful and progressive model
to study both rare and common disorders using a paradigmatic ‘bedside-to-
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bench-to-bedside’ approach. Beginning with TSC patient samples, both
TSC genes were defined and then a compelling link to a cell signalling
pathway (mTOR) was defined. Fortuitously, sirolimus (rapamycin) was
found to be a potent inhibitor of this cascade and thus rapid progress to
pre-clinical studies, and ultimately human clinical trials was made. In
virtually all in vitro and whole animal TSC models, sirolimus or other
mTOR inhibitory compounds, can rescue phenotypic abnormalities
induced by loss of either Tsc1 or Tsc2 including enhanced cell size,
impaired migration, altered dendrite or axon outgrowth, abnormal
cognitive behaviour, or recurrent seizures.

Clinical treatment of TSC is largely focused on symptomatic
management of specific features of TSC. Recurrent seizures are a
particular clinical challenge for many TSC patients. While antiepileptic
drugs (AEDs) remain the mainstay of epilepsy therapy, many TSC patients
will suffer from medically refractory seizures despite multiple AEDs. One
recent and promising study showed that the mTOR inhibitor everolimus
can reduce seizure frequency in children and adults with TSC associated
epilepsy (45). Cortical tubers visualized on brain MRI are thought to be
epileptogenic and have been the traditional target of resective epilepsy
surgery in those TSC patients with intractable seizures not responsive to
medications. However, there remains debate regarding the relationship
between tubers and seizures in TSC, because some TSC patients have no
visible tubers on MRI yet have severe epilepsy, and animal models of TSC
with a seizure phenotype exist without obvious tubers.

Seizures can be severe and frequent in TSC. In more than half of TSC
patients, seizures may be refractory to medical therapy with AEDs. This
often will lead to repeated visits to the neurologist as well as multiple trips
to the emergency room. Families can be thrown into crisis very quickly in
these situations. While seizures may develop in a patient with known TSC,
sometimes the new onset of seizures in children may be the initial
presentation of the child’s TSC, and the diagnosis is made by brain MRI,
which typically shows tubers. If seizures are difficult to control in children
with TSC, then the treating physician should consider additional treatment
options, including epilepsy surgery. It is now well recognized that
uncontrolled frequent seizures are detrimental to the developing brain and,
therefore, an aggressive approach towards controlling these are in the
child’s best interest. As in other cases of childhood epilepsy, the first line
of therapy is medical management with AEDs. Children with TSC will
often require more than one medication because their seizures may be very
difficult to control. Because uncontrolled chronic seizures are detrimental

492



to the child’s neurological and cognitive development, each case should be
referred to a centre with expertise in the evaluation of these children for
epilepsy surgery.

The main diagnostic modalities used in the evaluation of children with
TSC and medically refractory epilepsy include the scalp
electroencephalogram (EEG) and MRI scan of the brain. Of course, the
clinical semiology of the seizures is critical, as is the neurological
examination, in further developing a surgical hypothesis about where the
primary seizure onset zone may localize to in the brain. This critical
localization is essential for surgery to be a consideration, and the precise
localization of the ictal onset will often determine how successful epilepsy
surgery can be. As part of the pre-surgical evaluation, children will often
be admitted to an epilepsy monitoring unit for video EEG monitoring. In
TSC, the ability to easily pinpoint the child’s seizures to a single tuber or
location in the brain is the exception rather than the rule. Rather, more
often, the presence of multiple cortical tubers is associated with what
appears to be multifocal epilepsy, rendering the situation more
complicated. In the past, these children were uniformly dismissed as
potential surgical candidates. However, increasing evidence supports the
notion that, despite multiple potentially epileptogenic areas in the TSC
brain, a detailed diagnostic evaluation can unmask one or more surgical
targets, providing hope for children previously excluded from surgical
consideration. The medical literature contains data supporting a number of
non-invasive functional imaging approaches which can help determine the
major epileptogenic zone(s) in TSC patients, including positron emission
tomography, single-photon emission tomography,
magnetoencephalography, diffusion transfer imaging, and functional MRI.
TSC children often have multiple seizure types, each associated with a
different tuber location. Surgery may only target one of these seizure
types, depending on the clinical scenario. Of course, in order to proceed
with surgery, the potential benefits of surgery must clearly outweigh the
potential risks. All of this is discussed in great detail with the child’s
parents, including the possibility that surgery might not help the seizures
despite this exhaustive evaluation.

The goal of surgery is to target and remove the main seizure focus
thought to be responsible for the onset of the targeted seizures, if this can
be done safely. Epilepsy surgery therefore involves resection of the
epileptogenic tuber(s) and any surrounding epileptic non-tuber brain
tissue. If the non-invasive pre-surgical testing, including the brain MRI,
clearly demonstrates the area to be removed, then surgery can be
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accomplished in a single operation. Intraoperative electrocorticography
can provide real-time EEG data in the operating room, to aide in
determining the tissue that needs to be resected. More often, because of the
complexity of the epilepsy in TSC, invasive EEG monitoring will be
necessary to refine the ictal localization in order to optimize the benefit of
surgery. A combination of grid, strip, and depth electrodes are typically
implanted surgically to create a volumetric assessment of the
electrophysiology in vivo. After this initial operation, children are
monitored in the paediatric intensive care unit, during which time they
undergo video EEG invasive monitoring. The epileptologists may reduce
the patient’s medication during this time, to enhance the recording of
seizures. This entire process requires a multidisciplinary team of
specialists dedicated to the expert care of these children. After an ictal and
interictal ‘map’ are created from the data gathered during this inpatient
monitoring phase, the second surgery is performed, during which the
seizure focus/tuber(s) is resected. Occasionally, to determine if another
unresected tuber will then give rise to surgical failure, an additional phase
of invasive monitoring is done. This ‘third stage’ of surgery, involves re-
implanting an EEG electrode array intracranially at the second operation
after the seizure focus has been resected. Several international centres have
shown that epilepsy surgery can significantly benefit more than half of
severely affected patients, at acceptable risk comparable to other types of
neurosurgery.

Treatment of SEGA and other TS-related conditions
The advent of the mTOR inhibitors, sirolimus (rapamycin) and
everolimus, has changed the landscape of clinical TSC care. An initial
clinical trial revealed the efficacy of sirolimus in reducing the volume of
renal AMLs and improving pulmonary function tests in LAM (46). While
AMLs showed reduced overall volume after 12 months of sirolimus, in the
ensuing 12 months in which sirolimus was discontinued, there was re-
growth of AMLs in many patients. A subsequent trial demonstrated that
patients treated with sirolimus for 52 weeks had regression of renal and
hepatic AMLs and SEGAs (47). The mTOR inhibitor everolimus was
shown to reduce SEGA volume after 6 months of treatment (48). In this
cohort, there was modest reduction in seizure frequency in 9 out of 16 TSC
patients with seizures; however, seizure frequency did not change in 6
individuals, and worsened in 1 patient. Everolimus is the first mTOR
inhibitor to be approved by the US Food and Drug Administration (FDA)
for the treatment of SEGAs and AMLs associated with TSC. A trial of 20
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TSC patients treated with everolimus revealed that seizure frequency was
reduced by 50% or more in 12 of 20 subjects, suggesting a possible role
for mTOR inhibitors in the treatment of medically refractory epilepsy in
TSC (49). These clinical studies show that modulation of the mTOR
pathway in TSC could provide benefit to a subset of TSC patients and
suggests the possibility of ‘syndrome-specific’ therapy in TSC.

Appropriate management of SEGA remains a clinical challenge in TSC
since aggressive SEGA growth leads to mortality in TSC. There are
several questions regarding the definition of a SEGA that are relevant to
clinical management. For example, what minimum size defines a SEGA?
Are SEGAs really SENs that achieve a certain size and enhance with
gadolinium? Is serial growth on MRI scanning necessary for a small (<5
mm) enhancing lesion at the foramen of Monro to be considered a SEGA?
What about a larger (>1 cm) enhancing lesion that does not grow on serial
MRI imaging? In general, most clinicians would agree that an enlarging
lesion, in this typical location, would be considered a SEGA, even if it
were small. Similarly, most would agree that a large enhancing lesion at
the foramen of Monro is a SEGA, even in the absence of radiographic
growth. Finally, it is even less obvious what proportion of TSC patients
will become clinically symptomatic from a SEGA.

Natural history studies have shown that SEGAs have variable biological
behaviour in TSC patients. A proportion of SEGAs will grow, as
demonstrated by radiographic progression on serial MRI scans. Those
tumours that do grow tend to do so at a very slow rate, with only a small
fraction presenting with acute, significant tumour enlargement and, on
occasion, obstructive hydrocephalus. Most patients will not have any
symptoms despite a noted change on imaging. Only a subgroup of the
SEGAs that show radiographic enlargement will give rise to neurological
symptoms such as headache, nausea, vomiting, seizure exacerbation,
visual changes, or behavioural and cognitive deterioration. Because the
growth rate is unknown and cannot be reliably predicted in individual
patients, it is advisable to repeat MRI scanning approximately 3–4 months
after the initial MRI in newly diagnosed TSC patients. If one or two such
serial scans show no significant change, then the interval between scans
can be increased to 6 months and then to annually or every 2 years, in
stable situations.

Options for enlarging or symptomatic SEGAs include surgical
intervention or medical therapy. Radiation does not have an established
role in the management of this type of neoplasm. It is noteworthy that TSC
patients are referred for neurosurgical care of either an enlarging or
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symptomatic SEGA or for epilepsy surgery in the setting of medically
intractable seizures, but only rarely for surgical intervention for both
problems in the same patient. In fact, a significant number of SEGA
patients do not have seizures and may not be taking AEDs at all, despite
having numerous tubers on MRI scanning. Similarly, TSC patients who
undergo epilepsy surgery will often have SEGAs noted on MRI scanning,
but these may not grow over time and may never require treatment. The
genetic factors that influence the clinical phenotype in TSC patients have
not been fully defined. Indeed, another analysis of MRI scans in a large
group of TSC patients revealed an association between SEGAs and the
presence of cerebellar tubers, the latter of which had a greater tendency to
change over time when compared with supratentorial cortical tubers,
which remained stable over time (50).

It is clear that TSC patients experiencing acute neurological symptoms
from a SEGA and/or associated hydrocephalus require neurosurgical
intervention. Moreover, asymptomatic tumours that progressively enlarge
on serial MRI scanning should be treated prior to the development of
symptoms or hydrocephalus, which may not necessarily be reversible once
it has already occurred. Certainly, if ventricular enlargement develops in
the absence of symptoms, treatment should be strongly considered. In
contrast, patients harbouring larger SEGAs (≥2 cm), in the absence of
symptoms or of raised intracranial pressure, that remain unchanged on
serial MRI scans can be closely monitored without neurosurgical
intervention, assuming reliable follow-up can be assured.

In the current setting of an FDA-approved medical treatment for SEGAs
with mTOR inhibitors, a question of relevance to patient care presently is
whether medical or surgical treatment should be selected when the
situation is not one of acute clinical urgency. The most obvious scenario in
which this choice presents itself is when a SEGA has demonstrated
radiographic enlargement, in the absence of symptoms. Proponents of both
the medical and the surgical interventions exist, and arguments in favour
of both have been proposed. Surgery has a generally well-defined set of
infrequent risks, in experienced neurosurgical hands, which are taken
upfront, all at once, with the goal of achieving the potential surgical cure
of a pathologically low-grade brain tumour. In contrast, medical therapy
obviates the surgical risks, but entails drug treatment of indefinite duration,
with its own risk of potential side effects and unknown long-term effects
for the patient.

The microsurgical approach for removing a SEGA is generally either
transcallosal or transcortical, with most neurosurgeons favouring the
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transcallosal, interhemispheric approach (51). Some surgeons have utilized
a transcortical approach to the tumour in the lateral ventricle in the setting
of hydrocephalus. Recent experience with minimally invasive, endoscopic,
stereotactic, neurosurgical SEGA resection has been reported (52, 53). The
goal of surgery should always be complete tumour resection. When this is
not possible, unfortunately, residual tumour tends to grow over time. With
the increasing number of treatment options for SEGAs in TSC patients,
one could potentially envision a strategy that incorporates a multimodality
therapeutic paradigm. For example, is there a possible role for initial
mTOR inhibition medical therapy to shrink a SEGA, followed by planned
endoscopic, minimally invasive resection? Could mTOR inhibitors be used
for a residual mass when complete tumour resection could not be achieved
surgically?

Current research topics
Despite major advance in the diagnosis, surveillance, clinical assessment,
animal modelling, and molecular genetics of TSC, there remain numerous
unanswered questions and issues that are directly relevant to clinical care.
Unresolved issues include understanding the high clinical variability of
TSC, defining the lack of clear genotype–phenotype correlations, and
identifying biomarkers for prognosis and stratification. A primary question
is whether any more definitive genotype–phenotype correlations can be
established so that particular mutations or classes of mutations could, for
example, be used to predict the prognosis of any one TSC patient. This
would have obvious importance in defining the clinical course of patients
and the need for prophylactic therapy. A second issue is to better
understand the disparity between tuber burden and neurological disability
in TSC. While many individuals with numerous tubers will exhibit a
severe neurological phenotype, often a patient with multiple tubers will
have no or very mild neurological involvement. Conversely, there are
patients with only a single tuber with severe intractable epilepsy and
autism. Are these differences due to brain micropathology in TSC, the type
of germline mutation, or perhaps other genetic modifiers? A third issue is
whether credible predictive biomarkers for infantile spasms, seizures,
cognitive disabilities, SEGA growth, response to AEDs, or autism can be
identified so that prophylactic therapy with an mTOR inhibitor can be
initiated. Identification of a blood, cerebrospinal fluid, or genetic marker
that could be obtained in fetal or early neonatal life could provide life-
altering information for TSC patients. As a corollary to this issue, the
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possibility of fetal therapy must be addressed. New strategies to devise
mTOR cascade inhibitors that are not harmful to fetal development are
warranted. Finally, while the advent of everolimus therapy heralds a new
era for some aspects of TSC patient care, it remains unknown whether
mTOR inhibitors will be effective for infantile spasms, cognitive
disability, or autism in TSC. In addition, there is as of yet, no clear
guideline for duration of therapy with mTOR inhibitors (e.g. weeks,
months, years, or lifetime). Further studies will be required to define a
definitive treatment algorithm for TSC patients.
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CHAPTER 18

Pituitary tumours
Edward R. Laws, Jr, Whitney W. Woodmansee, and
Jay S. Loeffler

Introduction
Disorders of the pituitary gland and the region of the sella turcica present a
wide spectrum of clinical problems. A variety of lesions in this area tend to
present with similar problems, namely headache, hormonal disorders, and
loss of vision. The lesions involve a variety of tumours, cerebrovascular
problems, infections, and inflammatory diseases. Benign adenomas of the
pituitary gland are by far the most common disorder, along with
craniopharyngiomas, Rathke cleft cysts, and meningiomas (Table 18.1)
(1,2). These entities are the primary focus of this chapter.

Table 18.1 Differential diagnosis of pituitary lesions

Pituitary adenoma Meningioma

Rathke cleft cyst Germ cell tumour

Craniopharyngioma Pituicytoma

Arachnoid cyst Ganglioglioma

Lymphocytic hypophysitis Metastatic lesion

Carcinoma

Pituitary adenomas are in fact the second most common primary brain
tumour. Depending on the specific tumour type, they range in incidence
from 7 to 92 cases per 100,000 people per year, and in prevalence to
approximately 1020 per 100,000 (2). Meningiomas are fairly frequent
benign tumours of the sellar region. These include meningiomas of the
tuberculum sellae, the planum sphenoidale, the clinoid processes, and the
optic canals. Often they are grouped together as meningiomas of the
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anterior skull base. Craniopharyngiomas are the most common tumour of
the sellar region in children, and most of these congenital tumours are
thought to arise from the pituitary stalk. They can affect adults as well as
children, are frequently cystic, and often contain areas of calcification.

The goals of therapy for tumours in the sellar region include relief of
mass effect, maintenance or restoration of visual function, normalization
of hormonal hypersecretion, preservation or restoration of pituitary
hormonal function, prevention of recurrence, and the obtaining of
pathological tissue for diagnosis (Box 18.1) (2).

Box 18.1 Goals of therapy of pituitary adenomas

1. Relief of compressive mass effect—optic chiasm, cavernous sinus,
brain

2. Normalization of excessive hormone secretion—GH, PRL, ACTH,
TSH

3. Preservation/restoration of normal pituitary function
4. Prevention of recurrent disease.

Pituitary adenomas
In considering pituitary adenomas, the major distinction is between
hyperfunctioning tumours presenting with typical hormonal syndromes,
and clinically non-functioning tumours which usually present as relatively
silent masses, causing headache, hypopituitarism, and compression of the
optic chiasm, often producing the classical bitemporal hemianopia. They
are classified by functional subtype, size, and invasiveness (3). The
functional subtype is often obvious from the clinical presentation, as we
see with prolactinomas, acromegaly, and Cushing’s disease. A
classification scheme related to size and regional extension was developed
by Jules Hardy and has been widely accepted (4). The most commonly
used size distinction is between a microadenoma, 10 mm or less in
diameter, and a macroadenoma, greater than 10 mm in diameter.

In addition to extending into the parasellar region, some pituitary
adenomas are invasive regionally, and a scheme for classification of
invasiveness has been developed by Knosp and colleagues, and is widely
utilized (5). Magnetic resonance imaging (MRI) demonstrates the
anatomical aspects of pituitary adenomas, and MRI is the basis not only
for diagnosis, but for surgical planning (Figs 18.1 and 18.2).
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Fig. 18.1 Coronal, T1-weigted MRI of a patient with a pituitary microadenoma.

Fig. 18.2 Coronal, T1-weigted MRI of a patient with a contrast-enhancing,

504



pituitary macroadenoma.

When one considers the goals of therapy, the physiology and the
anatomy of lesions, and the methods available for treatment, it is evident
that each patient treatment plan must be individualized, and in most cases
a multidisciplinary approach and a programme of therapy should be
developed (6). Once the clinical and anatomical diagnoses have been
made, one must consider a spectrum of therapies and combinations of
therapies that may be recommended. In some cases this will involve
simple observation and careful follow-up. In others, medical therapy may
be indicated, and can be highly effective. For some patients, and some
lesions, surgical excision may be the initial treatment of choice. For others,
several forms of radiation therapy, including radiosurgery, are available as
adjunctive treatments. Often, a programme of management involving
several of these modalities is necessary for long-term control.

Table 18.2 Outcomes of surgery for pituitary adenomas

Adenoma subtype Remission criteria Remission
(%)

% Recurrence (10
yrs)

Non-functioning—
Null cell/ Gonadotrope

Visual improvement 87 16

Acromegaly—GH Normal IGF-1 Micro-87
Macro-50

8

Prolactin Normal PRL Micro-87
Macro-45

14

Cushing’s disease—
ACTH

Normal or subnormal
Cortisol

Micro-89
Macro-55

12

ACTH, adrenocorticotropin-releasing hormone; GH, growth hormone; PRL,
prolactin.

Reproduced from J Am Coll Surg, 193(6), Jane JA Jr, Laws ER Jr, The surgical
management of pituitary adenomas in a series of 3,093 patients, pp. 651–59,
Copyright (2001), with permission from Elsevier.

Medical management of pituitary adenomas
Medical management, of varying degrees of efficacy, is available for all of
the hyperfunctioning pituitary adenomas.
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Prolactinomas
Prolactinomas are the most common type of hyperfunctioning pituitary
adenoma (7, 8). The population prevalence varies by study and gender
with a 2010 publication reporting a prevalence of 44 per 100,000 (8). Most
prolactinomas are effectively controlled by the use of dopamine agonists,
such as cabergoline or bromocriptine, and medical therapy is generally the
initial treatment of choice. Prolactin secretion is under inhibitory control
by dopaminergic neurons in the hypothalamus and thus dopamine agonists
have been useful for treatment of hyperprolactinemia.

These agents inhibit cellular proliferation and prolactin secretion from
prolactin-producing cells. The goal of medical therapy is to reduce or
normalize prolactin levels and to control tumour growth. With
normalization of prolactin levels, many of the clinical symptoms
associated with hyperprolactinemia, such as amenorrhea, galactorrhoea,
sexual dysfunction, and infertility, often reverse. Dopamine agonist
therapy for prolactinomas has been associated with tumour shrinkage, and
normalization of prolactin levels, as well as improvement in many of the
clinical sequelae. Numerous studies have examined the effects of
dopamine agonists on clinical outcomes and although the results vary by
study, duration of treatment, agent used, and tumour type, the majority of
patients do respond to therapy (9). Reported median response rates are as
follows: tumour shrinkage (62%), resumption of menses (78%), resolution
of galactorrhoea (86%), and normalization of prolactin levels (68%) (9).
Cabergoline is currently the preferred drug because of its increased
efficacy and tolerability. Cabergoline therapy is associated with a high rate
of normalization of prolactin levels and tumour shrinkage, even in
macroprolactinomas (10). Patients generally tolerate dopamine agonists
with few side effects, particularly if they are started at low doses which are
titrated slowly. In recent years, there has been concern regarding the
development of cardiac valvulopathy in patients on high-dose ergot-
derivative dopamine agonists as used in Parkinson’s disease (11, 12, 13).
The risk of valvular disease has been less clear in
hyperprolactinemia/prolactinoma patients who are typically treated with
lower doses of dopamine agonists (13). However, two meta-analyses of
cabergoline use in hyperprolactinemia/prolactinomas have demonstrated
an increased risk of tricuspid regurgitation in these patients as well (14,
15). Therefore, caution is advised, especially in patients on long-term,
high-dose cabergoline, and echocardiography should be considered on an
individualized basis. Duration of dopamine agonist therapy for
prolactinomas should be individualized as well, and the most recent
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Endocrine Society guidelines (9) on this topic suggest that patients who
have been treated for 2 or more years and show normal prolactin levels
and tumour resolution on MRI may be considered for a trial of
discontinuation of therapy. Approximately 20% of patients withdrawn
from dopamine agonist therapy can maintain normal prolactin levels and
success is highest in patients treated with cabergoline for greater than 2
years (16). Long-term monitoring is required. Surgery for prolactinoma
removal is certainly considered in patients intolerant of or resistant to
dopamine agonist therapy.

Acromegaly
As with prolactinomas, medical therapy is available for patients with
growth hormone (GH)-producing pituitary tumours. Generally, surgery is
recommended as the initial treatment of choice, but in some patients
primary medical therapy may be considered. The most commonly used
medications are the somatostatin (SST) analogues. The SST analogues
bind with variable affinity to the five different SST receptor subtypes
(SST1–5) which are expressed on somatotroph cells, and, with ligand
binding, inhibit GH secretion and cellular proliferation (17). The long-
acting formulations, such as octreotide LAR and lanreotide, bind with
highest affinity to SST receptor subtypes 2 and 5. In addition to controlling
tumour growth and managing the co-morbidities associated with GH
excess, the goal of medical therapy in acromegaly is to induce a
biochemical remission. Optimal hormonal control is associated with
reduced mortality and improved co-morbidity associated with active
acromegaly (18, 19). Biochemical remission, or optimal disease control,
has been defined as a normal age-appropriate insulin-like growth factor
(IGF)-1 level in a reliable assay, and a random GH level less than 1 mcg/L
(ultrasensitive assay) or a nadir GH level less than 0.4 mcg/L in an oral
glucose tolerance test (20). Both octreotide LAR and lanreotide have been
shown to be efficacious in controlling biochemical parameters and causing
tumour shrinkage (17) and appear to have comparable effectiveness (21).
In one study of primary medical therapy of acromegalic patients,
approximately 75% of patients had 25% or more reduction in tumour size
and 42.5% had biochemical control (GH ≤2.5mcg/L and normal IGF-1)
(22). A phase II clinical trial with the newest SST analogue, pasireotide,
has shown efficacy in the treatment of acromegalic patients (23, 24).
Pasireotide has a broader affinity for the SST receptor and binds SST1,
SST2, SST3, and SST5, and thus has the potential to have greater efficacy.
Unfortunately, this newer agent has been associated with increased risk of
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hyperglycaemia (25). Pegvisomant is another agent that may be used to
control acromegaly and is typically considered when patients are
inadequately controlled with SST analogues (26). Pegvisomant is a GH
receptor antagonist given as a subcutaneous injection either as
monotherapy, or may be combined with SST analogues. GH levels are not
used to monitor therapy and typically they increase during treatment. IGF-
1 normalization and improvement in clinical parameters are the main
outcomes followed on pegvisomant therapy. Safety concerns include liver
function abnormalities and pituitary tumour growth. Cabergoline may also
be useful in some patients, particularly those with mild elevations in IGF-1
or those who have tumours that co-secrete prolactin (27). Finally, these
medications may be used in combination to allow biochemical remission
for those patients not controlled on one agent alone (28). For many
patients, biochemical remission or disease control can be achieved using
one or more of the medication options outlined above.

Cushing’s disease
Currently, medical therapy for Cushing’s disease remains in evolution.
Medical therapy has more frequently been considered as an interim
treatment modality while either contemplating additional surgery (pituitary
or adrenalectomy) or waiting for radiation to be effective. Previously,
agents that block the synthesis of cortisol were the major medications used
to ameliorate the symptoms and signs of this devastating disease in
patients not in biochemical remission following pituitary surgery.
Metyrapone ketoconazole and mitotane (also adrenolytic) have been used
for some time with moderate success, but side effects often limit their
utility (29). Although clinical experience is somewhat limited, cabergoline
has been shown to improve hypercortisolism in some patients with
persistent disease after surgery (30, 31). Two additional agents have been
approved by the US Food and Drug Administration for use to control
hypercortisolism in Cushing’s disease, mifepristone and pasireotide.
Mifepristone is a progesterone antagonist that at high concentrations acts
also as a cortisol antagonist. In a small trial of patients with Cushing’s
syndrome (N = 50, the majority due to pituitary disease) with type 2
diabetes mellitus, 87% demonstrated improvement in clinical status as
measured by the area under the curve for glucose on a 2-hour oral glucose
tolerance test and by diastolic blood pressure (32). Side effects included
fatigue, hypokalaemia, nausea, vomiting, arthralgias, oedema, and
endometrial thickening in women. Importantly, urinary cortisol excretion
cannot be used as a biochemical marker to assess efficacy of this
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medication. The SST analogue pasireotide has also been approved for
medical therapy of Cushing’s disease. The pivotal phase III clinical trial,
published by Colao and colleagues (25), studied 162 patients with
Cushing’s disease and persistent hypercortisolism. Patients were
randomized to either 600 or 900 mcg subcutaneously twice daily for 6
months, and the effects on urinary free cortisol, as well as other secondary
endpoints, were assessed. The primary endpoint was urinary free cortisol
in the normal range at the 6-month time point without a pasireotide dose
escalation. Fifteen and twenty-six per cent of the low- and high-dose
pasireotide groups, respectively, met the primary endpoint. Pasireotide
treatment was associated with the expected side effects of SST analogues
(gastrointestinal symptoms), but demonstrated a high rate of
hyperglycaemia-related adverse events (25). Although this medication is
currently approved for use in Cushing’s disease patients for whom surgery
is not indicated or has not been curative, its exact role has not been
thoroughly determined. The availability of these new medications for
Cushing’s disease certainly introduces new treatment options for patients,
but their long-term safety and efficacy remain under investigation.

Thyrotropin-stimulating hormone-producing pituitary adenomas
Thyrotropin-stimulating hormone (TSH)-producing pituitary adenomas are
relatively rare and account for less than 1% of pituitary adenomas. Patients
present with the typical signs and symptoms of hyperthyroidism, and
diagnosis rests on demonstrating a normal or elevated TSH in the setting
of hyperthyroxinaemia (33, 34). Surgery is the treatment of choice, but
many of these tumours can be large and invasive, and are not always cured
with surgery alone. The thyrotrope expresses SST receptors and TSH-
producing pituitary tumours are responsive to SST analogues. Tumour
shrinkage and TSH reduction have been demonstrated in patients who
have been treated with SST analogues (35, 36, 37, 38, 39).

Non-functioning pituitary adenomas
Clinically non-functioning pituitary tumours, which usually present as
macroadenomas, do not currently have any effective form of medical
therapy to reduce the size of the tumour, and are primarily treated
surgically (40, 41). Because many of these tumours are associated with
hypopituitarism and pituitary insufficiency, active and effective hormone
replacement therapy is essential. Fortunately, appropriate hormonal
replacement therapy is available.
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Surgical management of pituitary adenomas
Indications for surgery vary among the differing types of pituitary
adenomas. For clinically non-functioning adenomas, usual indications are
progressive visual loss from chiasmal compression, progressive
hypopituitarism from the tumour compressing the normal pituitary, clinical
manifestations of cavernous sinus compression (ptosis, diplopia, facial
numbness, or pain), and intractable incapacitating headache. Results with
regard to reversal of these symptoms are generally favourable (Table 18.2)
(1).

For the hyperfunctioning adenomas (prolactin, GH, adrenocorticotropin-
releasing hormone (ACTH), TSH), the indications for surgery vary
considerably. Prolactin-secreting adenomas are ordinarily very responsive
to medical therapy. About 6% of patients will be intolerant of the rare but
important side effects of dopamine agonist therapy, and some will be
concerned about the very small risk of cardiac valvular disease provoked
by these agents. These patients may become candidates for surgery. Other
patients may have tumours that are hyporesponsive to dopamine agonist
therapy, in that the prolactin levels may not normalize, or the tumour may
not decrease in size in response to therapy (42). Cystic variants of
prolactinomas are particularly prone to lack of medication-induced
shrinkage. It is important to remember that in most patients medical
therapy is suppressive and likely will not produce a lasting remission when
discontinued. Although initial surgical results are good, especially for
microadenomas (Table 18.2), it is important to note that the postsurgical
recurrence rate for these tumours is high, and often requires subsequent
medical management (1, 2).

For GH-secreting pituitary adenomas that ordinarily are associated with
acromegaly, surgical management is currently first-line therapy for most of
these lesions. Medical management has become increasingly more
sophisticated and effective, and often is used to augment surgery in
achieving remission and control of the co-morbidities associated with
acromegaly. As with other pituitary adenomas, surgical results vary with
the size and stage of the tumour, and whether or not there is invasion of the
parasellar structures, particularly the cavernous sinus. The level of GH at
the time of surgery is also an effective predictor of biochemical remission,
with the best results in patients with immediate postoperative GH levels of
less than 5 mcg/L (43).

In Cushing’s disease resulting from an ACTH-secreting pituitary
adenoma, surgery currently is first-line management for the majority of
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patients (44). Medical therapy includes some new strategies that have been
tested in clinical trials; these agents, as with other medical therapies, are
primarily suppressive in action, and those used for Cushing’s disease have
significant side effects. The majority of patients with Cushing’s disease
have ACTH-secreting pituitary microadenomas, and they have good initial
responses to surgical management (Table 18.2) (1). As with prolactinomas,
however, the recurrence rates at 10 and 20 years are high, and may
necessitate adjunctive therapy (45). Some patients with Cushing’s disease
are so fragile and ill from the co-morbidities associated with the disease
that they are candidates for bilateral adrenalectomy (46). With current
endoscopic techniques, this procedure can provide immediate lowering of
circulating cortisol. The major concern with adrenalectomy is the possible
subsequent development of Nelson’s syndrome, associated with aggressive
pituitary tumours secreting ACTH, uncontrolled by the loss of negative
feedback from circulating cortisol.

TSH-secreting pituitary adenomas are uncommon, but can ordinarily be
managed by medical therapy with SST analogues, or by surgery, or a
combination of these modalities (34, 39).

Clinically non-functioning tumours are usually classified as null cell or
gonadotrophic tumours based on immunocytochemistry. The
gonadotrophic tumours may stain for follicle stimulating hormone,
luteinizing hormone, or the alpha subunit of glycoprotein hormones, but
rarely do they have clinical expression. There are so-called silent types of
other pituitary tumours that stain for ACTH, GH, prolactin, or even
multiple hormones that are clinically non-functioning. These tumours
often present with visual loss. Outcomes are measured by return of vision,
remission of headache, or lack of recurrence over time (47). Postoperative
improvement in vision occurs in more than 87% of surgically treated
tumours.

When surgical therapy is indicated, most tumours can be approached
using a minimally invasive transnasal, transsphenoidal route, using the
operating microscope, or more recently, the operating endoscope (48).
Only 4–5% of pituitary adenomas currently are treated by craniotomy and
these are usually ‘giant’ tumours, which often have eccentric suprasellar
projection. The transsphenoidal approach is highly effective in most cases,
and provides excellent outcomes and low levels of complications in
experienced hands and in a multidisciplinary setting.

When surgery fails to achieve remission, or when tumours recur,
adjunctive medical therapy and radiation therapy can be used to control the
manifestations of this common disease.

511



Radiation therapy/radiosurgery
The advent of modern radiation delivery techniques allows radiation
oncologists to deliver radiation that conforms the full dose distribution to
the pituitary target volume while reducing the dose to surrounding critical
structures. If the dose to the pituitary tumour is given in one to five
fractions, the term stereotactic radiosurgery (SRS) is applied. If more than
five fractions are used, fractionated radiation (FR) is the appropriate term
(49). If possible, SRS is preferred, based upon equivalence in treatment
efficacy and patient convenience. If the target volume is too close (<3 mm)
to the optic system, SRS is not feasible and fractionated treatment is
required (50). Fractionated treatment ranges from 25 to 30 fractions
delivered over 5–6 weeks. Although it is potentially less damaging to
surrounding structures, there are increasing data that suggest that
biochemical response is slower with FR than what is seen after SRS (51).
Types of conformal delivery systems in the United States and throughout
the world include Gamma Knife® (Elekta, Stockholm), linear accelerators,
CyberKnife® (Accuray, Sunnyvale, CA), and proton beam (52).

FR or SRS is used for surgically recurrent non-functioning adenomas if
further surgery is felt not to be curative (e.g. invasion into the clivus or
cavernous sinus). Radiation alone is essentially not performed in modern
medical practice except for the very rare case of surgically inoperable
patients. In a review of over 1000 patients treated for surgically recurrent
non-functioning adenoma with FR or SRS, control rates were typically
over 90% (53). The endpoint of success for FR or SRS is lack of
progression, not extent of tumour reduction; however, two-thirds of
patients treated will demonstrate tumour reduction on follow-up imaging.
Typical doses used for FR were 45–50 Gy and with SRS 14–18 Gy.
Tumours that show radiographic evidence of invasion, or have histological
evidence of high proliferation, probably require FR because of the need to
include more tissue in the irradiated volume.

For patients with secretory adenomas, there are a few important caveats
for the radiation oncologist to be aware of in patient selection, treatment
techniques, dose, and timing of irradiation. For these patients, higher
biological equivalent doses lead to more rapid biochemical response. In
our practice, it is not uncommon for patients to undergo reoperations to
reduce remaining volume, so that higher doses of radiation can be applied.
Patients with GH-secreting adenomas should not take long-acting SST
analogues for at least 4 weeks prior to radiation, though they may begin as
soon as the radiation is completed. In the rare patient irradiated for an
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aggressive prolactin-secreting tumour, cabergoline or bromocriptine
should be discontinued for the month leading up to treatment, but they
may resume as the radiation is concluded (54). Although the exact
biological effects of these hormonal medical therapies are not understood,
it is thought that they interfere with the cell cycle, making the adenomas
less responsive to radiation. This results in decreased control rates as well
as prolonged intervals to biochemical response and possibly increased
rates of radiation-induced pituitary dysfunction. Although tumour arrest
rates in secretory patients are as high as those for patients with non-
functioning tumours, time to biochemical cure can be quite prolonged, and
ranges from 9 months to several years (53). Patients must remain on
suppressive medical therapy until there is clear evidence of radiation
response based on biochemical testing. For patients with Cushing’s
disease, defining the target volume is quite challenging. In the last 200
Cushing’s disease patients treated with radiation at the Massachusetts
General Hospital, only a minority had visible tumour present on the
radiation planning MRI and computed tomography. The target volume in
these patients includes the dura of the sella turcica and the medial wall of
both the left and right cavernous sinus. These are areas where ACTH
tumour is found at reoperation or at postmortem examinations (55).
Biochemical remission rates for Cushing’s disease and acromegaly are
about 50% at 4 years. With longer observation periods, most patients will
eventually be controlled if the data are analysed in an actuarial fashion
(56).

In summary, it is generally agreed that radiation therapy is indicated for
non-functioning adenomas in the following circumstances: (i) non-surgical
candidate, (ii) recurrence of tumour after surgery, and (iii) surgically
inaccessible tumour (e.g. cavernous sinus). For functioning adenomas
radiation therapy is indicated for the following patients: (i) hormonally
uncontrolled after maximal surgical and medical therapy, (ii) intolerance
of medical therapy, and (iii) tumour expansion into non-operable sites.

The type of radiation to be used remains controversial. We believe SRS
should be the treatment of choice for tumours greater than 3 mm distant
from the optic nerves and chiasm, and for tumours with an average
diameter of less than 3 cm. FR should be the treatment of choice for the
remaining patients. For SRS patients, we recommend 15–18 Gy for non-
functioning lesions and 20 Gy or more for secretory tumours. For FR
patients, doses between 45–54 Gy in 25–30 fractions delivered over 5–5.5
weeks at 1.8 Gy/fraction are advised.
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Late effects of pituitary radiation
The most common late effect of pituitary radiation is hypopituitarism. At
least 20% of patients will require at least one hormonal axis needing
replacement by 5 years and approximately 70% by 10 years. GH appears
to be the most common hormone affected, followed by thyroid, female and
male sex hormones, and cortisol. Mild, asymptomatic increase in prolactin
levels is a common late finding. Diabetes insipidus is not a result of
pituitary radiation and if seen, should suggest tumour recurrence. It is
imperative that an endocrinologist follows these patients monitoring for
early biochemical evidence of gonadal dysfunction, hypothyroidism, and
subtle abnormalities in adrenal function (57). Although for decades it was
recommended that the patient not be replaced with GH after pituitary
irradiation (because of concern about stimulating tumour growth), it has
now become the standard of care, producing substantial improvement in
quality of life for long-term survivors of pituitary adenoma radiation (58).

There are no long-term data regarding the risk of radiation-associated
brain tumours after pituitary radiation using modern techniques. The
cumulative risk of second brain tumours was 2% at 10 years and 2.4% at
20 years measured from the date of large-field, low-energy, FR
completion. These tumours included meningioma, sarcoma, high-grade
glioma, and primitive neuroectodermal tumour (59). It has been estimated
that with modern techniques, secondary tumour risks from FR will be
lower than these numbers. It is clear that the risk of secondary tumours
following SRS is extremely low, and has been estimated to be 1/1000–
10,000 (60).

The incidence of cerebrovascular accidents (CVAs) in patients
following pituitary radiation has always been a concern, since the majority
of the vessels in the circle of Willis receive a full dose. In the only study
with long-term observation, the actuarial incidence of CVA was 4% at 5
years, 11% at 10 years, and 21% at 20 years measured from the date of
completion of radiation. The relative risk of CVA compared to the general
population in the United Kingdom was 4.1. Patients treated with more
modern radiation techniques had a significantly lower risk (61)

Pituitary Carcinoma
Pituitary carcinomas account for approximately 0.1% of all pituitary
adenomas. They occur in the presence of a previous benign adenoma. By
definition, pituitary carcinomas are lesions not in continuity with the
previous adenoma within the intracranial space and/or have disseminated
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to extracranial sites (e.g. bone, lung, liver). Pituitary carcinomas should be
separated from aggressive and invasive pituitary adenomas which are
classified as aggressive adenoma. The mean latency period from adenoma
to carcinoma is approximately 6 years but has been reported as late as 18
years. The most common histologies associated with carcinoma are ACTH
“silent” tumors and prolactin secreting adenomas (62). Historically, re-
irradiation and surgery have been the mainstay of treatment. Many
chemotherapeutic agents have been used with little or no success.
However, recently, the alkylating drug temozolomide has been employed
with response rates as high as 60%. However, the duration of response has
generally been 12 months or less though some patients continue to respond
for up to 2 years (63). There is interest in targeted therapy based on whole
genome sequencing of the carcinoma, but to date few “targetable”
mutations have been identified.

In summary, numerous types of structural lesions can be found in the
sellar and suprasellar region. The most common lesions identified are the
benign pituitary adenomas, which typically can be treated successfully
with medical therapy, surgical resection, and radiation, or a combination of
modalities depending on the tumour type and response to the original
treatment. These patients are best treated with a multidisciplinary approach
that combines the expertise of endocrinology, neurosurgery, and radiation
oncology specialists (6).
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CHAPTER 19

Metastatic brain tumours
Matthias Preusser, Gabriele Schackert, and Brigitta
G. Baumert

Definition
Brain metastases are secondary brain tumours that result from spread of
cancers originating outside of the central nervous system (CNS). Thus,
brain metastases are not a separate disease entity but a clinically and
pathobiologically heterogeneous group of disease manifestations of
systemic cancers (1).

Epidemiology
Central nervous system metastases are the most frequent malignant brain
tumours and have been estimated to be up to ten times more common than
gliomas. Up to 40% of cancer patients will develop brain metastases (2).
However, the exact incidence of brain metastases remains unclear due to a
lack of epidemiological studies on this subject, underdiagnosis, and
inaccurate reporting in the literature. Incidence rates of up to 11 per
100,000 population per year have been reported, but the true incidence
may in fact be considerably higher (2).

The relative incidence of brain metastases is highly variable among
primary tumour types with lung cancer, breast cancer, melanoma, and
kidney cancer showing the highest risk for metastatic CNS involvement in
adults (2, 3, 4, 5, 6, 7). Other common primary tumours such as prostate
cancer and colorectal cancer are underrepresented among brain metastases,
probably due to as yet undefined pathobiological/molecular differences in
the propensity for brain invasion. In up to 15% of brain metastases no
primary tumour is found at diagnosis (2). In children, germ cell tumours,
sarcomas (osteosarcoma, rhabdomyosarcoma, and Ewing’s sarcoma), and
neuroblastomas are the most common primary tumours causing brain
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metastases (2, 8).
The incidence of brain metastases seems to be increasing over time.

Probable reasons for this are the increasing incidence of smoking-
associated lung cancer, higher availability and more intensive use of
cranial magnetic resonance imaging (MRI) in cancer patients, and longer
survival of cancer patients due to increased availability of effective therapy
options (thus allowing greater opportunity for brain metastases to become
clinically evident) (9). Moreover, some drugs used for the therapy of
extracerebral neoplasms do not or only poorly cross the blood–brain
barrier which may give tumour cells that invaded the CNS a survival
benefit. This concern has been raised in particular with regard to
monoclonal antibodies such as trastuzumab, which do not penetrate the
intact blood–brain barrier due to their high molecular weight (11).

The prognosis of brain metastasis patients is in general poor with
median overall survival times of only a few months for most patient
populations. However, some patients do experience long-term survival of
several years. Several prognostic scores based on clinical parameters, such
as patient age, Karnofsky performance score, status of extracranial disease,
and number of brain metastases, have been developed. The most
commonly used ones are the recursive partitioning analysis score, the
graded prognostic assessment (GPA) score, and the diagnosis-specific
GPA (DS-GPA) (12, 13, 14). The GPA prognostic classification system
takes into account Karnofsky performance status, age, number of brain
metastases, and the status of extracranial disease. The DS-GPA includes
the parameters of age, Karnofsky performance score, number of brain
metastases, and status of extracranial disease depending on the primary
tumour histology and may be preferable to other more generic prognostic
scores. However, despite the use of prognostic scoring systems, prediction
of individual patient outcome is difficult and prone to error (15).
Incorporation of tissue-based or imaging characteristics may improve
prognostic evaluation of brain metastasis patients, pending validation in
large and ideally prospectively collected patient populations (16, 17, 18).

Aetiology and pathogenesis
So far, it is unclear what determines the difference in risk of histological
tumour types and molecular subtypes causing brain colonization. Most
probably, this can be explained by molecular parameters that influence the
affinity of tumour cells to the milieu of the brain (‘seed and soil theory’)
(19). The formation of brain metastases commonly necessitates
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haematogenous dissemination of tumour cells from the primary tumour or
other non-CNS metastases. Exceptional routes may include direct spread
from bone or venous sinuses or cerebrospinal fluid whereas lymphatic
spread is highly unlikely given the paucity of lymphatic drainage of the
brain. Successful CNS invasion requires attachment of tumour cells to
brain microvessels and breaching of the blood–brain barrier and invasion
into the brain parenchyma via upregulation of selectins, integrins,
chemokines, heparanases, matrix metalloproteases, and other molecules
(20). Within the brain parenchyma, tumour cells may be able to stay
senescent or dormant in the perivascular area for prolonged periods of
time. Outgrowth to micro- and then macrometastases involves tumour cell
proliferation and induction of vascular endothelial growth factor (VEGF)-
dependent angiogenesis (21). Brain metastases have been shown to invade
the brain parenchyma in different ways. About half of brain metastases
present with a well-demarcated border to the surrounding brain
parenchyma and grow in an expansive manner, approximately 20% of
cases show brain invasion by vascular co-option (tumour cell growth
alongside pre-existing vascular structures), and around 30% of cases show
single-cell invasion (22). Metastatic brain tumours elicit a variably intense
reaction in the brain microenvironment with astrogliosis, recruitment of
microglia and tumour-associated macrophages, collagenous fibrosis, and
mixed lymphocytic infiltration (19, 23).

Clinical presentation
There is a high variability in clinical presentation of brain metastases.
Symptoms depend on the localization of the cerebral lesions and may
include focal neurological deficits, aphasia, epileptic seizures, signs of
increased intracranial pressure (headache, nausea), personality changes,
and others (24). Brain metastases may, however, also remain
asymptomatic over long periods of time.

Imaging
Brain metastases are usually detected by neuroimaging in symptomatic
patients or during staging investigations. Neuroimaging during initial
disease staging is recommended for patients with small cell lung cancer,
while screening in patients with non-small cell lung cancer (NSCLC) is
currently under discussion and recommendations differ between clinical
practice guidelines (25). In any case, patients with neurological symptoms
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should be referred for neuroimaging. Contrast-enhanced MRI with
gadolinium is the preferred imaging technique for visualization of brain
metastases and has been shown to have higher sensitivity than computed
tomography or 18-fluorodeoxyglucose positron emission tomography (26).
However, there are no guidelines that define many important imaging
variables such as gadolinium dose and technical scanning parameters
(MRI field strength, slice thickness, slice gap, etc.). Moreover, no
generally accepted response criteria for brain metastases are available. The
response criteria commonly used in neuro-oncology trials on primary brain
tumours such as MacDonald criteria or Response Assessment in Neuro-
Oncology (RANO) criteria are not directly applicable to brain metastases,
because they do not consider the extracranial disease status (26). Brain
metastases-specific RANO criteria are under development and recommend
volumetric measurements using contrast-enhanced MRI as well as the
inclusion of neurological functioning, neurological symptoms, functional
independence, and health-related quality of life for response assessment in
brain metastases trials (26, 27). However, these criteria need validation in
appropriate studies before they can be applied in the clinical setting.
Response Evaluation Criteria in Solid Tumors (RECIST) criteria that are
used for extracranial cancers, on the other hand, do not take important
brain-specific parameters such as neurological symptoms or corticosteroid
use into account.

Advanced neuroimaging techniques such as dynamic contrast-enhanced
MRI, magnetic resonance spectroscopy, perfusion-weighted imaging,
susceptibility-weighted imaging, and diffusion-weighted imaging may aid
differential diagnosis or be of prognostic value, or both, but more studies
are needed to develop concrete recommendations for their incorporation
into routine clinical use (28). Preliminary studies suggest the potential
ability of dynamic susceptibility contrast MRI and diffusion-weighted
imaging to differentiate between often observed radionecrosis after
stereotactic radiosurgery (SRS) or high-dose radiotherapy and potential
progression or recurrence (29, 30). Usually regular MRI is used for follow-
up of brain metastases, although there is a lack of data to provide
evidence-based recommendations on the use of neuroimaging in the
follow-up of brain metastasis patients. One study indicated that routine
brain surveillance using MRI in brain metastasis patients treated with SRS
rather than symptom-prompted imaging may improve outcome and reduce
the cost of care (31).

Treatment in adults
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The principal treatment options in brain metastasis patients include local
therapies like neurosurgical resection, radiotherapy (including SRS and
stereotactic radiotherapy (SRT), whole-brain radiotherapy (WBRT), and
new radiation techniques), and medical antineoplastic therapy (including
cytotoxic chemotherapy and targeted agents) as well as supportive care
measures. However, for many clinical situations there is a lack of high-
level evidence to guide treatment decisions and lack of agreement on
common clinical management issues (32). The choice of the therapeutic
approach should ideally be discussed in a multidisciplinary tumour board
and needs to take into account several important parameters such as the
number of brain metastases, the status of the extracranial tumour burden,
the patient’s performance status, primary tumour type, molecular
alterations, co-morbidities, and prior therapies.

Surgery
Neurosurgical resection is primarily considered in patients with surgically
accessible single brain metastases, no or controlled extracranial tumour
burden, and good performance status (9). In patients with significant mass
effect from one or more brain metastases, surgical resection may be
necessary for acute decompression. In patients with an unknown primary
tumour, surgical resection offers the possibility to obtain tissue for
histopathological and molecular tumour (sub-)typing. In patients with
more than one brain metastasis, cerebral metastasectomy is sometimes
performed in cases in which more than one lesion are accessible through
the same craniotomy approach, although this approach is not backed by
data from clinical trials (9).

Several studies have investigated the combination of surgical resection
with WBRT (33). It has been reported that in patients with a single
metastasis, surgical resection alone is associated with a higher recurrence
rate when radiotherapy does not follow resection and that WBRT alone is
associated with a lower survival rate compared to radiation plus surgical
resection (34, 35). Kocher et al. reported that adjuvant WBRT after SRS or
surgery of one to three brain metastases reduces intracranial relapses and
neurological deaths but fails to improve the duration of functional
independence and overall survival (36). These data have been used as an
argument to withhold adjuvant WBRT in well-performing patients with
otherwise stable systemic disease and a limited number (one to three) of
brain metastases, who have been initially treated with either radiosurgery
or surgery, as long as serial imaging for follow-up is performed. However,
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it must be noted that all of the mentioned studies are limited by
imperfections in study design that limit their generalizability (1). For
example, neuroimaging protocols were poorly standardized across studies
and patients with highly heterogeneous primary tumour histologies (with
NSCLC being the largest group) were enrolled. An unresolved question is
also whether local postoperative irradiation of the tumour bed is a useful
alternative to WBRT (37, 38). Adjuvant irradiation of the operation cavity
substantially reduces the risk of recurrence in the tumour bed (39). Initial
single-centre studies report high local control of about 80%; however,
prospective evidence is lacking (40, 41, 42).

Radiotherapy
Stereotactic radiosurgery/radiotherapy
Stereotactic radiosurgery, a single-dose, high-precision focused
radiotherapy, utilizes convergent beams or arcs to irradiate in a single
fraction circumscribed lesions with a high dose in the planning target
volume and a steep dose gradient at the margin (Fig. 19.1).

Fig. 19.1 (See colour plate section) Example of stereotactic radiosurgery (left) with
an arc technique applied, and stereotactic radiotherapy (right) for a larger
metastasis with multiple fixed convergent beams. Light blue colour: high-dose
area, purple colour: low-dose area.
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Fig. 19.1 Example of stereotactic radiosurgery (left) with an arc technique applied,
and stereotactic radiotherapy (right) for a larger metastasis with multiple fixed
convergent beams. Light blue colour: high-dose area, purple colour: low-dose area.

Brain metastases have long been considered a prototypic indication for
SRS, especially when they are small (maximal diameter of up to 3 cm) and
of limited number (less than three to four). Recently, hypofractionated
SRT with few fractions for metastases larger than 2.5–3 cm in diameter
metastases is also increasingly applied. An advantage of SRS/SRT over
WBRT is the better preservation of neurocognitive function due to sparing
of non-affected brain areas (1). On the other hand, SRS/SRT will not be
able to treat microscopic tumour manifestations that escape detection by
neuroimaging. Another advantage is that SRS is delivered in a single
fraction in an outpatient setting and may thus be more convenient for many
patients in this palliative disease setting than WBRT, which is typically
delivered in 2–3-week courses. SRS and neurosurgical resection are often
considered complementary approaches in patients with single or few (less
than four) brain metastases and careful consideration between these two
options needs to be undertaken on an individual case-to-case basis.
Compared to neurosurgery, SRS has the advantages of being a non-
invasive treatment that can be delivered in an outpatient setting, of being
feasible also in lesions not amenable to resection due to sensitive
localization in the CNS (e.g. brainstem, eloquent area), and also of being
achievable in patients who cannot be operated on due to co-morbidities
(9). However, SRS does not provide the possibility of providing tissue
collection for histology or determination of molecular markers and may
induce significant radiation necrosis with brain oedema.
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In general, drawing of evidence-based conclusions on the optimal use of
SRS is limited by the lack of well-performed and adequately designed
clinical trials. Most of the available clinical trials included heterogeneous
patient populations and focused on subpopulations with relatively good
prognosis. Still, based on the available evidence, SRS needs to be regarded
as a main treatment option for brain metastases and should be considered
for patients with single or few (up to three to four) brain metastases with a
maximal diameter of 2.5–3 cm, especially if the metastases are not
amenable to surgery (e.g. localization in eloquent brain areas or brainstem)
and have no significant mass effect (43, 44, 45). A prospective, multi-
institutional, observational study investigated the use of SRS in 1194
patients with one, two to four, or five to ten brain metastases and found
similar overall survival and treatment-related toxicity rates between the
groups with two to four and five to ten metastases (46). Further research is
needed to address the question of whether WBRT with hippocampal
sparing or SRS/SRT should be preferred in patients with five to ten brain
metastases and can only be answered by a prospective randomized study
with inclusion of high-quality neurocognitive function testing and
neurocognitive endpoints.

Newer radiation techniques make the combination of localized high-
precision radiotherapy and the delivery of WBRT at the same time
possible (Fig. 19.2) (47, 48). This new treatment strategy targets areas of
known disease and microscopic disease simultaneously and carries the
potential to enhance the therapeutic ratio. Randomized trials are required
to evaluate this novel treatment.
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Fig. 19.2 (See colour plate section) Example of simultaneous integrated boost
technique with whole-brain radiotherapy (WBRT). Green colour: dose for WBRT,
red colour: a higher dose delivered at the same time as WBRT during the same
daily radiotherapy session, for example, a total dose of 30 Gy for the whole brain
and 60 Gy to the metastases.
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Fig. 19.2 Example of simultaneous integrated boost technique with whole-brain
radiotherapy (WBRT). Green colour: dose for WBRT, red colour: a higher dose
delivered at the same time as WBRT during the same daily radiotherapy session,
for example, a total dose of 30 Gy for the whole brain and 60 Gy to the metastases.

Whole-brain radiotherapy
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Whole-brain radiotherapy is a cornerstone in the treatment of brain
metastases and is typically applied in patients with multiple brain
metastases. WBRT may induce partial remission or disease stabilization;
however, median overall survival times in patients treated with WBRT for
multiple brain metastases are only a few months in most patient series.
WBRT is associated with a significant risk for neurocognitive decline due
to damage to the brain parenchyma or induction of intracerebral vascular
changes and the benefits and expected adverse effects need to be carefully
considered (1). A meta-analysis of 39 trials involving 10,835 patients
concluded that altered WBRT dose-fractionation schemes are not superior
in terms of overall survival, neurological function, or symptom control as
compared to standard fractionation (3000 cGy in ten daily fractions or
2000 cGy in four or five daily fractions) (49). Adjuvant WBRT after SRS
of up to four brain metastases improves intracranial control but does not
seem to improve overall survival and carries a high risk of neurocognitive
decline; it is therefore not unequivocally recommended (36, 43, 50, 51,
52).

Small cell lung cancer has a high risk for brain metastases and
prophylactic cranial irradiation has been shown to prolong survival and
decrease the incidence of cerebral metastases (53). Prophylactic cranial
irradiation is recommended for patients with extensive disease achieving a
complete or partial response to first-line chemotherapy and for patients
with localized and stable disease (54).

Open issues that need to be addressed further in clinical trials include
the definition of patient groups (e.g. patients with oligo- or asymptomatic
brain metastases of tumour subtypes with sensitivity to specific inhibitors)
that may benefit from a primary systemic therapy or a combination of
WBRT with a targeted agent or a radiosensitizer, identification of
approaches that preserve neurocognitive function in patients treated with
WBRT (hippocampal-sparing WBRT), and the selection of patients that
will not benefit from WBRT or any other antineoplastic therapy and are
best managed with ‘best supportive care’.

Acute side effects such as fatigue, nausea, headache, and cognitive
decline are transient, whereas adverse effects like memory dysfunction
after WBRT are persistent. A significant decline in hippocampus-related
memory function following WBRT has been reported. Several studies
have shown that WBRT is related to neurocognitive decline. However, it
has also been noted that neurocognitive decline recovered over time and
then paralleled neurocognitive functioning of patients who had not
received WBRT (55, 56). A study with 208 patients with brain metastases
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receiving WBRT, who underwent prospective evaluation of
neurocognitive functioning, showed that the median time to
neurocognitive decline was longer in those responding to the WBRT than
those who did not (57). This means that brain metastases themselves
probably contribute to cognitive decline to some extent.

Several strategies for prevention of neurocognitive toxicity in patients
treated with WBRT are under investigation. In a randomized, double-
blind, placebo-controlled phase II trial, patients treated with memantine (a
N-methyl-D-aspartate receptor antagonist) in addition to WBRT had better
cognitive function over time with a reduced rate of decline in memory,
executive function, and processing speed (58). Sparing of the hippocampal
region during brain irradiation may prevent damage to neural progenitor
cells located in the subgranular zone of the hippocampus and may thus
preserve short-term memory and recall (59). It has been shown that neural
stem cells in the hippocampus are very sensitive to injury from
radiotherapy. A lower radiation dose to the hippocampus might therefore
spare some memory function. New radiation techniques like intensity-
modulated radiotherapy or volumetric modulated arc therapy can reduce
the radiation dose to the hippocampus while obtaining sufficient dose
coverage of the brain to control brain metastases. The single-arm phase II
Radiation Therapy Oncology Group (RTOG) 0933 study using
hippocampal-avoidance WBRT techniques suggested that minimal adverse
cognitive effects appeared when the hippocampus was spared (60).
Performance on a standardized memory test declined 7% from baseline to
4 months, as compared with 30% in a historical control group. However,
these effects appeared to dissipate over time as the decline versus baseline
averaged 2% at 6 months. Quality of life seems to be connected to
neurocognitive functioning as assessments also showed a more favourable
profile for patients treated by hippocampal-avoidance WBRT.

Another feasible approach to sparing brain parenchyma could be the
application of radiosurgery for multiple brain metastases (46). However,
comparative trials with a WBRT control arm are missing so far.

Medical antineoplastic therapy
Chemotherapy
The role of cytotoxic chemotherapy in brain metastasis patients is poorly
defined due to the lack of adequate clinical trials (61). Only a few trials
have been performed and the available trials have pooled various tumour
types and have used poorly standardized trial endpoints, thus considerably
limiting their conclusiveness. None of the studies have demonstrated a
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proven survival benefit of chemotherapy for brain metastases, although
intracranial responses have been observed. It must be noted that brain
metastases of germ cell tumours have to be recognized as chemosensitive
and may be successfully treated with chemotherapy (62). The conduct of
well-designed clinical trials to define the role of chemotherapy for the
treatment of brain metastases is strongly encouraged. Such trials should
focus on specific histological tumour types and should be performed in a
randomized fashion to ensure informative results.
Targeted agents
A number of targeted agents with activity in brain metastasis patients have
emerged and may be considered in selected patients. Clinical decision-
making is complicated in many cases by the lack of clinical trials
evaluating the optimal combination and sequencing of these novel
therapeutic approaches with established therapies such as surgery, SRS,
and WBRT. Therefore, novel agents should preferably be administered to
brain metastasis patients within the context of clinical trials. Outside of
clinical trials, treatment decisions should be made by a multidisciplinary
tumour board (26).
Non-small cell lung cancer
Presently, three approved targeted agents with potential activity against
brain metastases are available, namely the epidermal growth factor
receptor (EGFR) tyrosine kinase inhibitors gefitinib and erlotinib and the
anaplastic lymphoma kinase (ALK) tyrosine kinase inhibitor crizotinib.

EGFR inhibitors
Activating mutations of the EGFR gene are found in primary NSCLC
specimens in up to 40% of Asian and up to 15% of Caucasians. The exact
incidence of EGFR mutations in brain metastases and the relation of
EGFR gene status between primary tumours and cerebral metastases have
not been defined. The presence of EGFR mutations has been suggested to
be associated with multiple brain metastases rather than with
oligometastatic CNS involvement. Radiological responses of brain
metastases to both erlotinib and gefitinib, given as single agents or in
combination with radiotherapy, have been documented in a number of case
reports, retrospective surveys, and some relatively small prospective
studies (63, 64). However, the results of a phase III study implies that the
addition of erlotinib to WBRT and SRS in patients with one to three brain
metastases of NSCLC does not confer a survival benefit over radiation
alone, although the study was closed prematurely due to poor accrual (65).
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Taken together, the current data do not define a specific role of EGFR
inhibitors for the treatment of NSCLC brain metastases (66). Also, the role
of next-generation EGFR inhibitors such as afatinib in brain metastases
needs to be clarified in future studies.

ALK inhibitors
ALK gene rearrangements, most commonly EML4-ALK translocations
occur in 2–5% of NSCLC. The ALK gene status seems to be constant
between primary tumours and brain metastases (67). ALK rearrangement
leads to upregulation of pro-neoplastic signalling cascades such as
RAS/ERK and PI3K/AKT, and therapy with the oral ALK inhibitor
crizotinib has shown compelling activity in ALK-positive NSCLC
patients. Prospectively collected data on the efficacy of crizotinib in
patients with brain metastases of ALK-rearranged NSCLC are missing, but
intracranial response has been documented in case reports. According to
single case studies, high-dose crizotinib application schedules seem to be
able to induce responses in brain metastases refractory to standard dosing
(68, 69). Next-generation ALK inhibitors (e.g. alectinib) may also be
active in brain metastases (70).
Breast cancer
Human epidermal growth factor receptor 2 antagonists
The human epidermal growth factor receptor 2 (HER2)-positive breast
cancer subtype has a high propensity for metastatic brain involvement, as
up to 40% of patients will be diagnosed with brain metastases during their
disease course. Therefore, the role of HER2-targeting agents for brain
metastases is of interest.

Trastuzumab, a humanized monoclonal antibody directed against HER2,
is active and clinically indicated in metastatic HER2-positive breast
cancer. However, it is thought not to penetrate the intact blood–brain
barrier due to its large molecular size. Of note, however, trastuzumab has
been detected in the cerebrospinal fluid after intravenous infusion in
situations associated with increased blood–brain barrier permeability
(radiotherapy, carcinomatous meningitis) (71). Although prospective trials
are lacking, some case series imply some benefit of trastuzumab in patients
with brain metastases, although it is unclear whether this is related to
control of extracranial or intracranial disease (72, 73, 74).

Lapatinib is a dual EGFR and HER2 tyrosine kinase inhibitor and is
approved in patients progressing on trastuzumab. Lapatinib may be able to
penetrate the blood–brain barrier, as it has a molecular weight of 943.5 Da.
Indeed, several studies indicate that lapatinib may induce responses of
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brain metastases and may be a reasonable treatment option in selected
cases. Two prospective phase II trials documented intracranial responses
of progressive brain metastases after WBRT and prior trastuzumab
exposure to lapatinib-containing therapy (75, 76). The LANDSCAPE trial,
a single-arm prospective study, explored the role of primary systemic
therapy with a combination of capecitabine and lapatinib in patients with
HER2-positive breast cancer and previously untreated brain metastases
(77). Objective CNS responses were seen in 29/44 (65.9%) of evaluable
patients and the median time to radiotherapy was 8.3 months. Yet, a
randomized trial comparing the effects of lapatinib/capecitabine and
WBRT on overall survival and neurocognitive outcome is lacking.

Future studies should explore the relevance of novel HER2-targeting
agents such as pertuzumab and trastuzumab-emtansine (T-DM1) for the
treatment of patients with brain metastases (78).
Melanoma
For decades, no truly active treatments had been available for metastatic
melanoma. Cytotoxic chemotherapy and interferons were routinely used,
but showed only very limited, if any, benefit in most patients. However, in
recent years, tyrosine kinase inhibitors of v-Raf murine sarcoma viral
oncogene homologue B1 (BRAF) and the monoclonal antibody
ipilimumab, an immune checkpoint inhibitor, have shown compelling
activity against metastatic melanoma and have been approved for clinical
use. Interestingly, for these agents clinically relevant activity against brain
metastases has been documented, too.

BRAF inhibitors
Activating mutations of BRAF are found in approximately half of
metastatic melanomas and affect other tumour types in varying frequencies
(e.g. papillary thyroid cancer, ovarian cancer, hairy cell leukaemia, and
others). BRAF mutations lead to constitutive kinase activity of the mutant
gene product, which enhances the metastatic and proliferative tumour cell
capacity by activation of the mitogen-activated protein kinase (MAPK)
pathway. The most common mutation affecting more than 95% of
mutation-bearing cases is characterized by a substitution of valine by
glutamic acid in the kinase domain of BRAF (BRAF V600E point
mutation). Two tyrosine kinase inhibitors of BRAF, vemurafenib and
dabrafenib, have shown clinically meaningful activity and are both
approved for therapeutic use in patients with BRAF V600 mutated
metastatic melanoma. There is no clear superiority in efficacy of one of the
two agents over the other, however they differ in their adverse effect
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profiles. Vemurafenib has more pronounced skin toxicity, while
dabrafenib is associated with more severe fever episodes. BRAF inhibitors
may lead to rapid regression of tumours and this effect may be particularly
relevant for brain metastasis patients, as it may help to quickly alleviate
symptoms caused by intracranial masses. However, BRAF inhibition leads
to upregulation of secondary resistance mechanisms such as MEK
activation and subsequently to tumour regrowth within a few months.
Current trials are investigating whether the combination of BRAF
inhibitors with MEK inhibitors (e.g. trametinib) may prolong the
therapeutic activity.

Concerning brain metastases, several case reports, patient series, and
clinical trials have indicated that BRAF inhibitors cross the blood–tumour
barrier and can induce rapid and significant responses in brain metastases
(10, 79, 80, 81). A phase I/II study showed confirmed responses of BRAF
V600E mutated brain metastases to dabrafenib in 56% of patients with
47% of patients staying on treatment for more than 6 months (81). In a
prospective open-label study, vemurafenib achieved greater than 30%
intracranial tumour regression in 37% of patients. Median progression-free
survival was 3.9 months and median overall survival was 5.3 months.
Other signs of clinical improvement included reduced corticosteroid
requirements and improvements in performance status (10). Importantly,
the BRAF mutation status is consistent between primary tumours,
extracranial metastases, and brain metastases (82). Open issues concern
the optimal combination and sequencing of BRAF inhibitors with
established treatment options such as SRS and WBRT, but also with
ipilimumab. Retrospective investigations seem to suggest that ipilimumab
therapy prior to treatment with a BRAF inhibitor may lead to more
favourable outcome than the opposite sequence (83, 84).

Ipilimumab
Ipilimumab is a fully humanized immunoglobulin G1 monoclonal
antibody against the extracellular domain of cytotoxic T-lymphocyte
antigen 4 (CTLA4), a regulatory receptor that inhibits T cells. Blocking of
CTLA4 by ipilimumab enhances the T-cell response against tumour cells,
thus facilitating immunological antitumour activity. Ipilimumab has shown
durable antitumour activity in trials of metastatic melanoma and is
approved in this indication in many countries. A pooled analysis of three
completed phase II studies on ipilimumab in advanced melanoma showed
4-year survival rates of 13.8–50%, with the highest rates achieved in
treatment-naïve patients (85). Of note, ipilimumab is associated with grade
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3 or 4 immune-related adverse events such as autoimmune colitis,
hepatitis, and hypophysitis in up to 15% of patients.

Ipilimumab has been reported to show durable clinical benefits in some
melanoma patients with brain metastases. A phase II trial enrolling 72
patients found intracranial disease control in 24% of patients with
asymptomatic brain metastases and 5% of patients with symptomatic brain
metastases (86). In a single-arm phase II trial, disease control was
achieved in 10/20 (50%) patients with asymptomatic brain metastases by
combined therapy with ipilimumab and fotemustine (87). In a retrospective
analysis of an Expanded Access Program in Italy, the global disease
control rate in 146 patients with asymptomatic melanoma brain metastases
was 27%, including 4 patients with complete responses and 13 with partial
responses. Median progression-free survival and overall survival were 2.8
and 4.3 months, respectively and approximately 20% of patients were alive
1 year after initiation of ipilimumab treatment (88). Thus, ipilimumab
seems to be a valid treatment option, particularly for asymptomatic
melanoma brain metastases. Of particular interest for brain metastasis
patients may be the finding that irradiation of tumours during ipilimumab
therapy may induce shrinking of distant, non-irradiated tumours, possibly
through enhanced activation of the immune system through release of
tumour antigens (89, 90).

A number of next-generation inhibitors of additional immune
checkpoint molecules, for example, of programmed death 1 (PD-1) and
programmed death 1 ligand (PD-L1), are under clinical development and
have shown relatively high rates of sustained tumour responses and
favourable safety data in early clinical trials (91). Concurrent therapy with
the PD-1 inhibitor nivolumab and ipilimumab has a manageable toxicity
profile and induced tumour regressions in a significant fraction of patients
(92). Future studies need to evaluate their activity in brain metastasis
patients.

Best supportive care
A considerable proportion of patients with brain metastases present in a
poor clinical state with low Karnofsky performance score and
unfavourable prognostic parameters. Frequent symptoms and clinical
complaints include pain, fatigue, dyspnoea, altered mental status,
headache, cranial nerve palsy, epilepsy, nausea, and vomiting (93). For
such patients, best supportive care measures including treatment with
corticosteroids, anticonvulsants, analgesics and professional management
by a palliative care team need to be considered. However, referrals to
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palliative care services usually are considered too late in the disease course
(94, 95). Unfortunately, there are few studies on the optimal application of
supportive and palliative care measures in the brain metastasis population.
The Medical Research Council conducted a randomized, non-inferiority,
phase III trial comparing best supportive care plus WBRT versus best
supportive care in patients with inoperable NSCLC brain metastases
(Quartz trial) (96). The trial was not completed owing to poor accrual and
funding issues. The interim analysis after 151 enrolled patients (median
age 67 years; 50% had a Karnofsky index below 70%, the planned accrual
target was 534 patients), however, showed no evidence for a negative
effect of withholding WBRT on quality of life, overall survival, or quality-
adjusted life years. The median overall survival was 49 days in the
WBRT-containing arm and 51 days in the best supportive care-only arm.
A major unresolved issue remains the definition of optimal criteria for
selection of patients who should be treated by optimal supportive care
alone or who may derive a significant benefit from antineoplastic
therapies.

Commentary on National Comprehensive Cancer Network and any
other treatment guidelines
No comprehensive guidelines are available for the management of patients
with brain metastases. Few and relatively non-specific recommendations
are found in the National Comprehensive Cancer Network guidelines on
central nervous system cancers, however they are limited by lack of high-
level evidence for most clinically relevant situations (44). Furthermore,
they do not consider the primary tumour histology or molecular tumour
subtypes and are thus too generic for meaningful application in everyday
practice.

Surveillance recommendations
For radiological follow-up of patients with brain metastases, cranial MRI
is recommended every 2–3 months for 1 year and thereafter as clinically
indicated (44).

Treatment in children
Brain metastases of solid cancers are rare in children and are most
commonly derived from germ cell tumours, sarcomas (osteosarcoma,
rhabdomyosarcoma, and Ewing’s sarcoma) and neuroblastomas (2, 8).
Treatment strategies are ill defined but rely mainly on neurosurgery,
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radiotherapy, and cytotoxic chemotherapy. In brain metastases of
extracranial germ cell tumours, intensive chemotherapy regimens may be
the preferred treatment option (97).

Current research topics
Clinical research
Patients with brain metastases have systematically been excluded from
many clinical trials, especially from those investigating novel therapeutics.
However, recent examples of trials focusing on brain metastases (e.g. on
ipilimumab and BRAF inhibitors in melanoma patients), have been
successfully conducted. In NSCLC, ongoing trial initiatives specifically
include brain metastasis patients to study the intracranial response to novel
ALK or EGFR inhibitors with improved blood–brain barrier penetration.
‘Window of opportunity’ studies, in which patients scheduled for
neurosurgical resection of brain metastases are treated with drugs of
interest and tissue sampling is performed during operation, may help to
clarify the ability of novel drugs to reach therapeutic concentrations within
CNS tumours. Prophylactic trials with the intent of inhibiting outgrowth of
brain metastases in high-risk populations (e.g. through antiangiogenic
treatment in stage III NSCLC) are being designed based on preclinical data
(21, 98, 99).

An important issue for the meaningful conduct of clinical studies is the
definition of universally acceptable endpoints. The RANO group is
developing criteria for the standardized evaluation of radiological,
neurocognitive, and quality-of-life measures in brain metastasis patients
enrolled in clinical trials (26, 27).

Laboratory research
For decades, comparatively little laboratory-based research has been
performed on brain metastases. However, recently more research groups
are beginning to work on secondary CNS malignancies with the ultimate
goal of identifying targets for prophylaxis and treatment of brain
metastases.

Several research groups are applying high-throughput methods for
characterization of (epi-)genetic aberrations in brain metastases and
corresponding primary tumours and extracranial metastases (100). There
are attempts to interrogate the evolution of brain metastases based on next-
generation sequencing. Furthermore, ongoing studies are investigating
methylation profiles of brain metastases and matched primary tumours.
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Another important field of laboratory research is the investigation of the
interaction of brain-metastatic tumour cells with elements of the CNS
microenvironment. For example, microglial cells and astrocytes may play
an important role in brain invasion and growth of brain metastases, as
tumour cells seem to be able to exploit these resident cells of the brain
parenchyma (101, 102, 103, 104). Given the emerging role of
immunotherapeutics such as immune checkpoint inhibitors in several
cancer types typically manifesting with brain metastases (melanoma,
NSCLC), a detailed characterization of the adaptive immune response to
secondary CNS malignancies will also be critical.
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CHAPTER 20

Metastatic tumours: spinal cord,
plexus, and peripheral nerve
David Schiff, Jonathan Sherman, and Paul D. Brown

Epidural metastasis
Definition
Epidural neoplasms threaten normal neurological function via their
potential to compress the spinal cord, cauda equina, or nerve roots exiting
through the neuroforamina. Most such tumours are malignant, and many
arise from bone metastases although some develop from direct contiguous
spread from a primary bone or paraspinal tumour. This condition is
broadly referred to as ‘epidural spinal cord compression’ (ESCC).

Epidemiology
Several factors make the precise incidence of ESCC elusive. The
definition itself is not precise, since epidural tumours vary in the extent of
thecal sac and spinal cord/cauda equina deformation they produce. ESCC
is often a late-stage complication of cancer, and in such circumstances
back pain may be treated empirically without definitive diagnostic tests.
Moreover, patients with no or mild neurological dysfunction may be
treated as outpatients, hampering some epidemiological search strategies.
A population-based study in Ontario, Canada, that captured principally
ESCC diagnoses requiring hospitalization found that 2.5% of patients with
cancer experienced ESCC within 5 years of their death (1), with the
incidence varying from as low as 0.2% of patients with pancreatic cancer
to 8% of patients with multiple myeloma. More recently, a US-based study
of inpatient diagnoses reported that the average annual incidence of ESCC
was 3.4% of patients dying from cancer, with myeloma, lymphoma, and
prostate cancer having the highest cancer-specific incidence (2). Overall,
lung cancer (25%), prostate cancer (16%), myeloma (11%), non-
Hodgkin’s lymphoma (8%), and breast cancer (7%) were the most
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common causes of ESCC.

Clinical presentation: symptoms
The first symptom to raise consideration of ESCC is typically localized
back pain. Back pain is the initial symptom in 95% of patients and on
average precedes other symptoms by 7 weeks (3). Since bone metastases
without epidural extension, as well as compression fractures from any
cause, may manifest as localized back pain, many cases of ESCC are not
investigated early. Pain typically worsens over time and is often increased
with recumbency. Over time, the pain may develop radicular features: the
patient with thoracic ESCC may note a gripping, girdle-like pain. Pain
may develop or worsen substantially with vertebral collapse, and pain with
movement raises the possibility of spinal instability.

Motor involvement is the most feared consequence of ESCC and
unfortunately is present in a majority of patients at the time of diagnosis.
Depending on the affected level of the neuraxis, weakness may reflect
myelopathy or cauda equina compression. As weakness increases, the
ability to ambulate may be lost. Sensory loss is almost as common as
weakness, but patients may be unaware, mandating a careful examination
for a spinal sensory level or radicular sensory loss. Urinary and faecal
incontinence tend to be late findings in ESCC, paralleling the degree of
weakness; rarely, these may occur early when the conus medullaris is
compressed.

Physical examination
The physical examination may heighten a clinician’s suspicion of ESCC,
but a normal physical examination does not exclude the diagnosis. Spinal
tenderness to percussion and spinal deformity should be sought. The
clinician should examine carefully for radicular and myelopathic weakness
and sensory loss. Gait must be tested, with an attempt to differentiate
between an inability to ambulate due to pain versus weakness or sensory
loss. Rectal examination including assessment of anal wink is valuable for
determining conus or cauda dysfunction.

Differential diagnosis
In the cancer patient with isolated back pain, the differential diagnosis of
ESCC necessarily includes vertebral metastasis without epidural
compression. Benign causes of back pain most commonly affect the
lumbosacral or cervical spine, whereas 60% of ESCC arises in the thoracic
spine. Epidural abscess, intramedullary metastasis, leptomeningeal
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metastasis, malignant plexopathy, benign intradural-extramedullary
tumours, and radiation myelopathy are also considerations. The medical
history and imaging studies will generally separate out these entities.

Imaging
Advances in neuroimaging have transformed the ability to diagnosis ESCC
in the last 25–30 years. Up until that time, definitive diagnosis of an
epidural mass generally required a myelogram, often combined with a
computed tomography (CT) scan. This test was invasive, uncomfortable,
and sometimes contraindicated due to coagulopathy, thrombocytopenia, or
other reasons. Consequently, plain radiographs, radionuclide bone
scanning, CT scanning, and clinical features were sometimes incorporated
into algorithms to spare low-risk patients invasive testing. At present, the
widespread availability of magnetic resonance imaging (MRI) has
relegated these other imaging studies to ancillary status.

MRI is a highly sensitive and specific test for the diagnosis of ESCC; it
has the secondary virtue of assisting in the diagnosis of ESCC mimics such
as leptomeningeal and intramedullary metastases, as well as bone
metastases without epidural extension among others. MRI demonstrates
the extent of tumour burden, assesses vertebral integrity, detects clinically
silent lesions, and is critical for treatment planning. The entire spinal
cord/cauda equina should be screened with at least sagittal sequences since
30% of patients with ESCC will have multiple sites (4); areas of suspected
disease are further imaged in the cross-sectional and parasagittal planes.

Supportive therapies
Supportive therapies are an important part of ESCC management, with the
goals of preserving neurological function, ameliorating pain, and
preventing other complications while definitive antineoplastic treatment is
undertaken. The supportive intervention that has received the most
attention is corticosteroids. Corticosteroids decrease vasogenic oedema in
the spinal cord (5), and have beneficial analgesic effects (6, 7) as well as
potential oncolytic effects. A randomized clinical trial confirmed the
favourable impact of corticosteroids in preserving ambulation in patients
with ESCC undergoing fractionated radiotherapy (8). The optimal dose of
steroids remains debatable; high doses of corticosteroids can lead to
disabling complications in as little as 2 weeks. It is clear that regimens
starting at 96 mg of dexamethasone daily are associated with substantially
more side effects than with a daily starting dose of 16 mg (9). One
reasonable approach is to reserve the high doses (100 mg bolus followed
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by 24 mg four times daily) for patients with severe neurological
dysfunction, and to utilize 16 mg daily in divided doses for patients with
relatively mild neurological dysfunction. When the higher doses are
employed, they should be tapered fairly rapidly; one approach is to halve
the dose every 3 days. Patients with small epidural lesions without
compression of the spinal cord and a normal neurological examination
may safely forgo the use of corticosteroids (10).

While pain often responds nicely to corticosteroids, pain with ESCC
may be severe and refractory. In such instances, there should be a low
threshold to utilize opioids, bearing in mind the tendency towards
constipation from these agents is exacerbated in the setting of diminished
mobility and neurological dysfunction. Immobilization and paresis also
predispose to venous thromboembolism, and strong consideration should
be given to deep vein thrombosis prophylaxis with heparin/low-molecular-
weight heparinoids or pneumatic venous compression devices.

Surgery in epidural metastases
The role of surgery in the management of epidural metastases has changed
as diagnosis and management has improved in this patient population. The
primary goal of treatment is maximizing quality of life while minimizing
morbidity. Consequently, the multidisciplinary treatment team must have a
complete understanding of how each treatment modality can impact the
patient not only in length of survival, but more importantly in the quality
of that patient’s remaining life.

Tomita et al. attempted to generate a decision framework for surgical
treatment goals. The authors correlated the growth rate of the tumour
based on histology, the presence or absence of visceral metastases, and the
presence of solitary or multiple bony metastases to a surgical strategy. This
strategy included wide or marginal excision, marginal or intralesional
excision, palliative surgery, or supportive care (11). In a subsequent
randomized trial by Patchell et al., surgery plus standard fractionated
radiation was compared to radiation alone for patients with high-grade
epidural spinal cord compression with myelopathy. Patients treated with
surgical decompression were found to have significant improvement in
either maintained or recovered ambulation and continence, with a lower
use of narcotics as compared to the radiation-alone group (12).

While these publications justify the role of surgery in a group of patients
with epidural metastases, the analysis does not account for development of
stereotactic body radiation therapy (SBRT). The use of SBRT (see
‘Radiotherapy in epidural metastases’) in this patient population has
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directly affected the role of surgery in these patients. Integrating this
technology, Bilsky et al. developed a new decision framework entitled
NOMS to allow for a multidisciplinary method of assessing these patients.
This framework includes a Neurological assessment, Oncological
assessment, assessment of Mechanical instability, and an assessment of
Systemic disease burden and medical co-morbidity. Neurological
assessment includes evidence of myelopathy, functional radiculopathy,
and the degree of epidural compression. The latter includes tumour not
adjacent to the thecal sac, tumour abutting the thecal sac, tumour
compressing the thecal sac but not the spinal cord, and tumour
compressing the spinal cord. Oncological assessment primarily evaluates
the radiosensitivity of the tumour such that sensitive tumours include
multiple myeloma and lymphoma while moderately sensitive tumours
include breast and prostate carcinoma. Moderately resistant tumours
include colon and non-small cell lung carcinoma, while highly
radioresistant tumours include renal cell carcinoma, thyroid carcinoma,
melanoma, and sarcoma (13).

Mechanical instability is best assessed by the Spine Instability
Neoplastic Score (SINS). The Spinal Oncology Study Group created this
scoring system with high inter- and intra-relater reliability. The scoring
system analyses numerous components including tumour location,
presence of pain, presence of a lytic or blastic tumour, presence of a new
subluxation or de novo deformity, collapse of the vertebral body, and
degree of posterolateral involvement. Location includes junctional
segments, mobile segments, semirigid segments, and rigid segments. Each
area generates a score such that a total score of 0–6 equates to stability, a
total score of 7–12 equates to potentially unstable, and a total score of 13–
18 equates to unstable (14, 15).

The final component of the NOMS framework is systemic disease
burden and medical co-morbidities. The former requires an evaluation of
extent of disease via positron emission tomography (PET)-CT with or
without a bone scan and a MRI of the neuraxis. The latter is patient
dependent and may require cardiac work-up, pulmonary function testing,
and ultrasound of the lower extremities depending on the patient’s ability
to mobilize (13).

Having defined the NOMS framework, the multidisciplinary team must
look at each patient individually and evaluate the best course of action. For
instance, a patient with a predictably radiosensitive tumour regardless of
degree of compression would best be treated with conventional radiation
therapy barring a lesion associated with mechanical instability. Similarly, a
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patient with a radioresistant tumour without compression of the thecal sac
can be treated with SBRT without the need for surgical intervention.
However, a patient with a radioresistant tumour with compression of the
thecal sac requires surgical decompression.

The need for instrumentation is highly dependent on the tumour location
both with regard to dorsal or ventral location and spinal level. The primary
location for epidural metastases is within the vertebral body, and
laminectomy alone removes posterior support and can generate instability
(16). In the cervical spine, an isolated tumour within the vertebral body
requiring surgery can be treated with an anterior vertebrectomy and fusion
alone with dissection through the neck musculature. However, the majority
of vertebral vertebral body metastases are not in isolation. Furthermore, up
to 70% of tumours are located within the thoracic spine, and, consequently
if surgery is indicated, a posterior decompression and fusion operation is
often required (Fig. 20.1). The tumour is often confined by the posterior
longitudinal ligament. By stripping this ligament away from the dura,
tumour is resected and the thecal sac is reconstituted. For pathological
compression fractures resulting in instability, resection of tumour within
the vertebral body can also be achieved through this posterior approach
with stability added via intraoperative placement of
polymethylmethacrylate (PMMA) (17). Following surgery and wound
healing, SBRT is provided for treatment of the remaining ventral disease.
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Fig. 20.1 A 59-year-old female with metastatic breast cancer presented with acute
neck pain and minimal lower extremity weakness. There was stable systemic
disease on recent PET-CT. (a) Preoperative sagittal T2 MRI scan displaying
pathological fracture with subluxation. SINS scoring system = 18/18 confirming
instability. (b) Preoperative axial T1 post-gadolinium MRI scan displaying
significant epidural spinal cord compression in this patient. The patient underwent
a C7–T2 decompression and tumour resection with a C3–T6 instrumentation and
fusion. (c) Postoperative sagittal T2 MRI displaying improvement in alignment
with decreased spinal cord compression. (d) Postoperative axial T1 post-
gadolinium MRI displaying decompression of the spinal cord.

As an alternative to open surgical approaches, vertebral body lesions
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resulting in pathological fracture with minimal ventral compression of the
thecal sac can be treated with percutaneous kyphoplasty or vertebroplasty.
This treatment is possible only for mid-thoracic to lumbar lesions and
PMMA is injected via a transcostovertebral approach in the former and a
posterolateral transpedicular approach in the latter. The treatment is very
effective in improving pain related to the fracture. Pain relief can occur
within 24–48 hours after treatment; this control is maintained at the 2-year
follow-up examination (18, 19).

Radiotherapy in epidural metastases
Selecting the best treatment modality in ESCC to maximize quality of life
while minimizing morbidity is crucial. The majority of patients with
epidural metastases will be treated with conventional external beam
radiotherapy (EBRT) since most patients are not considered good surgical
candidates. Spinal radiotherapy is generally well tolerated. Typically the
radiotherapy portal covers the width of the vertebral body (and any
paraspinal tumour extension if present) with margin and extends one to
two vertebral bodies above and below the epidural metastasis (20).
Approximately 70% of patients will experience an improvement in pain
(21). Relief of tumour blockage has been noted in 80% of patients
evaluated by pre- and post-treatment myelograms in a prospective trial
(22). Neurological outcomes after radiotherapy are highly dependent on
pretreatment neurological function. Typically 90% of treated patients will
remain ambulatory after treatment, while approximately one-third of non-
ambulatory patients will regain the ability to walk, and 0–5% of paraplegic
patients will become ambulatory (21); however, higher response rates can
be seen in radiosensitive neoplasms (23).

A variety of EBRT schedules have been used to treat epidural
metastases. A retrospective analysis of over 1300 patients treated with five
different treatment schedules, 8 Gy in 1 fraction, 20 Gy in 5 fractions, 30
Gy in 10 fractions, 37.5 Gy in 15 fractions, and 40 Gy in 20 fractions (24),
demonstrated that motor function and post-treatment ambulatory rates
were similar between the treatment regimens. However the more
protracted schedules were associated with fewer recurrences within the
radiation field. The authors recommended 8 Gy in 1 fraction for patients
with poor predicted survival and 30 Gy in 10 fractions for better prognosis
patients. Three randomized trials have evaluated fractionation schedules
for patients with metastatic ESCC and short life expectancy. The first trial
randomized 300 patients to short-course RT (8 Gy × 2 fractions with
fractions a week apart) or to a split-course RT (5 Gy × 3 fractions, 4-day
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rest, and then 3 Gy × 5 fractions) (21). The median survival was 4 months.
Both schedules were similarly effective and there were no differences in
toxicity, ambulatory rate, or in-field recurrence rate. The second trial
randomized 327 patients with ESCC to 8 Gy × 2 fractions (with fractions a
week apart) or 8 Gy × 1 fraction and found no difference in response or
overall survival (median 4 months) (25). A third trial randomized 203 poor
to intermediate prognosis patients (median overall survival 3.2 months) to
4 Gy × 5 fractions or 3 Gy × 10 fractions (26). Again both schedules were
similarly effective with no significant differences in toxicity, ambulatory
rate, or in-field recurrence rate. Therefore, for patients with a relatively
short life expectancy, a short course of EBRT (e.g. 1 fraction of 8 Gy or 5
fractions of 4 Gy) affords similar palliation, without the inconvenience of a
more protracted treatment course; while for better prognosis patients a
more protracted course (e.g. 30 Gy in 10 fractions) of radiotherapy is
warranted.

Radiotherapy is often delivered after surgical resection of epidural
metastases to improve the chance of durable local control. Timing of the
radiotherapy is important as preoperative radiotherapy is associated with
higher rates of wound complications. A retrospective review of 123
patients with metastatic ESCC found the major wound complication rate
was 32% for patients treated with preoperative radiotherapy compared to
12% for those treated with postoperative radiotherapy (27). Therefore, it is
recommended that radiotherapy be delivered postoperatively and delayed
at least a week (typically radiotherapy is delayed 3–4 weeks) after surgery
(28).

With advancements in technology, the role of radiotherapy in the
management of epidural metastases has evolved. One of these
advancements is stereotactic body radiotherapy (SBRT), also known as
stereotactic spine radiosurgery (SSRS). SBRT utilizes image guidance to
deliver precise, high-dose radiation, typically in 1–5 fractions (29). SBRT
typically has a steep dose gradient between the tumour and primary dose-
limiting structure, the spinal cord (Fig. 20.2). This steep dose gradient
allows higher radiation doses to be delivered to the tumour than can be
delivered with conventional techniques since SBRT is much better at
limiting the dose to the spinal cord. For this reason, SBRT is often utilized
in patients who have failed conventional radiotherapy and it has been
found to be effective in this setting in phase I/II trials (30). In general,
SBRT is utilized in patients with limited spine metastases (i.e. one to two
metastases), disease limited to one or two contiguous vertebral bodies,
non-mechanical pain, and because the anticipated benefit of SBRT is long-
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term tumour control, an estimated survival of greater than 6 months. SBRT
is often used in patients deemed poor surgical candidates or in lieu of
surgery since SBRT is an outpatient treatment, has quicker recovery time
in a patient population with a relatively short survival, and causes less
interference with ongoing systemic therapies than open surgery. However,
SBRT and open surgery should not be considered competing treatment
modalities but instead viewed as complementary treatment modalities;
ideally treatment decisions will be made prospectively in a
multidisciplinary tumour board, with orthopaedic surgeons,
neurosurgeons, and radiation oncologists, with a strong clinical focus on
cancers of the spine, selecting the best treatment based on multiple factors
including quality of patient’s pain, stability of spine, extent of disease,
patient’s co-morbidities and prognosis, tumour histology, and tumour
location.

Fig. 20.2 (See colour plate section) Axial (a) and sagittal (b) MRI views of a L5
metastasis from renal cell carcinoma. The SBRT treatment plan is included. Note
the rapid dose fall-off from the 24 Gy isodose line (red) to the 10 Gy isodose line
(light blue) at the anterior edge of the spinal canal.
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Fig. 20.2 Axial (a) and sagittal (b) MRI views of a L5 metastasis from renal cell
carcinoma. The SBRT treatment plan is included. Note the rapid dose fall-off from
the 24 Gy isodose line (red) to the 10 Gy isodose line (light blue) at the anterior
edge of the spinal canal.

Promising results have been achieved with SBRT with long-term pain
improvement and local control seen in 86% and 90% of patients,
respectively (31). Garg et al. reported the results of a phase I/II trial of
single-fraction SBRT 16–24 Gy (32). In this trial, 61 patients with 63
spinal metastases were enrolled and the 18-month local control rate was
88% with a median survival of 30 months. Only two patients experienced
radiation adverse events (grade 3 or higher). A phase I/II trial of 149
patients with spinal metastases treated with 27–30 Gy in 3 fractions
focused on quality of life and pain (33). The investigators found significant
improvement in quality of life after SBRT and the number of patients
reporting no pain from bone metastases increased from 26% at baseline to
54% at 6 months after SBRT. Toxicity was limited and there were no late
spinal cord toxicities observed. In both of these trials, patients with acute
ESCC were specifically excluded from enrolment. There are only a few
SBRT studies focusing specifically on patients with epidural disease since
SBRT is significantly limited by the interface of the tumour with the spinal
cord. In a study of multiple myeloma, a radioresponsive neoplasm, 24
patients with 31 lesions causing ESCC were treated with single-fraction
SBRT (median of 16 Gy) (34). Pain control was achieved in 86% of
patients and complete radiographic response of the epidural tumour was
observed in 81% of patients at 3 months after SBRT. Seven of these
patients presented with neurological deficits and five neurologically
improved or became normal after SBRT. A study of 62 patients with
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metastatic ESCC from many different tumour primaries (a large proportion
were lung, prostate, or breast) and baseline muscle power 4 of 5 or better
were treated with a single fraction of SBRT (median of 16 Gy) (35).
Thecal sac patency significantly improved from 55% to 76% after SBRT
and neurological function improved in 81%. Therefore, SBRT can achieve
significant improvement in pain control, quality of life, and long-term
local control. However due to inherent limitations in dose delivery, SBRT
should be considered investigational in the treatment of ESCC, especially
for those patients with radioresistant primary tumours. Exceptions would
be patients who are not surgical candidates, although conventional
radiotherapy is generally favoured in this clinical situation.

An alternative approach, often called separation surgery, is a more
limited surgical approach, typically decompression by limited
posterolateral tumour resection and posterior segmental instrumentation,
followed by SBRT (36). The potential advantage of this approach is the
surgery provides cord decompression and stabilization, while avoiding the
risks of more extensive surgeries, and provides a small margin of 2–3 mm
between the tumour and spinal cord that allows the delivery of
tumouricidal radiation doses. A retrospective study of 187 patients treated
with ‘separation surgery’ found 1-year local control rates greater than 90%
for those treated with larger fraction size (8 Gy or larger) after operative
radiosurgery.

Chemotherapy
Chemotherapy is a rational treatment for ESCC when the causative tumour
is likely to be chemosensitive. Most common solid tumour causes of
ESCC are not chemosensitive; however, for Hodgkin’s lymphoma, germ
cell tumours, and neuroblastoma, chemotherapy may effectively treat both
the ESCC and other sites of disease (37, 38, 39, 40). Hormonal
manipulation has been documented to be beneficial in cases of ESCC from
prostate and breast cancer.

Prognosis
A prospective study confirmed that radiation improved back pain in 60%
of patients, with 70% of all patients able to ambulate and 90% continent
(29). Several factors influence neurological outcome, with the most
important being the pre-radiation neurological status. Other factors include
the relative radiosensitivity of the underlying cancer, as well as the extent
of anatomical compression of the thecal sac and deformation of the spinal
cord or cauda equina. Finally, the tempo of onset of neurological deficits is
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pertinent, as a slower onset of dysfunction generally portends a better
outcome (41).

Not surprisingly, survival following radiation therapy for ESCC
depends on the presence and extent of visceral, brain, and other bone
metastases. Additionally, a shorter interval between initial cancer
diagnosis and ESCC onset predicts a shorter survival, as do radioresistant
histologies, inability to walk, and rapidity of onset of ESCC-related
neurological deficits (42). These factors have been combined into an
ESCC prognostic scoring system to predict neurological outcome and
overall survival to aid in decision-making (43, 44).

Intramedullary spinal cord metastases
Intramedullary spinal cord metastasis (ISCM) refers to metastases in the
cord parenchyma. This complication of systemic cancer was rarely
identified during the myelography era, since only masses producing
substantial spinal cord swelling could be detected; diagnosis was more
frequently made at autopsy (45). With the advent of MRI, ISCM has been
more readily detected and has been the subject of several institutional case
series (46, 47). Clinically, its incidence is approximately 1/16th that of
ESCC (46). ISCM is recognized in about 2% of cancer autopsies (45).
Prior to widespread MRI availability, physicians diagnosed only 5% of
ISCM cases pre-mortem (48).

ISCM is typically a late complication of cancer, although up to 20% of
cases arise as the initial manifestation of malignancy (46). A majority of
patients with ISCM have brain metastases (65%), and one-quarter of
patients have concomitant leptomeningeal metastases. Mean age of
presentation is 55 and men are slightly more affected than women. ISCMs
affect the cervical, thoracic, and lumbar cord equally (49). ISCMs are most
often single.

Like spinal epidural metastases, ISCMs can produce myelopathy and
back pain. Pain is less ubiquitous and severe than in patients with spinal
epidural metastases, affecting about half of all patients. Another feature
suggesting ISCM is Brown-Séquard syndrome, or a markedly asymmetric
myelopathy. This feature is present in almost half of patients with ISCM
but in only 3% of patients with ESCC (46). Rapid progression of
symptoms distinguishes ISCM from primary intramedullary tumours such
as ependymomas and other astrocytomas, which typically present with a
slower progression of symptoms over months to years. In three-quarters of
ISCM patients, the time from the onset of neurological symptoms to the
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development of the full neurological deficit is less than 1 month (50, 51).
Lung cancer (54%) accounts for a majority of ISCM cases, with small

cell carcinoma disproportionally over-represented. Other common
underlying aetiologies include breast carcinoma (13%), melanoma (9%),
lymphoma (5%), and renal cell carcinoma (4%) (46, 52, 53, 54). When a
spinal lesion is suspected in a patient with a history of systemic cancer,
contrast-enhanced MRI should be performed to screen for ISCM as well as
epidural compression. MRI scans readily differentiate ISCM from ESCC,
revealing parenchymal circumscribed contrast enhancement with a larger
surrounding area of T2 signal indicative of oedema (46).

Surgery in intramedullary spinal cord metastases
The role of surgical resection for intradural ISCMs is controversial. As
stated previously, approximately 50% of ISCMs are secondary to lung
carcinoma. The majority of these cases are small cell carcinoma, which is
primarily treated via chemotherapy and radiation. Up to 12% of other
cases are secondary to lymphoma, which is also treated via non-surgical
adjuvant measures. The remainder of cases primarily metastasize from
breast, renal cell, melanoma, or gastrointestinal carcinoma (50, 55, 56, 57,
58). Consequently, a relatively small percentage of cases present with
surgical resection as a viable treatment option.

As with every intervention, a risk/benefit analysis must be performed by
the treating physicians. Approximately 75% of ISCMs display a 1-month
time period from the time of initial symptoms to paraplegia (59).
Consequently, prompt treatment is of primary importance. Patients with
rapid progression of neurological deficits display improvement with early
surgical management (56). However, there exist two distinct patterns of
metastasis including (i) primary parenchymal involvement and (ii)
parenchymal disease secondary to leptomeningeal involvement (45). As
the goal of surgical resection is to maintain existing neurological function,
radiation is considered as adjuvant treatment if there is concern for
residual disease (57, 60).

Patients who present with primary parenchymal involvement are also
considered for surgical resection as the initial treatment option depending
on the location of the tumour within the spinal cord. The primary surgical
access point is the posterior median sulcus of the spinal cord. The
relationship of the tumour to this sulcus must be taken into account when
considering surgical resection. ISCMs are also typically well
circumscribed, similar to intracerebral metastasis and are amenable to
resection once accessed (Fig. 20.3) (56, 61, 62). Perhaps even more
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important is the size of the tumour. A multidisciplinary approach is critical
in these patients; consideration should be given to the option of surgical
debulking with radiation as an option for upfront or residual disease (63).
As with any patient with metastatic disease in whom surgery is considered,
the state of systemic disease must always be taken into account (59).

Fig. 20.3 A 74-year-old man with T3N0 bladder cancer developed subacute onset
of left leg weakness over several days. Sagittal T2 (a) and post-gadolinium (b)
MRI scans demonstrated an intramedullary spinal cord metastasis. Subtotal
resection of the mass demonstrated metastatic carcinoma. Postoperative brain MRI
revealed two small asymptomatic brain metastases.

Radiotherapy in intramedullary spinal cord metastases
Conventional radiotherapy remains the primary treatment for ISCMs since
a large percentage of the primary tumours are either small cell lung
carcinoma or lymphoma and typically these histologies are very
responsive to radiotherapy (57). Additionally, both surgical resection and
SBRT are very difficult to perform with an intramedullary lesion.
Although the prognosis for these patients is very poor (e.g. median
survival 4 months), radiotherapy has been shown to extend survival and
maintain ambulatory function in up to 90% of patients (57). A typical
fractionation schedule is 30 Gy in 10 fractions.

Malignant plexopathy and peripheral nerve
metastases
The brachial plexus is an anastomotic collection of nerves formed by the
nerve roots of the fifth cervical through first thoracic spinal segments.
Malignant involvement of the brachial plexus occurs by two mechanisms:
compression by a mass or infiltration by cancer cells. The former arise by
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metastases to axillary lymph nodes or direct extension of an apical lung
tumour, both of which lie in close proximity to the lower trunk of the
brachial plexus. About 1% of patients with cancer develop a neoplastic
brachial plexopathy; the most common underlying malignancies are breast
and lung cancers, accounting for approximately 70% of cases (64, 65).
Both lesions tend preferentially to involve the lower trunk of the plexus
derived primarily from the C8 and T1 roots. Lymphomas occasionally
infiltrate the brachial plexi (66). Pain is the most common and significant
symptom and may precede other symptoms by months. It commonly
involves the shoulder region and radiates down the medial aspect of arm
into the fourth and fifth digits. Muscle weakness and sensory loss may also
be present. Horner’s syndrome is present in approximately 50% of
patients. Physical examination may reveal lymphoedema or an axillary
mass.

The lumbar plexus derives from the ventral rami of the L1–L4 nerve
roots, and the sacral plexus from the ventral roots of S1–S4. Colorectal
tumours, genitourinary tumours, sarcomas, and lymphomas are the most
common cancers to involve the lumbosacral plexus (67, 68). Tumours
invade the plexus by direct extension from the primary tumour in a
majority of cases, although metastases from extra-abdominal malignancies
account for one-quarter of cases (67). As with neoplastic brachial
plexopathy, pain is the predominant symptom in malignant lumbosacral
plexopathy. Weakness and sensory abnormalities are common, the
distribution dependent on the extent of plexus involvement. Symptoms are
typically unilateral. Incontinence is rare and its presence suggests epidural
extension of tumour. Leg oedema and the presence of an abdominopelvic
mass should be sought on physical examination including rectal
examination.

The differential diagnosis for malignant plexopathy in patients who
have previously received radiation therapy is radiation plexopathy
although this should be a diagnosis of exclusion as unnecessary delay in
treatment of malignant plexopathy only prolongs a patient’s suffering;
non-malignant causes such as idiopathic brachial plexitis (Parsonage–
Turner syndrome) and diabetic amyotrophy must also be considered.
Radiation plexopathy is somewhat less likely to be extremely painful (64,
69). Electrophysiology may also be helpful, as the continuous, involuntary
small muscle discharges that define myokymia are often present in
radiation plexopathy and generally absent in malignant plexopathy (70).

Confirmation of the diagnosis of malignant plexopathy usually depends
on imaging. CT scanning identifies abnormalities in 89% and 74% of
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patients with brachial and lumbosacral plexopathy, respectively (71). MRI
provides much better anatomical detail and has become the imaging
modality of choice. The most common finding with both CT and MRI
scans is a mass either in or near the plexus (72, 73). Increased T2 signal
adjacent to the brachial plexus is occasionally seen on MRI (11). Although
imaging is usually sufficient to establish the diagnosis, 9% of MRI scans
are normal; in such patients, surgical exploration is often necessary (64,
65, 72). More recently, PET has helped confirm metastases in patients with
indeterminate MRI scans (74, 75). Spinal MRI may also be indicated, as
coexistent epidural disease is present in approximately 50% of cases.
Restaging with systemic imaging to evaluate for active disease outside of
the plexus should be considered. Hydronephrosis should be sought in
patients with lumbosacral plexopathy as it was detected in 44% of cases in
one series (67).

The primary role of surgery in patients with brachial plexopathy is in
differentiating between radiation-induced plexopathy and metastatic
plexopathy. Either can present many years after initial treatment of
underlying disease with a median of 5.5–6 years or greater. The role of
surgery in the setting of negative imaging of the brachial plexus remains
controversial (76). The most common scenario is a breast carcinoma
patient with a history of mastectomy and radiation. In a patient with
previously diagnosed, widely metastatic disease, tumour as an aetiology is
more likely. However, in patients with stable systemic disease, surgical
exploration can be definitive, thereby preventing a delay in treatment if
surgical exploration leads to a positive biopsy (64, 69, 72, 77, 78).
Neurolymphomatosis, typically secondary to non-Hodgkin’s lymphoma,
can include multiple peripheral nerves including the brachial plexus and
the diagnosis can be confirmed with open biopsy (79, 80).

Treatment of metastatic brachial plexopathy may include radiation,
chemotherapy, or surgical resection. The latter is considered with a defined
isolated lesion on imaging with consideration of systemic disease control,
such as in isolated metastatic leiomyoma of the uterus (81, 82).

Similar to brachial plexus pathology, cancer patients can also present
with signs of lumbosacral plexopathy. If the diagnosis is in question,
surgical exploration and biopsy allows for definitive diagnosis (67, 83,
84). In addition to biopsy, surgical resection is considered for treatment of
lesions with poor response to chemotherapy or radiation (67). With regard
to peripheral nerve metastases, the primary role of surgery is in
establishing the diagnosis in peripheral neuropathy after chemotherapy
treatment for cancer. For example, lymphoma patients after chemotherapy
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treatment with apparent stable systemic disease can develop peripheral
neuropathy with such diagnoses of progressive distal polyneuropathy or
mononeuropathy multiplex. Peripheral nerve biopsy can confirm the
presence of active tumour in order to establish the need for further
treatment (85, 86). Perhaps less commonly, patients may present with
metastatic peripheral neuropathy with otherwise negative surveillance
imaging requiring nerve biopsy for initial diagnosis of cancer (87, 88, 89).
This clinical scenario is most common in lymphoma and has been reported
in neurolymphomatosis (88, 90). Surgical biopsy is second to MRI in
establishing a diagnosis (66). However, despite diffuse metastatic disease,
peripheral nerve biopsy may be negative (75, 91, 92).

Metastatic peripheral nerve disease can also present via direct extension
from primary pathology. This clinical scenario is reported in a variety of
carcinomas including prostate carcinoma metastatic to the sciatic nerve
(93). These lesions require open surgical biopsy as an alternative to
percutaneous biopsy. The former decreases the risk of neurological injury
and increases the percentage of a positive biopsy (93, 94).

Radiation therapy is an important therapeutic modality for most patients
with malignant plexopathy or peripheral nerve metastases. Unlike with
bone metastases, in which a meta-analysis showed equivalence in
complete and overall pain relief between single- and multi-fraction
radiotherapy schedules (95), there is a suggestion that a more protracted
course may be beneficial for those patients with neoplastic involvement of
a nerve root causing neuropathic pain (96). While bone pain treated with
radiation is relieved through molecular processes that are not completely
understood and hence lower doses are sufficient (97), tumour compression
of nerve roots requires higher doses of radiation to cause regression of the
tumour. For these reasons, a typical schedule is 30 Gy in 10 fractions (or
more protracted courses) for plexus and peripheral nerve metastases.
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CHAPTER 21

Neoplastic meningitis:
metastases to the leptomeninges
and cerebrospinal fluid
Marc C. Chamberlain, Stephanie E. Combs, and
Soichiro Shibui

Definition
Carcinomatous meningitis or meningeal carcinomatosis is a term that
defines leptomeningeal metastases arising as a result of metastases from
systemic solid cancers (1, 2). Similarly, lymphomatous and leukaemic
meningitis result from cerebrospinal fluid (CSF) dissemination of
lymphoma or leukaemia. All three entities are commonly referred to as
neoplastic meningitis (NM) or leptomeningeal metastases due to
involvement of both the CSF compartment as well as the leptomeninges
comprised of the pia and arachnoid.

Epidemiology
Though NM is the third most common metastatic complication of the
central nervous system (CNS), NM is comparatively uncommon with
7000–9000 new cases diagnosed annually in the United States (1, 2, 3, 4,
5). The most common sources of systemic cancer metastatic to the
leptomeninges are breast, lung, melanoma, aggressive non-Hodgkin’s
lymphoma, and acute leukaemia in that order.

Neoplastic meningitis is diagnosed in 1–5% of patients with solid
tumours, 5–15% of patients with leukaemia and lymphoma, and 1–2% of
patients with primary brain tumours (1, 2, 3, 4, 5). Autopsy studies show
that 19% of patients with cancer and neurological signs and symptoms
have evidence of leptomeningeal involvement (4). Adenocarcinoma is the
most frequent histology and breast, lung, and melanoma are the most
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common primary sites to metastasize to the leptomeninges (1, 2, 3, 4, 5).
Although small cell lung carcinoma and melanoma have the highest rates
of spread to the leptomeninges (11% and 20% respectively), because of the
higher incidence of breast cancer (with a 5% rate of spread), the latter
accounts for most cases in large series of the disorder (1, 2, 3, 4, 5).
Carcinomas of unknown primary constitute 1–7% of all cases of NM (1, 2,
3, 4, 5).

Aetiology
Neoplastic meningitis is a consequence of metastasis to the CNS and
consequently has no known aetiology notwithstanding the observation that
certain cancers, based upon incidence, have a predilection for metastasis to
the leptomeninges such as breast, melanoma, acute lymphocytic
leukaemia, and primitive neuroectodermal tumours such as
medulloblastoma. Leptomeningeal metastasis does not appear to have a
hereditary component nor are there environmental exposures that result in
an increased risk of this metastatic complication. There has been
controversy regarding the possible increased risk of CSF dissemination in
patients undergoing resective surgery for parenchymal brain metastasis
especially in surgery directed at cerebellar metastasis. At present, however,
there is no compelling data to suggest that placement of a
ventriculoperitoneal shunt in patients with NM increases the risk of
dissemination to the peritoneum resulting in carcinomatosis peritonei.

Pathogenesis
Cancer cells reach the meninges by various routes: (i) haematogenous
spread, either through the venous plexus of Batson or by arterial
dissemination; (ii) direct extension from contiguous tumour deposits; and
(iii) through centripetal migration from systemic tumours along perineural
or perivascular spaces (1, 2, 3, 4, 5).

Once cancer cells have entered the subarachnoid space, they are
transported by CSF flow resulting in disseminated and multifocal neuraxis
seeding of the leptomeninges. Possible mechanisms of CSF dissemination
are outlined in Box 21.1. Tumor infiltration is most prominent at the base
of the brain, the dorsal surface of the spinal cord, and, in particular, the
cauda equina (1, 2, 3, 4, 5). Hydrocephalus or impairment of CSF flow
may occur at any level of the neuraxis and is due to ependymal nodules or
tumour deposits obstructing CSF outflow. The pathophysiology of NM
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may involve up-regulation of vascular endothelial growth factor as
measured by CSF analysis, up-regulation of interleukin-8 and
proinflammatory cytokines, as well as constitutive activation of tumoural
integrin promoting adhesion (6, 7, 8).

Box 21.1 Possible mechanisms of cerebrospinal fluid dissemination

◆ Decreased expression of adhesion molecules:

1. VLA-4

2. CD44

3. P-selectin

◆ Downregulation of chemokine receptors:

1. CCR1

2. CCR2

3. CXCR4

◆ Increased matrix metalloproteinase expression
◆ Angiogenesis:

1. VEGF

2. Angiopoietin-1

◆ Activation pathway:

1. Mutation in alternative or classical NF-κB

2. Mutation in Src

3. EMT (epithelial–mesenchymal transition).

Clinical presentation
Neoplastic meningitis classically presents with pleomorphic clinical
manifestations encompassing symptoms and signs in three domains of
neurological function: (i) the cerebral hemispheres (15% of all patients);
(ii) the cranial nerves (35%); and (iii) the spinal cord and nerve roots
(60%). Signs on examination generally exceed the symptoms reported by
the patient (1, 2, 3, 4, 5).

The most common manifestations of cerebral hemisphere dysfunction
are headache and mental status changes. Other signs include seizures and
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hemiparesis. Diplopia is the most common symptom of cranial nerve
dysfunction with cranial nerve VI being the most frequently affected,
followed by cranial nerves III and IV. Trigeminal sensory or motor loss,
cochlear dysfunction, and optic neuropathy are also common findings.
Spinal signs and symptoms include weakness (lower extremities more
often than upper), dermatomal or segmental sensory loss, and pain in the
neck, back, or following radicular patterns. Nuchal rigidity is only present
in 15% of cases (1, 2, 3, 4, 5).

A high index of suspicion needs to be entertained in order to make the
diagnosis of NM. The finding of multifocal neuraxis disease in a patient
with known malignancy is strongly suggestive of NM, but it is also
common for patients with NM to present with isolated syndromes such as
symptoms of raised intracranial pressure, cauda equina syndrome, or
cranial neuropathy.

New neurological signs and symptoms may represent progression of
NM but must be distinguished from the manifestations of parenchymal
disease (30–40% of patients with NM will have coexistent parenchymal
brain metastases), from side effects of chemotherapy or radiation used for
treatment, and rarely from paraneoplastic syndromes. At presentation, NM
must also be differentiated from chronic meningitis due to tuberculosis,
fungal infection, or sarcoidosis as well as from metabolic and toxic
encephalopathies in the appropriate clinical setting (1, 2, 3, 4, 5).

Cerebrospinal fluid analysis
The most useful laboratory test in the diagnosis of NM is the CSF
examination. Abnormalities include increased opening pressure (>200
mmH2O), increased leucocytes (>4/mm3), elevated protein (>50 mg/dL),
or decreased glucose (<60 mg/dL), which though suggestive of NM are
not diagnostic (1, 2, 3, 4, 5). The presence of malignant cells in the CSF is
diagnostic of NM but in general, as is true for most cytological analysis,
assignment to a particular tumour is not possible. Glass and colleagues
demonstrated that up to 40% of patients with clinically suspected NM
proven at time of autopsy are cytologically negative. This figure increased
to greater than 50% in patients with focal NM (4).

A CSF examination is useful in all patients with suspected NM.
Demonstrating positive CSF cytology or flow cytometry assist in
managing patients with NM. Conversion from positive to negative
cytology or flow cytometry is considered a response and would suggest
continuation of therapy.
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In patients with positive CSF cytology (see later in this section), up to
45% will be cytologically negative on initial examination (1, 2, 3, 4, 5).
The yield is increased to 80% with a second CSF examination but little
benefit is obtained from repeat lumbar punctures after two punctures (1, 2,
3, 4, 5). Of note, a series including lymphomatous and leukaemic
meningitis observed the frequent dissociation between CSF cell count and
malignant cytology (29% of cytologically positive CSF had concurrent
CSF cell counts of less than 4/mm3) (1, 2, 3, 4, 5). Another study showed
that CSF levels of protein, glucose, and malignant cells vary at different
levels of the neuraxis even if there is no obstruction of the CSF flow (1, 2,
3, 4, 5, 9). This finding reflects the multifocal nature of NM and explains
that CSF obtained from a site distant to that of the pathologically involved
meninges may yield a negative cytology.

The low sensitivity of CSF cytology makes it difficult not only to
diagnose NM, but also to assess the response to treatment. Biochemical
markers, immunohistochemistry, and molecular biology techniques
applied to CSF have been explored in an attempt to find a reliable
biological marker of disease (10). Numerous biochemical markers have
been evaluated but, in general, their use has been limited by poor
sensitivity and specificity. The use of biochemical markers can be helpful
as adjunctive diagnostic tests and, when followed serially, to assess
response to treatment. Occasionally, in patients with clinically suspected
NM and negative CSF cytology, they may support the diagnosis of NM.
Use of monoclonal antibodies for immunohistochemical analysis in NM
does not significantly increase the sensitivity of cytology alone. However,
in the case of leukaemia and lymphoma, antibodies against surface
markers can be used to distinguish between reactive and neoplastic
lymphocytes in the CSF. Cytogenetic studies have also been evaluated in
an attempt to improve the diagnostic accuracy of NM. Flow cytometry and
DNA single-cell cytometry, techniques that measure the chromosomal
content of cells, and fluorescent in situ hybridization, that detects
numerical and structural genetic aberrations as a sign of malignancy, can
give additional diagnostic information and are especially useful in liquid
tumours (leukaemia and lymphoma) and appear more sensitive than CSF
cytology (11, 12, 13) (Table 21.1). Of greatest utility in patients with
haematological cancers is the increased sensitivity of CSF flow cytometry
as compared to CSF cytology in demonstrating NM, that in addition
requires comparatively small volumes of CSF for analysis (approximately
2 mL) (11, 12, 13) (Table 21.1).
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Table 21.1 Non-Hodgkin’s lymphoma: comparison between cerebrospinal
fluid (CSF) cytology versus flow cytometry

Negative CSF cytology Positive CSF cytology Total

Negative flow cytometry 287 (72%) 21 (5%) 308 (76%)

Positive flow cytometry 63 (16%) 28 (7%) 91 (23%)

Total 350 (88%) 49 (12%) 399 (100%)

Source data from Neurology, 50(4), Chamberlain MC, Cytologically negative
carcinomatous meningitis: usefulness of CSF biochemical markers, pp. 1173–
1175, Copyright (1998), Wolters Kluwer Health, Inc.; J Clin Oncol, 27(9), Quijano
S, Lopez A, Sanchos JM, et al, Identification of leptomeningeal disease in
aggressive B-cell non-Hodgkin’s lymphoma: improved sensitivity of flow
cytometry, pp. 1462–1469, Copyright (2009), American Society of Clinical
Oncology; Neurology, 66, Bromberg JEC, Breems DA, Kraan J, et al., CSF flow
cytometry greatly improves diagnostic accuracy in CNS hematologic malignancies,
pp. 1674–1679, Copyright (2007), Wolters Kluwer Health, Inc.

Imaging
Magnetic resonance imaging (MRI) with gadolinium enhancement is the
technique of choice to evaluate patients with suspected NM (1, 2, 3, 4, 5,
14, 15). Because NM involves the entire neuraxis, imaging of the entire
CNS is required in patients considered for further treatment. T1-weighted
sequences, with and without contrast, combined with fat suppression T2-
weighted sequences constitute the standard examination (1, 2, 3, 4, 5, 16).
MRI has been shown to have a higher sensitivity than cranial contrast-
enhanced computed tomography in several series, and is similar to
computed tomographic myelography for the evaluation of the spine, but
significantly better tolerated (1, 2, 3, 4, 5). Neuroradiographic imaging (i.e.
MRI of brain or relevant spine) may suggest NM based upon focal or
diffuse leptomeningeal enhancement, subarachnoid or ventricular tumour
nodules, and the frequent (30–40%) coexistence of brain parenchymal
metastases in instances of non-haematological cancers (14, 15). The
reported rates of negative CSF imaging in patients with NM range from
30% to 70% suggesting normal CNS imaging does not exclude a diagnosis
of NM.

Radionuclide studies using either 111In-diethylenetriamine pentaacetic
acid or 99Tc macro-aggregated albumin constitute the technique of choice
to evaluate CSF flow dynamics (1, 2, 3, 4, 5, 16). Abnormal CSF
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circulation has been demonstrated in 30–70% of patients with NM, with
blocks commonly occurring at the skull base, the spinal canal, and over the
cerebral convexities (16, 17, 18, 19). Patients with interruption of CSF
flow demonstrated by radionuclide ventriculography have been shown in
three clinical series to have decreased survival when compared to those
with normal CSF flow (16, 17, 18, 19). Involved-field radiotherapy to the
site of CSF flow obstruction restores flow in 30% of patients with spinal
disease and 50% of patients with intracranial disease (16, 17, 18, 19). Re-
establishment of CSF flow with involved-field radiotherapy followed by
intrathecal chemotherapy led to longer survival, lower rates of treatment-
related morbidity, and lower rate of death from progressive NM, compared
to the group that had persistent CSF blocks (17, 18, 19).

Treatment
Adults and children
Surgery
The requirement for surgery in NM is infrequent and when performed is
for limited indications. These include placement of a ventricular access
device (VAD) such as an Ommaya reservoir to permit intra-CSF
chemotherapy administration, instillation of a ventriculoperitoneal shunt
(VPS) for raised intracranial pressure and disrupted CSF flow, and rarely
for performance of a meningeal biopsy when a tissue diagnosis is sought
(20, 21, 22, 23, 24). Meningeal biopsy as stated is rarely performed for
NM but rather may be utilized in disorders of the meninges (e.g. CNS
sarcoid) in which the diagnosis is uncertain notwithstanding laboratory
investigations (21). In general, meningeal biopsies are directed at regions
of anatomical abnormality defined by MRI regardless if in the intracranial
or intraspinal compartments. With the increasing utility of neuraxis
imaging, CSF cytology or flow cytometry and recognition of clinical
syndromes compatible with NM, the need for meningeal biopsy and
pathological diagnosis of NM is almost extinct.

Patients with NM often suffer from intracranial hypertension caused by
CSF flow disruption that results in a communicating (most common) or
non-communicating/obstructive hydrocephalus (least common) (20).
Symptoms of raised intracranial pressure (headache, nausea, vomiting,
visual obscurations, or gait instability) may be ameliorated by either
whole-brain radiotherapy (WBRT) or alternatively placement of a VPS.
Intra-CSF chemotherapy rarely palliates intracranial hypertension and may
worsen symptoms or signs due to the induction of a CSF inflammatory
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response. The challenge following placement of a VPS is that intra-CSF
chemotherapy often results in rapid transit of drug in the CSF due to CSF
diversion and consequently limited exposure to chemotherapy. In patients
that can tolerate an adjustable (on–off valve) VPS placed in the off
position, intra-CSF chemotherapy may be administered through the VPS
access port (23).

The most common utilization of surgery for NM is the placement of a
VAD such as an Ommaya or Hickman reservoir (22). These devices
permit either the instillation of intra-CSF chemotherapy or CSF sampling
to assess response to treatment in patients with positive CSF cytology or
flow cytometry. Placement of a VAD may be performed as same-day
surgery or as a single-day admission. Intraoperative ultrasound is
frequently utilized for guidance of the ventricular catheter to ensure proper
localization in the target ventricle.

Complications of intra-CSF chemotherapy include those related to the
ventricular reservoir and those related to the chemotherapy administered
(24). The most frequent complications of ventricular reservoir placement
are malposition (rates reported 3–12%), obstruction, and infection (usually
skin flora). CSF infection occurs in 2–13% of patients receiving
intraventricular chemotherapy. It commonly presents with headache,
changes in neurological status, fever, and malfunction of the reservoir.
CSF pleocytosis is commonly encountered. The most frequently isolated
organism is Staphylococcus epidermidis. Treatment requires intravenous
with or without oral and intraventricular antibiotics. Some authors
advocate the routine removal of the ventricular reservoir, while others
reserve device removal for those that do not clear with antibiotic therapy.
In patients with few to no symptoms due to an iatrogenic bacterial
meningitis it is reasonable to first treat medically with combined systemic
and intra-CSF antibiotics. Subcutaneous CSF pooling and leakage are also
serious complications when a VAD is placed in patients with intracranial
hypertension due to NM.
Radiotherapy
Radiotherapy plays a central role in a number of situations in NM
including when associated with macroscopically, neuroradiographically
visible lesions that are inadequately treated by intra-CSF chemotherapy
(e.g. NM co-associated with brain metastases), clinically symptomatic
neurological deficits (e.g. presentation with a cauda equina syndrome), and
in instances of CSF flow disturbance documented by radioisotope CSF
flow studies (25, 26, 27, 28, 29). Depending on the extent of the disease,
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the clinical presentation, the overall performance status, as well as prior
treatment, radiotherapy is administered as WBRT, or to defined regions
only, so-called involved-field radiotherapy (25, 26, 27, 28, 29). For certain
situations, radiotherapy of the complete craniospinal axis may be
indicated, and modern radiation techniques may improve efficacy of
craniospinal axis irradiation (CSI) while side effects may be lessened.
Whole-brain radiotherapy
With WBRT, the whole brain, generally down to the first or second
cervical vertebra, is included in the irradiation fields. Prior to radiation, an
individual fixation mask generally made of Aquaplast materials is
manufactured for the patient to allow for precise daily repositioning during
every treatment fraction. The patient should be conscious and cooperative
and therefore with an overall acceptable Karnofsky performance score
(KPS) prior to treatment. Treatment simulation is performed with the
patient in the supine position; nowadays, virtual CT-based simulation is
the standard in most institutions. In selected cases when mask fixation is
not tolerated, irradiation without a head mask but with, for example, tape
fixation can be considered. Parallel opposed fields are generally used, with
gantry angles at 273° and 87° adjusted to beam divergence, or simple
configurations such as 270° and 90°. The collimator should be chosen to
parallel the inferior border of the radiation field to the inferior border of
the first or second cervical vertebra, to avoid dose application should
further irradiation be required below. The target point is commonly set to
the inferior border of the irradiation field to minimize beam divergence to
areas of the cervical spine, for the same reason. The target volume includes
the whole brain, spinal canal down until the first or second cervical
vertebra, 2 cm below the skull base bony region, with special caution to
include the rostrum and lamina cribrosa when trying to spare the eyes and
lenses from radiation. Radiotherapy is performed daily, five times per
week, up to a total dose of 40 Gy in 2 Gy fractions, or 30 Gy in 3 Gy
fractions, with a 6 MV linear accelerator. For patients with reduced
performance status, hypofractionated regimens, such as 5 × 4 Gy, can be
prescribed.

Few studies have evaluated WBRT for NM, most data or
recommendations derive from summaries on different treatment schedules.
The majority of studies represent retrospective analyses; however, data
support radiotherapy effectiveness mainly for symptom control, but are not
compelling for improvement in overall survival (mean range of survival
1.5–5 months) (25, 26, 27, 28). A study by Gani et al. evaluated 27
patients with leptomeningeal metastases from breast or lung cancer treated
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with WBRT; the authors report a median survival of 8.1 weeks, with
survival rates of 26% and 15% at 6 and 12 months, respectively (27). The
only significant prognostic factors for survival were the absence of cranial
nerve dysfunction (P >0.001), KPS, and time interval of 35 months
between initial diagnosis and the development of NM. In 75% of patients
receiving follow-up MRI, size reduction of the enhancing lesions could be
shown.

Morris et al. published a retrospective study on WBRT in 125 patients
with NM from non-small cell lung cancer (28). Radiotherapy was applied
at doses from 30 to 37.5 Gy in 10–15 fractions. In contrast to the positive
prognostic effect of intra-CSF chemotherapy, WBRT did not impact
overall survival. The indication for WBRT was based on positive CSF or
radiographic lesions consistent with NM.

In spite of prospective data evaluating WBRT for NM demonstrating no
or a negligible impact on survival, WBRT is the treatment of choice when
NM presents with macroscopic disease as defined by neuraxis MRI (such
as brain metastases) as intra-CSF chemotherapy is associated with only
limited efficacy. For patients with symptomatic NM as, for example,
raised intracranial pressure, WBRT can provide symptom relief and
neurological stabilization. Additionally, radiotherapy can be administered
to re-establish CSF flow in instances of documented CSF flow blocks (26,
27).

In general, radiotherapy is not combined with intra-CSF chemotherapy,
as, especially with methotrexate, severe neurotoxicity may occur.
Therefore, sequential treatment is recommended, if both intra-CSF
chemotherapy and radiotherapy are indicated. With presumably less
radiosensitizing intra-CSF chemotherapies such as cytarabine,
chemoradiotherapy combination regimens may be applied. A German-
Austrian trial, DEP 101 (NCT00854867), is evaluating WBRT followed
by intra-CSF liposomal cytarabine, versus WBRT together with and
followed by intra-CSF liposomal cytarabine in patients with NM.
Involved-field radiotherapy
Localized radiotherapy for macroscopically visible lesions with or without
neurological deficits can be performed to prevent or palliate symptoms and
is the most commonly used modality of radiotherapy in patients with NM.
Treatment planning can be conventional, utilizing CT-based virtual
simulation when the target is located in the spine using one posterior field.
A safety margin of one vertebra above and below the target is commonly
used to minimize edge recurrences. Alternatively, three-dimensional
conformal radiotherapy based on CT imaging can be performed using a
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three-dimensional treatment planning system. In this case, the target lesion
plus a safety margin depending on the technique applied is defined. Dose
recommendations are determined in part by the overall performance status
of the patient and are in line with the doses for WBRT (25, 26, 27, 28, 29).
Craniospinal axis irradiation
In very select cases of NM, for example, leukaemic and on occasion
lymphomatous meningitis, CSI may be indicated. In the past, the radiation
oncologist was often hesitant to employ CSI especially in the adult
population due to the high risk of severe haematological toxicity due to
irradiation of nearly 60% of all haematologically active bone marrow
encompassed by neuraxis irradiation. However, small case studies have
reported overall tolerability and efficacy of this treatment (30).

Conventional craniospinal radiation techniques usually require an
immobilization cast with patients in the prone position to ensure daily
reproducibility. The intracranial components including the upper two
segments of the cervical spine are treated with opposed lateral fields, as
used for WBRT. The spine is treated using one or two posterior fields,
depending on the size of the patient. Special care must be taken that no
overlapping of the fields occurs leading to addition of doses exceeding the
tolerance dose of the spinal cord. Substantial haematological toxicity can
be associated with CSI, since all vertebra containing haematopoietic bone
marrow are irradiated. Therefore, the indication for CSI is limited to
patients with multiple circumscriptive lesions along the spinal axis.

Novel radiation techniques, such as helical tomotherapy, might change
the indication for CSI. With helical tomotherapy, a combination of CT-
based image guidance and intensity-modulated radiotherapy was
developed (30, 31, 32, 33). Radiation is delivered using a fan beam by a
linear accelerator which is built on a rotating gantry, and is modulated by a
fast pneumatically driven binary slit collimator; this system is connected
with an integrated megavoltage CT scanner, to enable daily position
verification and the possibility of per-treatment position corrections. One
main advantage of tomotherapy is the possibility to perform multitarget
treatments, treatment of complex anatomies, but also the treatment of long
volumes, such is the case in CSI (31, 32). The whole neuraxis can be
treated in one volume, minimizing the risk of dose overlap or underdosing
in the gap area. Additionally, steep dose gradients can be calculated, and
sparing of ventral parts of the vertebra can be achieved to reduce
haematological toxicity.
Complications of radiotherapy
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Complications of treatment with WBRT include alopecia, transient
worsening of neurological symptoms, fatigue, headache, nausea and
vomiting, or otitis. Administering dexamethasone during WBRT can help
alleviate most acute side effects of irradiation. Long-term side effects may
be more pronounced, but in lieu of the overall poor prognosis of patients
with NM (median survival 3 months), the risks and benefits should be
weighed accordingly. Memory loss, dementia, and leucoencephalopathy
manifested as a decreased ability to focus and concentrate along with other
neurocognitive impairments can be attributed to WBRT. It is known that
higher single doses of irradiation contribute more significantly to these
side effects; therefore, in patients with overall good prognosis, dosing
schemes of 2 Gy per day are commonly favoured (34).

For CSI, additional haematological side effects include
thrombocytopenia and leucopenia; the risk for severe haematological
toxicity increases with age. Novel treatment modalities, such as helical
tomotherapy, may help prevent these side effects since doses to the
vertebra in adult patients can be spared, while the CSF, spinal cord, and
terminating nerve roots can be safely included into the target volume.
Chemotherapy
Two particular challenges arise with respect to the treatment of NM:
determining whom to treat and if NM-directed treatment is believed to be
warranted, how to treat (35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50). Patients assessed to be candidates for treatment include those
with low tumour burden as reflected by independence in a performance
scale and lack of major neurological deficits, no evidence of bulky CNS
disease by neuroimaging, absence of CSF flow block by radioisotope
imaging, expected survival greater than 3 months, and limited extraneural
metastatic disease (16, 17, 18, 49, 50). Many of these parameters require
laboratory investigation including the performance of neuraxis imaging
(most commonly MRI with contrast) and a radioisotope CSF flow study.
CSF flow studies, though recommended in guidelines, are infrequently
utilized; however, they may assist in determining whether intra-CSF
chemotherapy, if administered, distributes homogenously throughout the
CSF or whether intra-CSF chemotherapy will likely be confined to a single
CSF compartment resulting in failure to treat all sites of leptomeningeal
disease as well as increasing the risk for treatment-related neurotoxicity
(16, 17, 18, 49). If after clinical and laboratory assessment intra-CSF
chemotherapy treatment is believed warranted, a decision is made whether
to treat by lumbar administration (intrathecal) or by way of a surgically
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implanted subgaleal reservoir and intraventricular catheter (i.e. an
Ommaya or Rickham reservoir system). Intralumbar treatment is relatively
convenient but suffers from the time required to perform the procedure,
patient discomfort from the procedure, frequent need for performance by
interventional radiology, failure to deliver drug to the thecal sac (10–12%
of intralumbar treatments do not enter the CSF compartment), limited
distribution within the cranial CSF compartments when administering
short half-life intra-CSF chemotherapy agents (i.e. methotrexate,
cytarabine), and the apparent diminished survival in patients with NM
treated by intralumbar drug administration compared to intraventricular
treatment (51). Treatment by intraventricular intra-CSF chemotherapy
administration results in improved drug dose and distribution in the CSF
and is more convenient, especially for treatment that is often two or more
times per week (Table 21.2). However, surgical implantation of a device
and the risk of complications, especially iatrogenic bacterial meningitis,
need to be balanced against the above-mentioned benefits of
intraventricular intra-CSF drug administration.

Table 21.2 Regional chemotherapy for leptomeningeal metastasis

Drugs
(reference)

Induction regimens Consolidation regimen Maintenance regimen

Bolus
regimen

Concentration
× time
regimen

Bolus
regimen

Concentration
× time
regimen

Bolus
regimen

Concentration
× time
regimen

α-Interferon
(44)

1×106 U
2 times
weekly
(total 4
weeks)

1×106 U
3 times
weekly
every
other
week
(total 4
weeks)

1×106 U
3 times
weekly
1 week
per
month

Cytarabine
(41)

25–100
mg 2
times
weekly

(total 4
weeks)

25 mg/day for
3 days
weekly

(total 4 weeks)

25–100
mg
once
weekly

(total 4
weeks)

25 mg/day for
3 days
every other
week

(total 4 weeks)

25–100
mg once
a month

25 mg/day for
3 days once a
month

DepoCytâ

(41, 42, 45)
50 mg
every 2
weeks

50 mg
every 4
weeks
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(total 8
weeks)

(total 24
weeks)

Etoposide
(43)

0.5 mg/day for
5 days every
other week
(total 8 weeks)

0.5 mg/day for
5 days every
other week
(total 4 weeks)

0.5 mg/day for
5 days once a
month

Methotrexate
(36, 39, 40,

46)

10–15 mg
twice
weekly
(total 4
weeks)

2 mg/day for 5
days every
other week
(total 8 weeks)

10–15 mg
once
weekly
(total 4
weeks)

2 mg/day for 5
days every
other week
(total 4 weeks)

10–15
mg once
a month

2 mg/day for 5
days once a
month

Rituximab
(1)

25 mg 2
times
weekly
(total 4
weeks)

25 mg 2
times
weekly
every
other
week
(total 4
weeks)

25 mg 2
times
weekly
once a
month

Thiotepa
(39)

10 mg 2
times
weekly
(total 4
weeks)

10 mg/day for
3 days weekly
(total 4 weeks)

10 mg
once
weekly
(total 4
weeks)

10 mg/day for
3 days every
other week
(total 4 weeks)

10 mg
once a
month

10 mg/day for
3 days once a
month

Topotecan
(48)

0.4 mg 2
times
weekly
(total 4
weeks)

0.4 mg 2
times
weekly
every
other
week
(total 4
weeks)

0.4 mg 2
times
weekly
once a
month

Trastuzumab
(47)

20–100
mg 1 time
weekly
(total 4
weeks)

20–60 mg
1 time
every
other
week
(total 4
weeks)

20–60
mg 1
time
every 4
weeks

Adapted from Current Opinion in Oncology, 22(6), Chamberlain MC,
Leptomeningeal metastases, pp. 627–35, Copyright (2010), with permission from
Wolters Kluwer Health, Inc.
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High-dose systemic chemotherapy (in particular methotrexate and
cytarabine) may obviate the need for intra-CSF chemotherapy (37, 52).
High-dose therapy achieves cytotoxic CSF levels as, for example, reported
in patients with lymphomatous meningitis or breast cancer-related NM.
However, the majority of systemic chemotherapy agents and some targeted
therapies (i.e. imatinib, rituximab, and trastuzumab) do not achieve
adequate CNS penetration and consequently will not treat the CSF
compartment. This statement does not imply systemic chemotherapy has
no role in the treatment of NM but rather for the majority of patients with
NM, systemic chemotherapy is an adjunctive treatment useful to treat
extraneural disease and bulky subarachnoid disease (1, 16, 38, 46).

Intra-CSF chemotherapy in NM is based upon limited studies with
comparatively small numbers of patients (38, 39, 40, 41, 43, 44, 45, 46, 47,
48) (Table 21.3). Consequently, the role of intra-CSF chemotherapy in the
treatment of NM has never been established in a prospective randomized
trial. Nonetheless, several statements can be made regarding intra-CSF
chemotherapy. Among the three most common intra-CSF chemotherapy
agents used (i.e. methotrexate, cytarabine, and thiotepa), there does not
appear to be an advantage of one agent versus another nor does there
appear to be an advantage for combining agents as is commonly prescribed
for lymphomatous and leukaemic meningitis (38, 39) (Table 21.3).
Liposomal cytarabine, an intra-CSF chemotherapy agent with a long half-
life (approximately 140 hours), has been shown in two small randomized
trials to be superior to methotrexate or cytarabine though potentially with
increased neurotoxicity (40, 41) (Table 21.3). Due to increased efficacy
(cytological response, time to neurological disease progression, non-
neurological cause of death, and improved quality of life), an argument has
been made to consider liposomal cytarabine as the agent of first choice in
patients with NM unless an investigational trial is available. Small trials
with alternative intra-CSF chemotherapies (i.e. topotecan, etoposide, α-
interferon, and trastuzumab) have been utilized in adults with NM though
the appropriate role for these agents is unclear (42, 43, 44, 47, 48).
Suggestions including treatment of melanoma-related NM with α-
interferon, germ cell and small cell lung cancer NM with etoposide,
Her2/neu-positive breast cancer-related NM with trastuzumab, and
topotecan for non-small cell lung cancer-related NM appear reasonable but
unfortunately are not evidenced based. All intra-CSF chemotherapy is
associated with side effects and can be ascribed to those directly related to
therapy such as fatigue associated with WBRT and the induction of a
chemical meningitis with intra-CSF chemotherapy. Intra-CSF
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chemotherapy commonly causes transient (less than 5 days) aseptic
chemical meningitis that may be mitigated by administration of concurrent
oral steroids (1, 2, 40, 41). The chemical meningitis often manifests as
headache, nausea/vomiting, fever, photophobia, meningismus, CSF
pleocytosis, and occasionally delirium. It is likely that the majority of
patients manifest laboratory evidence of intra-CSF chemotherapy-related
chemical meningitis; however, only a minority are symptomatic and most
are easily managed with oral medications. The major differential diagnosis
is with respect to iatrogenic infectious meningitis wherein skin
contaminants are introduced at the time of intra-CSF chemotherapy.

Table 21.3 Randomized clinical trials

Study
(reference)Design Response Toxicity

Boogerd et
al. (46)

N = 35
Breast cancer
IT vs no IT†

IT vs no IT:
Improvement or

stabilization:
59% vs 67%

TTP: 23 vs 24 wk
Median survival:

18.3 vs 30.3 wk

IT vs no IT:
Neurological complications: 47% vs 6%

Glantz et
al. (41)

N = 28
Lymphoma
DepoCyt® vs

Ara-C

DepoCyt® vs Ara-C:
TTP*: 78.5 vs 42 d
OS*: 99.5 vs 63 d
RR: 71% vs 15%

DepoCyt® vs Ara-C:
Headache: 27% vs 2%; nausea: 9% vs

2%; fever: 8% vs 4%; pain: 5% vs
4%; confusion: 7% vs 0%;

somnolence: 8% vs 4%

Glantz et
al. (40)

N = 61
Solid tumours
DepoCyt® vs

MTX

DepoCyt® vs MTX:
RR* 26% vs 20%
OS* 105 vs 78 d
TTP 58 vs 30 d

DepoCyt® vs MTX:
Sensory/motor: 4% vs 10%; altered

mental status: 5% vs 2%; headache:
4% vs 2%

Grossman
et al. (39)

N = 59
Solid tumours

and
lymphoma
(in 90%)

IT MTX vs
thiotepa

IT MTX vs thiotepa:
Neurological
improvements:
none

Median survival:
15.9 vs 14.1 wk

IT MTX vs thiotepa:
Serious toxicities similar between groups
Mucositis and neurological

complications more common in MTX
group

Hitchins et N = 44 IT MTX vs. MTX + IT MTX vs MTX + Ara-C:
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al. (38) Solid tumours
and
lymphomas

IT MTX vs
MTX +
Ara-C

Ara-C:
RR*: 61% vs 45%
Median survival*:

12 vs 7 wk

N/V: 36% vs 50%; septicaemia,
neutropenia: 9% vs 15%; mucositis:
14% vs 10%; pancytopenia: 9% vs
10%.

AEs related to reservoir: blocked
Ommaya: 17% vs 0%; intracranial
haemorrhage: 11% vs 0%

Shapiro et
al. (45)

Solid tumours
(N = 103)

DepoCyt® vs
MTX

Lymphoma
(N = 25)

DepoCyt® vs
Ara-C

DepoCyt® vs
MTX/Ara-C:

PFS*: 35 vs 43 d
DepoCyt® vs MTX:
PFS: 35 vs 37.5
DepoCyt® vs Ara-C:
CR*: 33.3% vs

16.7%
PFS: 34 vs 50 d

DepoCyt® vs MTX/Ara-C:
Drug-related AEs: 48% vs 60%
Serious AEs: 86% vs 77%

*No significant differences between groups.

†Appropriate systemic chemotherapy and/or radiotherapy given in both arms.

AE, adverse event; Ara-C, cytarabine; CR, complete response; d, day; IT, intra-
CSF; MTX, methotrexate; N/V, nausea/vomiting; OS, overall survival; PFS,
progression-free survival; RR, response rate; TTP, time to progression; wk, weeks.

Adapted from Current Opinion in Oncology, 22(6), Chamberlain MC,
Leptomeningeal metastases, pp. 627–35, Copyright (2010), with permission from
Wolters Kluwer Health, Inc.

Commentary on National Comprehensive Cancer
Network guidelines
National Comprehensive Cancer Network (NCCN) guidelines, the most
widely used and most frequently cited cancer guidelines, predominantly
reflect expert opinion due to a paucity of high-level evidence (mostly IIa)
for the treatment and management of NM (16). Consequently, the
guidelines should be viewed as expert consensus on good clinical practice.
Because of limitations in the guidelines (low-level evidence, expert
opinion based), it is uncertain if clinical outcomes are impacted by their
use. Importantly, there is no assessment of cost-effectiveness (economic
impact or comparative effectiveness). Nonetheless, the NCCN guidelines
recommend a staging evaluation in patients suspected to harbour NM that
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includes CSF interrogation, neuraxis MRI, and, in patients being
considered for intra-CSF chemotherapy, a radioisotope CSF flow study.
The utility of intra-CSF chemotherapy is recognized as a standard of care
treatment notwithstanding a paucity of evidence demonstrating benefit,
particularly in the setting of carcinomatous meningitis (46).

Other therapy including surveillance
recommendations
Symptomatic treatment of NM is directed at alleviating pain which is most
often headache and secondary to raised intracranial pressure that is best
managed either by CSF shunting or treatment with WBRT. Similarly,
nausea and vomiting are usually related to raised intracranial pressure and
are managed in a similar manner. As a general principle there is little
benefit from steroid administration in managing NM-related symptoms
with two exceptions. Patients with treatment-related chemical meningitis
often benefit from steroid administration as mentioned previously. In
addition, patients with coexisting parenchymal brain metastases also
derive benefit from steroids when peritumoural oedema exists.
Antiepileptic drugs are rarely indicated as less than 10% of patients with
NM manifest seizures and there is no benefit to prophylactic antiepileptic
drug use. Importantly, a candid discussion regarding potential treatment
side effects and expected treatment outcome is important as many patients
may conclude that treatment is ineffective and consequently, decline
therapy. In patients proceeding with NM-directed therapy, preparing
patients and families for a neurological death and the expected sequential
loss of neurological function may help to alleviate stress and provide an
improved understanding of the dying process.

Current research topics
At present, there is an enormous unmet need for investigational trials of
novel treatments for NM; however, there are several reasons why this is
unlikely, at least for the immediate future. Neuro-oncology collaborative
groups are historically focused on gliomas with limited interest in studying
NM. Because of the comparatively low incidence of NM and limited
survival following diagnosis, there is little economic incentive for
pharmaceutical companies to invest resources in NM and lastly, a certain
degree of therapeutic nihilism exists among oncologists in managing
patients with NM that serves as a disincentive for development of clinical
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trials.
NM is a complicated disease for a variety of reasons. First, most reports

concerning NM treat all subtypes as equivalent with respect to CNS
staging, treatment, and outcome. However, clinical trials in oncology are
based on specific tumour histology and biology. Comparing responses in
patients with carcinomatous meningitis due to breast cancer to patients
with non-small cell lung cancer outside of investigational new drug trials
may be misleading.

A second feature of NM, which complicates therapy, is deciding whom
to treat. Not all patients necessarily warrant aggressive CNS-directed
therapy; however, few guidelines exist to direct the appropriate choice of
therapy. Based on the prognostic variables determined clinically and by
evaluation of the extent of disease, a sizable minority of patients will not
be candidates for aggressive NM-directed therapy. Therefore supportive
care (radiotherapy to symptomatic disease, antiemetics, and narcotics) is
reasonably offered to patients with NM considered poor candidates for
aggressive therapy as seen in Fig. 21.1.
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Fig. 21.1 Treatment algorithm for leptomeningeal metastases.
Adapted from Current Opinion in Oncology, 22(6), Chamberlain MC,
Leptomeningeal metastases, pp. 627–35, Copyright (2010), with permission from
Wolters Kluwer Health, Inc.

Third, optimal treatment of NM remains poorly defined. Given these
constraints, the treatment of NM today is palliative and rarely curative
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with a median patient survival of 2–3 months based on data from the six
prospective randomized trials in this disease. However, palliative therapy
of NM often affords the patient protection from further neurological
deterioration and consequently an improved neurological quality of life.
No studies to date have attempted an economic assessment of the
treatment of NM and therefore no information is available regarding a
cost–benefit analysis as has been performed for other cancer-directed
therapies.

Finally, in patients with NM, the response to treatment has been based
primarily on CSF cytology or flow cytometry. Many experts would,
however, argue that response to NM-directed treatment should be based on
clinical outcome rather than CSF analysis. In general, only pain-related
neurological symptoms improve with treatment. Neurological signs such
as confusion, cranial nerve deficit(s), ataxia, and segmental weakness
minimally improve or stabilize with successful treatment.
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