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Foreword

Recent years have witnessed important progress in the imaging of brain tumors. In
the case of magnetic resonance imaging, increasingly sophisticated contrast agents
afford a more comprehensive study of blood-brain barrier abnormalities in clinical
practice, and at the same time new techniques have been designed to evaluate the
morphology of local and distant metastases. In addition, numerous functional tech-
niques have been introduced, including methods to examine cellularity and cancer
spread in the interstitial space (diffusion-weighted MRI), to study tumor vascularization
and behavior in the endothelial wall (perfusion-weighted MRI), and to analyze changes
in the concentration of normal and pathological metabolites (MR spectroscopy).

Considerable steps forward have also been achieved in the therapeutic approach to
brain tumors. With regard to surgery, these have resulted in improved neuronavigation,
greater intraoperative control of resection margins, a broadening of surgical indications
to include the treatment of aggressive tumors, and earlier resection of slow-growing
masses. Further important advances have been highly precise radiation therapy tech-
niques, chemotherapy regimens that attack both tumor cells and the pathological neo-
vasculature, and tumor genotyping studies. Taken together, these developments allow
earlier diagnosis and treatment of brain tumors and improve life expectancy. One
consequence is the need for more accurate and more frequent follow-up to assess
treatment response and consider treatment changes, especially to counter the “evasive
resistance” of gliomas to chemotherapy.

Tommaso Scarabino’s interest in interdisciplinary cooperation is reflected in the
range and volume of his scientific production, especially with regard to the application
of MRI to brain tumors. This volume is the result of his collaboration with highly
qualified neuroradiologists as well as clinicians. It examines brain tumor imaging
after various types of treatment, going beyond the “wait and see” attitude by developing
a comprehensive, coordinated approach. I am certain that his latest effort will not
only achieve the success it deserves, but also provide a significant contribution to the
treatment of brain tumors.

October 2011 Ugo Salvolini
Department of Radiology

University Hospital “Ospedali Riuniti”

Ancona, Italy
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Part A

Introduction



Brain Tumors

Saverio Pollice, Gilda Morlino, Michela Capuano
and Tommaso Scarabino

1.1 General Findings

Primary central nervous system (CNS) tumors have an
incidence ranging from 5 to 17 cases per 100,000 in-
habitants per year, with no significant differences be-
tween nations. They cause 2-5% of all cancer deaths
[1]. In Italy, the annual incidence of new brain tumors
ranges from 8.4 to 9.2 per 100,000 per year.

Over the past three decades there has been a pro-
gressive increase in the incidence of brain tumors, par-
ticularly in subjects about 65 years of age, where the
incidence has more than doubled [2]. This increase
does not seem attributable only to the increasing avail-
ability of new and more sophisticated imaging tech-
niques such as computed tomography (CT) and mag-
netic resonance (MR) imaging which allow a more
accurate diagnosis.

1.2 Classifications
In 2007 the World Health Organization [3] published a
revised classification of CNS tumors, which replaced
the previous classification of 2000 [4] and to which
most neuropathologists today refer (Table 1.1). This
classification is based on the identification of different
histopathologic groups and includes a scale of malig-
nancy, ranging from grade I benign forms to grade IV
forms with rapid growth and poor prognosis.

On the basis of information provided by the WHO
classification it is possible to diagnose tumor type and

S. Pollice (I)
Department of Radiology
“L. Bonomo” Hospital, Andria (BT), Italy

degree of malignancy. In reality, this classification has
some limitations because it does not consider the structural
heterogeneity of these tumors, in which areas with dif-
ferent degrees of anaplasia-malignancy can coexist. In
addition, these tumors over time can undergo malignant
transformation which does not appear throughout the le-
sion at the same time. It follows that histologic diagnosis
made on one region of the mass is not necessarily appli-
cable to the whole tumor. Lastly, the location of the tumor,
especially when involving eloquent areas, can limit the
surgical approach and consequently alter prognosis, even
in tumors with the same histopathologic features.

In the new classification, molecular-genetics findings
and histologic grade of differentiation have been more
precisely assessed [3]. Indeed in neuro-oncology the his-
tologic diagnosis of primary brain tumor is the criterion
standard, but only molecular and pathologic tumor tissue
assessment may lead to a better characterization of dif-
ferent tumor types (oncotype) and to a better choice of
the most appropriate therapeutic strategies [5].

1.3 Glial Tumors

Gliomas are the most common primary intracerebral
tumors. Their frequency varies in different statistics be-
tween 45 and 62% of the total, with a slight prevalence
in males (M/F: 1.3). A common feature of these tumors
is the great heterogeneity in neuropathologic appearance,
gene expression and prognosis [5].

In the 2007 WHO classification, astrocytic tumor is
the prototype referred to the description of the histologic
grading. Grade I is assigned to localized tumors with low
proliferative level and potentially curable by surgical re-
section (pilocytic astrocytoma); grade Il includes diffusely
infiltrative lesions, with cytologic atypia and low prolif-

T. Scarabino (ed.), Imaging Gliomas After Treatment, © Springer-Verlag Italia 2012 3



S. Pollice et al.

Table 1.1 Classification of central nervous system tumors (WHO 2007)

1. Neuroepithelial tissue tumors
Astrocytic tumors
Astrocytoma (pilocytic, subependymal giant cell) (grade I)
Diffuse astrocytomas (pilomyxoid, diffuse, pleomorphic
xanthoastrocytoma) (grade II)
Anaplastic astrocytoma (grade IIT)
Glioblastoma (giant cell variant, gliosarcoma) (grade IV)
Oligodendroglial tumors
Oligodendroglioma (grade II)
Anaplastic oligodendroglioma (grade III)
Mixed gliomas
Oligoastrocytoma (grade II)
Anaplastic oligoastrocytoma (grade IIT)
Ependymal tumors
Ependymoma (grade I)
Myxopapillary ependymoma and subependymoma (grade II)
Anaplastic ependymoma (grade III)
Choroid plexus tumors
Choroid plexus papilloma (grade I)
Atypical choroid plexus papilloma (grade II)
Choroid plexus carcinoma (grade I1I)
Other neuroepithelial tumors
Angiocentric glioma (grade I)
Chordoid glioma of III ventricle (grade II)
Mizxed glial and neuronal tumors
Gangliocytoma, ganglioglioma (grade I)
Anaplastic ganglioglioma (grade III)
Desmoplastic infantile astrocytoma and ganglioglioma
(grade I)
Dysembryoplastic neuroepithelial tumor (grade I)
Central neurocytoma (grade II)
Extraventricular neurocytoma (grade II)
Cerebellar liponeurocytoma (grade II)
Spinal paraganglioma (grade I)
Papillary glioneuronal tumor (grade I)
Glioneuronal tumor forming roses of IV ventricle (grade I)
Neuroblastic tumors
Olfactory neuroblastoma (esthesioneuroblastoma)
Pineal tumors
Pineocytoma (grade I)
Pineal tumor with intermediate differentiation (grade II-III)

erative activity, which may recur and progress to higher
degrees of malignancy (diffuse astrocytoma); grade 111
consists of tumors with histologic evidence of malignancy,
which express nuclear atypia and high mitotic activity
(anaplastic astrocytoma); and grade IV includes tumors
with malignant cytology, high mitotic activity, tendency
to necrosis and microvascular proliferation, with rapid
growth, infiltration of surrounding tissues, skull and spinal
dissemination and unfavorable outcome (glioblastoma

Papillary tumors of pineal region (grade II-I1I)
Pinealoblastoma (grade IV)
Embryonal tumor
Medulloblastoma (desmoplastic, giant cell, melanocytic,
medullomyoblastoma) (grade IV)
Primitive neuroectodermal CNS tumors (PNET) (grade IV)
Rhabdoid/teratoid atypical tumor (grade IV)
2. Peripheral nerve tumors
Schwannoma (grade I)
Neurofibroma (grade I)
Perineurinoma (grade II-11I)
Peripheral nerve sheath tumors (MPNST) (grade II-IV)
3. Meningeal tumors
Meningothelial tumors
Meningioma (grade I)
Atypical meningioma (grade II)
Anaplastic or malignant meningioma (grade III)
Hemangiopericytoma (grade II)
Anaplastic hemangiopericytoma (grade I1I)
Hemangioblastoma (grade I)
Non meningothelial mesenchymal tumors
Lipoma, liposarcoma, fibrosarcoma, chondroma,
rhabdomyosarcoma, osteosarcoma,
hemangiopericytoma etc.
Melanocytic tumors
Diffuse melanocytic, malignant melanoma, diffuse
meningeal melanomatosis
Uncertain origin
Hemangioblastoma
4. Hematopoietic tumors
Lymphoma and plasmacytoma
5. Germ cell tumors
Germinoma (seminoma), embryonal carcinoma, yolk sac
carcinoma, chorion carcinomas, teratomas (mature,
immature, with malignant transformation), mixed
6. Sellar region tumors
Craniopharyngioma (grade I)
Granular cell tumor of the neurohypophysis (grade I)
Pituicytoma (grade I)
Spindle cell oncocytoma of adenohypophysis (grade I)
7. Metastatic tumors

multiforme — GBM). Table 1.2 reports the different degree
of glioma distribution in adults.

1.4 Etiology

Tumors are the result of the abnormal and unregulated
growth of certain cells. Once the human brain completes
its development, most of its cells after birth enter into
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Table 1.2 Relative distribution in adults (WHO 2000 Classifi-
cation)

Low grade
Astrocytoma grade I and II: 4%
Oligodendroglioma: 4%

High grade (malignant gliomas)
Anaplastic astrocytoma grade I1I: 35%
Glioblastoma multiforme grade I'V: 50%
Anaplastic oligoastrocytoma grade III: 4%
Anaplastic oligodendroglioma grade III: 2%

a state of quiescence, devoid of mitotic activity. The
only exception to this rule is when a tumor arises. Brain
tumor cells resume the cell cycle due to changes in
some genes that control cell division and growth. Al-
though much is known about the alterations of these
genes in brain tumors, the primary reason underlying
the changes is currently unknown.

incidence of glial tumors by a factor of 3 to 7, with a la-
tency period of 10 to more than 20 years after exposure
[6]. No other environmental elements or patient behavior
has been clearly identified as a risk factor.

Some authors report that proximity to high voltage
cables, use of hair dyes, head trauma, diet containing
N-nitrosamines, or other nutritional factors may in-
crease the risk of brain tumors [7-9]. The association
between type of professional employment and appear-
ance of glioblastomas has been the subject of numerous
studies. Workers chronically exposed to vinyl chloride,
phenolic compounds and aromatic hydrocarbons have
an increased risk [10, 11]. A recent meta-analysis
showed an increased risk of gliomas and acoustic neu-
romas in long-term users (10 years) of cordless or mo-
bile phones [12, 13]. All these data, despite epidemio-
logical importance, however, are considered conflicting
and unconvincing [14].

1.5 Hereditary Transmission

Only about 5% of glial tumors have a hereditary com-

ponent. The role played by genetic predisposition is

considered significant in some rare syndromes, in which
molecular events are under study (generally inactivation

of tumor suppressor genes), commonly known in a

family group before a tumor develops in a member.

These syndromes include:

* Neurofibromatosis type I (multiple mucosal cutaneous
neurofibromas and cafe au lait skin rashes) and type
II (VIII cranial nerve schwannomas often bilateral)

e Li Fraumeni syndrome (breast cancer, sarcomas,
brain tumors, leukemia)

e Turcot syndrome (family polyposis with increased
incidence of colon-rectum cancers and astrocytic
tumors)

*  Von Hippel Lindau syndrome (multiple retinal and
intra-axial hemangioblastomas, cysts and renal or
pancreatic carcinoma, pheochromocytoma)

* Cowden syndrome (cerebellum dysplastic ganglio-
cytoma, breast cancer, trichilemmomas).

1.6 Risk Factors

Ionizing radiation is considered by some authors the only
unequivocal risk factor identified for glial neoplasms. Ir-
radiation of the head, even at low doses, can increase the

1.7 Pathogenesis

According to the WHO classification there are different
genetic alterations leading to glioblastoma [15, 16].
Two particular types of changes can be distinguished:
e Activation of oncogene factors:

1. EGF/R (epidermal growth factor/receptor)

2. MDM2 (mouse double minute 2 oncoprotein pro-
motes cell survival and cell cycle progression by
inhibiting tumor suppressor TP53)

3. PDGF/R (platelet-derived growth factor/receptor)

* Deactivation of tumor-suppressor factors:
1. 10p, 10q, 19q (chromosomes)
2. DCC (deleted in colorectal cancer tumor sup-
pressor gene)
. p16 (tumor suppressor gene/protein)
. TP53 (tumor suppressor gene/protein)
5. PTEN (phosphatase and tensin homolog is a tu-
mor suppressor gene that controls growth, pro-
liferation and cell survival. Its mutation or inhi-
bition can result in the onset of cancer, e.g.
prostate, breast, colon and brain)
6. RB (retinoblastoma tumor suppressor gene,
retinoblastoma protein)
Table 1.3 shows mutations that occur in normal cells
which can generate glioblastoma [3].

In recent years, molecular studies in neuro-oncology
have identified the existence of molecular-biologic
changes, such as methylation of MGMT gene promoter

A~ W
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Table 1.3 Astrocytic differentiated cells or precursors or stem cells

TP53 mutation (59%)
!

Diffuse astrocytoma

TP53 Mutation (53%)
{

Anaplastic astrocytoma

!
1.9 years

!

Loss of heterozygosity on 10q (63%)
EGFR amplification (8%)
pl16/NK4a delection (19%)
TP53 mutation (65%)
PTEN mutation (4%)
!

Secondary glioblastoma

5% of cases
Average age: 45 years
M/F ratio: 0.65

and the deletion of chromosomes 1p/19q, able to predict
clinical course and response to therapy [17, 18].

The identification of biologic/molecular variables able
to characterize the clinical course of disease in the elderly
compared to adult patients may allow the identification
of targeted treatments which are not only appropriate
for the clinical characteristics of elderly patients, but
also for biological characteristics of the disease, thus
proving more specific, more effective and less toxic.

Genetic analysis of more than 20,000 genes of pa-
tients with GBM has detected somatic mutations of the
isocitrate dehydrogenase 1 (IDH1) gene in 12% of tu-
mors, more frequently in young patients (mean age 33
years) or with secondary GBM, which has developed
from a previous low-grade malignancy type. These mu-
tations are associated with better prognosis [19].

A recent study analyzed the genetic sequence of
IDHI1 and IDH?2 in 445 brain tumors and in 494 other
location tumors. Gene mutations have been identified
for IDH1 in more than 70% of grade II and III gliomas
and secondary glioblastomas. Tumors with mutations
in IDH1 and IDH2 have distinct clinical and genetic

TP53 (59%) mutation

Diffuse astrocytoma

|
|
|
5.1 years
|
|
I

!
<3 months (68%)

<6 months (84%)
|

|
|
|
!

Loss of heterozygosity on 10q (70%)
EGFR amplification (36%)
pl6/NK4a detection (31%)

TP53 mutation (28%)

PTEN mutation (25%)

!

Primary glioblastoma

95% of cases
Average age: 62years
M/F ratio: 1.33

characteristics and generally have a better prognosis
than similar tumors with wild-type IDH gene [20].

1.8 Prognostic Factors

Age, performance status and histologic grade are the
most important prognostic factors for glial tumors in
most randomized trials. Of these, age over 60 years is
one of the most important negative prognostic factors
in patients with GBM. However, it remains unclear
whether this poor prognosis is attributable to the pres-
ence of clinical features related to the elderly or to bi-
ologic characteristics typical of the disease in the eld-
erly. It has been hypothesized that cancer in elderly
patients has different clinical characteristics than in
adults given the presence of different molecular genetic
profiles. Primary and secondary glioblastomas are prob-
ably two distinct diseases, although there is little histo-
logic differentiation. They affect different groups of
patients by age and sex and develop through different
genetic pathways, with different profiles of mRNA and
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Table 1.4 Radiation Therapy Oncology Group prognostic classification

Class Prognostic factors Median survival (months)
1 Age <50, anaplastic astrocytoma, surgery, no neurologic deficit 58.6
2 Age <50, KPS 70-100, anaplastic astrocytoma, at least three months between onset 374
of symptoms and surgery
3 Age <50, anaplastic astrocytoma, surgery, neurologic deficit presence 17.9
Age<50, glioblastoma, KPS 90-100
4 Age <50, glioblastoma, KPS 90 11.1

Age <50, KPS 70-100, anaplastic astrocytoma, less than three months from onset

of symptoms and surgery

Age 250, glioblastoma, surgical resection, no neurologic deficit
5 Age <50, KPS 70-100, glioblastoma, surgical resection, Surgery with neurologic 8.9
deficit or biopsy alone followed by at least 54.4 Gy RT

Age <50, KPS 70, no neurologic deficit

6 Age <50, KPS 70-100, glioblastoma, biopsy alone, less than 54.4 Gy RT 4.6

Age <50, KPS 70, neurologic deficit presence
KPS, Karnofsky performance status index.

Table 1.5 European Organization for Research and Treatment of Cancer/National Cancer Institute of Canada prognostic classification

Class Prognostic factors Median survival (months)  Median survival (months)
(radiotherapy) (concomitant and adjuvant
temozolomide to radiotherapy)
I Age <50, glioblastoma, WHO PS 0 15 21
v Age <50, glioblastoma, WHO PS 1-2 13 16
Age 250, glioblastoma, total/partial surgery, MMSE 27
v Age 250, glioblastoma, MMSE 27, biopsy alone 9 10

PS, performance status; MMSE, mini mental state examination.

protein expression. These differences are important,
especially because they may influence tumor response
to radiation therapy and chemotherapy and may be the
target of future therapeutic approaches [21].

The Radiation Therapy Oncology Group (RTOG)
has developed a partition of high-grade astrocytic tumors
(anaplastic astrocytoma and glioblastoma) in six classes
of prognosis according to age, histologic grade, Karnof-
sky performance status, neurologic function, type of
surgery (resection vs. biopsy) and radiation therapy dose
delivered (less or more than 54.4 Gy) (Table 1.4) [22].

The European Organization for Research and Treat-
ment of Cancer (EORTC) and the National Cancer In-
stitute of Canada (NCIC) have developed another prog-
nostic classification for patients with GBM treated with
radiation therapy alone or adjuvant temozolomide at
the same time as radiaton therapy (Table 1.5) [23].

1.9 Symptoms and Complications

The clinical history of glioblastoma is short (less than
3 months in more than 50% of cases), except when

cancer develops as the progression of a low-grade as-
trocytoma (secondary glioblastoma).

The symptoms of a brain tumor depend mainly on
its location and its size and consequently on the function
of areas involved by the tumor, with a variety of non-
specific symptoms typical of a mass growing inside
the skull with increased intracranial pressure. Common
symptoms are persistent headache, nausea, vomiting
(usually morning), disorders of retina like papilledema
caused by the dilatation of cerebral vessels, focal deficit
(hemiparesis, hemianesthesia, hemianopsia, diplopia,
aphasia) and seizures due to tumor irritation effect (pre-
sent up to one third of patients); moreover nonspecific
neurologic symptoms such as clouding of consciousness
and personality changes.

The Karnofsky performance status (KPS) index has
been developed to standardize the clinical evaluation
of the patient. It gives a score, according to the symp-
toms, which ranges from the maximum degree of pa-
tient autonomy in everyday life (KPS = 100) until death
(KPS =0).

Complications related to the presence of brain tumor
can be distinguished from those due to illness (such as



S. Pollice et al.

edema, neurologic disorders, visual disturbances, hy-
drocephalus, leptomeningeal gliomatosis, degradation
of cognitive and psychologic state) from those more
strictly related to treatment: surgery (infection, neuro-
logic disorders, visual disturbances), radiation therapy
(neurologic disorders, visual disturbances, impaired
cognitive function), chemotherapy (blood disorders,
respiratory disorders, diarrhea, fatigue, neurologic dis-
orders), supportive therapy (anticonvulsants and/or anti-
inflammatory). Many of these complications are not
common and a significant number of them can be ef-
fectively controlled with therapy.

1.10 Diagnosis and Staging

Early diagnosis and correct assessment of true tumor
extension and relationship with surrounding anatomic
structures are important for prognosis and for different
treatment approaches and strategies. In many patients,
brain tumor diagnosis is delayed by many months after
first appearance of symptoms, especially if symptoms
are discontinuous and mild. However, there is no sig-
nificant evidence that earlier diagnosis of most brain
tumors favorably influences survival, although it is nat-
ural to assume that small tumor lesions can be more
easily subjected to radical surgery or respond better to
radiation therapy/chemotherapy.

The reference standard examination for the diagnosis
of histologic type and grade of brain tumor is the
histopathologic study on tissue samples using stereotactic
or surgical resection, both of which are invasive methods.
Stereotactic biopsy may not always be performed and
involves appreciable risk of morbidity and mortality.
Sometimes, errors in sampling and mixed malignant and
benign histopathologic appearances may limit the diag-
nostic accuracy of the survey. This underlines the need
for a noninvasive technique that could lead to a diagnosis
as close as possible to the histologic diagnosis without
risk to the patient and with a broader perspective.

MR fits perfectly in this setting and is in fact the inves-
tigation of choice for diagnosis and follow-up of patients
with brain tumors. This examination should also be rec-
ommended to all patients suffering from seizures for which
there is no immediate and plausible explanation.

CT is suggested in emergencies (hemorrhage, obstruc-
tive hydrocephalus, etc) or in the pursuit of calcification
in the context of the lesion (oligodendroglial tumors) or
bone erosions of the neurocranium and skull base.

Compared with CT, MR has a greater sensitivity in
the detection of lesions. However it is not always easy to
access for patients and has some drawbacks: it cannot be
done in patients with a pacemaker, a prosthesis incom-
patible with magnetic field, vascular metal clips, etc.

The MR study should be performed without and with
paramagnetic (gadolinium) contrast medium. The use
of contrast agent allows the acquisition of information
about vascularity and integrity of the blood-brain barrier
(BBB), as well as a better definition of tumor lesion
and surrounding edema. Once this information has been
obtained, the degree of malignancy can be hypothe-
sized.

Contrast enhancement (CE) is not able to distinguish
brain tumor from peritumoral edema with certainty. In
fact in infiltrating malignant gliomas (such as glioblas-
toma and anaplastic astrocytoma) anatomopathologic
findings may show neoplastic tissue beyond the area
of vasogenic edema as shown on MR images.

The presurgical treatment MR study is able to assess
the precise location of the lesion and the proximity to
(or even the involvement with) vital areas of the brain
(eloquent areas). It is also able to evaluate the mechanical
effects and consequent changes in the relationship of the
tumor with the brain structures such as hydrocephalus
and herniation, the effects of which can be fatal.

The morphologic MR study may be supplemented
by complementary advanced MR imaging techniques
that provide morphofunctional findings very useful for
diagnostic and clinical purposes.

The role of positron emission tomography (PET) is
very important. This imaging modality is a nuclear tech-
nique that uses drugs with positron-emitting isotopes
(radiopharmaceuticals). In addition, PET/CT imaging is
able to acquire functional metabolic PET images and
morphologic CT images using the same system, thus
producing a more precise localization of findings. The
drug usually used for this study is 18 F-deoxyglucose
(FDG) which accumulates in most fast growing lesions
and in more aggressive tumors. FDG-PET is indicated
in the diagnosis of brain tumors, particularly in the dif-
ferentiation of metabolically active tumor (persistence/re-
currence) from necrotic tissue (radionecrosis) and scar-
ring [24] and in monitoring the response to therapy. False
positives are still possible (in cases of non-malignant in-
flammatory processes) and false negatives (in the pres-
ence of small low-grade tumors or high-grade tumors
with high anaerobic metabolism) [25].

For the planning of optimal treatment and for post-
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treatment monitoring, the medical team should include
a neuroradiologist, neurosurgeon, radiation oncologist
and oncologist supported by nurses, social workers,
psychologists, nutritionists and physical therapists. In
this context the neuroradiologist should carefully eval-
uate post-surgery imaging on the basis of the knowledge
of performed treatments.

1.11 Supportive Therapy

Supportive treatment is designed to relieve symptoms
and improve the neurologic function of the patient.
Supportive primary drugs are anti-epileptics and corti-
costeroids. Antiepileptic drugs are administered to about
25% of patients who have had seizures at the presenta-
tion of the disease. Phenytoin (300-400 mg/d) is the
drug most commonly used, but carbamazepine (600-
1000 mg/d), phenobarbital (90-150 mg/d) and valproic
acid (750-1500 mg/d) are equally effective. Their doses
should be adjusted in relation to blood level to provide
maximum protection.

New concept anti-epileptics such as levetiracetam,
gabapentin, lamotrigine and topiramate are similarly
effective. Most of these new drugs have the advantage
of causing few cognitive side effects and they do not
alter the metabolism of chemotherapy, because they do
not induce the hepatic microsomal system. New anti-
convulsants are increasingly replacing traditional drugs
in first-line anti-epileptic therapy [26]. Prospective clin-
ical trials have yielded negative results to show the ef-
fectiveness of the prophylactic use of antiepileptic drugs
in brain tumors patients with no previous seizure. Con-
sequently, the medical literature does not recommend
its use for this purpose except for the period of surgery,
when their use can reduce the incidence of postoperative
seizures [26, 27].

Corticosteroids can reduce peritumoral edema, di-
minishing mass effect of the tumor and reducing in-
tracranial pressure. Their immediate effect is headache
relief and improvement in lateralized signs.

Corticosteroid dexamethasone is preferable, because
of its minimal mineralocorticoid activity. The starting
dose is about 16 mg/d. This amount may be increased
or decreased to reach the minimum dose needed to
control neurologic symptoms.

Prolonged use of corticosteroids is associated with
hypertension, diabetes mellitus, hyperosmolar nonke-
totic hyperglycemic state (a potentially lethal condition),

myopathy, weight gain, insomnia and osteoporosis.
Therefore, in patients with brain tumor, steroid dose
should be reduced gradually as quickly as possible once
treatment has started. For most patients, the adminis-
tration of corticosteroids may be discontinued upon
completion of radiation therapy.
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Surgery
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2.1 General Findings

The treatment of brain tumors is complex and depends
on several factors such as histologic type, location and
extension, age and general conditions of the patient.
Brain tumors can be treated with surgery, radiation
therapy (RT) and chemotherapy, often in combination,
in relation to the needs of patient [1].

The first step is to schedule wherever possible a
treatment plan that includes the sequence and the indi-
vidual components of a multidisciplinary approach.
Currently, surgery is considered the best available treat-
ment for patients in good health. Surgical resection is
chronologically the first therapeutic option and should
be as complete as possible according to tumor site and
the general conditions of the patient.

For benign tumors, radical excision in most cases is
the only and definitive therapy (curative surgery). Where
a high risk of morbidity or mortality is associated with
radical resection of the mass, it may be preferable to
leave a residual tumor and undertake adjuvant therapies
for its treatment (mainly RT). For malignant tumors
surgery is only a part of a combined RT/chemotherapy
treatment. Cytoreductive surgery is more effective the
more extensive it is. In this case, the 5-year survival in
low grade gliomas increases from 30% to 60%, in
glioblastomas from 8 to 13 months, however, it is worse
in elderly patients in whom mean survival does not ex-
ceed one year.

V. D’ Angelo (B<)

Department of Neurosurgery
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2.2 Surgery
Surgery of brain tumors involves treatment aimed at the
removal of the mass. This neurosurgical act follows the
removal of a piece of bone (craniotomy or craniectomy)
located over the tumor to allow access to the underlying
tumor tissue. A craniotomy involves the creation of a
bone flap which is then repositioned at the end of the
intervention or at a later time. The dura mater underlying
the bone is usually sutured along the edges of the bone
gap and suspended to the same bone while the surgical
site is covered with artificial meninges. Craniectomy is
instead an opening in the skull with a drill hole and
possible widening of the gap with the use of ronguer.
The bone removed is replaced with plastic reconstruction
or a patch that uses the residual fragments.

Neurosurgical treatment of gliomas is a very complex
surgical procedure which requires appropriate neurologic
knowledge (anatomic, functional and clinical) and a
high level of practical experience. The goals of surgery
are to remove as much of the tumor mass as possible
and obtain an accurate histopathologic diagnosis, while
not affecting brain function or worsening already com-
promised function, eliminating pathologic vasculariza-
tion and improving metabolism and blood flow.

Additional benefits of extended surgery are: (1) im-
mediate reduction of intracranial pressure with rapid
improvement in symptoms from compression/intracra-
nial hypertension; (2) reduction of cancer mass resulting
in better oxygenation of residual tumor in order to pro-
mote response to RT; and (3) delay the onset of
chemoresistance and thus prevent possible postoperative
complications.

Since its origins to today, neurosurgery of brain tu-
mors, particularly gliomas, has undergone significant

T. Scarabino (ed.), Imaging Gliomas After Treatment, © Springer-Verlag Italia 2012 13
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change. Over the past 25 years, a range of new operating
room instruments has been introduced, new surgical
approaches have been designed and anesthetic and re-
suscitation techniques have been improved. These im-
provements have allowed a more radical surgery and a
significant reduction in mortality and complications,
especially for lesions located in critical areas in which
surgery results in a significant reduction in the quality
of life of the patient.

The main advances have focused on: (1) oncologic
neurosurgery by neuronavigation, neuro-endoscopy (rec-
ommended above in the presence of obstructive hydro-
cephalus caused by tumor or in biopsy/removal of intra-
ventricular tumors); (2) neuroradiologic diagnosis
performed with high field magnetic resonance (MR) im-
aging, functional MR, ultrasound and/or intraoperative
MR / computed tomography (CT); (3) technology sup-
porting surgery with neuroprotection in anesthesia and
intensive care; (4) intraoperative neurophysiologic map-
ping with its monitoring; (5) awake surgery recommended
in the removal of lesions adjacent to motor or language
areas, during which the patient does tests to assess the
onset of motor or sensory aphasia; (6) intraoperative vi-
sualization of tumor margins and consequent widening
of the removal (by using 5-ALA that renders tumor cells
fluorescent); (7) treatment by local chemotherapy (car-
mustine wafers) and stereotactic radiosurgery.

Even the criteria of operability have changed, al-
lowing an extension of surgical indications so patients
that were previously considered inoperable can cur-
rently undergo surgery. There are no data in the litera-
ture, however, to indicate that these advances are asso-
ciated with significant improvements in survival. It can
be said that certainly an improvement of quality of life
post-surgery has been obtained by reducing the appear-
ance of neurologic deficits. Despite the great techno-
logic progress, gliomas remain in most cases an incur-
able disease that raises still debated and controversial
issues: we must first understand where and when to
perform surgery in a tumor: there are tumors for which
undergoing surgery is not useful and tumors for which
surgery is very hard. Neuroradiologic and clinical find-
ings are necessary to take an appropriate decision and
moreover an intraoperative evaluation is essential to
determine whether removal can be more or less total.

Two factors need to be taken into account to assess
whether a glioma is operable: the first is related to the
patient, the second to the tumor. Factors related to the
patient are primarily age and then general medical con-

ditions, neurologic conditions, clinical history, presence
of seizures, any previous therapy and the patient’s ex-
pectations. Factors related to the tumor are mainly lo-
cation and extension of disease, relations and effects
of the tumor against surrounding brain tissue, number
of lesions, rate of growth, characteristics of growth and
presumed histopathology classification.

Two requirements moreover must be taken into ac-
count: (1) surgery should not cause additional neuro-
logic damage to the patient; (2) the surgeon should try
to radically remove the mass to improve survival times,
patient clinical condition and response to adjuvant ther-
apies.

The amount of postsurgical residual correlates neg-
atively with prognosis [2, 3], even though it has been
noted that tumors in which radical resection is difficult
are those that involve vital structures and by their nature
have a worse prognosis [4].

A recent systematic review of the literature confirms
that the extension of surgery is associated with increased
life expectancy in patients with high-grade and low-
grade glioma [5]. Immediate surgical treatment is def-
initely the ideal process for the resolution of the tumor
without adverse effects on structures and functions of
the central nervous system. Moreover, long-term sur-
gery, alone or in combination with other treatment
modalities, should try to contain tumor regrowth both
locally and remotely.

The approach to a malignant tumor is different from
that for a benign lesion: malignant masses have peculi-
arities and characteristics for which a neuroradiologic
and clinical evaluation before surgery is highly impor-
tant, considering the concept of the critical areas and
critical aspects (e.g. tumor crossed by major vessels).
2.2.1 Low Grade Gliomas
Low grade gliomas (LG) systematically change their
biologic nature and evolve into high-grade gliomas (45-
86% of cases) with an average time of anaplastic trans-
formation of about 7-8 years, and they become irre-
versibly fatal after about 10 years.

Their slow but steady growth means that an early
surgical approach has become an increasingly approved
therapeutic strategy. The amount of surgically removed
tumor decisively influences prognosis, even when the
differences in the amount removed are small. There
are some variables that significantly condition the pos-
sibility of performing a complete resection or that even
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determine surgical abstention. The most important vari-
able is the involvement of critical areas (25% of supra-
tentorial cancer involve eloquent areas). Delaying treat-
ment may lead to risks such as increased volume of the
lesion, anaplastic transformation, onset of non-re-
versible neurologic deficits or worsening seizures. De-
laying surgical treatment may prove logical or rational
only in cases of a stable and asymptomatic tumor or
with a single symptom such as seizures controlled by
medication.

2.2.2 High Grade Gliomas

High grade gliomas (HG) are characterized by short
survival and often have a difficult course which is a
burden for the patient, their family and society. Surgical
resection is chronologically the first therapeutic option
and should be as complete as possible according to the
tumor site and to the patient’s general conditions. The
final outcome depends on the age of disease, time be-
tween surgery and RT and operator experience.

In theory, the surgical removal of the tumor offers
improved quality of life. Gliomatosis cells, however,
have high levels of invasiveness toward surrounding
healthy tissue; they can in fact be found several inches
beyond the macroscopic tumor margins. Consequently,
microscopic radical surgery is almost impossible. Un-
fortunately, recurrence after surgery normally occurs,
even in the absence of radiologically evident residual
and in over 80% of cases manifests in close proximity
to the surgical bed. Although radical excision is not al-
ways possible, it should be as wide as possible (as long
as it involves no additional risks and deficits of any
kind) because this strategy is well correlated with a
better outcome. Residual volume, however, influences
not only prognosis but also response to chemotherapy
and thus survival. However, each case must be evaluated
individually. On many occasions, for example, it is
considered unnecessary or dangerous to remove the
deep component of a tumor that will be subsequently
treated with RT.

2.2.3 Recurrence

The operability of a HG glioma, and even more so its
reoperability with higher morbidity in relation to previ-
ous treatments and greater extension, is an open and
debated issue. Recurrence in fact occurs in more than
80% of cases in close proximity to the surgical bed.

Various factors affect tumor recurrence, including the
infiltrating pattern of the disease, non-radical therapy
(surgery and RT), and difficulty of passage of drugs
across the blood-brain barrier (BBB). Indications for
resurgery predictive of longer survival and better quality
of life are age <70 years, performance status >70, non-
glioblastoma histology, first operation interval greater
than 6 months, no disabling neurologic deficit, resolution
of clinical symptoms after first surgery, and ability to
continue chemotherapy with greater benefit [6]. Often
an intensified associated chemotherapy may be useful
in further improving prognosis. Repeat surgery logically
is useful if we can expect a substantial benefit with im-
provement in the functional status of the patient. In gen-
eral, great benefits even with multiple resurgery occur,
especially after the first reoperation rather than after
subsequent procedures. Even in this case reference
should be made to clinical and neuroradiologic criteria.

2.2.4 Critical Areas

In planning tumor treatment, mapping of the brain is
very important. This involves assessing the function of
critical (or eloquent) areas preoperatively and intraop-
eratively.

Indications for the surgery of tumors in critical areas
need to be carefully evaluated. However, surgery must
be supported by the use of technologies to prevent se-
rious functional damage (navigation, awake surgery,
functional mapping). Brain mapping can help to save
critical areas as much as possible that may also improve
functionality over time and minimize neurologic
deficits. Tumor removal means removing a brain vol-
ume with a central part of the tumor and a peripheral
part with normally functioning cells and fibers. Brain
area functions may be broadly classified into complex
functions (such as frontal and parietal functions, which
are very hard to evaluate preoperatively and intraoper-
atively and have a complex anatomic neural substrate)
and in simple functions (such as motor functions, which
are easier to evaluate especially intraoperatively and
are characterized by a more easily accessible neural
network).

Motor areas are the most important and studied in
the brain. Various techniques exist for this purpose:
awake surgery and intraoperative brain mapping with
subdural electrodes which monitor motor function make
it possible to avoid damaging the patient when operating
on those particularly important brain areas. Neuroradi-
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ology techniques with cortical activation (fMRI) enable
the noninvasive evaluation of preoperative and postop-
erative resectability.
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Radiation Therapy

Santa Bambace, Stefania Carbone and Tommaso Scarabino

3.1 General Findings

Radiation therapy (RT) is a nonsurgical treatment that
uses radiation to eradicate tumor or to restrict its growth.
In the treatment of gliomas, RT may be indicated as an
adjuvant therapy to surgery.

The RT target is the surgical bed plus a margin
around the mass, as defined in the literature. The aim
of treatment is to produce irreversible damage to the
DNA of any residual tumor cells that have escaped sur-
gery because they are not microscopically visible (in-
filtrating more or less distant from the surgical bed).

In RT different types of radiation can be used: X
rays, gamma rays and ionizing particles. These forms
of radiation have ionizing capabilities which act on the
atoms and cause the acquisition or loss of an electron:
ions thus obtained interact with normal molecules in
the cell (including DNA) producing varying degrees
of damage. In dedicated equipment (linear accelerators
often shortened to LINAC) electrons are accelerated
and, after impact with a target inside the machine, re-
lease X-rays.

Gamma rays, instead, are produced from radioactive
isotopes which during decay emit radiation or particu-
late matter, such as secondary products of nuclear re-
actions.

For some cancer types particularly sensitive to radi-
ation, RT often in combination with chemotherapy may
be the only therapeutic approach required. In other
cases, RT is used in combination with surgery to remove
any residual tumor not removed during surgery. RT can

S. Bambace ()
Department of Radiotherapy
“Di Miccoli” Hospital, Barletta (BT), Italy

also be used in nonoperable tumors to reduce metastatic
spread or relieve symptoms. Radiation can kill cells or
block their ability to proliferate. They act, however,
both on tumor cells and normal cells. Unlike tumor
cells, however, healthy cells have good mechanisms
for repairing damage caused by radiation. Generally
brain cells are very resistant to irradiation, while other
cell types (bone marrow cells, germinal cells, epithelium
lining hollow organs) are very sensitive, which is why
the approach is to restrict the radiotherapeutic target
volume as much as possible. After treatment, it is nec-
essary to wait some time before evaluating the results
of RT: during this period, in fact, tumor cells damaged
during the course of treatment undergo apoptosis. Often
this process produces a degree of edema which can
cause symptoms similar to cancer and which in radio-
logic imaging can simulate tumor growth.

In some cases edema due to tumor cell death may
temporarily worsen a pre-existing edema and produce
temporary neurologic diseases, thus prompting a tem-
porary interruption to the treatment and a strengthening
of anti-edema therapy. At any rate, the dosage of steroid
therapy should be limited to the lowest dose able to
control the symptoms of intracranial hypertension.
Other effects, some of which are permanent and not
frequent, may occur long after treatment. These include
a decline in intellectual faculties due to the necrosis of
healthy tissue and to the degeneration of blood vessels,
the possible development of other cancers, hormonal
dysfunction and leukoencephalopathy. The main factors
that increase the risk of neurologic toxicity due to RT
are: (1) age <65 years; (2) increased volume of treat-
ment or whole brain RT; (3) total dose >60 Gy; (4)
high linear energy transfer radiation such as neutrons
or brachytherapy; (5) brain disorders, concomitant vas-
cular or metabolic disease (diabetes, hypertension, de-
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mentia, collagen disease); (6) use of chemotherapy (es-
pecially pre-exposure to methotrexate).

3.2 Radiation Therapy Techniques
RT may be given with different treatment modalities
e 3-dimensional conformal RT (3DCRT)

¢ Intensity-modulated RT (IMRT)

e Brachytherapy

* Stereotactic radiosurgery

» Stereotactic body RT (SBRT)

* RT + chemotherapy

* RT with subatomic particles

e RT + radiosensitizers

e RT + pro drugs switchable with neutrons

* Gliasite

RT plays a key role in the treatment of glioblastoma.
With surgery alone, few patients with malignant glioma
survive more than 6 months, whereas postoperative RT
significantly increases median survival to around 9-10
months for glioblastoma multiforme (GBM) and 36
months for anaplastic astrocytoma [1, 2].

The total radiation dose delivered plays a key role
in prognosis. The standard dose for GBM is 60 Gy; the
typical fractionation schedule is 2 Gy per day for six
weeks of treatment. Below this dose, survival ranges
from 8.9 months to 4.6 months. Dose escalation studies
have shown that doses above 60 Gy do not produce
any advantages in terms of progression free survival
and only tend to worsen toxicity. Hypofractionated
treatment (40 Gy in 15 fractions) increases the dose
per fraction and shortens the total duration of treatment:
it does not lead to an increase in survival, but it may be
indicated in patients older than 60 years [3].

RT should begin as soon as possible, usually within 4-
6 weeks after surgery. A recent retrospective analysis of
the Radiation Therapy Oncology Group (RTOG) in 2855
patients with glioblastoma evaluated the impact on survival
of a reduction in the time to RT treatment (after surgery)
for less than 6 weeks. The study examined periods of 2
weeks, 2-3 weeks, 3-4 weeks and >4 weeks and showed
no worsening of survival with increasing time, although
RT always began no later than 6 weeks after surgery [4].

Diagnostic imaging with CT and MR is essential
for defining the target volume and planning treatment.
It is possible to merge images of MR and CT through
dedicated software to allow a more precise outline of
the target volume.

There are three types of target volume: the gross tu-
mor volume (GTV), the clinical tumor volume (CTV)
and the planning target volume (PTV). The GTV is de-
fined as the surgical cavity and any residual disease vi-
sualized with contrast enhancement in T1-weighted
images of postoperative MR; the CTV is defined as
GTV plus an expansion margin of 2 cm where there
may be infiltration of tumor cells; the PTV is repre-
sented by CTV plus an expansion margin of 1 cm.

When multiple lesions are present in both cerebral
hemispheres, whole brain treatment is required with a
reduced dose (45-50 Gy).

3D conformal treatment with conventional fraction-
ation (2 Gy per fraction) is the standard, however al-
ternative fractionation schedules have been investigated
such as hypofractionation (40 Gy in 15 fractions) or
hyperfractionation (72 Gy in 60 fractions in 1.2 Gy
twice/day) [5]. These schedules have not always led to
an improvement in survival.

Brachytherapy (internal RT) is delivered by placing
radiation source(s) inside or next to the area requiring
treatment. In brachytherapy, radiation sources are pre-
cisely placed directly at the tumor site. This means that
the irradiation only affects a highly localized area and
exposure to radiation of healthy tissues further away
from the sources is reduced. These characteristics pro-
vide advantages over external beam RT: the tumor can
be treated with very high doses of localized radiation,
at the same time reducing the probability of unnecessary
damage to surrounding healthy tissues.

This technique can be used as exclusive RT treatment
or in addition to conventional external treatment. The
feasibility of brachytherapy generally depends on tumor
size (less than 5 cm in diameter), on its surgical acces-
sibility and on the absence of metastasis. The most used
isotopes are 1251, 192Ir and 203P, which are implanted
into the tumor through a surgically placed catheter which
is either removed after the procedure or left in place.

Gliasite is a novel treatment approach using intra-
cavitary low-dose rate brachytherapy and has recently
received considerable attention for the treatment of pri-
mary malignant gliomas. This device consists of an ex-
pandable balloon catheter (GliaSite Radiation Therapy
System) which is placed in the resection cavity at the
time of tumor debulking. Approximately 2 to 4 weeks
after surgery, the balloon is filled with an aqueous so-
lution of organically bound 1251 for a predetermined
amount of time during which a therapeutic dose of ra-
diation is delivered to the edges of the surgical cavity.



3 Radiation Therapy

19

Stereotactic radiosurgery (SRS) with LINAC con-
sists in the administration of highly collimated beams
of radiation through multiple non-coplanar arcs that
intersect at a single point. This method involves the
administration of the entire dose in a single session
with a rapid fall of the dose to surrounding tissue. In
this case an exact target definition is required as well
as an appropriate system of patient immobilization.

Stereotactic radiosurgery is feasible for small uni-
focal tumors (up to 4 cm), metastases, tumors which
are unreachable by surgery or recurrence especially in
patients already receiving the maximum tolerable ra-
diation dose. Survival is about 7-30 months at the cost
of a possible toxicity. This RT technique requires a
multidisciplinary team consisting of neuroradiologist,
neurosurgeon, radiation oncologist and physicist.

Advanced methods are currently in use in clinical
trials such as CyberKnife (real radiating scalpel) and
TomoTherapy in order to further reduce the side effects
of treatment and administer even higher doses.

The current standard of care for newly diagnosed
glioblastoma is the widest surgical resection, followed
by adjuvant RT (fractionated focal irradiation in daily
fractions of 2 Gy given 5 days per week for 6 weeks,
for a total of 60 Gy) plus continuous daily temozolomide
(TMZ) (75 mg per m? of body-surface area per day, 7
days per week from the first to the last day of RT), fol-
lowed by six cycles of adjuvant TMZ (150 to 200 mg
per m? for 5 days during each 28 day cycle). The addition
of TMZ to RT in newly diagnosed glioblastoma results
in clinically and statistically significant survival benefits
with minimal additional toxicity. The addition of TMZ
to RT increases median survival from 12.1 months with
RT alone to 14.6 months with RT plus TMZ [6, 7].

RT with heavy particles uses protons and heavy ions
accelerated in a cyclotron. Currently, this method is
still under study, but it seems that its main advantages
are increased penetration with a more rapid drop in
dose, high linear energy transfer and ability to deposit
the entire energy of the beam in a small area.

RT may be associated with radiosensitizing drugs

(such as bromodeoxyuridine) that interfere with DNA
repair in cells exposed to radiation causing apoptosis.

RT with boron neutron capture (BCNT) is based on
tumor cell irradiation with thermal neutron flux. The
cells are previously treated with a target molecule (usu-
ally a metal with a large section of atomic absorption)
to internalize boron. The advantages of this technique
seem to be greater safety for healthy tissue, because
neutron beams do not cause any damage unless they
meet boron. The main disadvantage, however, is the
high cost of these instruments, so they are only available
in few centers.

The main problem of these tumors is the high inci-
dence of recurrence especially within the field of treat-
ment and the inability to deliver higher doses due to
the risk of radionecrosis.
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4.1 General Findings

Chemotherapy involves the use of drugs in the treatment
of brain tumors and can usually be taken in combination
with other therapeutic approaches such as RT or surgery.
There are currently no indications for chemotherapy
prior to surgery.

Generally, drugs used include cytotoxins (substances
that can kill cancer cells), hormones, steroids and ra-
diosensitizing substances. Other products that are oc-
casionally grouped in this category are called biological
response modifiers, which are molecules normally pro-
duced by the body capable of regulating the activity of
the immune system, and are therefore categorized as
immunotherapeutic products.

Anti-cancer drugs may act in two distinct ways, ei-
ther directly attacking cancer cells or killing them while
replicating. However, these products are toxic to some
types of normal cells and so cause the onset of some
side effects which may be somewhat mitigated by a
proper dosage. Due to the presence of different cell
types within the tumor mass, a combination of multiple
drugs is often used simultaneously.

High chemoresistance of glial tumors and the pres-
ence of BBB are the main obstacles that have slowed
the application of chemotherapy in gliomas.

Experience in the field of chemotherapy of glioblas-
toma has not been particularly good over the years. Ni-
trosoureas, studied since the late 1970s, have long been
the main drugs used for the treatment of glial tumors,
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both as adjuvant at the end of RT or at the recurrence
or radiologic progression of disease in previously irra-
diated patients. Although individual phase II trials have
reported significant response rates, several randomized
trials have failed to demonstrate a significant impact
on overall survival compared with RT alone. Subsequent
meta-analysis demonstrated a statistically significant
although slight advantage in patient survival with ma-
lignant glioma already treated with surgery. The ab-
solute increase varies from 5 to 10% in two years.

4.2 Temozolomide

Only recently has the advent of temozolomide (TMZ)
changed clinical practice of postsurgical glioblastomas.
TMZ is an orally administered alkylating agent able to
cross the BBB which is relatively well tolerated (low
blood effects) and operative mainly in grade III tumors.

The standard protocol of treatment used around the
world (Stupp scheme) involves postsurgical (within 6
weeks) RT for 6 weeks with or without concomitant treat-
ment with TMZ (75 mg/m? per day), then 4 weeks after
the interruption of chemotherapy/RT the treatment is re-
sumed with adjuvant TMZ alone (150-200 mg/m? x 5
days/28 days x 6 cycles) [1]. In the course of concomitant
therapy, prophylaxis with sulfamethoxazole/trimethoprim
or pentamidine is recommended. In to the event of re-
sponse to treatment by the end of 6 cycles, an extension
of maintenance chemotherapy with TMZ for up to 12
cycles can be considered [2].

This scheme has proven better than RT performed
alone and provides significant advantage in terms of
survival. There is in particular an increase in median
survival from 12 months to 14.6 months, but also an
increase in the proportion of long-term survivors (26%
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at 2 years, 16% at 3 years, 10% at 4-5 years). A reduc-
tion in mortality by 37% and in disease progression by
46% was also documented.

In this study a tumor protein was also identified
(methylguanine-methyltransferase - MGMT) that can ap-
proximately predict (and thus is useful in clinical practice)
which patients will benefit from the combined protocol.

MGMT is an enzyme that repairs methylation dam-
age caused by TMZ. Recent studies have enabled a
group of patients to be selected that best takes advantage
of TMZ treatment in the presence of the form of
glioblastoma with methylated MGMT. In these patients,
in fact, prognosis in terms of survival is greatly im-
proved compared to non-methylated forms. With this
test it is therefore possible to improve patient outcome.

Glioblastoma can develop resistance to alkylating
drugs that carry out their action by altering the DNA,
leading to apoptosis. Recent studies have shown that
MGMT is playing a key role in this mechanism of re-
sistance. Patients with methylation of this gene achieved
a median survival of 21.7 months when treated with
RT and TMZ against 15.3 months if they received only
RT, whereas patients without gene methylation obtained
with TMZ and RT a median survival of 12.7 months
versus 11.8 months (RT alone) [3].

4.3 Other Drugs

Therefore, the Stupp system finds its indication after

surgery. At the onset of recurrence/progression of dis-

ease after surgery and RT alone, the chemotherapy op-
tions are the following:

1. Reuse TMZ (150-200 mg/m? for 5 days every 4
weeks);

2. Use other drugs such as nitrosoureas (see fotemus-
tine - FTM) with initial weekly dosing for 3 con-
secutive weeks and then, after 5 weeks, with thrice-
weekly administration with possible important bone
marrow toxicity that can lead to the suspension of
treatment;

3. Use anti-angiogenic drug bevacizumab (BEVA),
anti-vascular endothelial growth factor antibody
VEGTF, suitable in glioblastomas that are known to
be particularly vascularized tumors.

The mechanisms of antitumoral action of BEVA are

controversial. In particular, it is unclear whether and
when BEVA induces hypoxia in gliomas. Normalization
of tumor vasculature with decrease in tumor interstitial
pressure improves access of cytoreductive drugs and
then RT efficacy due to increased oxygen delivery.
However, these drugs may rapidly restore the low per-
meability characteristics of the BBB and counteract
the beneficial effect, so the results may be decreased
therapeutic efficacy [4].

Moreover, some important toxic effects are possible
(hypertension, hemorrhage, arterial and venous throm-
boembolism), especially in combination with other
chemotherapy drugs, although the results are better.

Lastly, new chemotherapy techniques have been de-
veloped in malignant gliomas along with local radioim-
munotherapy using biodegradable copolymer implants
containing chemotherapeutic agents (BCNU, Gliadel
Wafers), as well as techniques of convective distribution
(chemotherapy, cytotoxic proteins, radiolabeled mon-
oclonal antibodies).

Treatment with BCNU wafers (Gliadel) in patients
with malignant glioma subjected to surgery and postop-
erative RT results in a statistically significant increase in
survival compared to patients treated with surgery and
RT alone (13.9 months vs. 11.6 months, p=0.03). It
should however be noted that this level of significance
was reached by considering a subgroup of patients. When
analyzing only patients with glioblastoma (n=101), the
difference in survival was not significant [5].
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5.1 General Findings

Despite many recent developments that have involved
the diagnosis and treatment of these tumors, glioblas-
toma is the most aggressive glioma and its cure is in
practice almost impossible.

Fixed points related to the treatment are:

1. The surgical approach remains the choice in the
most radical way possible;

2. Combination chemotherapy-RT according to Stupp
is the standard postsurgical treatment;

3. FTM is particularly active and well tolerated in re-
current glioblastoma;

4. BEVA is useful even though many questions re-
main.

Therefore a rapid response from research is needed
to find new ways to treat these incurable diseases (tar-
geted chemotherapy, immunotherapy, stem cell research
in tumor tissue). In this context a multidisciplinary ap-
proach involving the surgeon, medical oncologist, ra-
diation oncologist, neurologist and research in the field
of biology is essential.

The main obstacle to the radical treatment of this
disease is currently the inability to transfer molecular
and therapeutic agents to each tumor cell. The future
hope lies in vaccines, from neural stem cells or viral
vectors as a vehicle for molecules, gene therapy, local
antiproliferative and antiangiogenic therapies and the
molecular approach (nanotechnology) which will hope-
fully improve the prognosis of these aggressive tumors.

S. Pollice (I)
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5.2 Neural Stem Cells

Analysis of glioblastoma tissue has uncovered the
mechanism of action of cancer stem cells. It has been
shown that instead of recruiting healthy blood vessels
to feed itself, glioblastoma creates its own network of
blood vessels using stem cells that turn into endothelial
cells lining vessel walls. Endothelial cells are normally
delegated to the formation of blood vessels needed to
supply oxygen and nutrients to our body. To confirm
this assumption it was found that in most cases en-
dothelial cells have the same genetic profile as the
tumor cells, which means that this endothelium has a
neoplastic origin. The formation of aberrant vessels
(neoangiogenesis) is hosted not only in glioblastoma
but also in other aggressive tumors.

This discovery may have important therapeutic im-
plications because the identification of drugs that block
this process could be an effective therapy for the treat-
ment of these tumors [1].

Stem cells are important in the process of angiogen-
esis and cancer having mechanisms that allow them-
selves to overcome apoptosis and senescence. They are
also able to self-renew and generate all cell strains. Can-
cer stem cells, in the same way as healthy stem cells,
are able to generate tumors with the same histopatho-
logic features of the tumor of origin. Hence the need to
be extremely careful when transplanting human neural
stem cells because they potentially have the ability to
turn into cancer. For this reason, these cell lines are
studied to understand why they become cancer.
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5.2 Gene Therapy
Gene therapy involves the transfer of a therapeutic gene
in a target cell. In the case of brain tumors, gene therapy
appears as a typical example of local treatment, mainly
because of locally recurrent behavior of GBM [2, 3].
Moreover, gene therapy may indicate manipulation
of the genome of cancer cells. Gene transfer or manip-
ulation of the genome involves the use of vectors to
transfer genetic material. These vectors can be derived
from plasmids or viruses and in the latter case, the viral
genome is modified to prevent it being pathogenic.
This can be achieved by preventing absolute vector
replication (defective vector) or allowing a selective
replication in tumor cells. This manipulation can be
made using simple strands of DNA, for example
oligonucleotides: in this case, the entry of DNA into
the target cell is facilitated in different ways. In clinical
practice, liposomes and artificial lipid vesicles are typ-
ically used, they may contain DNA and facilitate entry
into the cell by merging with its plasma membrane.

5.3 Antiproliferative Therapy

These medications block telomerase enzymes, resulting
in the reduction and inhibition of tumor growth. In par-
ticular, telomerase (found in glioblastomas) is an en-
zyme that rebuilds telomeres (the ends of chromosomes)
when replicating. When a cell multiplies, telomeres di-
vide until they reach a minimum length at which point
they stop multiplying. In the absence of telomerase,
the telomere is reduced gradually until the cell goes

into senescence and dies. If the cell becomes a cancer
cell, it must have telomerase, which rebuilds telomeres
that allow itself to replicate, to overcome senescence
and then to live. In studies concerning other types of
tumors, experimental drugs such as Imetelstat (or GRN-
163L) have been developed. These drugs are able to
cross the BBB and thus block the action of telomerase
in stem cancer cell and in tumor cells, killing them.
The maximum effectiveness of these drugs is achieved
by combining the administration of the molecule with
RT and standard chemoterapy [4].

5.4 Vaccine

This technique is based on the use of dendritic cells,
which are very powerful cells of the immune system
present in the blood that, when modified in the labora-
tory and then reintroduced into the body, can attack
and destroy cancer cells. One limitation is that they
can only be used to treat donor cells.
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6.1 General Findings

Each form of treatment alters the normal anatomy and
structural framework of the region where it is adminis-
tered. Therefore, the interpretation of images needs to
be supported by a sound knowledge of anatomy, patho-
physiology, drug compliance, radiotherapy and surgery,
because the images represent the digital translation of
the anatomic reality.

Neuroradiologic imaging after treatment has the role
of documenting the anatomic condition modified by
the iatrogenic event and the normal postsurgical changes
in relation to type of surgical approach (sequelae). It
also has the task of detecting the presence of compli-
cations and assessing the response to treatment with
follow-up, in order to provide the surgeon (and/or ra-
diation oncologist and/or medical oncologist) with de-
tailed information about the surgical bed and adjacent
structures involved.

In this setting, computed tomography (CT) and mor-
phologic magnetic resonance (MR) are able in different
ways and with different levels of sensitivity to translate
the density changes in CT and signal changes in MR
into neuropathologic macroscopic changes. However,
these imaging modalities fail to detect cellular and sub-
cellular changes. In contrast, functional MR (fMR),
with its use of spectroscopy, diffusion, perfusion and
cortical activation, is revolutionizing neuroradiology
by overcoming the limitations of ultrastructure and in
many cases making possible an earlier and more spe-
cific diagnosis.

S. Pollice (I)
Department of Radiology
“L. Bonomo” Hospital, Andria (BT), Italy

6.2 Morphologic Magnetic

Resonance Imaging

Under ideal conditions and thanks to its many advan-
tages which include multiplanar and multiparameter
features, excellent contrast resolution and noninvasive-
ness, MR is able to identify the lesion, define its precise
location, propose treatment planning and monitor post-
treatment. However, some cases can be difficult to in-
terpret both for the neuroradiologist and the neu-
ropathologist. The extreme heterogeneity of brain
tumors and moderate specificity of MR may make dif-
ficult a clear histologic diagnosis which only in typical
cases is simple. In MR imaging of glioblastoma, the
solid part of the tumor shows hypointense signal in T1-
weighted sequences and hyperintense in T2, with higher
signal in areas of greater cellularity. Necrotic areas,
which always appear hyperintense in T2, may be hypo-,
iso- or hyperintense in T1 due to products of protein or
hemoglobin degradation. Enhancement after adminis-
tration of contrast medium is usually intense and irreg-
ular at the tumor margins and identifies the cellular
proliferation component of the tumor. Punctate and
serpiginous areas of no signal caused by flow associated
with neovascularization are common. These newly
formed pathologic vessels are devoid of blood-brain
barrier (BBB), which explains both their marked en-
hancement and perilesional vasogenic edema, due to
the passage of fluid in the extracellular space.

Morphologic MR is not always able to distinguish
with certainty a tumor (persistence/recurrence) from
the effects of surgical treatment, radiation therapy (RT)
(radionecrosis) or chemotherapy (fake progression),
such that monitoring with imaging is necessary for a
clearer characterization.
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The neuroradiologic follow-up protocol in treated
patients usually includes the following MR examina-
tions:

e within 2-3 days after surgery to evaluate the radi-
cality of surgery;

* 30 days after surgery (often the first follow-up ex-
amination!);

e 30 days after completing treatment;

e every 3 months (high-grade gliomas) and every 6
months (low-grade gliomas) to evaluate tumor growth.
The MR study with and without contrast agent ad-

ministration should include T2 and FLAIR sequences,
best performed in 3D, generally in axial or coronal
views, and T1-weighted sequences with and without
contrast medium in the three planes in space. The pre-
operative MR study may be completed by MR angiog-
raphy to clarify intratumoral circulation and thus enable
improved planning of surgical treatment. In carrying
out these studies, the examination technique should be
standardized as much as possible. Ideally the same
magnetic field, the same methods of examination and
appropriate and readable imaging (often in relation to
different centers) should be used. Correct use of contrast
medium is especially important (correct dose, same
type, optimal time delay in the acquisition).

6.3 Functional Magnetic Resonance

Imaging

In many cases the MR morphologic study should be in-
tegrated with advanced functional MR techniques, which
should become an integral part of a routine study. These
techniques, which provide metabolic (spectroscopy),
structural (diffusion) and hemodynamic (perfusion and
cortical activation) information, improve the diagnostic
accuracy, sensitivity and specificity of MR and supply
a more accurate and comprehensive diagnosis to the
surgeon [1-3]. Advanced MR techniques are able to pro-
vide a quantitative as well as a qualitative assessment.
Generally, the use of quantitative methods (analysis by
ROI and/or by histogram) is less subject to methodologic
and sampling errors and it is easy to statistically analyze.
Moreover, it enables the creation of common databases
in various centers to provide greater statistical power to
clinical trials and longitudinal studies. These studies are
very useful in neuro-oncology; for example, diffuse tu-
mor lesions are very difficult to differentiate from the
surrounding healthy tissue, but they may instead be

characterized by quantitative data, because the absolute
value of alterations measured in the ROI is independent
of the surrounding tissue.

6.3.1 Spectroscopy

Proton spectroscopy magnetic resonance (1H-MRS) is
a noninvasive technique that provides information about
the metabolic status of normal and pathologic tissue.
The physical principle used in 1H-MRS is the chemical
shift that varies according to differences in the precession
frequency of atoms belonging to individual molecules
(metabolites). By identifying these frequencies, different
molecules may be identified to indirectly assess their
spatial distribution and their concentration [4, 5].

The metabolic pattern may be acquired with a single
voxel technique (with isolated VOI from conventional
MR image) or multivoxel (with reconstruction of meta-
bolic maps showing the distribution of metabolites for
each individual slice of acquisition) [6].

The metabolites mostly involved in the diagnosis of
gliomas include choline (Cho), creatinine (Cr), N-acetyl-
aspartate (NAA), lactate (Lac) and lipids (Lip). Cho is
considered a membrane marker, directly related with
cellularity and proliferation index. Cr is a cellular energy
metabolism marker and is often used as a benchmark in
metabolite ratios. NAA is considered a neuronal marker,
being present only in neurons, so it is indicative of mor-
phofunctional integrity. Lac indicates the status of anaer-
obic conditions. Lip are related with necrosis, since their
presence is due to the consumption of cell membranes.

In neuro-oncology a Cho/NAA ratio >2:1 is indica-
tive of cell proliferation as observed in tumors. A re-
duction in the NAA and Cr peaks is common in glial
tumors whereas the presence of Lac and Lip is an ex-
pression of the most malignant forms.

However, spectroscopy is not always definitive due
to the common overlap and coexistence of different
disease patterns [7]. Another important limitation of
the method concerns lesions in proximity to the skull
base which are difficult to study due to the magnetic
susceptibility artifacts that these structures produce.
6.3.2 Diffusion
MR diffusion weighted imaging (DWI) is a noninvasive
technique that studies the diffusion and random move-
ment of free water molecules in the tissue being exam-
ined. Diffusion data are obtained with the use of par-
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ticular sequences consisting in the application of addi-

tional gradients sensitive to molecular motion during a

base sequence.

Diffusion imaging can be done in different forms
with increasing complexity and are used in accordance
with their requirements:

1. The diffusion-weighted (DWI) study is obtained by
measuring the signal loss which is proportional to
the diffusion coefficient of the substance and to the
T2 relaxation time.

2. The apparent diffusion coefficient (ADC) map shows
ADC voxel by voxel, the value of which describes
the diffusivity of water molecules in the presence of
factors that restrict it.

3. Diffusion tensor imaging (DTI) measures the diffu-
sive motion of water molecules in at least six direc-
tions in space. This movement in the white matter
is restricted by the orientation of nerve fibers, such
that it is greater along the longitudinal axis of the
fibers (anisotropy).

4. Tractography is the three-dimensional representation
of nerve pathways.

Generally, useful information for tissue characteri-
zation may be obtained by considering the extent of
diffusion of water molecules [8, 9]. The diffusion of
water molecules varies with variations in tissue cellu-
larity, because the higher the cellularity, the greater the
number of cell membrane interfaces and therefore the
lower the diffusion. DWI can therefore provide infor-
mation especially about tumor cell increase, which
causes a restriction of the extracellular space and thus
hinders water diffusion in tissues.

ADC is reduced with inverse proportion to cellular-
ity, which is one of the factors determining histopatho-
logic grading. Accordingly, high cellularity malignant
tumors have lower ADC values than those of benign
low cellularity tumors.

Coexistence of vasogenic edema and tumor infiltra-
tion may affect the interpretation of the diffusion study.
Peritumoral edema increases ADC values, masking its
reduction determined by infiltration of tumor cells.
Therefore, diffusion imaging alone cannot indicate the
real extension of the tumor.

6.3.3 Perfusion

MR perfusion-weighted imaging (PWI) is a very useful
noninvasive technique with rapid execution which
measures microvascular tissue dynamics. Brain perfu-

sion is increasingly used in tumor characterization. The
perfusion parameters which can be measured include
cerebral blood volume (CBV), mean transit time
(MTT), cerebral blood flow (CBF) and the product of
surface permeability times blood flow. In clinical prac-
tice the method used is usually based on variation in
the characteristics of susceptibility in an ROI, obtained
at the first step of intravenous bolus (usually at a rate
of 5.0 mL/s - dose of 0.2 mL/kg) of a paramagnetic
contrast agent (DSCE Dynamic Susceptibility Contrast
Enhanced) during acquisitions of echoplanar (EPI) T2-
weighted sequences [10].

In normal conditions there is signal intensity reduc-
tion at the passage of the bolus, while in pathologic
conditions the signal varies in relation to the microvas-
culature density of the anatomic region examined. The
most commonly used hemodynamic parameter is CBV,
which varies in relation to the vascularization of the
lesion with altered BBB.

In neuro-oncology, an increase in microvessel den-
sity and neovascularization (angiogenesis) is an essen-
tial histologic criterion for determining the biological
malignancy of gliomas. An increase in CBV is one of
the strongest predictors of tumor aggressiveness and
survival in different histologic types [11-13], although
it is not always synonymous with malignancy, e.g.
oligodendroglioma and meningioma, which are char-
acterized by high CBV but not by malignant behavior
[14, 15].

An inaccurate estimation of CBV may be due to the
presence of petecchiae in the setting of tumor recurrence
which cause susceptibility artifacts or even in the pres-
ence of a disrupted BBB.

Similar information can also be obtained with CT
perfusion after contrast injection (usually 50 mL) at a
flow rate of 5 mL/s with the subsequent calculation of
the permeability surface map (PS).

Information about hypervascularity is more impor-
tant than information about BBB injury. In this regard
it is essential not to confuse the presence of newly
formed vessels without BBB that determine lesion en-
hancement and hypervascularity, responsible for in-
creased CBV in perfusion studies, which provide in-
formation about neo-angiogenesis even in the absence
of altered BBB. In fact tumor grade better correlates
with an increase in blood flow than with BBB changes.
In fact high-grade tumors may have high CBV without
contrast enhancement (CE). Therefore, an absence of
CE does not rule out malignancy.
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Moreover, with the recent development of new ther-
apeutic techniques aimed at reducing neo-angiogenesis
(targeted chemotherapy and RT), PWI can take on a
primary role in the simple and immediate evaluation
of treatment efficacy.

6.3.4 Cortical Activation

Cortical activation (fMR) allows the mapping of func-
tional activity of brain areas. With the blood oxygen
level dependent (BOLD) technique and with acquisition
of a large number of dynamic images, the changes in
blood oxygen level can be quantified (endogenous con-
trast agent). These variations are induced by neuronal
stimulation resulting in an increase in blood flow in a
specific area and then a relative reduction in the concen-
tration of deoxyhemoglobin (deoxyHb is a strongly para-
magnetic substance able to shorten T2*). In BOLD fMR,
changes in signal intensity of blood circulation are then
determined by paramagnetic properties of deoxyHb.

Information obtained with this technique is useful
especially in preoperative planning. The most common
clinical application of fMR is in fact the presurgical
identification of eloquent cortical areas and their rela-
tionship with the lesion in order to optimally guide the
surgical decision (resection/biopsy) and to plan the best
surgical approach to the lesion. The purpose of neuro-
surgery is in fact to maximize the resection of the lesion
and at the same time preserve normal brain function as
much as possible.

6.4 Multimodal Magnetic Resonance

Imaging

The use of a single pattern of advanced MR imaging in
the diagnosis of gliomas may not be enough to define
the histologic grading, for optimal treatment planning
and for appropriate post-treatment follow-up [16]. Com-
bined studies are able to increase MR diagnostic accu-
racy. This is particularly important since recently de-
veloped new and more effective anticancer treatments
require a complete morphofunctional MRI study to
noninvasively obtain an in vivo neuropathologic evalu-
ation and thus an interpretation of the biologic hetero-
geneity typical of these tumors.

These advanced techniques are used for qualitative
and quantitative assessment. Quantitative data, espe-
cially when combined, provide some real biomarkers

which are important for the characterization of tumor
tissue. Only by combining data from various different
imaging techniques is it possible to obtain essential in-
formation able to provide real clinical benefits in patient
management.

6.5 High-field Magnetic Resonance

Imaging

1.5 Tesla MR has long been considered the criterion
standard for the study of all body areas. In fact, major
technologic improvements have made 1.5 T MR a very
powerful and versatile technique such that it can be
used in clinical studies of CNS disease. Until recently,
higher field MR was used exclusively for research and
not for clinical purposes. 3T MR has since been used
not only for research, but also for new and more so-
phisticated clinical applications, first of all with im-
portant benefits for neuroradiology. 3T MR provides
adjunctive and more advanced diagnostic methods with
excellent image resolution and a significant reduction
in acquisition time thanks to the high field intensity
and high power of the gradients [3, 8]. The best high
field intensity advantage is certainly the improvement
of the signal-to-noise ratio (SNR) which increases lin-
early with the main magnetic field, BO.

A high SNR in a 3T scanner makes it possible to
perform a brain examination in the same timeasa 1.5 T
system while obtaining greater image quality. Similarly,
a shorter examination time is needed to achieve the
same image quality as a 1.5 T system (thus no change
in matrix dimension), thus favoring patient comfort.
The high SNR, which reduces the examination time,
also makes it possible to use the saved time for per-
forming additional morphologic and functional imaging
sequences (diffusion, perfusion, spectroscopy, fMR) [3].

The benefits of a high field in morphologic imaging
are improvement of contrast and spatial resolution with
consequent better diagnostic performance and signifi-
cant reduction in acquisition time.

In PWI magnetic susceptibility is increased in a
higher magnetic field. In particular, compared to 1.5 T
systems, the sensitivity of these studies improves with
a lower dose of contras media [18].

In DWI, spatial resolution increases and it is also
possible to study phenomena such as anisotropy or dif-
fusion tensor that cannot be studied with 1.5 T systems.

Spectroscopy also benefits from a high field by an
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increase in SNR and chemical shift resolution. This
implies improved spectral resolution and the possibility
of measuring both common metabolites (NAA, CHO,
CRE) and lower concentration metabolites usually not
measurable with 1.5 T MR systems [5].

High field MR provides its most important advantage
in functional imaging, thanks to the increased effects
of magnetic susceptibility which emphasize the BOLD
effect and to an improvement in voxel spatial resolution.
In this way, additional areas and submillimeter struc-
tures can be mapped in a short time. Moreover, it is
possible to perform real time cortical activation during
stimulation (real time fMR).
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Postsurgical Morphologic MR Imaging

Ferdinando Caranci, Saverio Pollice and Tommaso Scarabino

7.1 General Findings

The postsurgical neuroradiologic study is designed to
assess physiologic (normal sequelae), or pathologic
changes (complications). In addition, the study should
also evaluate, although this is more difficult, the pres-
ence of any residual disease after surgical resection of
the mass. Subsequently, periodic monitoring is required
to follow the course of the disease and to assess if pro-
gression or recurrence occur. Knowledge of the type
of surgical approach and procedures performed is nec-
essary to better interpret postsurgical neuroradiologic
findings and to clarify their meaning.

7.2 Postsurgical Sequelae
Normal postsurgical sequelae can be divided into early
and late changes. Early changes include bone alterations
in relation to the type of surgical approach (craniotomy
or craniectomy), extracranial soft tissue alterations at
the site of surgical access (edema, swelling, air compo-
nent) and condition of the surgical bed (edema, blood or
air component). Normal late sequelae include scar tissue
at the surgical bed, ex vacuo dilatation of adjacent struc-
tures with retraction of ventricular spaces and cavitation
bounded by a gliotic wall. Partial or total recalcification
of the bone flap may also be present at the craniotomy.
Postsurgical pathologic complication can also be di-
vided into early and late changes. Early complications
include malposition of the bone flap, drainage tubes,

F. Caranci (IX)
Diagnostic Imaging Department, Unit of Neuroradiology,
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cerebro-spinal fluid (CSF) shunts, reconstruction patch,
surgical scar infection, edema-ischemia of brain tissue
surrounding the surgical bed and the presence of ex-
tracerebral hematomas from torn tumor vessels.

Late pathologic changes include infectious compli-
cations (scar suppuration, osteitis and osteomyelitis),
subdural empyema, meningitis, ventriculitis and cere-
bral abscesses. In these cases the diffusion weighted
imaging (DWI) is essential for diagnostic purposes, as
it shows a significant reduction in diffusion coefficients.

Other possible complications include CSF rhinorrea
secondary to breaks in the skull base, resulting in the
passage of CSF in nasal cavities (CSF fistulas), and
subgaleal CSF collections due to craniotomy.

Hydrocephalus is another important complication,
which is usually caused by a blockage of the CSF path-
ways, by hemorrhage or tumor spread along the path-
ways themselves.

7.3 Neuroradiologic Imaging

Normal and pathologic findings can be documented,
especially in the early stage after surgery, with CT
thanks to its easy access (even in uncooperative patients
requiring intensive care), its high sensitivity to recent
bleeding, rapid execution and low costs. The CT study
performed in the early stage can easily show the pres-
ence of bone changes (malposition of bone flap in par-
ticular) and soft tissue swelling, as well as it provides
information about the surgical bed, such as the presence
of air and blood.

Moreover, CT can provide information about early
complications that sometimes require a second-look
surgery. In particular, bleeding is the most common
postoperative complication and it is characterized over
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time by different imaging signs which are easily demon-
strable at CT (especially in the acute phase).

Sometimes, however, CT is not enough, especially
when clinical deterioration cannot be explained.

MR is used primarily in cases of disagreement be-
tween CT findings and clinical symptoms.

In particular, in the early stage MR shows the pres-
ence of ischemic changes surrounding the surgical bed,
especially using DWI [1]. Ischemic areas may be caused
by pathologic disruption of medullary vessels, by
shrinkage of brain tissue or even by compression of
small vessels at the resection margins. This occurs
mainly in the removal of supratentorial tumors (in 60%
of patients treated for glioblastoma it appears within
72 hours) as a result of direct surgical trauma. Clinically,
ischemia is associated with new neurologic deficits,
which nonetheless improve within a few days. This
finding, which should not be confused with residual
tumor, shows contrast enhancement (CE) in the suba-
cute phase and then evolves into brain cavitation.

MR is used moreover in late assessment, with the
possibility of providing more diagnostic information
about tumor progression and prognosis, thanks to its
superior contrast resolution and better tissue charac-
terization. In these cases it is useful to associate func-
tional studies with baseline MR imaging.

Association with advanced techniques (diffusion,
tractography) contributes to the assessment of compli-
cations and of the integrity of white matter tracts [3].

MR imaging is able to accurately assess the evolution
in scar tissue or cavitation of the surgical bed and to de-
fine the physiologic changes that occur over time: re-
absorption of air content and then of hemorrhagic com-
ponent (in variable times depending on the initial extent
of hemorrhage). Subsequently CE of reactive tissue dis-
appears, while meningeal enhancement lasts longer.

A major issue is the identification of residual cancer,
which may or may not present pathologic enhancement.
In cases of neoplastic lesions without enhancement,
the MR diagnosis of residual tumor is based on mor-
phologic criteria, through precise and accurate com-
parison between pre- and postsurgical imaging and
knowledge of the treatment performed.

Usually, serial MR controls allow the course of the
disease to be followed and then show the presence of
possible progression/recurrence. Rarely, fMR may be
necessary to confirm the diagnosis.

In case of neoplastic lesions with pathologic en-
hancement, CE morphology may be helpful. Typically,

enhancement >1 cm or clearly nodular is indicative of
residual tumor, while linear enhancement is generally
due to transient blood-brain barrier (BBB) changes.

Therefore, CE due to residual tumor must be distin-
guished from enhancement of the surgical bed margins
caused by the iatrogenic effect of surgery on the BBB.
This benign and reactive enhancement does not appear
immediately, because BBB injury is small or absent
within 48-72 hours after surgery. At this stage, a CE
MR T1-weighted sequence generally does not demon-
strate enhancement, although earlier enhancement has
been described after the surgical resection of highly
vascularized tumors. Therefore, contrast enhancement
in early postoperative MR (within the first 24 hours) is
usually neoplastic. This period represents the diagnostic
window for the relief of any residual tumor. Assessment
of postsurgical residual performed at this stage is highly
important, since its size is a considerable prognostic
factor that influences the subsequent treatment.

On the 4th-5th post-operative day, injury to the BBB
appears as linear enhancement along the edges of the
surgical cavity, which usually disappears after 1-3/6-8
months, but in some cases it may persist for one year
or more [2, 3]. An earlier disappearance of CE along
the surgical margins may be due to steroid therapy,
while the persistence for years is due to the replacement
of granulation with collagen tissue.

The CE pattern makes it possible to distinguish sur-
gery with a radical outcome, characterized by the ab-
sence of enhancement in early postoperative studies,
from surgery with incomplete tumor removal, which is
usually characterized by variable nodular or rim en-
hancement [4]. Considering these findings, total resec-
tion, subtotal resection (with residue less than 10% of
the original mass) and partial resection (with residue
more than 10%) can be distinguished. The interpretation
of MR findings is often hampered by the presence of
blood: in these cases it is difficult to differentiate blood
from pathologic CE, except in presence of areas of
nodular enhancement.

MR assessment in later phases, associated with ad-
vanced techniques, is able to study the presence of pos-
sible tumor recurrence.
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Post Radiation-therapy Morphologic

MR Imaging

Mario Muto, Saverio Pollice and Tommaso Scarabino

8.1 General Findings

Radiation therapy (RT) is responsible for cellular dam-
age that affects not only cancer cells but also healthy
brain and endothelial cells causing toxic effects on en-
zyme systems. These effects continue in the targeted
organ for many months to reach the optimal perform-
ance after at least 3-6 months and in some cases, years
after the end of treatment, although effects on healthy
cells persist over time. In many cases post-RT alter-
ations are associated with concomitant chemotherapy
changes which strengthen the harmful effect.

8.2 Neuroradiologic Imaging

In post-RT, the diagnostic options available include CT,
which is currently underused in follow-up, and espe-
cially morphologic and functional MR, (diffusion, per-
fusion, spectroscopy, cortical activation). PET has lost
much ground with the advent of new advanced MR
techniques.

These studies should first be performed within 24-
36 h after surgery to obtain early information useful to
minimize doubts in subsequent patient evaluation. Reg-
ular follow-up examinations are then necessary in re-
lation to the clinical conditions of the patient and his-
tologic findings in order to evaluate the presence of
residual tumor or recurrence, and especially the typical
changes brought about by RT, which is often associated
with chemotherapy.

M. Muto (<)
Department of Neuroradiology
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The CNS effects of RT can be divided into:

1. Acute complications occurring during treatment or
shortly after the end of treatment, usually transient
and reversible, caused by edema and BBB alterations.
The clinical presentation varies according to the ex-
tent of edema, and symptoms are usually those of a
mild intracranial hypertension which responds to
steroid treatment. MR can be negative or may show
small hyperintense signal changes in T2 and FLAIR
sequences in the white matter of both hemispheres.

2. Sub-acute complications that appear from 3-6 weeks
to 3 months, sometimes reversible, but unfortunately
often permanent. These are characterized by toxic
effects to the endothelium resulting in increased cap-
illary permeability and thus onset of edema, as well
as oligodendrocyte damage and subsequent demyeli-
nation. Wallerian degeneration is not infrequent and
may progress in a retrograde fashion from the site
treated to deeper areas and affect axons and their
myelin sheaths. The clinical presentation is quite
variable: patients may be asymptomatic or present
a worsening of neurologic symptoms (intracranial
hypertension, dysphagia, dysarthria). Sometimes
steroid drugs are administered to control symptoms.
MR shows regions of edema in white matter of both
hemispheres, in the basal ganglia and cerebral pe-
duncles in the form of areas of T2 and FLAIR signal
hyperintensity.

3. Late complications are evident from 3 months up to
10 years (70% in 2 years), are progressive and irre-
versible, and are characterized by endothelial damage
that can lead to a series of pathologic conditions: la-
cunar infarcts, occlusion of major vessels, vascular
malformations (cavernous angioma, telangiectasia),
visual pathways necrosis, leukoencephalopathy and
focal necrosis. Generally they are quite common
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where RT is administered with medium-high doses
for each fraction, with large irradiation fields and
when radiosensitizers are administered simultane-
ously. In the presence of combined RT and chemother-
apy, determining which is responsible for the damage
can be difficult. Symptoms are characterized by dif-
ficulty in walking, mnesic deficits, behavior problems,
disorientation and coma. MR shows extensive con-
fluent T2 and FLAIR hyperintense areas in the
periventricular white matter of both hemispheres and
cerebral atrophy.

Although these sequelae in relationship to the time
of onset are schematically divided into acute, subacute
and late, it is reasonable to assume that they are the re-
sult of a dynamic process which, according to the case
(patient condition, immune status, integrity vascular
tissue, methods of RT used), may terminate leaving
only a scar or progress until tissue necrosis.

Pathophysiologic mechanisms in RT-induced CNS
lesions depend on the total dose delivered, type of frac-
tionation, the amplitude of the field, the possible com-
bination with chemotherapy, the age of the patient and
the duration of survival. In addition, the pathophysio-
logic mechanisms are thought to include vascular en-
dothelial injury, glial and white matter damage, effects
on fibrinolytic enzyme system and immune mechanism.

Whereas in acute vascular lesions there is a transient
vasodilatation and vasogenic edema that may regress,
in the late phase there is endothelial damage with va-
sogenic/cytotoxic edema, appearance of ectasia-telang-
iectasia, hyalinosis of vessel walls that leads to thick-
ening with thrombosis until necrosis. These events can
be evaluated by imaging.

In glial and white matter RT injury oligodendrocyte
injury with demyelination occurs. Fibrinolytic system
injury leads to the emergence of cytotoxic edema with
necrosis of tissues. Immune-mediated mechanism re-
sults in auto-immunoglobulin response with tissue dam-
age and release of normally segregated substances.

Histopathologic radio-induced changes are divided
into:

1. Early, occurring at the molecular level. These are
investigated in experimental animals but have no
equivalent in diagnostic imaging. These changes
may lead to early induction of genes, apoptosis, in-
hibition of neurogenesis, hypoxia, white matter
necrosis and BBB injury.

2. Late, influenced by many variables (dose, fraction-
ation type, individual response, etc). These are stud-

ied in vivo with diagnostic imaging. Endothelial in-
jury may lead to a hyalinization, fibrinoid necrosis,
thrombosis and thus focal necrosis, diffuse white
matter alterations, atrophy, mineralizing microan-
giopathy, telangiectasia, optic neuritis and large ves-
sel wall damage. Late alterations may also lead to

DNA damage, repair mechanism damage, changes

in oncogene expression and then induction of de-

layed cancer [1].

The criteria for validating the relation between ra-
diation delivered and induced tumor include the irradi-
ated area, histologic type different from the primary
tumor, time elapsed since treatment, and increased in-
cidence of induced tumor type compared to the general
population.

RT-induced damage can be focal (radionecrosis, le-
sion with pathologic CE) or diffuse (disseminated or
necrotizing leukoencephalopathy). There are also sev-
eral rarer forms: 1) radionecrosis of the cranial nerves
characterized by perineural CE and subsequent atrophy
[2]; 2) mineralizing microangiopathy typical in pedi-
atric-age patients and characterized by calcium deposits
in the putamen and at the border between the basal
ganglia and perforating cortical arteries.

Leukoencephalopathy clinically manifests as abnor-
mal deambulation, urinary incontinence and cognitive
slowing. Its incidence described in the literature is
widely variable. MR shows focal or diffuse (dissemi-
nated form) signal alterations of the periventricular white
matter, associated with subsequent cerebral atrophy and
enlargement of peripheral and ventricular CSF spaces
with an ex vacuo mechanism. The necrotizing form is
more extensive and progressive, due to the combined
effects of RT and chemotherapy. In addition to typical
scattered and confluent white matter alterations, the le-
sions may present CE, small hemorrhages or calcifica-
tion. The differential diagnosis with disease progression
is difficult both clinically and radiologically.

Focal necrosis of the CNS is one of the major prob-
lems that occurs after RT. Its incidence is variable (5-
24%) in relation to various risk factors such as total
dose of radiation, radiation field, number and frequency
of doses, and age at the time of treatment. It may occur
as a result of treatment of intracranial tumors, extra-
cerebral lesions (meningiomas) and extracranial (e.g.
nasopharynx, paranasal sinuses, pituitary tumors). It
can develop months or years after the completion of
RT due to a mechanism of damage which is not yet
clear. Several theories have been proposed: direct injury
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to irradiated brain tissue, vessel damage, autoimmu-
nization, and free radical cellular damage. The latter
two hypotheses usually involve chronic and late damage
of irradiated tissue.

Most of the time it is progressive and irreversible
and it may require surgery to reduce the mass effect
and edema. In this case recurrent radiation necrosis may
be observed. At other times it can stabilize or regress.

Radionecrosis tends to occur in white matter, espe-
cially in periventricular areas (sparing subcortical ar-
cuate fibers), usually around vessels with a pattern char-
acterized by a necrotic center with no residual tumor,
surrounded by a larger area consisting of fibrinoid
necrosis of arterioles, telangiectasia, glial proliferation
and lymphocytic infiltration. It develops at the site of
treated cancer, even after whole brain irradiation due
to the sensitizing effect of edema.

Clinically, symptoms are those produced by an ex-
pansive lesion. In addition, it may lead to focal neuro-
logic deficits and intracranial hypertension. Treatment
involves steroid therapy or surgical resection.

Conventional MR and CT findings are nonspecific.
The most common pattern consists of an expansive for-
mation with edema and mass effect, often with bleeding.
Usually there is rim enhancement produced by vaso-
genic edema of moderate intensity with possible sub-
sequent necrosis. CE can also be nodular, linear or
curved, single or multiple, with dimensions which may
remain stable or progress. An increase in size with as-
sociated edema and mass effect is suggestive of pro-
gression in radionecrosis.

The differential diagnosis with tumor recurrence is
important since the location of the lesion is adjacent to
the treated tumor and CE is present (sometimes mim-
icking secondary lesions), often increasing in size over
time, with edema and consequent increase in the mass
effect. Multiple lesions may be observed, or lesions in

the contralateral hemisphere or subependymal lesions
which can therefore mimic metastatic lesions, multifo-
cal glioma or multiple sclerosis.

The literature reports cases of a Swiss cheese appear-
ance characterized by extensive enhancement of periph-
eral white matter, involving subcortical “U” fibers with
multiple small internal foci of necrosis. This is caused by
diffuse necrosis involving both white matter and cortex.

Current conventional diagnostic methods available for
the differentiation between recurrence and radiation necro-
sis are not always definitive, even though spatial and tem-
poral patterns can help in solving doubts and suggest the
hypothesis of radionecrosis in the presence of:

* anonenhancing lesion prior to surgical treatment that
subsequently develops CE internally or peripherally;

* an enhancing lesion that develops after primary
glioma;

e an enhancing lesion that develops in the periven-
tricular white matter, involving the corpus callosum;

* an enhancing lesion with the Swiss cheese appear-
ance.

Therefore, marked tumoral tissue heterogeneity and
changes induced by various therapies often make the
differentiation between recurrence and necrosis difficult.
In fact it is hoped that specific biomarkers will be dis-
covered in the future. In this context, however, advanced
MR techniques (in addition to morphologic studies)
and follow-up have an important role to play.
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9.1 General Findings

Neurotoxicity of drugs is a pathologic condition which
is on the rise due to both the wider use of specific an-
tiblastic therapies and the improved clinical and neu-
roradiologic performance that allow early and specific
diagnosis.

Chemotherapy is often carried out with a combination
of drugs and may be neurotoxic, especially when asso-
ciated with RT, such that RT should only be used after
chemotherapy. It has been shown that the damaging ef-
fects on the endothelium induced by brain irradiation
can promote BBB alterations and allow the passage and
retention of molecules which are potentially damaging
to brain structures. Polychemotherapy treatment in com-
bination with RT can result in toxicity and it is very dif-
ficult and even impossible in many cases to accurately
establish the injury being caused by each treatment, as
in most cases they are radiologically similar. There are,
however, typical radiation-induced and/or chemother-
apy-induced effects which must be recognized not only
for evaluating the effectiveness of treatment, but also
for applying effective and timely treatment.

9.2 Neuroradiologic Imaging

While RT and neurosurgical procedures morphologi-
cally modify the target tissue, drug treatments act at a
distance and can cause organ damage and toxicity even
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in tissues not directly targeted by the treatment. There-
fore, brain MR should be included in the follow-up of
patients undergoing chemotherapy. Morphologic MR
should be performed before beginning neurotoxic ther-
apy, to provide the neuroradiologist with a reference
for follow-up and to define and clarify doubts and prob-
lems on the findings observed. Exact knowledge re-
garding the pre-drug treatment imaging is even more
important in the follow-up of neoplastic brain disease
treated primarily with surgery. In these cases, MR with
gadolinium performed within 2-3 days after surgery is
the neuroradiologic reference.

Combined temozolomide (TMZ) and RT treatment
in patients with glioblastoma must be carefully evalu-
ated. In these cases, combination therapy may produce
the appearance in MR images of lesions with a pro-
gressive development and appreciable as CE areoles.
These lesions tend to appear immediately after the end
of treatment (usually at 30 days after treatment) and
may persist for up to three months and sometimes
longer. These findings, known as pseudo-progression,
are almost indistinguishable from real disease progres-
sion and are found in approximately 22—31% of cases
[1-3]. Therefore caution is recommended in the assess-
ment of neuroradiologic examinations carried within a
month after the end of combination therapy.

Pseudo-progression is caused by the destruction of
many tumor and endothelial cells, which results in the
necrosis of the neoplastic lesion and an increase in
BBB damage. These findings occur more frequently
and earlier with combination treatment than with RT
alone. These lesions decrease in size over time or be-
come stable without additional treatment. Often they
remain clinically asymptomatic and sometimes can ex-
plain clinical deterioration following completion of
chemotherapy. Simple MR follow-up can readily dif-
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ferentiate between pseudo-progression and real pro-

gression based on the evaluation of changes over time.

Moreover, a hypothesis of pseudo-progression rather

than true clinically asymptomatic progression, espe-

cially in the first three months after the end of
chemotherapy, should recommend the continuation of
adjuvant therapy with TMZ.

This phenomenon, which is presumably related to
radionecrosis, is correlated with the methylation of the
MGMT gene which encodes the 06-methylguanine-
DNA methyltransferase enzyme. This enzyme is able
to repair the alkylating induced damage and thus protect
the tumor cell. Conversely, if MGTM is methylated
(inactive), chemotherapy appears to be effective.

On the basis of current scientific knowledge, deter-
mining the methylation status of the MGMT gene
should be performed in all clinical trials on malignant
gliomas involving the use of alkylating drugs. In daily
clinical practice outside of clinical trials the methylation
status of the MGMT gene is not currently validated as
a decision parameter in the choice of the diagnostic
and therapeutic pathway [4].

Assessment of the response to chemotherapy should
take into consideration the radiologic findings, the clin-
ical conditions of the patient, the type of treatment and
the use of steroids [5]. Based on a thorough patient
history, clinical examination and neuroradiologic study,
four evaluations are possible:

e complete remission: characterized by the disappear-
ance of CE in the tumor on consecutive CT scans or
MR images performed at least 4 weeks apart in the
absence of steroid therapy and with improved or
stable clinical conditions;

e partial remission: characterized by a reduction of at
least 50% of CE tumor area measured by the product
of the two largest perpendicular diameters, in the
presence of stable or reduced steroid therapy and
with improved or stable clinical conditions;

» progression of disease: characterized by an increase
of 25% of CE tumor area or the appearance of new
tumor in the presence of stable or increased steroid
therapy and deteriorated clinical conditions;

* stable disease: characterized by stability of the neu-
roradiologic status compared to the reference ex-
amination performed at least two months after start-
ing treatment.

Moreover, not always is there direct correspondence
between MR findings and clinical conditions and in
some cases it is not possible to discriminate between

tumor recurrence and radio-induced injury. Therefore,
it is very important to correlate neuroimaging data with
the patient’s clinical condition, the time between the
treatment and characteristics of the therapy.

Morphologic MR and functional studies (spec-
troscopy, DWI and PWI) are playing a leading role in
the evaluation of neuroradiologic findings such as
pseudo-progression and in the assessment of response
to anti-angiogenic therapy which reduces the amount
of CE. In this regard, spectroscopy is considered useful
for measuring the true extent of neoplastic tissue, for
evaluating the response to chemotherapy, for the early
detection of recurrence and in the differential diagnosis
between radio-necrosis and progression\recurrence.

The neurotoxic effects caused by drugs used in ex-
tracranial neoplastic diseases or in lymphoproliferative,
hematologic and not tumoral disorders would require
a chapter of their own. In this regard important agents
include methotrexate, used in the treatment of leukemia,
L-asparagine used in acute lymphocytic leukemia, 5-
fluoro-uracil, cyclosporin A, vincristine, capecitabine,
cytarabine, cisplatin, steroids and other drugs like mor-
phine and amphetamines.

The combination of several drugs can strengthen
the toxic effects of each, as in the combination of
methotrexate and cisplatin. The neurotoxic effect is
further amplified by superselective intra-arterial or in-
trathecal administration (e.g. methotrexate in chemical
meningitis) of some drugs, used in the treatment of
primary brain tumors or lymphoproliferative disorders.
Neurotoxic effects are also favored by other predispos-
ing factors such as cerebrovascular disease and ad-
vanced age; in these cases neurotoxicity may manifest
in ischemic stroke, hemorrhage or acute edema, condi-
tions which often are reversible. Alterations of periph-
eral blood counts (patients with leukemia or lymphoma)
can promote a synergistic negative effect and induce
intracranial hemorrhage. The effects of neurotoxic drugs
(isolated or associated with RT) according to their onset
over time are distinguished in:

1. Acute: occurring during treatment or within a max-
imum of 50 days from the end of therapy.

2. Subacute or delayed; occurring after treatment and
within 3 months after the end of therapy.

3. Late: arising as much as several years after treatment.

Acute and subacute forms may be reversible while
late effects leave permanent damage.

Acute effects include:

* stroke-like forms. Methotrexate is the most com-
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monly involved drug. The likely cause of brain dam-
age is an increase in blood homocysteine concentra-
tion which is thought to induce a direct detrimental
action on the cerebrovascular endothelium. Symp-
toms are stroke related and the prognosis depends
on the timeliness of treatment;

 acute thrombosis of the dural sinuses. L-asparaginase
is the most commonly involved drug. The etiology
is based on a direct action on coagulation. Symptoms
include headache, convulsions and coma. The prog-
nosis depends on the timeliness of treatment;

* posterior reversible encephalopathy syndrome
(PRES). This syndrome, which was first recognized
in association with eclampsia, cyclosporine therapy
after transplantation and severe hypertension, is a
complex drug-induced neurotoxicity, with well-de-
fined clinical and neuroradiologic findings. It can
also promote myocardial ischemia and hemorrhage.
The most important feature of the syndrome is bi-
lateral and symmetrical edema which mainly in-
volves the parietal and occipital lobes, followed by
the frontal lobes, the temporal-occipital junction and
the inferior cerebellum. There are two pathogenetic
mechanisms describing this syndrome, and both sup-
port the vasogenic hypothesis of edema. The first
and more reliable considers hypoperfusion to be the
cause of disease, determined by alternation of va-
sospasm and vasodilatation, as documented by MR
angiography in eclampsia. The second theory sup-
ports the etiopathogenetic role of hyperperfusion
secondary to dysregulation of blood pressure and
capillary vasodilatation, which results in a malfunc-
tion of the BBB and extravasation of macromole-
cules and fluid in the interstitium.

Vasogenic edema, related to endothelial dysregula-
tion, was also evidenced as a result of immunosuppres-
sive treatment and drug-induced hypomagnesemia. MR
imaging typically shows focal regions of bilateral and
symmetrical edema with signal hyperintensity in long
TR sequences. These findings have no correspondent
in DWI imaging, except in untreated cases in which
hyperintense signal areas appear due to progression in
cytotoxic edema, which sometimes is irreversible. In
this sense, DWI can be considered as a means for prog-
nostic evaluation.

Subacute effects include delayed leukoencephalopa-
thy with stroke-like presentation syndrome. This is a
rare pathologic condition caused by methotrexate with
intrathecal administration. Its etiology is based on direct

endothelial damage. Symptoms mimic a cerebrovascular
accident, and they may be fluctuating with alternating
involvement of both hemispheres. Prognosis is related
to the timeliness of treatment. MR imaging is charac-
terized by T2-weighted focal signal hyperintensity es-
pecially in periventricular areas (semi-oval center, corona
radiata, internal capsule) that do not show a clear corre-
spondence in DWI imaging, while they are markedly
hypointense on ADC maps, with rapid normalization.
Increased signal in T2-weighted sequences with no cor-
respondent in DWI could be due to the accumulation of
water between myelin sheaths, a condition readily re-
versible if treated promptly. There is no CE.

Late effects include leukoencephalopathy. This is
usually persistent (may be transient in children), and is
drug and dose dependent. It is characterized by axonal
and myelin loss, pallor, rarefaction, spongiosis and glio-
sis of white matter probably secondary to chronic is-
chemia caused by extensive radio-endothelial damage.
The preferred site is periventricular white matter and
semi-oval centers, even though compromise of all deep
and subcortical white matter is not rare. Axonal loss is
thought to be responsible for serious and irreversible
clinical conditions, characterized by progressive dete-
rioration and worsening of executive functions which
may result in dementia.

Initial symptoms are often misunderstood or over-
looked, especially because they affect patients already
clinically compromised by the underlying disease. Gen-
erally, confusion and short-term memory loss can be
seen initially, whereas later symptoms may include uri-
nary incontinence, dysphasia, aphasia and visual dis-
turbances. In the most severe forms, there may be de-
mentia caused a dysfunction of the associative pathways.

On T2-weighted FLAIR images, signal hyperinten-
sity appears in the subcortical white matter and espe-
cially in deep periventricular and retrotrigonal areas.
These findings are not evident on DWI. Generally there
is no CE, except in rare cases of punctate enhancement,
which is usually reversible.
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10.1 General Findings

The MR morphologic study, consisting of the acquisi-
tion of sequences without and with contrast agent, can
be completed with new advanced MR techniques (spec-
troscopy, diffusion and perfusion), which are particu-
larly useful in cases of diagnostic doubt. These tech-
niques are not usually used in the evaluation of normal
and pathologic sequelae after treatment, as these can
be well documented with morphologic MR, but they
become essential especially in combination when as-
sessing treatment response. Their use is often essential
in the differential diagnosis between scar tissue vs.
residual tumor, stability vs. progression/recurrence and
recurrence vs. radionecrosis.

10.2 Role of Spectroscopy

MR spectroscopy has a higher sensitivity than conven-
tional MR in detecting changes of common metabolites
in the absence of radiologically visible morphologic
changes [1]. In the literature there is extensive docu-
mentation on its usefulness in the diagnosis and post-
treatment follow-up in a wide variety of CNS tumors.
10.2.1 Response to Treatment

Surgery and/or RT treatment tumor response usually
involves an initial reduction in NAA, which may be
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evident before Cho and Cr changes. Then Cho, Cr and
NAA decrease (NAA may even be absent) with the
possible appearance of the Lac/Lip peak, indicating ra-
diation necrosis [2].

10.2.2 Stability vs. Progression/Recurrence

Spectroscopy is able to demonstrate disease progression,
showing spectral anomalies at the resection margins or
outside the surgical bed, even in the absence of CE and
before an increase in it is registered [3]. Changes in the
Cho signal and the Cho/Cr and Cho/NAA ratios are pre-
dictive of tumor progression. An increase in Cho of more
than 45% with respect to the contralateral healthy hemi-
sphere is indicative of disease progression, whereas a
value equal to or less than 35% is indicative of stability
[4]. With regard to the other ratios, the differentiation
between progression and stability has a sensitivity of
93.8% and a specificity of 85.7% [5]. An increase in the
Lip signal can be an early marker of malignant transfor-
mation [6].

In postsurgical [7] and post-radiosurgery [3] follow-
up, areas with high Cho/NAA and Cho/Cr ratios usually
undergo contrast-medium enhancement. Tissue volume
with an abnormal spectrum correlates inversely with
the time of appearance of new enhancement.

In post-chemotherapy, the Cho/Cr and Lac/Cr ratios
are the most useful markers for the follow-up of low-
grade gliomas. In CE areas, an increase in Lac/Cr during
treatment has a significant association with progression
and reduced survival. In contrast, a low NAA/Cr in
normal appearing brain tissue adjacent to tumor without
CE is associated with reduced progression and increased
survival. Moreover, an increase in the Cho/Cr and
Lac/Cr ratios in normal appearing brain tissue adjacent
to tumor may become evident several months before
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disease progression can be visualized in MR morpho-
logic images [8].

10.2.3 Recurrence vs. Radionecrosis

Spectroscopy can detect a characteristic metabolic pat-
tern. In the presence of radionecrosis, a peak in Lac/Lip
may appear in the absence of other metabolic signals
and persist for several months [2]. This is in contrast to
what happens in cases of recurrence, which instead are
characterized by an increase in Cho. The distinction
between recurrence and radiation injury can be made
using the Cho/NAA, Cho/Cr and NAA/Cr ratios: the
former two are the main markers for the differential
diagnosis. They are in fact significantly higher in re-
currence than in radiation injury and even higher than
the apparently healthy white matter. The NAA/Cr ratio
has instead an opposite trend [9, 10].

However, where necrosis and recurrence coexist (a
common occurrence in clinical practice), spectroscopy
is not always definitive and it is not always possible to
distinguish between radionecrosis and tumor necrosis
because of their frequent coexistence and overlapping
of events [11]. In this case, serial metabolic changes
may be more informative than transversal data collected
at a certain time after therapy.

10.3  Role of Diffusion

DWI can be used not only to characterize and define
tumor grade on the basis of cellularity, but also to assess
how cellularity changes with treatment.

10.3.1 Treatment Response

In the immediate postoperative period, ADC is more
useful than CE in defining the persistence or absence
of disease thanks to a reduction in ADC caused by
acute brain injury [12].

At a later stage, during the initial post-treatment period,
cellular changes within the tumor (cell swelling, cell lysis,
cell necrosis, apoptosis) may influence DWI and thus the
ADC map. In fact, when cells are not responsive there is
no change in ADC, whereas in the presence of cell
swelling, there is a decrease in ADC. Eventual cell lysis
due to hypoxic-ischemic events leads to increased diffu-
sivity which occurs even when apoptosis directly occurs.

In the early stage, DWI can document the presence

of ischemic changes surrounding the surgical bed [13].
Tractography moreover can also highlight the preser-
vation of white matter tracts, such as motor fibers, and
thus obtain prognostic information about functional re-
covery of neurologic conditions.

10.3.2 Stability vs. Progression/Recurrence

Functional diffusion mapping (FDM) has been recently
proposed as a noninvasive method to assess the quanti-
tative response to therapy of the disease, with the com-
parison of diffusion maps before and after treatment
[14, 15]. FDM done 3 weeks after treatment can already
predict whether the tumor is responsive or not in relation
to early abnormalities in tumor diffusion values. In
such cases it is not necessary to wait the traditional 10
weeks to evaluate treatment response. Comparison be-
tween FDM after 3 weeks and changes after 10 weeks
is therefore an early quantitative biomarker for predict-
ing response to treatment, its effectiveness, progression
time and median survival. The association between
FDM and neuroradiologic findings provides a more ac-
curate prediction of survival with respect to the quanti-
tative parameter alone [16]. Clinical implications then
become very useful for optimizing patient management
to avoid expensive and toxic therapies and other kinds
of treatment.

10.3.3 Recurrence vs. Radionecrosis

In the follow-up of treated high-grade glioma, radio-
induced injuries may present with a variety of DWI
patterns, usually hypointense with high ADC, but some-
times hyperintense with low ADC, for example due to
the presence of bleeding, viscous mucinous components
or coagulation necrosis [17].

ADC can be used to differentiate RT effects from
tumor recurrence, as it is significantly higher in ra-
dionecrosis than in recurrence (due to the high cellu-
larity), even though some overlap is possible as a result
of various factors such as cellularity, viscosity and per-
meability [18]. In fact, it is possible to differentiate tu-
mor from necrosis, but ADC is not always able to obtain
more information than spectroscopy in discriminating
mixed tumor and necrosis from pure tumor or necrosis
alone [10, 11].

Diffusion tensor imaging (DTI) provides more ac-
curate data, showing a lower ADC ratio and higher FA
in recurrence than in necrosis [19].
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In the evaluation of enhancing lesions, cellularity is
not the only factor that can influence ADC after therapy.
The contribution of other components (necrosis, gliosis,
scarring, granulation tissue) may alter ADC values.
This suggests the need to study only the average ab-
solute value of ADC in order to minimize the influence
of all these components. The use of the ADC ratio cer-
tainly improves differentiation between the two entities,
reducing the overlapping of data [18].

The quantitative ADC study in theory would then
be able to distinguish between radionecrosis and re-
currence, but the structural complexity and heterogene-
ity of a lesion undergoing dynamic changes often in-
volves abnormal values (i.e. an increase in ADC in the
presence of increased cellularity and thus recurrence).
This state depends on the inclusion or not of vascular
structures and necrosis in the peritumoral district. These
findings consequently could create confusion as the
measure of ADC is often made in enhancing areas,
which have low specificity in distinguishing the two
entities.

In this regard, imaging based on magnetic suscepti-
bility has recently been used to better visualize the het-
erogeneous pattern of tumor tissue. Using the same
contrast-enhanced sequence, clinically useful informa-
tion can be gathered such as tumor microvasculature,
degree of intratumoral necrosis, and the presence of
small alterations of the BBB in the surrounding tissue.
The ability of contrast enhanced susceptibility weighted
imaging (CE-SWI) to distinguish these pathologic find-
ings thus provides a new mechanism for evaluating
ADC within the parenchymal tissue with abnormal
BBB, which is often the location of tumor recurrence.
Used as a guide in an ADC quantitative diffusion study,
especially in CE areas, CE-SWI can therefore distin-
guish districts anatomically related to vascular, blood
and/or necrotic components. Therefore, in recurrence,
compared to stable disease, a correlation has been found
between increased CE in CE-SWI maps and low ADC
in CE areas [20]. Moreover, in the CE lesion, ADC has
been shown to be significantly higher in perilesional
edema and in radiation injury than in recurrence [21].

10.4 Role of Perfusion

PWI is useful in the post-treatment monitoring of
gliomas, especially in lesions with extensive neovas-
cularization and microvessel density. An increase in

angiogenesis, which is a typical feature of the more
aggressive gliomas, is an essential histologic criterion
for determining the biologic behavior of these lesions,
which is shown by an increase in cerebral blood volume
(CBYV), considered one of the strongest predictors of
tumor aggressiveness and survival in gliomas [22, 23].

10.4.1 Treatment Response

Initial tumor response to surgery and/or to RT is usually
measured by a reduction in CBV. This feature is further
supported in relation to the size of the necrotic compo-
nent [24].

10.4.2 Stability vs. Progression/Recurrence

PWI plays a prominent role especially in the presence
of diffuse CE lesions, which may arise as the result of
other nonsurgical treatments. In cases of residual or
progressive tumor, PWI shows a higher rCBV values
than in normal white matter. This finding is also con-
firmed with morphologic MR studies.

10.4.3 Recurrence vs. Radionecrosis

Since it is correlated with angiogenesis, CBV is signif-
icantly higher in recurrence than in radio-necrosis, al-
though there is some overlap of findings in relation to
non-high spatial resolution, tissue heterogeneity and
the frequent coexistence of vascularized recurrence and
radionecrosis with hyperplastic and enlarged vessels
[25].

The presence of petecchiae in recurrence can cause
susceptibility artifacts and reduce CBV. An inaccurate
estimation of CBV may also be due to severe disruption
or absence of the BBB [26].

Some authors use other hemodynamic variables in
addition to CBYV, such as RPH (peak height) and rPSR
(percentage of signal intensity recovery).

RPH is a quantifiable measure of tumor vascularity
which is highly correlated with CBV and therefore with
tumor vascularity and histopathologic grade. For this
reason, it has been suggested that it may reflect total
vascular volume within the ROI and it is therefore high,
like CBYV, in CE recurrence, in contrast to what happens
in radionecrosis.

rPSR is significantly different in the two states. In
particular, it is lower in tumor recurrence in relation to
alterations of the BBB which becomes more permeable
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to macromolecular contrast agents. This parameter is
more useful than the Ktrans value, which is a measure
of capillary permeability in relation to T1 relaxation
changes (T1 DSC) that occur during the infusion of
contrast media or during washout of the CE lesion [27].

Perfusion may be useful for distinguishing pseudo-
progression from real progression [28].

In a study using a parametric response map (PRM),
an innovative voxel-by-voxel method of image analysis
in patients with progressive disease, a significantly re-
duced CBV was noted after 3 weeks with respect to
the patients with pseudo-progression [28].

10.5 Multimodal Magnetic Resonance

Imaging

The use of the morphologic or advanced MR examina-
tion alone in the diagnosis of gliomas is not enough for
defining the histologic grading, optimal treatment plan-
ning and correct post-treatment follow-up. Therefore,
the use of combined studies is necessary to increase
MR diagnostic accuracy, as a function of recent devel-
opment and of new and more effective anticancer treat-
ments that require a complete morphofunctional MR
study. With these techniques an in vivo neuropathologic
interpretation of the typical biologic heterogeneity of
these tumors can be obtained noninvasively.

These advanced techniques should be used for a
qualitative and quantitative assessment. The combina-
tion of quantitative data can provide real biomarker
findings, which are very important for tumor tissue
characterization, as well as allow multicenter studies,
clinical trials and longitudinal studies. Only by com-
bining data from various imaging techniques, which
are often quite different, can essential information with
an effective clinical influence be found.

In this setting, we conducted a multimodal study
[29] by combining MR imaging with spectroscopy, dif-
fusion and perfusion in order to minimize the low speci-
ficity of each of these methods and especially to provide
the surgeon oncologist with more accurate and com-
prehensive information to assist in planning more ac-
curate treatment.

The study involved 31 patients with cerebral gliomas
of different degrees. All parameters used, with the ex-
ception of ADC, helped to differentiate low-grade
gliomas from high-grade tumors. In particular, meta-
bolic information provided by levels of Lac/Lip and

CBYV were sufficient for a correct classification of 100%
of the tumors. In addition, we studied spatial changes
in metabolic structural and hemodynamic findings, in
gliomas and surrounding tissues. By combining this
information, we sought to identify the true tumor mar-
gins, the exact definition of which is essential for ac-
curate treatment planning and prognosis.

Zeng et al. [30] found a significant difference in
Cho/Cr, Cho/NAA and ADC ratio. Cho/Cr, Cho/NAA
and ADC ratio were found to be the key to distinguish-
ing recurrence from radionecrosis. The ADC ratio, in
addition to spectroscopy, further improved the differ-
entiation ability of spectroscopy. The accuracy of the
differential diagnosis with combined spectroscopy and
ADC ratio was higher than spectroscopy alone.

Bobek-Billewicz et al. [31] documented the role of
perfusion compared to diffusion and spectroscopy in
the differential diagnosis between recurrence and radi-
ation injury. In particular, the mean value of CBV was
more discriminating than the maximum value of CBV,
while spectroscopy and diffusion did not seem to dif-
ferentiate the two entities in a significant way, despite
lower ADC values in recurrence compared to radiation
injury.

Voglein et al. [32] demonstrated the greater efficacy
of perfusion imaging compared to spectroscopy in iden-
tifying disease progression and predicting response to
treatment.

Kim et al. [33] and Prat et al. [34], compared the ef-
fectiveness of PET and perfusion in the differential di-
agnosis between recurrence and radionecrosis, and
found MR superior to PET (using both FDG and me-
thionine radiotracers).
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PartD

Clinical Cases



Case1
Early Sequelae

Postoperative CT Scan in Glioblastoma Multiforme

Ferdinando Caranci, Andrea Elefante and Arturo Brunetti

« Patient with surgically treated right frontal glioblastoma multiforme

« Postoperative CT scan performed within 24 hours

Preoperative Imaging

Fig. 1.1 a-d MR FLAIR sequences. A roughly oval-shaped lesion at the right frontal convexity can be seen with irregular margins
and inhomogeneous structure, surrounded by a halo of edema

Fig. 1.2 a-d Contrast-enhanced MR SE T1-weighted images. Ring enhancement can be appreciated due to the presence of a large
necrotic component within the lesion
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Early Postoperative Follow-up (Within 24 Hours)
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Fig. 1.3 a-d CT scan. Good repositioning of the bone flap is shown, with a small amount of extracerebral air at the surgical access
site. The surgical bed in the right frontal lobe appears inhomogeneously hypodense due to the coexistence of edema, moderate blood
effusion and small air bubbles. Superiorly to the ventricular roof a small amount of relatively hyperdense tissue can be appreciated,
attributable to residual lesion




Case2

Early and Late Sequelae:
Evolution of Postsurgical Area

Postoperative MR Follow-up in Glioblastoma
Multiforme

Ferdinando Caranci, Francesco Briganti and Arturo Brunetti

« Patient with surgically treated right temporo-occipital glioblastoma
multiforme

« Postoperative MR follow-up performed early (3 days) and late
(3,6, 10 months)

Postoperative Follow-up at 3 Days

Fig. 2.1 a-d Contrast-enhanced MR SE T1-weighted images. The postoperative right temporo-occipital cavity signal is extremely
inhomogeneous due to the mixture of blood-fluid components (hyperintense signal) and air. Peripheral enhancement is associated,
with irregular margins and a linear morphology, produced by blood-brain barrier injury, with enhancing dura adjacent to the bone
Postoperative Follow-up at 3 Months

flap. The ventricular trigone appears mildly compressed

Fig. 2.2 a-d Contrast-enhanced MR SE T1-weighted images. A reduction in the size of the surgical foci is evident, with re-
expansion of the ipsilateral ventricular trigone. There is evident resorption of the intralesional blood component and disappearance
of the air. The lesion shows a CSF-like signal, with the presence of several internal blood clots. The peripheral enhancement
produced by the blood-brain barrier injury is also still present, although reduced. The enhancing dura is also markedly reduced
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Postoperative Follow-up at 6 Months

Fig. 2.3 a-d Contrast-enhanced MR SE T1-weighted images. Both the internal blood clots and the peripheral enhancement of the
dura appear further reduced

Postoperative Follow-up at 10 Months

AN

Fig. 2.4 a-d Contrast-enhanced MR SE T1-weighted images. Further progression of the phenomena described above is evident,
with the formation of a cavity with a prevalent CSF content




Case 3

Late Sequelae: Gliotic Scar Formation

Postoperative MR Follow-up in Grade Il
Oligoastrocytoma

Bianca Cusati, Ferdinando Caranci and Alfonso Ragozzino

« Patient with surgically treated right temporo-fronto-insular grade Il
oligoastrocytoma

« Postoperative follow-up performed late (at 6 months) with MR morphologic
sequences and spectroscopy

Preoperative Imaging

Fig. 3.1 a-d MR FLAIR sequence. An intra-axial right temporo-fronto-insular lesion can be appreciated infiltrating the cortex and ex-
tending into the white matter, with irregular margins and heterogeneous structure due to the presence of initial internal necrosis

Fig. 3.2 a-d Contrast-enhanced MR SE T1-weighted images. No focal areas of pathologic enhancement can be seen within the lesion
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Fig. 3.3 Multi-voxel MR spectroscopy. Constant elevation in the concentration of choline can be appreciated, with reversal of the ratio
with creatine

Postoperative Follow-up at 6 Months

Fig. 3.4 a-d MR FLAIR sequence. The images clearly show the postsurgical cavity. A peripheral halo of high signal is associated,
which does not exceed the margins of the original lesion. This may be likely due to postsurgical gliotic modifications, and should be
the basis for subsequent follow-up



Case 4

Early Complications: Epidural Hematoma

Postoperative CT in Pilocytic Astrocytoma

Ferdinando Caranci, Andrea Elefante and Arturo Brunetti

« Patient with surgically treated pilocytic astrocytoma of the vermis

« Postoperative CT performed early (within 24 hours)

Early Postoperative Follow-up (Within 24 Hours)

/)¢ /1
Fig. 4.1 a-d CT scan. Median suboccipital craniectomy can be appreciated and the presence of inhomogeneous tissue indicative of
residual lesion is visualized in the context of the postoperative area of the vermis

‘ [ ‘ n ‘ o d
Fig. 4.2 a-d Higher sections show the presence of a biconvex hyperdense collection attributable to epidural hematoma (secondary
to laceration of the middle meningeal artery by a Mayfield adaptor)
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Case 5

Early Complications: Perilesional Ischemia

Postoperative MR Follow-up in Glioblastoma
Multiforme

Ferdinando Caranci, Enrico Tedeschi and Arturo Brunetti

« Patient with surgically treated right temporal glioblastoma multiforme

« Postoperative MR follow-up performed early (5 days) with morphologic
sequences and diffusion-weighted imaging

Preoperative Imaging

Fig. 5.1 a-d Contrast-enhanced MR SE T1-weighted images. Despite the presence of motion artifacts, an intra-axial lesion with ir-
regular margins and heterogeneous structure due to the coexistence of a necrotic component can be appreciated in the right posterior
temporal region
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Early Postoperative Follow-up (at 5 Days)
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Fig. 5.2 a-d MR FLAIR sequence. The postoperative cavity filled with CSF is clearly shown, peripheral to which a diffuse signal
alteration due to edema can be seen, with focal areas of partial blood effusion

of ischemic changes



Case 6

Late Complications: Subdural Empyema
CT/MR Follow-up in Glioblastoma Multiforme

Alessandro Stecco, Francesco Fabbiano, Mariangela Lombardi,
Sara Zizzari, Gerardo Di Nardo, Andrea Pietro Sponghini,
Lucrezia Emanuela Guerra and Alessandro Carriero

« 30-year-old patient with right frontal glioblastoma multiforme treated
with surgery and combined radiation therapy-chemotherapy

» Morphologic CT/MR studies performed at 5 months (following diastasis
of the craniotomy bone flap with underlying purulent collection
and subsequent acrylic resin cranioplasty) and at 12 months after resection

Postoperative Follow-up at 5 Months

Fig. 6.1 a,b Contrast-enhanced CT scan shows craniotomy with removal of bone and the right frontal subdural postsurgical empyema
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Fig. 6.2 a,b Contrast-enhanced MR SE T1-weighted sequences show the presence of pathologic epidural enhancement and more
evidence of the gaseous component which compresses the soft tissue overlying the subdural empyema



Case7

Late Complications: Abscess

Postoperative MR Follow-up in Glioblastoma
Multiforme

Ferdinando Caranci, Alessandra D’Amico and Sossio Cirillo

« Patient with surgically treated right fronto-parieto-temporal glioblastoma
multiforme

« Late postoperative MR imaging with morphologic sequences
and diffusion-weighted imaging

Late Postoperative Follow-up

Fig. 7.1 a-d MR FSE T2-weighted sequence. The images show evidence of the previous right fronto-parieto-temporal craniotomy
performed for the surgical excision of glioblastoma multiforme. Below the bone flap a lobulated structure can be appreciated, with
inhomogeneously hyperintense fluid-type signal and a hypointense peripheral capsule, surrounded by a broad halo of edema

Fig. 7.2 a-d Contrast-enhanced MR SE T1-weighted images. The images show intense enhancement of the peripheral capsule
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Fig. 7.3 a-h MR diffusion-weighted imaging and ADC map. The fluid content within the lesion has greatly restricted diffusion co-
efficients due to its high viscosity



Case 8

Early Residual Tumor

Postoperative MR Follow-up in Glioblastoma
Multiforme

Luigi Cirillo, Antonella Bacci, Raffaele Agati and Marco Leonardi

« Patient with surgically treated right temporo-occipito-parietal glioblastoma
multiforme

« Postoperative follow-up performed early (24 hours and 2 weeks) with MR
morphologic sequences

Preoperative Imaging

Fig. 8.1 a-d MR FLAIR sequence. A large area of high signal in the right temporo-occipito-parietal region is appreciable, with the
characteristics of vasogenic edema extending contralaterally through the splenium of the corpus callosum. A relatively poorly defined
hypointense tissue with infiltrating features is visualized
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Fig. 8.2 a-d Contrast-enhanced MR SE T1-weighted images. Evidence of tissue with irregular margins, intense enhancement and an
internal necrotic component
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Postoperative Follow-up at 24 Hours

Fig. 8.3 a-d Contrast-enhanced MR SE T1-weighted images. The postsurgical cavity shows inhomogeneous fluid-like signal with air
component. Peripheral to the cavity there is an intense and irregular enhancement, indicative of the residual heteroplastic tissue (at
this stage there are no changes in the blood brain barrier)

Postoperative Follow-up at 2 Weeks

Fig. 8.4 a-d Contrast-enhanced MR SE T1-weighted images. The air component in the surgical cavity has been reabsorbed. The
images confirm the presence of the peripheral heteroplastic tissue extending towards the splenium of the corpus callosum



Case9

Late Residual Tumor

Postoperative MR Follow-up in Low-grade
Astrocytoma

Ferdinando Caranci, Francesco Briganti and Arturo Brunetti

« Patient with surgically treated right temporal grade |l astrocytoma

« Postoperative MR follow-up performed late (4 months) with MR
morphologic sequences, spectroscopy and PET

Preoperative Imaging

Fig. 9.1 a-c MR FLAIR sequence. Infiltrating tissue with high signal intensity can be appreciated in the right temporal region, indi-
stinguishable from the associated edema, extending medially to the parahippocampal-hippocampal region
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Fig. 9.2 a-c Contrast-enhanced MR SE T1-weighted images. No enhancement is appreciable after administration of contrast medium

Postoperative Follow-up at 4 Months

Fig. 9.3 a-c MR FLAIR sequence. Hyperintense signal indicative of residual neoplastic tissue can be appreciated peripheral to the
area of CSF-like signal produced by the postsurgical cavity
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Fig. 9.4 a-c Contrast-enhanced MR SE T1-weighted images. The study confirms the absence of contrast enhancement of the
residual tumor

Fig. 9.5 Single-voxel MR spectroscopy.  Fig. 9.6 Methionine PET study. The residual tissue shows high metabolic activity
Inversion of the choline-creatine peak level
in the residual tumor can be appreciated
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Postoperative Follow-up at 4 Years

Fig. 9.7 a-c MR FLAIR sequence. The images show an increase of the infiltrating tissue, which extends to the temporal-mesial and
frontal-basal region

Fig. 9.8 a-c Contrast-enhanced MR SE T1-weighted images. The study confirms the absence of contrast enhancement of the
residual tumor



Case 1 O

Low-grade Residual Tumor

Morphofunctional MR Follow-up in Anaplastic
Oligoastrocytoma

Alessandro Stecco, Francesco Fabbiano, Sara Zizzari,
Gerardo Di Nardo, Mariangela Lombardi,
Andrea Pietro Sponghini and Alessandro Carriero

« 45-year-old patient with bilateral frontal anaplastic oligoastrocytoma
treated with subtotal resection and subsequent combined radiation
therapy-chemotherapy

» Morphofunctional MR follow-up performed with morphologic study,
perfusion and spectroscopy preoperatively and at 3 months after surgery
and radiation therapy-chemotherapy

Preoperative Imaging

Fig. 10.1 a Baseline CT scan. A bilateral frontal lesion can be seen spanning the anterior genu of the corpus callosum with macrocal-
cifications in the frontal polar (right paramedian) region and at the level of the corpus callosum. b MR fluid attenuated inversion
recovery with fat saturation (FLAIR FS) sequences show the hyperintense lesion extending across the corpus callosum and midline
area. The presence of areas of altered signal compatible with microcalcifications in the anterior genu of the corpus callosum and
diffuse perilesional hyperintensity can also be appreciated
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Fig. 10.1 ¢ MR fluid attenuated inversion recovery with fat saturation (FLAIR FS) sequences show the hyperintense lesion extending
across the corpus callosum and midline area. The presence of areas of altered signal compatible with microcalcifications in the
anterior genu of the corpus callosum and diffuse perilesional hyperintensity can also be appreciated. d Contrast-enhanced MR SE T1-
weighted sequence depicts intense pathologic enhancement of the polar component of the frontal lesion
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Follow-up at 3 Months After Surgery and Radiation Therapy

Fig.10.2 a MR perfusion study with relative CBV map. An ROI (white arrow) is placed on a hypoperfused nodule on the CBV map
(white circle). b MR FLAIR sequence shows residual alteration in the deep frontal white matter and in the anterior genu of the corpus
callosum, which appears smaller than in Fig. 10.1 c, in partial response to therapy. ¢,d Contrast-enhanced MR SE T1-weighted
sequences show a small nodule of rim enhancement in the context of hypointense area, partly attributable to postsurgical cavitation
and in part to residual low-grade tissue
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Fig. 10.3 MR perfusion study with relative CBV map. Measurement of CBV perfusion in the bilateral anterior paracallosal area (pink
and white freehand ROIs) compared with ROIs placed in the bilateral frontal polar subcortical white matter (blue and red freehand
ROIs) and as a reference in apparently healthy right parietal white matter (green freehand ROI) shows evidence of increased CBV in
the anterior paracallosal area
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Fig. 10.4 Single-voxel MR spectroscopy. The sampling area has prevailing lesion characteristics of gliosis, cavitation and absence of
neuronal metabolites



Case 1 1

Medium-low-grade Residual Tumor

Morphofunctional MR Follow-up in Astrocytoma

Alessandro Stecco, Sara Zizzari, Francesco Fabbiano,
Gerardo Di Nardo, Mariangela Lombardi, Emanuele Malatesta
and Alessandro Carriero

« 45-year-old patient with low-grade astrocytoma of the right temporal lobe
treated with subtotal excision and subsequent chemotherapy

» Morphofunctional MR follow-up performed with morphologic study,
perfusion and spectroscopy at 36 months after surgery and combined
chemotherapy

Follow-up at 36 Months After Surgery and Combined Chemotherapy

———— — dk 4

Fig. 11.1 a-d MR FLAIR and contrast-enhanced SE T1-weighted sequences on two contiguous sections. A cavitary cystic area can
be seen accompanied by a solid residual portion appearing hyperintense in FLAIR and hypointense in T1 without pathologic enhan-
cement, located in the deep white matter of the right temporal lobe
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Fig. 11.2 Single-voxel MR spectroscopy. The ROI placed in the residual solid tissue in the temporal lobe shows a reduction in NAA
and an increase in Cho with metabolic ratios compatible with low-medium grade residual disease, in the context of the perilesional
hyperintense area in FLAIR



Case 12

Medium-low-grade Residual Tumor

Morphofunctional MR Follow-up in Fibrillar
Astrocytoma

Alessandro Stecco, Sara Zizzari, Francesco Fabbiano,
Gerardo Di Nardo, Mariangela Lombardi, Giuseppe Fiscer
and Alessandro Carriero

« 58-year-old patient with low-grade astrocytoma of the left frontal lobe
treated with surgery and first-line chemotherapy

» Morphofunctional MR follow-up performed with morphologic study,
perfusion and spectroscopy preoperatively and at 5 and 10 months
after surgery and combined chemotherapy

Preoperative Imaging

Fig. 12.1 a MR FSE T2-weighted sequence shows intra-axial deep left frontal lesion with involvement of the rostrum of the corpus
callosum and mass effect on neighboring structures. b Contrast-enhanced MR SE T1-weighted sequence. No pathologic enhancement
is evident at the lesion site
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Fig. 12.2 MR perfusion study with relative CBV map showing an ROI placed on the lesion (a) and
on an apparently healthy contralateral area (b). The comparison shows the lower CBV in the lesion
area than in the healthy contralateral tissue, thus indicating weak neovascularization



Case 12 Medium-low-grade Residual Tumor 83

Follow-up at 5 Months After Surgery

Fig. 12.3 a-c Contrast-enhanced MR SE T1-weighted and FSE T2-weighted sequences show postsurgical findings of partial
resection at 1 month with residual disease. d Single-voxel MR spectroscopy. Sampling of the residual lesion shows a metabolic
pattern consistent with low-to-medium grade lesion
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Follow-up at 10 Months

Fig. 12.4 Multivoxel MR spectroscopy. The apparently healthy sampling area (a) and pathologic
tissue (b) show at that level a pattern of metabolites consistent with the presence of low-to-medium
grade residual cancer



Case 1 3

Medium-low-grade Residual Tumor

Morphofunctional MR Follow-up in Anaplastic
Oligodendroglioma

Alessandro Stecco, Francesco Fabbiano, Sara Zizzari,
Gerardo Di Nardo, Mariangela Lombardi, Lorenzo Fortunelli
and Alessandro Carriero

« 58-year-old patient with right frontal-temporal-parietal-insular anaplastic
oligodendroglioma treated with surgery and subsequent combined
radiation therapy-chemotherapy and second-line chemotherapy

» Morphofunctional MR follow-up performed with morphologic study,
perfusion and spectroscopy preoperatively and at 10, 15 and 19 months
after surgery and combined chemotherapy

Preoperative Imaging

Fig. 13.1 Contrast-enhanced MR SE T1-weighted (a), FSE T2-weighted (b) and diffusion-weighted (c) sequences. A primary in-
tra-axial neoplasm can be appreciated in the right frontal-insular lobe with diffuse perilesional signal alterations at the level of the
white matter and in the frontal basal ganglia, with associated mass effect on neighboring structures. After contrast medium admini-
stration a pseudonodular enhancement can be appreciated in the subcortical right insular region. d Multi-voxel MR spectroscopy
shows a Cho peak within the lesion (cont. —)
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C

Fig. 13.1 (continued)

Follow-up at 10 Months After Surgery, Radiation Therapy and Chemotherapy

Fig. 13.2 a Contrast-enhanced MR SE T1-weighted sequence shows nonenhancing residual tumor in inferior frontal location and
postsurgical cavity in anteroinferior location at the level of the upper right orbital gyrus. b Contrast-enhanced MR SE T1-weighted
sequence. The residual signal alteration appears to extend to the insula and external capsule



Case 13 Medium-low-grade Residual Tumor 87

Follow-up at 15 Months

Fig. 13.3 a MR perfusion study with relative CBV map shows no significant increase in perfusion in the lesion. b Single-voxel MR
spectroscopy confirms the findings of residual cancer without disease progression
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Follow-up at 19 Months

Fig. 13.4 Comparison between contrast-enhanced MR SE T1-weighted sequences at 5 months after surgery and prior to chemotherapy
and radiation therapy (a,b) and post-chemotherapy images at 19 months postoperatively (c,d). The post-chemotherapy images show
less hypointensity at the level of residual tissue with increasing amplitude of the cavitary cyst in response to therapy



Case 14
High-grade Residual Tumor

Morphofunctional MR Follow-up in Gemistocytic
Astrocytoma

Francesco Fabbiano, Alessandro Stecco, Sara Zizzari,
Gerardo Di Nardo, Anthony Azubuike Obaze,
Mariangela Lombardi and Alessandro Carriero

« 71-year-old patient affected by right parietal gemistocytic astrocytoma
treated with subtotal resection and subsequent combined radiation
therapy-chemotherapy

» Morphofunctional MR follow-up performed with morphologic study,
perfusion and spectroscopy preoperatively and at 3 months after surgery
and radiation therapy-chemotherapy

Preoperative Imaging

Fig. 14.1 a MR FFE T2*-weighted sequence shows small focal inhomogeneities induced by microcalcification (white arrow) within
the lesion in the right parietal lobe. b Morphologic MR FLAIR images show right parietal cortical-subcortical pathologic tissue and
perilesional signal alteration. c Single-voxel MR spectroscopy. The metabolic ratios are consistent with the presence of a high-grade
glial lesion
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Fig. 14.1 d Contrast-enhanced MR SE T1-weighted sequence shows a slight pathologic enhancement in the right parietal cortical-
subcortical lobe. e Baseline CT scan shows microcalcification in the lesion in the right parietal lobe. f MR FSE T2-weighted sequence.
The right parietal cortical-subcortical pathologic tissue is visible with low signal in T2 accompanied by perilesional changes



Case 14 High-grade Residual Tumor 91

Follow-up at 3 Months After Subtotal Resection and Radiation Therapy-chemotherapy

Fig. 14.2 a Contrast-enhanced MR SE T1-weighted sequence shows slight pathologic enhancement with the presence of a more
notable enhancing nodule in the cortical-subcortical area (white arrow). b MR FSE T2-weighted sequence visualizes the area of pa-
thologic enhancement corresponding to tissue with low signal in T2 (white arrow). ¢ Contrast-enhanced MR SE T1-weighted
sequence shows the residual tumor with enhancement in the right parietal cortical-subcortical lobe. d Single-voxel MR spectroscopy.
Sampling on the enhancing lesion shows marked elevation of the Cho peak and reduced NAA with metabolic ratios consistent with
a high-grade lesion
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Fig. 14.3 MR perfusion study with relative CBV map shows a blue ROI placed on the residual tumor and a red ROI on apparently
normal contralateral area. The elevated CBV is compatible with high-grade residual tumor



Case15 I

High-grade Residual Tumor

Morphofunctional MR Follow-up in Low-grade
Oligoastrocytoma and Following Anaplastic
Transformation

Alessandro Stecco, Sara Zizzari, Francesco Fabbiano,
Gerardo Di Nardo, Mariangela Lombardi, Ignazio Divenuto
and Alessandro Carriero

« Patient with right frontal low-grade oligoastrocytoma treated
with partial excision surgery and subsequent combined radiation
therapy-chemotherapy following anaplastic transformation

» Morphofunctional MR follow-up performed with morphologic study,
perfusion and spectroscopy at 24 months after surgery and combined
chemotherapy

Follow-up at 24 Months After Surgery and Radiation Therapy-chemotherapy

Fig. 15.1 a-c Contrast-enhanced MR SE T1-weighted and FLAIR sequences show massive recurrence of disease in the right deep
frontal region involving the basal ganglia, the corpus callosum and extending across the midsagittal line. The FLAIR sequence
shows the extension of pathologic tissue in the midline and contralateral area
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Fig. 15.3 a MR FSE T2-weighted sequence shows pathologic tissue with low signal on T2 indicating a high ratio of nucleus-
cytoplasm. b Single-voxel MR spectroscopy. NAA is almost completely absent and there is marked elevation of Cho with metabolic
ratios compatible with the presence of residual high-grade cancer. The presence of small Lac peak indicates necrosis



Case16 I

Stable Disease

Multimodal CT/MR Follow-up in Glioblastoma
Multiforme

Sara Zizzari, Alessandro Stecco, Mariangela Lombardi,
Gerardo Di Nardo, Francesco Fabbiano, Andrea Pietro Sponghini
and Alessandro Carriero

« 45-year-old patient with left parietal-occipital glioblastoma multiforme
treated with surgery and combined radiation therapy-chemotherapy
and subsequent second-line adjuvant chemotherapy

« Multimodal CT (morphologic and perfusion) and morphologic MR
follow-up at 3, 5 and 8 months after surgery and combined radiation
therapy-chemotherapy

Follow-up at 3 Months After Surgery

Fig. 16.1 a CT perfusion map of permeability surface (PS) shows an absence of significant residual tumor around the surgical
cavity. b MR FSE T2-weighted sequence depicting the postsurgical cavity
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Fig. 16.1 c Contrast-enhanced MR SE T1-weighted image. Postsurgical cavitation with non-neoplastic fine rim enhancement
visualized shortly after the surgical procedure. d CT perfusion study with relative CBV map shows an absence of elevated tissue pa-
rameters

Follow-up at 5 Months After Surgery and Subsequent Radiation Therapy-chemotherapy

Fig. 16.2 Contrast-enhanced MR SE T1-weighted (a) and FSE T2-weighted (b) sequences depict an absence of disease progression
and reduction in the solid tissue component at the surgical site in response to treatment with associated enlargement of the cavity
compared to Fig. 16.1 ¢
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Follow-up at 8 Months

Fig. 16.3 Contrast-enhanced MR SE T1-weighted (a) and FSE T2-weighted (b) sequences show further enlargement of the cavity
in response to therapy



Case
Stable Disease 1 7

Morphofunctional MR Follow-up in Glioblastoma
Multiforme

Gabriele Polonara, Lorenzo Alvaro and Nathalie Herber

« 66-year-old patient with (methylated MGMT gene promoter)
temporal-insular glioblastoma multiforme treated with surgery
and subsequent radiotherapy and concomitant adjuvant chemotherapy

» Morphofunctional MR follow-up performed with morphologic study,
diffusion-weighted imaging, perfusion and spectroscopy preoperatively,
at 48 hours, 4, 7, 9 and 12 months after surgery

Preoperative Imaging

Fig. 17.1 a MR FLAIR sequence shows massive intra-axial right temporal-insular lesion, with maximum antero-posterior diameter of
5.5 cm and heterogeneous signal. The lesion is associated with white matter signal hyperintensity in the temporal lobe and right capsu-
lar-insular region with signs of compression on the right lateral ventricle. A slight midline shift to the left can also be seen. b Contrast-
enhancement MR SE T1-weighted sequence displays an intensely enhancing nodule with ill-defined margins and central necrosis
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Fig. 17.2 a MR diffusion-weighted image shows an increase in the apparent diffusion coefficient at the infiltrative-expansive mass
with perilesional signal alteration. b MR perfusion study shows an increase in perfusion more evident at the margins, in the right in-
ferolateral region. ¢,d MR spectroscopy. In the center of the lesion there is an increase in the lipid peak (necrosis) and choline peak
(cell proliferation), whereas choline is high and lipids are low at the margins. The choline is still high and NAA is low at about one
centimeter from the macronodular lesion, a finding suggestive of neoplastic infiltration in the peripheral area
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Early Postoperative Follow-up (at 48 Hours)

Fig. 17.3 a MR FLAIR sequence shows evidence of the frontal-parietal craniotomy and surgical removal of the right temporal-
insular lesion. Signs of bleeding can be seen in the surgical cavity, as well as re-expansion of the frontal horn right ventricle and a re-
duction in the compression on the right lateral ventricle and the left lateral shift of the midline structures. A thin layer of fluid can be
appreciated below the bone flap. b MR SE T1-weighted sequence shows hyperintense tissue at the margins of the surgical cavity sug-
gestive of blood and tamponade material. ¢,d Contrast-enhanced MR SE T1-weighted sequences show enhancing tissue in the
temporal lobe at the anterior-inferior-medial margin of the surgical cavity possibly compatible with a small residual of the resected
lesion. @ MR perfusion study shows no sign of increased perfusion at the margins of the surgical cavity
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Follow-up Performed at 4 Months After Surgery, Radiotherapy and Concomitant
Adjuvant Chemotherapy

Fig. 17.4 a MR FLAIR sequence shows a reduction in the signs of bleeding within the right temporal-insular surgical cavity, the pe-
rilesional edema and the size of the surgical cavity, with dilation of the temporal horn and right ventricular trigone. The thin fluid
layer beneath the bone flap is no longer appreciable and the midline structures appear completely realigned. b MR perfusion study
shows no sign of increased perfusion at the margins of the surgical cavity. MR SE T1-weighted sequences before (c) and after
contrast media injection (d) show a marked reduction in the signs of altered BBB at the surgical margins, which remained more pro-
nounced posteriorly



Case 17 Stable Disease 103

Follow-up Performed at 7 Months

Fig. 17.5 MR FLAIR sequence (a), perfusion study (b) and SE T1-weighted sequences before (c) and after gadolinium-based
contrast agent injection (d) show a reduction in T1 signal enhancement after contrast medium administration at the level of the dura
and the margins of the surgical cavity correlated with the findings of the previous surgery. No other appreciable changes compared to
the previous study can be seen
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Follow-up Performed at 9 Months After Surgery and Further Adjuvant Chemotherapy

Fig. 17.6 MR FLAIR sequence (a), perfusion study (b) and SE T1-weighted sequences before (c) and after gadolinium-based
contrast agent injection (d) show a reduction in T1 signal enhancement after contrast medium administration at the level of the dura
and the margins of the surgical cavity correlated with the findings of the previous surgery. No other appreciable changes compared to
the previous study can be seen
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Follow-up Performed at 12 Months

Fig. 17.7 MR FLAIR sequence (a), perfusion study (b) and SE T1-weighted sequences before (c) and after gadolinium-based
contrast agent injection (d) show a reduction in T1 signal enhancement after contrast medium administration at the level of the dura
and the margins of the surgical cavity correlated with the findings of the previous surgery. No other appreciable changes compared to
the previous study can be seen



Case 1 8

Stable Disease
3T Multimodal MR Follow-up in Glioblastoma
Multiforme

Tommaso Scarabino, Teresa Popolizio, Saverio Pollice,
Vincenzo D’Angelo and Alfonso Di Costanzo

« 45-year-old patient with left frontal-insular glioblastoma multiforme treated
with subtotal resection and combined radiation therapy-chemotherapy

« 3T multimodal MR follow-up performed with morphologic imaging,
diffusion, perfusion and spectroscopy preoperatively and at 6 and 12 months
after surgery and combined radiation therapy-chemotherapy
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Preoperative Imaging
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Fig. 18.1 MR FSE T2-weighted (a) and contrast-enhanced SE T1-weighted (b) sequences show a large mass with heterogeneous
signal and enhancement due to the presence of large components of central necrosis, with abundant edema and moderate mass effect
on the midline structures which appear shifted laterally. The MR multimodal study with diffusion-weighted imaging and ADC map
(c), perfusion study with CBV map (d) and single-voxel spectroscopy with multiple ROIs (e) show spectra relative to the areas with
enhancing tumor and immediately behind the lesion with the typical pattern of high Cho and inversion of the Cho/NAA ratio. In
these ROIs, the ADC is reduced and the CBV increased; the opposite happens in the necrotic-colliquative area. The spectra in the
apparently edematous area beyond the enhancing margins have overall reduced levels of all metabolites but with spectroscopic
patterns indicating tumor-infiltrated edema. In these locations, ADC is reduced while CBV is high. Moving away from the lesion the
metabolic pattern along with ADC and CBV values return to normal as in the contralateral hemisphere
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Follow-up Performed at 6 Months After Surgery and Combined Radiation
Therapy-chemotherapy

Fig. 18.2 Morphofunctional MR with FSE T2-weighted (a) and contrast-enhanced SE T1-weighted (b) sequences, diffusion-
weighted imaging with ADC map (c), perfusion study with CBV map (d) and multivoxel spectroscopy with multiple ROIs (e). The
imaging findings following treatment show an increase in the necrotic component, characterized by a reduction in the spectral levels
of all metabolites, increased ADC and decreased CBV. These indices instead retain the tumor pattern in the enhancing areas and
those immediately adjacent to the lesion

Follow-up Performed at 12 Months

Fig. 18.3 Multimodal MR with FSE T2-weighted (a) and contrast-enhanced SE T1-weighted (b) sequences, diffusion-weighted
imaging with ADC map (c), perfusion study with CBV map (d) and multi-voxel spectroscopy with multiple ROIs (e). The results ob-
tained by radiation therapy and chemotherapy show an almost complete necrotic transformation of the lesion with no sign of significant
enhancement and with associated retraction dilatation of the adjacent lateral ventricle. There is a concomitant reduction in the spectra
of all metabolites, an increase in ADC and a reduction in CBV. These indices can also be appreciated in the surrounding tissue



Case
Stable Disease 19

3T Morphofunctional MR Follow-up in High-grade
Oligodendroglioma

Massimo Caulo, Chiara Briganti, Valentina Panara, Simone Salice,
Domenico Tortora and Armando Tartaro

« 54-year-old patient with right parietal high-grade oligodendroglioma treated
with subtotal surgery and combined radiation therapy-chemotherapy

« 3T morphofunctional MR follow-up performed with morphologic
sequence and spectroscopy at 2 years after surgery and combined radiation
therapy-chemotherapy

Follow-up Performed at 2 Years After Surgery and Combined Radiation
Therapy-chemotherapy

Fig. 19.1 Contrast-enhanced MR SE T1-weighted (a) and FLAIR (b) sequences show the surgical site in the right parietal region cha-
racterized by cavitation surrounded by diffuse signal alteration of the white matter
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Fig. 19.2 a MR diffusion-weighted imaging with ADC map shows increased ADC values (1.832+0.832 mm?/s) at the surgical cavity
(red arrow). b Contrast-enhanced MR SE T1-weighted sequence. Contrast enhancement is absent. ¢ MR perfusion study with CBV
map. The value of rTCBV [CBYV lesions/contralateral white matter CBV] is 0.78 close to the surgical cavity (yellow arrow). d Multi/sin-
gle-voxel spectroscopy shows no increase in the concentration of Cho, which indicates low cell turnover and thus the absence of
disease progression



Case2 O

Tumor Recurrence

Postoperative MR Follow-up in Grade Il
Oligodendroglioma

Ferdinando Caranci, Alessandra D’Amico and Sossio Cirillo

« Patient with surgically treated grade Il left fronto-parietal
oligodendroglioma

« Postoperative follow-up performed late (9 months) with MR morphologic
sequences

Preoperative Imaging

a 4 . g b % y (4 d
Fig. 20.1 a-d MR FLAIR sequence. Images show an infiltrating lesion at the left parasagittal fronto-parietal convexity, extending
from the cortical profile to the deep white matter, with inhomogeneous structure due to internal areas of necrosis

Fig.20.2 a-d Contrast-enhanced MR SE T1-weighted images. Thin linear streaks of enhancement can be app
portion of the lesion
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Postoperative Follow-up at 9 Months

Fig. 20.3 a-d MR FSE T2-weighted sequence. The inhomogeneous appearance of the surgical cavity resulting from partial resection
of the lesion is associated with evident heteroplastic pseudonodular thickening of the ipsilateral fornix
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inear enhancement of the surgical cavity is appreciable, in
part caused by blood brain barrier injury. Enhancement of the tumor component at the fornix is also evident



Case21 I

Tumor Recurrence

Postoperative MR Follow-up in Gliosarcoma

Ferdinando Caranci, Antonio Volpe and Arturo Brunetti

« Patient with surgically treated left temporo-occipital gliosarcoma

« Postoperative follow-up performed late (6 and 9 months)
with MR morphologic sequences

Preoperative Imaging

Fig. 21.1 a-d Contrast-enhanced CT scan. Left temporo-occipital lesion characterized by intense enhancement associated with high
vascularity

Postoperative Follow-up at 6 Months

Fig.21.2 a-d Contrast-enhanced MR SE T1-weighted images. A nodular pattern of enhancement is appreciable at the site of the pre-
viously removed lesion indicating tumor recurrence
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Postoperative Follow-up at 9 Months

Fig. 21.3 a-d Contrast-enhanced MR SE T1-weighted images. Further expansion of tumor recurrence



Case22 I

Tumor Recurrence

Postoperative MR Follow-up in Low-grade
Astrocytoma

Ferdinando Caranci, Antonio Volpe and Arturo Brunetti

« Patient with surgically treated grade Il left frontal astrocytoma

« Postoperative follow-up performed late (at 9 and 24 months)
with MR morphologic sequences

Postoperative Follow-up at 9 Months

Fig. 22.1 a-c MR DP sequence. A CSF-like area indicating the postsurgical cavity can be appreciated in the white matter of the left
frontal convexity surrounded by a halo of high signal

Fig. 22.2 a-c Contrast-enhanced MR SE T1-weighted images. No areas of pathologic enhancement can be appreciated
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Postoperative Follow-up at 24 Months

Fig. 22.3 a-c MR DP sequence. The images show an increase of the tissue with pseudonodular characteristics at the lateral margins
of the postsurgical cavity (tumor recurrence)

Fig. 22.4 a-c Contrast-enhanced MR SE T1-weighted images. The appearance of slight enhancement corresponding to the recurrence
can be seen



Case23

Tumor Recurrence

Postoperative MR Follow-up in Anaplastic
Oligoastrocytoma

Ferdinando Caranci and Sossio Cirillo

« Patient with posterior left temporal anaplastic oligoastrocytoma treated
with surgery and subsequent radiation

« Postoperative and post-radiation therapy follow-up performed late
(6, 15, and 24 months) with MR morphologic and perfusion sequences

Postoperative Follow-up at 6 Months

Fig. 23.1 a-d MR FLAIR sequence. Nodular neoplastic residual is visualized in the left posterior temporal region (c) and associated
with a cortical blood effusion (a, b)

Fig. 23.2 a-d Contrast-enhanced MR SE T1-weighted images. Cortical-subcortical enhancement can be appreciated in the left posterior
temporal region, in part caused by blood brain barrier injury, with reactive enhancing dura adjacent to the bone flap
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Postoperative Follow-up (Post-radiation) at 15 Months

Fig. 23.3 a-d Contrast-enhanced MR SE T1-weighted images. The area of pathologic enhancement in the left temporal region
appears increased, with irregular margins and internal necrotic components. The colored rings denote several regions of interest in the
context of the lesion
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Fig. 23.4 MR perfusion study with CBV values. Compared to white matter (green) which is taken as a reference value, the graph
shows multiple areas of increased CBV (yellow, red, pink and blue) which indicate heteroplastic tissue. Reduced CBV (brown) in the
left paratrigonal region indicates an area free from neoplastic infiltration

Postoperative Follow-up at 24 Months

Fig. 23.5 a-d Contrast-enhanced MR SE T1-weighted images. An increase in the tissue with pathologic enhancement is evident



Case24 I

Tumor Progression/Recurrence

Multimodal CT/MR Follow-up in Glioblastoma
Multiforme

Alessandro Stecco, Sara Zizzari, Francesco Fabbiano,
Gerardo Di Nardo, Andrea Pietro Sponghini, Mariangela Lombardi
and Alessandro Carriero

« 58-year-old patient with left temporal glioblastoma multiforme treated
with subtotal surgery, combined radiation therapy-chemotherapy
and second-line adjuvant chemotherapy

« Multimodal CT (morphologic and perfusion study) follow-up performed at 5
and 9 months after surgery and combined radiation therapy-chemotherapy

Follow-up at 5 Months After Surgery and Combined Radiation Therapy-chemotherapy

Fig. 24.1 a CT perfusion study with relative CBV map shows a small nodular area with the highest levels of CBV (white arrow).
b Contrast-enhanced CT scan. An enhancing area is visible corresponding to the area of elevated CBV
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Fig. 24.1 ¢ CT permeability surface (PS) perfusion map confirms the findings reported in the CBV map. d MR FSE T2-weighted se-
quence shows evidence of residual tissue with low signal in T2 (white arrow) accompanied by widespread perilesional alteration

Follow-up at 9 Months

Fig. 24.2 a Contrast-enhanced MR SE T1-weighted sequence shows increased size and enhancement of the pathologic tissue. b CT
perfusion study with relative CBV map. Higher CBV values can be appreciated at the site of the lesion than in the surrounding and
contralateral parenchyma



Case25

Tumor Progression/Recurrence

Multimodal CT/MR Follow-up in Anaplastic
Astrocytoma

Alessandro Stecco, Francesco Fabbiano, Sara Zizzari,
Gerardo Di Nardo, Mariangela Lombardi, Ignazio Divenuto
and Alessandro Carriero

« 58-year-old patient with left frontal anaplastic astrocytoma treated
with surgery and subsequent combined radiation therapy-chemotherapy

« Multimodal CT/MR (morphologic and perfusion study) follow-up performed
in the early and late postoperative phase at 1, 9 and 12 months after surgery
and combined radiation therapy-chemotherapy

Early Postoperative Imaging in Patient Candidate for Radiation Therapy
and Chemotherapy

Fig. 25.1 a Contrast-enhanced CT scan
shows a left parafalcal enhancing ring
lesion accompanied by perilesional
hypodensity of white matter. b
Postoperative CT perfusion study with
permeability surface (PS) map. The
fusion image shows high PS values
along the lesion margins (white arrow)
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Follow-up at 1 Month After Surgery During Radiation Therapy

Fig. 25.2 a MR perfusion study with re-
lative CBV map. The highest values of
CBV are seen along the peripheral mar-
gins of the lesion (white arrows). b Con-
trast-enhanced MR SE T1-weighted se-
quence shows peripheral enhancement of
the lesion (white arrow)




Case 25 Tumor Progression/Recurrence 125

Follow-up at 9 Months After Surgery Following Combined Radiation
Therapy-chemotherapy

Fig. 25.3 a CT perfusion study shows focal elevation of PS in the lateral portion of the neurosurgical cavity, resulting from resection
(white arrow). b Greater extension of the pathologic increase in PS than in the previous examination (Fig. 8.1 b), with rim appearance
along the margins of the surgical resection. ¢ Contrast-enhanced CT scan depicts evidence of recurrence with irregular enhancement
of surgical margins with less extent than the corresponding PS map in b (white arrow). d Contrast-enhanced MR SE T1-weighted se-
quence confirms the CT morphologic and perfusion findings (white arrow)
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Follow-up at 12 Months

Fig. 25.4 a CT perfusion study shows disease progression with
involvement of the previous surgical site and complete revascu-
larization of the neurosurgical cavity and the bilateral paracallosal
area (white arrows). b CT perfusion study with CBV map shows
the same findings in a with evidence of increased CBV values
(white arrows). ¢ Contrast-enhanced CT shows pathologic en-
hancement in the area of disease progression (white arrows)




Case26 I

Tumor Progression/Recurrence

Multimodal CT/MR Follow-up in Glioblastoma
Multiforme

Alessandro Stecco, Mariangela Lombardi, Francesco Fabbiano,
Gerardo Di Nardo, Sara Zizzari, Andrea Pietro Sponghini
and Alessandro Carriero

« 53-year-old patient affected by right temporal glioblastoma multiforme
treated with subtotal surgery, combined radiation therapy-chemotherapy,
and second- and third-line adjuvant chemotherapy

» Multimodal CT/MR follow-up with morphologic and perfusion studies
performed preoperatively and at 1, 4 and 8 months after surgery and
combined radiation therapy-chemotherapy

Preoperative Imaging

Fig. 26.1 Contrast-enhanced MR SE T1-weighted (a), FSE T2-weighted (b) and FLAIR (c) sequences show a right parietal lesion
with irregular peripheral enhancement and central necrosis, findings consistent with high-grade lesion
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Follow-up at 1 Month After Surgery

Fig. 26.2 Contrast-enhanced MR SE T1-weighted sequence
shows wide surgical cavity with enhancing surgical margins

Follow-up at 4 Months After Surgery and Radiation Therapy

Fig. 26.3 a Contrast-enhanced CT scan. A millimetric nodular rim enhancement can be seen on the posterior edge of the surgical
cavity (white arrow). b MR perfusion study with relative CBV map shows elevated CBV nodule at the site of nodular enhancement
shown on CT (white arrow)
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Fig. 26.4 a Contrast-enhanced MR SE T1-weighted image. This lower section shows revascularization of the cavity by newly
formed tissue with inhomogeneous pattern of enhancement. b CT perfusion map of permeability surface (PS). This lower section
shows marked elevation of the PS coefficient at the surgical site

Follow-up at 8 Months After Surgery and Radiation Therapy-chemotherapy

Fig. 26.5 a CT perfusion study. This higher section shows another area of disease recurrence with marked elevation of the
permeability coefficient. b Contrast-enhanced MR SE T1-weighted sequence shows marked enhancement at the site of recurrence



Case27

Local and Distant Recurrence
3T Multimodal MR Follow-up in Glioblastoma
Multiforme

Tommaso Scarabino, Teresa Popolizio, Saverio Pollice,
Vincenzo D’Angelo and Alfonso Di Costanzo

« 46-year-old patient with right frontal-insular glioblastoma multiforme treated
with subtotal excision and combined radiation therapy-chemotherapy
and subsequent second-level adjuvant chemotherapy

« 3T multimodal MR follow-up performed with morphologic imaging,
diffusion, perfusion and spectroscopy preoperatively and at 6,9 and 12
months after surgery and combined radiation therapy-chemotherapy
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Preoperative Imaging

Fig. 27.1 MR FSE T2-weighted (a) and contrast-enhanced SE T1-weighted (b) sequences show a large mass with significant
central necrotic component, moderate edema with mild mass effect on midline structures which appear shifted contralaterally. The
MR multimodal study with diffusion-weighted imaging and ADC map (c), perfusion study with CBV map (d) and single-voxel
spectroscopy with multiple ROIs (e) show spectra relative to the enhancing areas and those immediately adjacent to the lesion with
the typical biologic behavior of an aggressive tumor, characterized by high Cho, inversion of the Cho/NAA ratio and the presence of
Lac/Lip (LL). In these ROI, ADC is reduced and CBV increased. In the large necrotic-colliquative area there is a reduction in the
spectral levels of all metabolites with a minimum Cho peak, the presence of LL, an increase in ADC and reduction in CBV. The
spectra associated with apparently edematous areas outside the enhancement have reduced levels of all metabolites, but different
patterns, i.e. normal Cho/NAA in the non-infiltrated vasogenic edema and tumor pattern (high Cho/NAA) in the infiltrated edema.
ADC and CBV in these locations have the opposite behavior, with the former being elevated and the latter reduced in the area of
pure edema and vice versa in the infiltrated edema. Moving away from the lesion the metabolic pattern along with the ADC and
CBYV values return to normal as in the contralateral hemisphere
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Follow-up Performed at 6 Months After Surgery and Combined Radiation
Therapy-chemotherapy

Fig. 27.2 Morphofunctional MR with FSE T2-weighted (a) and contrast-enhanced SE T1-weighted (b) sequences, diffusion-
weighted imaging with ADC map (c), perfusion study with CBV map (d) and multivoxel spectroscopy with multiple ROIs (e). The
imaging findings after treatment show an almost complete necrotic transformation of the lesion free from significant pathologic en-
hancement with associated retraction dilatation of the adjacent lateral ventricle. At that level there is spectral reduction of the levels
of all metabolites, an increase in ADC and reduction in CBV. These indicators are also appreciable in the surrounding tissue with the
exception of a small area of high CBV lesion located posterior to the tumor (distant recurrence)

Follow-up Performed at 9 Months

Fig. 27.3 MR with FSE T2-weighted (a) and contrast-enhanced SE T1-weighted (b) sequences. The images show distant recurrence
posterior to the main surgical site which appears free from persistence/recurrence with the exception of mild peripheral thickening
with pathologic enhancement. Multimodal MR with diffusion-weighted imaging and ADC map (c), perfusion study with CBV map
(d) and multivoxel spectroscopy with multiple ROIs (e). The recurrence has morphofunctional characteristics similar to the original
lesion with a large component of central tumor necrosis and typical pattern of the spectra in the areas with enhancing tumor
immediately behind the lesion (high Cho and inversion of the Cho/NAA ratio), of ADC (low) and CBV (increased); the opposite can
be seen in the necrotic-colliquative area
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Follow-up Performed at 12 Months

Fig. 27.1 MR FSE T2-weighted (a,c) and contrast-enhanced SE T1-weighted (b,d) sequences show not only the distant recurrence
but also the recurrence of the lesion in the original sites. In both cases, apart from the extensive surrounding edema, there is the
presence of a solid lesion with irregular margins




28
Tumor Recurrence

3T Morphofunctional MR Follow-up in Low-grade
Astrocytoma with Anaplastic Appearance

Massimo Caulo, Chiara Briganti, Valentina Panara, Simone Salice,
Domenico Tortora and Armando Tartaro

« 46-year-old patient with right frontal lowgrade astrocytoma treated
with subtotal surgery and combined radiation therapy-chemotherapy

« 3T morphofunctional MR follow-up performed with morphologic imaging,
diffusion, perfusion, and spectroscopy at 4 years after surgery and combined
radiation therapy-chemotherapy

Follow-up Performed at 4 Years After Surgery and Combined Radiation
Therapy-chemotherapy

Fig. 28.1 a Contrast-enhanced MR SE T1-weighted sequence shows a nodular lesion with thick and irregular walls and necrotic-he-
morrhagic content. b MR FLAIR sequence visualizes the tumor almost completely infiltrating the polar and basal portions of the
frontal lobes, the genu of the corpus callosum and the left temporal lobe
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Fig. 28.2 a Contrast-enhanced MR SE T1-weighted sequence shows nodular contrast enhancement of the surgical cavity indicative
of disease progression. b MR diffusion-weighted imaging with ADC map is characterized by a low ADC mean value of 0.672+0.122
mm?s in the nodule (arrow). ¢ MR perfusion study with CBV map. The high value of the rCBV of 4.1 [CBV lesion/contralateral
white matter CBV sound] corresponds to the areas of enhancement adjacent to the surgical cavity (yellow arrow). d MR single/mul-
tivoxel spectroscopy shows a reversal of the Cho/Cr (3.1) and Cho/NAA (4.2) ratios corresponding to the areas of tumor recurrence,
indicative of recurrence with anaplastic appearance



Case 29

Morphofunctional MR Follow-up in Glioblastoma
Multiforme

Tumor Progression

Mario Muto and Alessandra D’Amico

« 56-year-old patient with right frontal-temporal glioblastoma multiforme
treated with surgical removal and combined radiation therapy-chemotherapy

» Morphofunctional MR follow-up at 24 hours, 2, 6, 8, 13 and 15 months
after surgery and combined radiation therapy-chemotherapy in glioblastoma
multiforme

Preoperative Imaging

\ s o) e ST
Fig. 29.1 MR morphofunctional study performed with SE T1-weighted (a), FSE T2-weighted (b), contrast-enhanced SE T1-weighted
(c) sequences and single voxel spectroscopy (d). A right frontal-temporal lesion can be appreciated with edema and inhomogeneous
signal due to the presence of central hemorrhagic areas, more peripheral cystic-necrotic areas and peripheral pathologic rim
enhancement. Compression of the adjacent sulcuses and slight compression of the lateral ventricle below are also evident. Spectroscopic

analysis shows reduction of all metabolites and increased Lip/Lac peak, indicative of necrosis within the infiltrating lesion
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Early Postoperative Follow-up (Within 24 Hours)

| 10mmidiv

Fig. 29.2 MR SE T1-weighted (a), FSE T2-weighted (b) and contrast-enhanced SE T1-weighted (c) sequences. The right frontal-
temporal craniotomy with well positioned bone flap and the underlying surgical cavity with hyperintense blood signal are visualized.
A reduction in perifocal edema can be seen and consequent slight residual compression on the underlying lateral ventricle. After
contrast medium administration, faint marginal enhancement of the surgical cavity is visible caused by blood-brain barrier injury
(normal early postoperative finding)

Postoperative Follow-up at 2 Months

Fig. 29.3 MR SE T1-weighted (a), FSE T2-weighted (b) and contrast-enhanced SE T1-weighted (c) sequences. A slight signal al-
teration can be appreciated within the surgical cavity and the subcortical areas with re-expansion of the lateral ventricle of the same
side. After contrast medium administration some marginal enhancement can be seen
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Follow-up at 6 Months After Surgery and Combined Radiation Therapy-chemotherapy
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Fig. 29.4 MR SE T1-weighted (a), contrast-enhanced SE T1-weighted (b) and FFSE T2-weighted (c) sequences. The postsurgical
gliotic findings are more pronounced than in the previous examination. After contrast medium administration a slight increase in the
size of the enhancing foci is appreciable

Follow-up at 8 Months
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Fig. 29.5 MR morphofunctional study performed with SE T1-weighted (a), FSE T2-weighted (b) and contrast-enhanced SE T1-
weighted (c) sequences and single-voxel spectroscopy (d). There are no major changes to the findings already known, with enhancing
foci substantially unchanged in size and signal characteristics. Spectroscopic analysis with a voxel placed in the previous surgical
site shows a reversal of the Cho/NAA peak (indicating altered turnover of the cell membrane and neuronal loss) and a small Lip\Lac
peak (initial index of necrotic changes)



140 M. Muto, A.D’Amico

Follow-up at 13 Months

Fig. 29.6 MR morphofunctional study
performed with SE T1-weighted (a), FSE
T2-weighted (b) and contrast-enhanced
SE T1-weighted (c,d) sequences and sin-
gle voxel spectroscopy (e). The images
show evidence of subcortical signal alte-
ration in the right frontal-temporal region
with obliteration of the opercular groove
from edema. After contrast medium ad-
ministration a clearer, more extensive and
marked enhancement can be appreciated
in the previous surgical cavity. Spectro-
scopic analysis indicates moderate inver-
sion of the Cho/NAA ratio and increase
in the Lip/Lac peak
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Follow-up at 15 Months

P

Fig. 29.7 MR morphofunctional study performed with SE T1-weighted (a), FSE T2-weighted (b) and contrast-enhanced SE T1-
weighted (c) sequences and single voxel spectroscopy (d). The images document a worsening of the previous situation with a
noticeable extension of signal abnormalities in the right frontal-temporal region, which appears inhomogeneous due to the presence
of necrosis. Perilesional edema extends to the ipsilateral frontal-polar and peritrigonal regions, with mass effect on adjacent structures
and the underlying contralateral lateral ventricle with a mild midline shift. After contrast medium administration there is irregular
enhancement of the surgical cavity extending to the frontal-temporal cortex and temporal-insular infiltration of the basal ganglia
(lenticular nucleus and internal capsule). Spectroscopic analysis shows a further net inversion of the Cho/NAA ratio and marked
increase in the Lip/Lac peak



Case30
Tumor Progression

Morphofunctional MR Follow-up in Glioblastoma
Multiforme

Gabriele Polonara, Lorenzo Alvaro and Francesco Sessa

* 44-year-old patient with right frontal-parietal pararolandic anaplastic
astrocytoma (WHO lll) treated with surgery, radiotherapy, chemotherapy
and subsequent co-adjuvant level Il chemotherapy

» Morphofunctional MR follow-up performed with morphologic imaging,
diffusion, perfusion and spectroscopy preoperatively and at 48 hours,
4 (contrast-enhanced CT scan), 7, 10, 12 and 14 months after surgery

Preoperative Imaging

Fig. 30.1 a MR FLAIR sequence shows a cortical-subcortical area of altered signal with poor visualization of the corresponding
cortical sulci in the right frontal-parietal pararolandic region, at the level of the frontal-parietal opercular area and the right insular
region. b,c Contrast-enhanced MR SE T1-weighted sequences show minimal signs of altered BBB in the context of the lesion, mainly
located in the cortical and immediately subcortical regions at the level of the parietal operculum and ascending parietal gyrus
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Fig. 30.2 a MR diffusion-weighted imaging shows moderate increase in the apparent diffusion coefficient in the right frontal-parietal
lesion. b MR multivoxel and long TE spectroscopy. A decrease in the NAA/Cr ratio, a slight increase in the Cho/Cr and Cho/NAA
ratios (indices of increased proliferative activity) are shown and an absence of lactic acid or lipid peaks. ¢ MR perfusion study shows a
moderate increase in perfusion of the lesion compared with the apparently healthy contralateral brain parenchyma. d MR study
mapping functional areas shows areas that are activated during the opening and closing movements of the left hand
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Early (48 hours) Postoperative Follow-up

Fig. 30.3 MR FSE T2-weighted (a) and FLAIR (b) sequences display the right parietal-temporal craniotomy (with repositioned bone
flap) and postsurgical evidence of partial removal of a right frontal-parietal lesion. In particular, a postsurgical area of loss of white
matter can be appreciated at the level of the inferior portion of the right postcentral gyrus. A small amount of hyperintense perilesional
edema and minimal signs of expansion can also be seen. ¢ Contrast-enhanced MR SE T1-weighted sequence shows evidence in the
right frontal-parietal lobe of a slight accentuation of the CSF spaces, a slight thickening of the dura and probably a residual lesion

Follow-up Performed at 4 Months After Surgery, Radiotherapy and Concomitant
Chemotherapy

Fig. 30.4 CT scan without (a) and with (b) administration of contrast medium. Regrowth of the tumor can be seen in the right corti-
cal-subcortical inferior parietal region, with associated peripheral hypodensity indicating infiltration/edema, and mild signs of locore-
gional expansion. After administration of contrast medium there is an irregular enhancement of the tumor
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Follow-up Performed at 7 Months After Surgery and 3 Cycles Of Adjuvant
Chemotherapy

Fig. 30.5 a MR FLAIR sequence shows inhomogeneous increase in size of infiltrating lesion with ill-defined margins located in the
right frontal-parietal pararolandic region, surrounded by slight perilesional edema extending in the right subependymal paratrigonal
region. Increased signs of compression on the right frontal-parietal cortex and mild compression of the ipsilateral ventricular trigone
can also be seen. b,c Contrast-enhanced MR SE T1-weighted sequences show considerable enhancement of the infiltrating lesion in
the right frontal-parietal pararolandic region associated with micronodular lesions in the right subcortical parietal region adjacent to
and above the trigone
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Follow-up Performed at 10 Months After Surgery, Two Conventional Cycles and
Other Intensified Cycles of Chemotherapy

Fig.30.6 a,b Contrast-enhanced MR SE T1-weighted sequence identifies the appearance of new expansive-infiltrative lesions in the
left anterior frontal-insular region, with partial infiltration of the adjacent corpus callosum. Less evident changes can be seen in the
contralateral residual lesion-recurrence at the site of previous surgery. On the left increased enhancement of the entire lesion is
evident, whereas enhancement on the right appears more heterogeneous and appreciable mainly in the portion of right cortical-
subcortical frontal-parietal region. Enhancement can also be seen in the right parauncal region which was absent in the previous study.
MR study performed with perfusion imaging (c) and spectroscopy (d,e) seem to confirm a possible increased aggressiveness of the
new-onset lesions on the left, which tend to appear hyperperfused (c), unlike the contralateral lesions. On the left there is also a
marked increase in the Cho peak (d), associated with a marked reduction in the principal metabolites and appearance of a lactate
peak, likely due to a poorly differentiated lesion with high cell turnover and initial necrosis. On the right the spectroscopic changes
(e), despite a clearly pathologic appearance of infiltration-proliferation, appear less marked, with the exception of the right cortical-
subcortical frontal-parietal portion immediately below the bone flap, which appears comparable to those on the left
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Follow-up Performed at 12 Months After Surgery and After Starting Level Il
Chemotherapy

Fig. 30.7 a MR FLAIR sequence shows an overall extension of the expansive/infiltrating lesions. The increase is much more
evident on the left with overall increase in the size of the known lesion. A concomitant increase in signs of expansion can also be
seen characterized by increased compression of the ipsilateral ventricle and initial midline shift to the right. Contrast-enhanced MR
SE T1-weighted sequences (b,c) and perfusion study (d). A slight reduction in the enhancement of the lesion on the right can be ap-
preciated, while there is an extension of the hyperperfused area (d) and enhancement of the lesion on the left. e,f MR multivoxel
spectroscopy with long TE shows a marked increase in the Cho/Cr and Cho/NAA ratios (indices of increased proliferation), while
no lactic acid or lipid peaks are observed in relation to the lesions located in the left hemisphere. Only a slight increase in the Cho/Cr
and Cho/NAA ratios can be seen on the right
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Follow-up Performed at 14 Months After Surgery and After Continuing Level Il
Chemotherapy

Fig. 30.8 MR FLAIR (a) and contrast-enhanced SE T1-weighted (b,c) sequences show further marked increase in the overall size
of the left expansive/infiltrative lesion and the associated signs of expansion. The changes are characterized by the near complete
disappearance of the frontal CSF spaces and compression/displacement of the supratentorial ventricular system and midline shift to
the right. d MR perfusion study show high perfusion associated with the lesion in the left hemisphere. e,f MR spectroscopy shows
a marked increase in the Cho/Cr and Cho/NAA ratios in the progressive neoplastic lesions in the left hemisphere



Case31
Tumor Progression

Morphofunctional MR Follow-up in Glioblastoma
Multiforme

Gabriele Polonara, Lorenzo Alvaro and Luana Regnicolo

« 66-year-old patient with (unmethylated MGMT gene promoter) left posterior
temporal glioblastoma multiforme treated with surgery and subsequent
radiotherapy and concomitant adjuvant chemotherapy

» Morphofunctional MR follow-up performed with morphologic study,
diffusion, perfusion and spectroscopy preoperatively, at 48 hours, 4, 7 and 9
months after surgery

Preoperative Imaging

Fig. 31.1 a MR FLAIR sequence shows a partly cystic voluminous heterogeneous expansive lesion infiltrating the left temporal
cortical-subcortical region, with extensive perilesional hyperintense signal indicating edema-infiltration that extends forward to
the posterior arm of the internal capsule and the posterior portion of the external capsule. The lesion extends deep to the temporal
horn, trigone and occipital horn of the left ventricle ependyma. A reduction of CSF spaces, compression of the ipsilateral ventricle
and mild right-deviation of the midline can also be appreciated. b MR diffusion-weighted image confirms the presence of two
large cysts with higher intralesional diffusion coefficient suggestive of necrotic-cystic nature. ¢ Contrast-enhanced MR SE T1-se-
quence shows intense enhancement with the presence of two inhomogeneous areas of rim enhancement with cystic-like areas in-
dicating necrosis
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Fig. 31.2 a MR perfusion study shows inhomogeneous increase in perfusion with hypoperfused areas in the context of the
expansive/infiltrative lesion. b,c Multi-voxel MR spectroscopy with long echo times shows an increase in the Cho/Cr and Cho/NAA
ratios (indices of increased proliferative activity), with a high lipid peak compatible with the presence of necrosis
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Early (48 Hours) Postoperative Follow-up

Fig. 31.3 MR FLAIR (a), FSE T2-weighted (b) and contrast-enhanced SE T1-weighted (c) sequences visualize the left temporal-
parietal craniotomy and partial removal of the expansive/infiltrative lesion previously documented. Some air bubbles and blood
can be seen within the surgical cavity. At the edge of the cavity signs of injured BBB and traces of blood in the anterior region can
be appreciated. A reduction in perilesional edema, persistent signs of lesion expansion as visualized in the preoperative images, the
appearance of a layer of air in the frontal-polar region and moderate diastasis of the repositioned bone flap can also be appreciated.
d MR perfusion study shows no appreciable signs of high perfusion at the margins of the surgical cavity
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Follow-up Performed at 4 Months After Surgery, Radiotherapy and Concomitant
Chemotherapy

Fig. 31.4 MR FLAIR (a) and diffusion-weighted (b) sequences show a reduction in size of the surgical cavity, with air and blood no
longer appreciable. The air layer in the frontal-temporal regions and the signs of expansion are also no longer visible. ¢ Contrast-
enhanced MR SE T1-weighted sequence displays an increase in the thickness of the marginal zone with signs of altered BBB, the pre-
sence of some tissue with neoplastic appearance extending into the brain parenchyma. Another area with signs of altered BBB not
shown in the previous examination can be seen in the genu of the corpus callosum, in the left parasagittal region. d MR perfusion
study shows a slight increase in perfusion indices near the margins of the surgical cavity and at the genu of the corpus callosum



Case 31 Tumor Progression 155

Follow-up Performed at 7 Months After Surgery and Adjuvant Chemotherapy

Fig. 31.5 MR FLAIR sequence (a) and diffusion-weighted imaging (b) show an increase in size of the expansive/infiltrative lesion
peripherally in the left parietal-temporal surgical cavity. An increase in signal hyperintensity can also be seen indicating edema-
infiltration peripheral to the lesion extending anteriorly in the left temporal-polar region, posteriorly in the retroparatrigonal area and
deep to involve the capsules/nuclei. Signs of expansion are associated, with a reduction in the visualization of the CSF spaces and
compression/shift of the left lateral ventricle. ¢ Contrast-enhanced MR SE T1-weighted sequence shows an increase in the size of the
lesion located at the genu of the corpus callosum, the appearance of another small area of disease in the left retrotrigonal region and
increase in nodular enhancement at the surgery site. MR spectroscopy performed at the surgical margins (d) and at the genu of the
corpus callosum (e) shows strong signs of tumor proliferation (high Cho/Cr and Cho/NAA ratios), and intense replacement/infiltration
of the parenchyma from high-grade recurrence/progression (low ratio of NAA/Cr) primitive brain tumor
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Follow-up Performed at 9 Months After Surgery and Further Cycles of Adjuvant
Chemotherapy

Fig. 31.6 MR FLAIR sequence (a), diffusion-weighted imaging (b) and contrast-enhanced SE T1-weighted sequence (c) show
further increased size of the expansive/infiltrative lesions located in left temporal-parietal region and at the genu of the corpus
callosum, the latter having extended to the right hemisphere. MR spectroscopy at the surgical margins (d) and at the corpus callosum
(e) show a further reduction in the NAA/Cr peak and increased lipid peak indicative of tumor necrosis



Case32

Radionecrosis

MR Follow-up in Metastasis From Breast Cancer

Mario Muto and Fabio Zeccolini

« 14-year-old patient with a history of meningeal spread of leukemia treated
with whole brain radiation therapy

« Follow-up MR morphologic study without and with contrast medium
administration performed after whole brain radiation therapy

Follow-up at 15 Months

Fig. 32.1 MR performed with SE-DP (a,c,e), FSE (b,d,f) and contrast-enhanced SE T1-weighted (g,h,i) sequences. The images
depict widespread signal alteration (hyperintensity in T2) in the white matter (acute leukoencephalopathy) with enhancement after
contrast medium administration in the periventricular white matter (radionecrosis) (cont. —)
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Fig. 32.1 (continued)



Case33

Radionecrosis

Morphofunctional MR Follow-up in Metastasis
from Breast Cancer

Teresa Popolizio, Maria Teresa Cascavilla, Nicola Sforza,
Antonio Casillo and Alessandra Stranieri

« 48-year-old patient with breast lesion secondary to previous breast cancer

» Morphofunctional MR follow-up performed with morphologic imaging,
diffusion and spectroscopy at 1 year from stereotactic therapy of metastasis
from breast cancer

Follow-up 1 at Year From Surgery of Breast Cancer in Symptomatic Patient

the left frontal region with iso-hypointensity in FLAIR and thick enhancing ring in the contrast enhanced images
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Fig. 33.2 MR diffusion-weighted image with ADC map shows
high restriction of diffusion within the lesion

Fig. 33.3 MR perfusion study with CBV map shows the lesion
devoid of perfusion




Case34 I

Radionecrosis
Morphofunctional MR Follow-up in Glioblastoma

Teresa Popolizio, Maria Teresa Cascavilla, Nicola Sforza,
Antonio Casillo and Alessandra Stranieri

« 53-year-old patient with glioblastoma

» Morphofunctional MR follow-up performed with morphologic imaging,
diffusion-weighted imaging and spectroscopy 9 months after surgery
and radiation therapy in a patient with glioblastoma

Follow-up at 9 Months After Surgery and Radiation Therapy

Fig. 34.1 MR FSE T2-weighted (a) and contrast-enhanced SE T1-weighted (b) sequences. A right temporal-occipital lesion with
moderate edema and patchy enhancement due to the presence of a necrotic component can be seen. There is also a significant mass
effect on the adjacent midline structures, particularly with obliteration of the ventricular junction
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Fig. 34.2 a,b MR single-voxel spectroscopy with ROI placed in the lesion shows a high Lac/Lip peak indicating necrosis and a low
component of NAA and Cho



Case35 I

Late Radionecrosis
CT/MR Performed in Nasopharyngeal Carcinoma

Tommaso Scarabino, Saverio Pollice, Gilda Morlino,
Michela Capuano, Angela Lorusso and Alberto Maggialetti

« 60-year-old patient with previous radiation therapy in undifferentiated
nasopharyngeal carcinoma

« CT/MR follow-up performed at 3 and 4 years after radiation therapy

Follow-up Performed at 3 Years After Radiation Treatment

Fig. 35.1 a,b Emergent morphologic CT scan shows an ill-defined cortical-subcortical hypodensity in the bilateral temporal area
extending cranially and involving the frontal and parietal lobes
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Fig. 35.2 Axial (a) and sagittal (b) MR FLAIR sequences show bilateral temporal-polar cortical-subcortical heterogeneous hyper-
intensity extending cranially into the parietal lobe. Coexisting atrophy of the nasopharyngeal mucosa can also be appreciated

Fig. 35.3 Contrast-enhanced axial (a) and coronal (b) MR SE T1-sequences show thick and irregular enhancement of the margins
of the lesion described above with central hypointensity attributable to necrosis, surrounded by a wide area of hypointensity
indicating perilesional edema
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Follow-up Performed at 4 Years

Fig. 35.4 MR FLAIR (a), FSE T2-weighted (b) and contrast-enhancement SE T1-weighted (c) sequences show moderate and
irregular residual alteration of the cortical-subcortical signal in the temporal-polar region bilaterally, slight edema and no significant
pathologic enhancement. Mild traction dilatation of the adjacent ventricular temporal horns can also be appreciated



Case36

Late Radionecrosis
CT/MR Follow-up in Nasopharyngeal Carcinoma

Teresa Popolizio, Maria Teresa Cascavilla, Nicola Sforza,
Antonio Casillo and Alessandra Stranieri

» 54-year-old patient with previous radiation therapy in nasopharyngeal
carcinoma

* MR and CT follow-up performed with morphologic imaging, diffusion and
spectroscopy 2 years after radiation treatment in nasopharyngeal carcinoma

Follow-up at 2 Years After Radiation Therapy

X

Fig.36.1 CT scan in emergency shows a slight cortical-subcor-
+ tical hypodensity in the temporal region bilaterally
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Preoperative Imaging

Fig.36.2 MR FLAIR (a), diffusion-weighted (b) and contrast-enhanced SE T1-weighted (c,d) sequences. Patchy hyperintensity can
be seen in the cortical-subcortical temporal-polar region bilaterally (a,b). After administration of contrast medium thick and irregular
enhancement of the margins of the lesions are visualized with central hypointensity attributable to necrosis, surrounded by large area

of hypointensity indicating perilesional edema (c,d)

PRy
Fig. 36.3 a,b MR single-voxel spectroscopy with ROI placed on right temporal lesion shows a high peak of the Lac/Lip ratio
indicating necrosis and a low component of NAA and Cho
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Late Radionecrosis

Postoperative and Post-radiation Therapy
Follow-Up in Meningioma

Ferdinando Caranci and Sossio Cirillo

« Patients with previous surgery of a right frontal meningioma subsequently
irradiated

« Postoperative and post-radiation therapy follow-up performed late
(3 and 4 years) with MR morphologic and perfusion sequences

Postoperative and Post-Radiation Therapy Follow-up at 3 Years

Fig.37.1 a,b MR FSE T2-weighted sequence. An extended halo of high signal in the bilateral frontal region and extending more on
the left indicates vasogenic edema. At that level in the parasagittal area some relatively hypointense tissue with irregular margins can
be seen
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Fig.37.2 a,b Contrast-enhanced MR SE T1-weighted images. The tissue in the left frontal area shows necrotic component and pe-
ripheral enhancement

a N b

Fig.37.3 a,b MR perfusion with CBV map. The lesion shows a clear reduction in cerebral blood volume values (CBV)




Case 37 Late Radionecrosis

Postoperative and Post-Radiation Therapy Follow-up at 4 Years

Fig. 37.4 a,b MR FSE T2-weighted sequence. Subtotal disappearance of the vasogenic edema can be appreciated, along with the
remaining right-sided gliotic changes resulting from the previous surgery

Fig. 37.5 a,b Contrast-enhanced MR SE T1-weighted images. The images show the disappearance of radiation necrosis changes
described in the left frontal region




Case38

Radionecrosis

3T Multimodal MR Follow-up in Anaplastic
Astrocytoma

Tommaso Scarabino, Teresa Popolizio, Saverio Pollice,
Vincenzo D’Angelo and Alfonso Di Costanzo

« 46-year-old patient with left frontal-opercular anaplastic astrocytoma
and subsequent anaplastic transformation treated with surgery and partial
excision and combined radiation therapy-chemotherapy and subsequent
adjuvant second-level chemotherapy

« 3T multimodal MR follow-up performed with morphologic sequences,
diffusion and perfusion imaging and spectroscopy preoperatively and at 6
and 12 months after surgery and combined radiation therapy-chemotherapy

Preoperative Imaging

Fig. 38.1 MR FSE T2-weighted (a) and contrast-enhanced SE T1-weighted (b) sequences show an almost completely solid lesion
with heterogeneous enhancement, moderate edema and with a slight mass effect on midline structures. Multimodal MR with diffu-
sion-weighted imaging and ADC map (c), perfusion study with CBV map (d) and single-voxel spectroscopy with multiple ROIs (e).
The spectra placed over and immediately behind the almost completely solid enhancing lesion have the typical tumor pattern, with
high Cho peak and inversion of the Cho/NAA ratio. In these ROIs, the ADC is reduced and the CBV increased. The spectra in the
apparently edematous area beyond the enhancing margins have overall reduced levels of all metabolites but with a pattern indicating
tumor infiltrated edema. In these areas ADC is reduced and CBV is increased. Moving away from the lesion the metabolic pattern
along with the ADC and CBYV values return to normal as in the contralateral hemisphere
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Follow-up Performed at 6 Months After Surgery and Combined Radiation
Therapy-chemotherapy

r g

Fig. 38.2 a,b MR FSE T2-weighted and contrast-enhanced SE T1-weighted sequences. The appearance of the lesions suggests a
worsening, with progression towards a probable glioblastoma multiforme. The lesion appears larger, with heterogeneous enhancement
due to central necrotic components and increased surrounding edema and little mass effect on the midline structures. Multimodal
MR with diffusion-weighted imaging and ADC map (c), perfusion study with CBV map (d) and single-voxel spectroscopy with
multiple ROIs (e). The treatment performed have led to the appearance of a necrotic component characterized by increased ADC
and decreased CBV. These indicators instead retain the tumor pattern in the enhancing areas and immediately adjacent to the lesion

Follow-up Performed at 12 Months After Surgery and Combined Radiation

Cr NAA Cho Cr cr

Fig. 38.3 Morphofunctional MR with FSE T2-weighted (a), contrast-enhanced SE T1-weighted (b) sequences, diffusion-weighted
imaging with ADC map (c), perfusion study with CBV map (d) and multivoxel spectroscopy with multiple ROIs (e). The results
obtained by radiation therapy and chemotherapy show a further significant increase in the size of the tumor surrounded by
abundant edema and moderate mass effect on the midline structures. The lesion displays an almost complete radioinduced necrotic
transformation with irregular peripheral enhancement. Consequently the spectra show a reduction in the levels of all metabolites,
with a corresponding increase in ADC and reduction in CBV. These indices are inverted in the areas of healthy tissue and in the
surrounding tissue adjacent to the lesion



Case39
Radiation-induced Leukoencephalopathy
MR Follow-up After Whole Brain Radiation Therapy

Mario Muto and Alessandra D’Amico

« 56-year-old patient with secondary lesion from previous breast cancer

* MR follow-up at 1, 3 and 6 years after stereotactic radiation therapy
for metastatic brain lesion from breast cancer

Follow-up at 1 Year After Breast Cancer Surgery in Symptomatic Patient

Fig.39.1 MR FSE T2-weighted (a,b) and
contrast-enhanced SE T1-weighted (c-e)
sequences. The images show a secondary
nodular lesion in the right occipital region,
with the accessory finding of a small men-
ingioma adhering to the tentorium
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Follow-up at 1 Year After Stereotactic Radiation Therapy for Metastasis

- AP 55 post FH 12 head
Fig.39.2 MR FSE T2-weighted (a) and contrast-enhanced SE T1-weighted (b,c) sequences. Signal alteration and enhancement typical
of radionecrosis can be appreciated in the left occipital region, with persistence of the tentorial meningioma, which appears unchanged
in size with abundant surrounding edema

Follow-up at 3 Years

Fig.39.3 MR FSE T2-weighted (a) and FLAIR (b) sequences. A modest reduction in the size of the tentorial lesion and the appearance
of an area of softening with post-irradiation atrophy both in the cerebellar and occipital region are shown. A related allergic diathesis
hindered the completion of the study with contrast agents
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Follow-up at 6 Years

Fig.39.4 MR SE T1-weighted (a,b), FSE T2-weighted (c), SE DP (d) and FLAIR (e) sequences. The images show softening with
further extension of the left occipital and cerebellar atrophy and reduction in the size of the tentorial lesion



Case4o I

Radiation Therapy-induced Tumor
Pseudoprogression

MR Follow-up in Pilocytic Astrocytoma

Teresa Popolizio, Maria Teresa Cascavilla, Nicola Sforza,
Antonio Casillo and Alessandra Stranieri

« 18-year-old patient with pilocytic astrocytoma

* MR follow-up at 1, 4 and 7 months after surgery and radiotherapy

Preoperative Imaging

Fig. 40.1 Contrast-enhanced MR SE T1-weighted sequence
shows a voluminous vermian mass obliterating the IV ventricle
with intense and homogeneous enhancement
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Early Postoperative Imaging

Fig.40.2 a,b MR contrast-enhanced SE T1-weighted sequences shows residual neoplastic tissue occupying the right portion of the
1V ventricle

Imaging at 1 Month After Surgery and Radiation Therapy
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Imaging at 4 Months

Fig.40.4 a,b Contrast-enhanced MR SE T1-weighted sequences. There has been a moderate reduction in the volume of the residual
cancer

Imaging at 7 Months

Fig. 40.5 a,b Contrast-enhanced MR SE T1-weighted sequence. There has been a significant reduction in the volume of residual
cancer



Case41

Chemotherapy-induced Tumor
Pseudoprogression

3T MR Follow-up in Glioblastoma

Teresa Popolizio, Maria Teresa Cascavilla, Nicola Sforza,
Antonio Casillo and Alessandra Stranieri

« 73-year-old patient with right temporal glioblastoma treated with partial
surgical excision and combined radiation therapy-chemotherapy

* 3T MR follow-up performed at 1, 3, 9 and 12 months after surgery
and combined radiation therapy-chemotherapy

Preoperative Imaging

Fig.41.1 MR FLAIR (a,b), contrast-en-
hanced SE T1-weighted (c,d) sequences
and spectroscopy (e). A large mass with
limited edema is visualized compressing
the adjacent temporal horn of the right la-
teral ventricle. The oval-shaped mass with
ill-defined and lobulated margins appears
hyperintense in FLAIR (a,b), and inho-
mogeneously enhanced after contrast me-
dium administration (c,d). The spectro-
scopy study (e) reveals a high Cho peak
indicating aggressive biological behavior
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Follow-up at 1 Month After Surgery

Fig.41.2 a,b Contrast-enhanced MR SE T1-weighted s
thick and irregular rim enhancement

Follow-up at 3 Months After Surgery and Adjuvant Tomotherapy-chemotherapy
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Follow-up at 9 Months

(]
Fig. 41.4 a,b Contrast-enhanced MR SE T1-weighted sequence. A reduction in volume can be seen of both the cystic and solid
portions with a substantial necrotic component

Follow-up at 12 Months

.

P l  Fig.41.5 Contrast-enhanced MR SE T1-sequence shows a further
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reduction in volume of the lesion



Case42
Chemotherapy-induced Tumor
Pseudoprogression with Disease Progression

3T Morphofunctional MR Follow-up in Anaplastic
Astrocytoma

Massimo Caulo, Chiara Briganti, Valentina Panara, Simone Salice,
Domenico Tortora and Armando Tartaro

« 59-year-old-patient with right frontal anaplastic astrocytoma treated
with partial surgery and combined radiation therapy-chemotherapy

« 3T morphofunctional MR follow-up performed with morphologic imaging,
diffusion-weighted imaging, perfusion study and spectroscopy at 7, 15
and 28 months after surgery and combined radiation-chemotherapy

Follow-up Performed at 7 Months After Surgery and Combined Radiation
Therapy-chemotherapy

Fig.42.1 Contrast-enhanced MR SE T1-weighted (a) and FLAIR (b) sequences show the postsurgical site in the left parietal lobe
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Fig. 42.2 a Contrast-enhanced MR SE T1-weighted sequence shows 3 mm nodular contrast enhancement at the anterior-medial
portion of the surgical cavity. b MR perfusion study with CBV map. The value of rCBV [CBV lesion/contralateral white matter
CBV = 2.2] has not increased at the nodular area of contrast enhancement (red arrow). ¢ MR single/multivoxel spectroscopy. The
Cho/Cr (1.2) and Cho/NAA (1.4) ratios are not indicative of high cell turn-over and the presence of the Lac peak confirms the
presence of necrosis. d MR diffusion-weighted image with ADC map shows increased ADC values (1.323+0.336 mm?/s) within the
area of contrast enhancement
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Follow-up Performed at 15 Months

Fig. 42.3 Contrast-enhanced MR SE T1-weighted sequences and perfusion study show complete absence of contrast enhancement
(a,b) associated with zero values of CBV (c,d), both indicative of the absence of disease progression
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Follow-up Performed at 28 Months

Fig. 42.4 a Contrast-enhanced MR SE T1-weighted sequence visualizes ependymal contrast enhancement on the surface of the
lateral wall of the ventricular trigone and a nodule of contrast enhancement indicating tumor recurrence. b MR diffusion-weighted
image with ADC map confirms the morphologic data with reduced ADC values (0.823+0.116 mm?/s) at the nodule indicating
increased cellularity (red arrow). ¢ MR perfusion study with CBV map confirms the morphologic data of recurrence with significantly
increased values of tCBV (5.2) [CBV lesion/contralateral white matter CBV] corresponding to the area of contrast enhancement
close to the surgical cavity (yellow arrow). d MR single voxel spectroscopy shows a reversal of the Cho/Cr (3.8) and Cho/NAA (4.1)
peaks at the area of disease progression. The presence of a lipids peak indicates necrosis




Case43 I

Drug-induced Leukoencephalopathy
MR Follow-up After Corticosteroid Therapy

Teresa Popolizio, Maria Teresa Cascavilla, Nicola Sforza,
Antonio Casillo and Alessandra Stranieri

« 42-year-old patient with Crohn’s disease

« Early MR follow-up after steroid therapy

Early Follow-up After Steroid Therapy

Fig.43.1 a,b MR FLAIR sequences show diffuse bilateral hyperintensity of the periventricular white matter
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Drug-induced Leukoencephalopathy
MR Follow-up After Methotrexate Therapy

Teresa Popolizio, Maria Teresa Cascavilla, Nicola Sforza,
Antonio Casillo and Alessandra Stranieri

« 52-year-old patient with Non-Hodgkin lymphoma

» MR follow-up in chronic phase after treatment with methotrexate

Late Follow-up After Chemotherapy

% 4 E < & 1 ¥,

Fig. 44.1 MR SE T1-weighted (a), FSE T2-weighted (b) and FLAIR (c) sequences. Slight and circumscribed signal alteration (hy-
pointensity in T1 and T2, hyperintensity in FLAIR) can be appreciated in the posterior periventricular white matter bilaterally
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Drug-induced Thrombosis
MR Follow-up After L-asparaginase Therapy

Teresa Popolizio, Maria Teresa Cascavilla, Nicola Sforza,
Antonio Casillo and Alessandra Stranieri

« 8-year-old patient with acute lymphoblastic leukemia

« Early MR follow-up after L-asparaginase treatment

Early Imaging After Chemotherapy

Fig. 45.1 MR SE T1-weighted sequence (a) and MR angiography (3D TOF in b, 2D PC MIP in c). Note the T1 hyperintensity
from acute thrombosis with consequent "delta gap" sign in the single partition and no flow signal in the superior sagittal sinus in
the MIP image
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Case 46

PRES (Posterior Reversible
Encephalopathy Syndrome)

MR Follow-up after Cyclosporine Therapy

Teresa Popolizio, Maria Teresa Cascavilla, Nicola Sforza,
Antonio Casillo and Alessandra Stranieri

« 35-year-old patient with severe atopic dermatitis

» MR follow-up after treatment with cyclosporine

Imaging After Chemotherapy

Fig. 46.1 a-c MR FLAIR sequences show symmetric and bilateral cortical-subcortical hyperintensity particularly in the parietal
and occipital lobes but also in the frontal lobes attributable to vasogenic edema
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PRES (Posterior Reversible
Encephalopathy Syndrome)

MR Follow-up after Cisplatin Therapy

Teresa Popolizio, Maria Teresa Cascavilla, Nicola Sforza,
Antonio Casillo and Alessandra Stranieri

« 75-year-old patient with lung cancer

» MR follow-up after treatment with cisplatin

Imaging After Chemotherapy

Fig.47.1 MR FLAIR (a), diffusion-weighted (b), SE T1-weighted (c) and contrast-enhanced SE T1-weighted (d) sequences. The
symmetrical and bilateral cortical-subcortical hyperintensity (a,b) involving the parietal and occipital lobes suggest vasogenic
edema. The isointense lesions in T1 (c) display moderate enhancement (d) (cont. —)
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Fig.47.1 (continued)



Case 48

Morphofunctional MR in the Diagnosis
and Follow-up of Cerebral Gliomas

Tommaso Scarabino, Alberto Maggialetti, Saverio Pollice,
Angela Lorusso, Gilda Morlino, Michela Capuano
and Teresa Popolizio

Fig. 48.1 Morphologic MR imaging without and with contrast medium is the examination of choice for the characterization of
tumors in both diagnosis and follow-up. A thorough analysis of the radiologic signs, the comparison with the patient’s clinical infor-
mation and the therapy performed can lead to a correct diagnosis. However, some cases are difficult to diagnose because of the
extreme tissue heterogeneity and the frequent coexistence of different pathologic patterns. The morphologic examination therefore
may require the addition of advanced MR techniques, i.e. functional MR (spectroscopy, diffusion, perfusion, cortical activation),
which enable a neuropathologic study in vivo. The functional and physiologic data on cell metabolism, as well as hemodynamic and
diffusion parameters, provide a biologic interpretation of the heterogeneity and complexity typical of these tumors, thus improving
the diagnostic accuracy, sensitivity and specificity of MR and enabling a more precise and comprehensive diagnosis for the surgeon

T. Scarabino (ed.), Imaging Gliomas After Treatment, © Springer-Verlag Italia 2012 201



	Title Page

	Copyright Page

	Foreword
	Acknowledgements
	Table of Contents

	Contributors
	Part A Introduction
	1 Brain Tumors
	1.1 General Findings
	1.2 Classifications
	1.3 Glial Tumors
	1.4 Etiology
	1.5 Hereditary Transmission
	1.6 Risk Factors
	1.7 Pathogenesis
	1.8 Prognostic Factors
	1.9 Symptoms and Complications
	1.10 Diagnosis and Staging
	1.11 Supportive Therapy
	References

	Part B Treatment of Gliomas
	2 Surgery
	2.1 General Findings
	2.2 Surgery
	2.2.1 Low Grade Gliomas
	2.2.2 High Grade Gliomas
	2.2.3 Recurrence
	2.2.4 Critical Areas

	References

	3 Radiation Therapy
	3.1 General Findings
	3.2 Radiation Therapy Techniques
	References

	4 Chemotherapy
	4.1 General Findings
	4.2 Temozolomide
	4.3 Other Drugs
	References

	5 Future Developments
	5.1 General Findings
	5.2 Neural Stem Cells
	5.2 Gene Therapy
	5.3 Antiproliferative Therapy
	5.4 Vaccine
	References

	Part C Post-treatment Neuroradiologic Imaging
	6 Magnetic Resonance Techniques
	6.1 General Findings
	6.2 Morphologic Magnetic Resonance Imaging
	6.3 Functional Magnetic Resonance Imaging
	6.3.1 Spectroscopy
	6.3.2 Diffusion
	6.3.3 Perfusion
	6.3.4 Cortical Activation

	6.4 Multimodal Magnetic Resonance Imaging
	6.5 High-field Magnetic Resonance Imaging
	References

	7 Postsurgical Morphologic MR Imaging
	7.1 General Findings
	7.2 Postsurgical Sequelae
	7.3 Neuroradiologic Imaging
	References

	8 Post Radiation-therapy Morphologic MR Imaging
	8.1 General Findings
	8.2 Neuroradiologic Imaging
	References

	9 Post Chemotherapy Morphologic MR Imaging
	9.1 General Findings
	9.2 Neuroradiologic Imaging
	References

	10 Advanced MR Imaging
	10.1 General Findings
	10.2 Role of Spectroscopy
	10.2.1 Response to Treatment
	10.2.2 Stability vs. Progression/Recurrence
	10.2.3 Recurrence vs. Radionecrosis

	10.3 Role of Diffusion
	10.3.1 Treatment Response
	10.3.2 Stability vs. Progression/Recurrence
	10.3.3 Recurrence vs. Radionecrosis

	10.4 Role of Perfusion
	10.4.1 Treatment Response
	10.4.2 Stability vs. Progression/Recurrence
	10.4.3 Recurrence vs. Radionecrosis

	10.5 Multimodal Magnetic Resonance Imaging
	References

	Part D Clinical Cases
	Case 1 Early Sequelae Postoperative CT Scan in Glioblastoma Multiforme
	Preoperative Imaging
	Early Postoperative Follow-up (Within 24 Hours)

	Case 2 Early and Late Sequelae: Evolution of Postsurgical Area Postoperative MR Follow-up in Glioblastoma 
Multiforme
	Postoperative Follow-up at 3 Days
	Postoperative Follow-up at 3 Months
	Postoperative Follow-up at 6 Months
	Postoperative Follow-up at 10 Months

	Case 3 Late Sequelae: Gliotic Scar Formation Postoperative MR Follow-up in Grade II Oligoastrocytoma
	Preoperative Imaging
	Postoperative Follow-up at 6 Months

	Case 4 Early Complications: Epidural Hematoma Postoperative CT in Pilocytic Astrocytoma
	Early Postoperative Follow-up (Within 24 Hours)

	Case 5 Early Complications: Perilesional Ischemia Postoperative MR Follow-up in Glioblastoma Multiforme
	Preoperative Imaging
	Early Postoperative Follow-up (at 5 Days)

	Case 6 Late Complications: Subdural Empyema CT/MR Follow-up in Glioblastoma Multiforme
	Postoperative Follow-up at 5 Months

	Case 7 Late Complications: Abscess Postoperative MR Follow-up in Glioblastoma Multiforme
	Late Postoperative Follow-up

	Case 8 Early Residual Tumor Postoperative MR Follow-up in Glioblastoma Multiforme
	Preoperative Imaging
	Postoperative Follow-up at 24 Hours
	Postoperative Follow-up at 2 Weeks

	Case 9 Late Residual Tumor Postoperative MR Follow-up in Low-grade Astrocytoma
	Preoperative Imaging
	Postoperative Follow-up at 4 Months
	Postoperative Follow-up at 4 Years

	Case 10 Low-grade Residual Tumor Morphofunctional MR Follow-up in Anaplastic Oligoastrocytoma
	Preoperative Imaging
	Follow-up at 3 Months After Surgery and Radiation Therapy

	Case 11 Medium-low-grade Residual Tumor Morphofunctional MR Follow-up in Astrocytoma
	Follow-up at 36 Months After Surgery and Combined Chemotherapy

	Case 12 Medium-low-grade Residual Tumor Morphofunctional MR Follow-up in Fibrillar Astrocytoma
	Preoperative Imaging
	Follow-up at 5 Months After Surgery
	Follow-up at 10 Months

	Case 13 Medium-low-grade Residual Tumor Morphofunctional MR Follow-up in Anaplastic Oligodendroglioma
	Preoperative Imaging
	Follow-up at 10 Months After Surgery, Radiation Therapy and Chemotherapy
	Follow-up at 15 Months
	Follow-up at 19 Months

	Case 14 High-grade Residual Tumor Morphofunctional MR Follow-up in Gemistocytic Astrocytoma
	Preoperative Imaging
	Follow-up at 3 Months After Subtotal Resection and Radiation Therapy-chemotherapy

	Case 15 High-grade Residual Tumor Morphofunctional MR Follow-up in Low-grade Oligoastrocytoma and Following Anaplastic Transformation
	Follow-up at 24 Months After Surgery and Radiation Therapy-chemotherapy

	Case 16 Stable Disease Multimodal CT/MR Follow-up in Glioblastoma Multiforme
	Follow-up at 3 Months After Surgery
	Follow-up at 5 Months After Surgery and Subsequent Radiation Therapy-chemotherapy
	Follow-up at 8 Months

	Case 17 Stable Disease Morphofunctional MR Follow-up in Glioblastoma Multiforme
	Preoperative Imaging
	Early Postoperative Follow-up (at 48 Hours)
	Follow-up Performed at 4 Months After Surgery, Radiotherapy and Concomitant Adjuvant Chemotherapy
	Follow-up Performed at 7 Months
	Follow-up Performed at 9 Months After Surgery and Further Adjuvant Chemotherapy
	Follow-up Performed at 12 Months

	Case 18 Stable Disease 3T Multimodal MR Follow-up in Glioblastoma Multiforme
	Preoperative Imaging
	Follow-up Performed at 6 Months After Surger y and Combined Radiation Therapy-chemotherapy
	Follow-up Performed at 12 Months

	Case 19 Stable Disease 3T Morphofunctional MR Follow-up in High-grade Oligodendroglioma
	Follow-up Performed at 2 Years After Surgery and Combined Radiation Therapy-chemotherapy

	Case 20 Tumor Recurrence Postoperative MR Follow-up in Grade III Oligodendroglioma
	Preoperative Imaging
	Postoperative Follow-up at 9 Months

	Case 21 Tumor Recurrence Postoperative MR Follow-up in Gliosarcoma
	Preoperative Imaging
	Postoperative Follow-up at 6 Months
	Postoperative Follow-up at 9 Months

	Case 22 Tumor RecurrencePostoperative MR Follow-up in Low-grade Astrocytoma
	Postoperative Follow-up at 9 Months
	Postoperative Follow-up at 24 Months

	Case 23 Tumor Recurrence Postoperative MR Follow-up in Anaplastic Oligoastrocytoma
	Postoperative Follow-up at 6 Months
	Postoperative Follow-up (Post-radiation) at 15 Months
	Postoperative Follow-up at 24 Months

	Case 24 Tumor Progression/Recurrence Multimodal CT/MR Follow-up in Glioblastoma Multiforme
	Follow-up at 5 Months After Surgery and Combined Radiation Therapy-chemotherapy
	Follow-up at 9 Months

	Case 25 Tumor Progression/Recurrence Multimodal CT/MR Follow-up in Anaplastic Astrocytoma
	Early Postoperative Imaging in Patient Candidate for Radiation Therapy and Chemotherapy
	Follow-up at 1 Month After Surgery During Radiation Therapy
	Follow-up at 9 Months After Surgery Following Combined Radiation Therapy-chemotherapy
	Follow-up at 12 Months

	Case 26 Tumor Progression/Recurrence Multimodal CT/MR Follow-up in Glioblastoma Multiforme
	Preoperative Imaging
	Follow-up at 1 Month After Surgery
	Follow-up at 4 Months After Surgery and Radiation Therapy
	Follow-up at 8 Months After Surgery and Radiation Therapy-chemotherapy

	Case 27 Local and Distant Recurrence 3T Multimodal MR Follow-up in Glioblastoma Multiforme
	Preoperative Imaging
	Follow-up Performed at 6 Months After Surgery and Combined Radiation Therapy-chemotherapy
	Follow-up Performed at 9 Months
	Follow-up Performed at 12 Months

	Case 28 Tumor Recurrence 3T Morphofunctional MR Follow-up in Low-grade Astrocytoma with Anaplastic Appearance
	Follow-up Performed at 4 Years After Surgery and Combined Radiation Therapy-chemotherapy

	Case 29 Tumor Progression Morphofunctional MR Follow-up in Glioblastoma Multiforme
	Preoperative Imaging
	Early Postoperative Follow-up (Within 24 Hours)
	Postoperative Follow-up at 2 Months
	Follow-up at 6 Months After Surgery and Combined Radiation Therapy-chemotherapy
	Follow-up at 8 Months
	Follow-up at 13 Months
	Follow-up at 15 Months

	Case 30 Tumor Progression Morphofunctional MR Follow-up in Glioblastoma Multiforme
	Preoperative Imaging
	Early (48 hours) Postoperative Follow-up
	Follow-up Performed at 4 Months After Surgery, Radiotherapy and Concomitant Chemotherapy
	Follow-up Performed at 7 Months After Surgery and 3 Cycles Of Adjuvant Chemotherapy
	Follow-up Performed at 10 Months After Surgery, Two Conventional Cycles and Other Intensified Cycles of Chemotherapy
	Follow-up Performed at 12 Months After Surgery and After Starting Level II Chemotherapy
	Follow-up Performed at 14 Months After Surgery and After Continuing Level II Chemotherapy

	Case 31 Tumor Progression Morphofunctional MR Follow-up in Glioblastoma Multiforme
	Preoperative Imaging
	Early (48 Hours) Postoperative Follow-up
	Follow-up Performed at 4 Months After Surgery, Radiotherapy and Concomitant Chemotherapy
	Follow-up Performed at 7 Months After Surgery and Adjuvant Chemotherapy
	Follow-up Performed at 9 Months After Surgery and Further Cycles of Adjuvant Chemotherapy

	Case 32 Radionecrosis MR Follow-up in Metastasis From Breast Cancer
	Follow-up at 15 Months

	Case 33 Radionecrosis Morphofunctional MR Follow-up in Metastasis from Breast Cancer
	Follow-up 1 at Year From Surgery of Breast Cancer in Symptomatic Patient

	Case 34 Radionecrosis Morphofunctional MR Follow-up in Glioblastoma
	Follow-up at 9 Months After Surgery and Radiation Therapy

	Case 35 Late Radionecrosis CT/MR Performed in Nasopharyngeal Carcinoma
	Follow-up Performed at 3 Years After Radiation Treatment
	Follow-up Performed at 4 Years

	Case 36 Late Radionecrosis CT/MR Follow-up in Nasopharyngeal Carcinoma
	Follow-up at 2 Years After Radiation Therapy
	Preoperative Imaging

	Case 37 Late Radionecrosis Postoperative and Post-radiation Therapy Follow-Up in Meningioma
	Postoperative and Post-Radiation Therapy Follow-up at 3 Years
	Postoperative and Post-Radiation Therapy Follow-up at 4 Years

	Case 38 Radionecrosis 3T Multimodal MR Follow-up in Anaplastic Astrocytoma
	Preoperative Imaging
	Follow-up Performed at 6 Months After Surgery and Combined Radiation Therapy-chemotherapy
	Follow-up Performed at 12 Months After Surgery and Combined Radiation

	Case 39 Radiation-induced Leukoencephalopathy MR Follow-up After Whole Brain Radiation Therapy
	Follow-up at 1 Year After Breast Cancer Surgery in Symptomatic Patient
	Follow-up at 1 Year After Stereotactic Radiation Therapy for Metastasis
	Follow-up at 3 Years
	Follow-up at 6 Years

	Case 40 Radiation Therapy-induced Tumor Pseudoprogression MR Follow-up in Pilocytic Astrocytoma
	Preoperative Imaging
	Early Postoperative Imaging
	Imaging at 1 Month After Surgery and Radiation Therapy
	Imaging at 4 Months
	Imaging at 7 Months

	Case 41 Chemotherapy-induced Tumor Pseudoprogression 3T MR Follow-up in Glioblastoma
	Preoperative Imaging
	Follow-up at 1 Month After Surgery
	Follow-up at 3 Months After Surgery and Adjuvant Tomotherapy-chemotherapy
	Follow-up at 9 Months
	Follow-up at 12 Months

	Case 42 Chemotherapy-induced Tumor Pseudoprogression with Disease Progression 3T Morphofunctional MR Follow-up in Anaplastic Astrocytoma
	Follow-up Performed at 7 Months After Surgery and Combined Radiation Therapy-chemotherapy
	Follow-up Performed at 15 Months
	Follow-up Performed at 28 Months

	Case 43 Drug-induced Leukoencephalopathy MR Follow-up After Corticosteroid Therapy
	Early Follow-up After Steroid Therapy

	Case 44 Drug-induced Leukoencephalopathy MR Follow-up After Methotrexate Therapy
	Late Follow-up After Chemotherapy

	Case 45 Drug-induced Thrombosis MR Follow-up After L-asparaginase Therapy
	Early Imaging After Chemotherapy

	Case 46 PRES (Posterior Reversible Encephalopathy Syndrome) MR Follow-up after Cyclosporine Therapy
	Imaging After Chemotherapy

	Case 47 PRES (Posterior Reversible Encephalopathy Syndrome) MR Follow-up after Cisplatin Therapy
	Imaging After Chemotherapy

	Case 48 Morphofunctional MR in the Diagnosis and Follow-up of Cerebral Gliomas



