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Preface

Intracranial tumors represent a vast group of heterogeneous diseases, with complex
and often challenging management, requiring specialized interdisciplinary teams in
reference centers. Working with these professionals, focused on the most up-to-date
behavior possible, is essential to alleviate patients’ anxiety and discomfort.

The first successful removal of a brain tumor was described in 1879 by William
Macewen. With the arrival of the 20th century, the foundations of modern neu-
rosurgery were established by Cushing and incorporated the surgical microscope
in intracranial operations, with House (in 1961 in acoustic tumors) and Kurze
(in 1963), and improvements from Yasargil in the following decades. Also in the
1960s, dexamethasone was introduced in the treatment of tumor swelling and 
became one of the hallmarks for better patient survival.

In the 1970s, computed tomography and magnetic resonance imaging allowed 
intracranial structures to be visualized directly. Until then, tumors were diagnosed 
indirectly through invasive and dated examinations. They were delayed diagnoses
and, invariably, patients presented with very severe conditions. At the same time, 
brain irradiation was incorporated in the treatment of malignant or unresectable
tumors.

The 1980s and 1990s were decisive in the development of better imaging methods, 
surgical techniques, and estereotatic navigation for deep lesions. In the late 1990s, 
Stupp demonstrated the role of temozolamide in the treatment of glioblastomas, 
one of the most aggressive incurable cancers in humans. Improved monitoring 
conditions, neuroanesthesia, intensive care, and the increasing incorporation of
technology in the service of medicine have made the management of brain tumors
somewhat worthy of science fiction films. The current paradigms involve the
application of tumor-treating fields, molecular analyses, biological markers, and 
advanced imaging techniques, all in continuous transformation, and trying to offer
definitive solutions for the well-being of patients.

Such knowledge is like a regular polygon gaining more sides with each new dis-
covery, trying to become a perfect “circle,” although there are new questions that
continuously arise the more we understand each disease. No matter how new
divisions and classifications are created for a huge range of tumors, we can always
improve the diagnostic methods, the surgery, and the adjuvant treatments.

This book presents specific and important topics about the most frequent primary
intracranial tumors, highlighting the relevant contemporary literature and the
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experience of the services involved. They are fundamental information that, we 
hope, becomes out of date quickly, given the intensity with which one seeks to make 
the “polygon of knowledge” a “circle”.

Erasmo Barros Da Silva Junior
Neurological Institute Of Curitiba, Brazil

Jerônimo Buzetti Milano
Neurological Institute Of Curitiba, Brazil
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Chapter 1

Atypical and Anaplastic 
Meningiomas: Diagnosis and 
Treatment
Erasmo Barros da Silva Jr, Gustavo Simiano Jung,  
Joseph Franklin Chenisz da Silva and Ricardo Ramina

Abstract

The aim of this chapter is to describe the usefulness of surgical technologies 
such as neuronavigation, intraoperative MRI, fluorescence-guided surgery and 
intraoperative monitoring as a tool do make neurosurgical procedures to brain 
tumors more safe and effective. The main topics to be explored are: history of the 
specific technique, indications and contra indications, description of the technique, 
real case examples, pros and cons. The focus on the discussion besides practical 
aspects is going to be relevant literature regarding impact of their use in avoidance 
of complications, improve in survival rates, cost-effectiveness, some tips and tricks 
acquired in the experience of our department.

Keywords: neurosurgical procedures, brain neoplasms, neuronavigation, 
fluorescence-guided surgery, magnetic resonance imaging

1. Introduction

Meningiomas originate from specialized meningothelial cells called arachnoid 
cap cells and correspond about up to 26% of all intracranial lesions. According 
to the World Health Organization (WHO), meningiomas are grouped in grade I 
(benign), grade II (atypical), and grade III (anaplastic) [1, 2]. This classification 
reflects the risk of recurrence and aggressive growth. Although uncommon, atypi-
cal corresponds to 4.7 to 20% of all meningiomas, while anaplastic for 1–2.8% [3, 4]. 
Symptomatology varies according to intracranial location and may be related to 
seizures and/or intracranial hypertension.

The standard treatment of grade II and grade III meningiomas involve total/
radical resection, respecting Simpson score, followed by adjuvant therapy with 
irradiation and, eventually, chemotherapy [5, 6]. Despite the treatment efforts, 
the evolution of aggressive meningiomas remains unsatisfactory due to the high 
rates of local recurrence and/or tumor progression [7]. These patients frequently 
underwent multiple surgical approaches during the course of the disease, increas-
ing the rates of postoperative complications as infection or CSF leakage.

With the continuous improvement of molecular and immunochemistry analysis, 
the paradigm for treatment of these tumors has been changing. In this chapter, the 
current management of aggressive/malignant meningiomas focusing on the new 
discovers in genetic/molecular and radiotherapy field is discussed.
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2. Materials and methods

In our database, we reviewed all meningiomas operated between 2012 and 2017 
in our institution to describe the epidemiologic characteristics of atypical and 
anaplastic subtypes, as well as an illustrative case focusing on the treatment and 
long-term follow-up. Also, literature was reviewed based on the WHO (2016) clas-
sification guided through genetic/molecular findings.

3. Results

A total of 170 new diagnosed patients with intracranial meningiomas under-
went microsurgical resection at the Neurological Institute of Curitiba (INC) 
between January 2012 and June 2017. A total of 94 (55%) tumors were classified 
as skull base tumors, 58 (34%) convexity, 10 (5.8%) parasagittal, and 8 (4.7%) 
falcine lesions.

In our series, 76.4% (130) of patients were female. Only six (3.5%) patients 
had atypical/anaplastic tumors with mean age of 53 years (Table 1). Simpson 
grade I resection (total tumor removal including resection of the underlying 
bone and associated dura mater) was achieved in all patients with malignant 
histology, and radiotherapy was reserved for progression. Only one patient with 
atypical meningioma received upfront radiotherapy because of high Ki-67 index. 
Any case of skull base meningioma exhibited progression to malignant subtypes 
in this series.

4. Illustrative case

58-year-old male has sporadic new onset headache, and magnetic resonance 
imaging (MRI) evidences enhanced parasagittal homogenous mass tumor with 
surrounding edema (Figure 1). Simpson grade I resection (Figure 2) was achieved 
at surgery, and histopathology confirmed atypical meningioma.

Immunohistochemistry of the first sample proved the trend toward malignant 
progression, with Ki-67 index of 70% in hot spots. Only focal positiveness for pro-
gesterone receptor was seen. Because of high Ki-67 index, adjuvant external beam 
radiotherapy (EBRT) was added to the treatment.

Table 1. 
Malignant meningioma at INC (2012–2017).
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After 1 year follow-up, recurrence at posterior border of previous surgical field 
was seen, and another gross total resection was necessary (Figure 3). The tumor 
expressed the same imaging characteristics of first analysis, with homogeneous 
contrast enhancement and peritumoral edema. Histopathological analyses con-
firmed again an atypical histology. At this time, chemotherapy with octreotide was 
introduced without response.

After 2 years from the first surgery, another recurrence was seen. At MRI, 
changes in previous pattern were seen with heterogeneous contrast enhancement 
and central necrosis (Figure 4). After another Simpson grade I tumor removal, 
progression to anaplastic meningioma was confirmed.

Figure 1. 
(A) Post-gadolinium-DTPA axial and coronal. (B) T1-weighted gradient echo (FSPGR) sequence with large 
parasagittal meningioma with partial occlusion of superior sagittal sinus.

Figure 2. 
Postoperative MRI with post-gadolinium-DTPA axial T1-weighted gradient echo (FSPGR) sequence exhibiting 
complete resection of parasagittal meningioma.
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In comparative analyses, immunohistochemistry evidenced an increase in Ki-67 
index from 70 to 90% of the cells. The epithelial membrane antigen (EMA), focal 
positive at first analysis, now expressed diffuse negativeness. Reduction in proges-
terone receptor expression was also documented.

Later, there was tumor progression again in two more occasions in an interval of 
8 months. Progressive neurological impairment and seizures due to motor cortex/
eloquent area involvement/gliosis were seemed, and tumor resection with extensive 
dural removal was performed both times (Figures 5 and 6). The patient underwent 
salvage irradiation, as the last recurrence was far from the original lesion. Two 
months after adjuvant treatment, the patient evolved with neurological worsening, 
dying due to clinical complications.

Figure 3. 
One-year-follow-up. (A) MRI. Axial post-gadolinium-DTPA T1-weighted gradient echo (FSPGR). 
(B) Flair sequences evidencing tumor recurrence adjacent to previous resection with the same features of 
original tumor.

Figure 4. 
Axial post-gadolinium-DTPA. (A) T1-weighted gradient echo (FSPGR) showing irregular contrast 
enhancement and tumoral necrosis. (B) Axial FLAIR magnetic resonance evidencing extensive peritumoral 
edema with changes in radiological aspect from original tumor.
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5. Discussion

About 90% of meningiomas are benign grade I tumors. Atypical meningiomas 
are uncommon (4.7–20% of all meningiomas), while anaplastic meningiomas 
account for only 1–2.8% of all meningiomas [1–4].

Figure 5. 
Axial post-gadolinium-DTPA. (A) T1-weighted gradient echo (FSPGR) showing tumor progression in 
multiple sites.

Figure 6. 
Intraoperative image showing the skull after multiple craniotomies.
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The WHO (2016) classification included brain invasion to the previous histo-
logical characteristic (4–19 mitotic figures and 3 of 5 histologic features): increased 
cellularity, small cells (tumor clusters with high nuclear/cytoplasmic ratio), promi-
nent nucleoli, and sheeting (loss of whorling or fascicular architecture and sponta-
neous necrosis) in the diagnosis of atypical meningiomas.

Anaplastic meningiomas are diagnosed with 20 or more mitotic figures and 
presence of frank sarcomatous or carcinomatous histology [3].

Despite of diagnostics criteria, the exact mechanism through how benign 
meningiomas progress to malignant subtypes remains unclear. Several molecular 
and genetic hypotheses have been postulated, but the real significance of these 
alterations is still speculative [8].

Evidence-based literature suggests that the extent of surgical resection, accord-
ingly to Simpson grade system, is the most important prognostic factor for good 
outcome among those patients harboring malignant meningioma [9].

In our series those cases, with atypical or anaplastic subtypes at primary surgery, 
demonstrated better response to Simpson grade I resection and adjuvant radiother-
apy than those cases that progressed from grade I subtype. Some genetic alteration 
related to progression, as previously reported in literature, can probably explain 
different evolution among tumors expressing the same histology like in these series 
[8, 10, 11].

Among those with atypical and anaplastic histology, tumor size and female 
gender have been related to poor outcome and presence of radiological features 
such as heterogeneous enhancement, peritumoral edema, and cyst formation, and 
absence of calcification have been implicated with lower median recurrence-free 
survival [9, 12].

In the illustrative case, the tumor progression was followed by changes in radio-
logical characteristics and immunohistochemical pattern. Possibly, in this case, the 
first immunohistochemistry analysis evidenced some characteristics of aggressive-
ness. In this scenario, Czonka et al. have previously published the utility of p53 gene 
expression and Ki-67 index in predicting meningioma progression [13].

Maximal safe resection with dural margins and bone hyperostosis removal stills 
the main point in the treatment of meningiomas, possibly reducing rates of progres-
sion and/or improving progression-free survival [14].

Radiotherapy is a special topic in the treatment of malignant meningiomas. 
Increase from 15 to 80% in 5 year progression-free survival was reported when 
EBRT was added to surgical resection for anaplastic meningioma. No consensus 
exists for atypical meningiomas, and EBRT has mostly been reserved for recurrence 
and progression [15, 16].

Due to the possibility of margin inclusion in irradiation field with EBRT, radio-
surgery is no longer indicated for malignant meningiomas. However, Lubgan et al. 
have reported excellent results with stereotactic radiotherapy when used as an 
adjuvant after gross total resection or as definitive treatment regime [17].

In the illustrative case, the lower progesterone receptor expression and higher 
Ki-67 index could probably predict the chance of progression and help in earlier 
adjuvant decision.

Several chemotherapy agents have been used for atypical and anaplastic 
meningiomas refractory to surgery and radiotherapy. In the largest revi-
sion, Kaley et al. found 47 publications using different chemotherapy agents 
(hydroxyurea, temozolomide, irinotecan, interferon-alpha, mifepristone, 
octreotide analogues, megestrol acetate, bevacizumab, imatinib, erlotinib, and 
gefitinib) with an average 6 month progression-free survival of 26%, concluding 
that the available chemotherapy agents provide poor outcomes for refractory 
malignant meningiomas [18].
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Atypical and anaplastic meningiomas remain challenging diseases, and no effec-
tive treatment is current available. Against literature evidence, we presume that 
the biological signature of this specific tumor is more important for evolution than 
previously reported prognostic factor. In this scenario, new studies aiming objective 
analyses of immunohistochemistry patterns and genetic profile of meningiomas 
are probably the next step for the comprehension of such complex neurosurgical 
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Abstract

Tumors of central nervous system (CNS) account for a small portion of tumors 
of human body, which include tumors occurring in the parenchyma of brain and 
spinal cord as well as their coverings. The following chapter covers some new devel-
opment in some major brain tumors in both pediatric and adult populations, as well 
as some uncommon but diagnostic and management challenging tumors.

Keywords: gliomas, astrocytomas, oligodendrogliomas, mixed oligoastrocytomas, 
WHO (World Health Organization), WHO grades, medulloblastomas (MBs), 
midline diffuse astrocytoma, diffuse intrinsic pontine gliomas (DIPG), 
hemangioblastomas (HMBs), metastatic renal cell carcinoma (RCC), formalin-fixed, 
paraffin-embedded (FFPE), H3 K27M mutation, immunohistochemical (IHC) stain, 
fluorescence in situ hybridization (FISH)

1. Introduction

Tumors of central nervous system (CNS) include the tumors of the brain and 
spinal cord, as well as their covers. Those tumors are uncommon tumors, account-
ing for approximately 1% of all human body tumors. They can be divided into 
primary or secondary/metastatic tumors, benign or malignant tumors, based on 
the WHO classification; brain tumors are assigned into four grades, from Grade 1 
very benign tumor to Grade IV highly malignant tumors (see below). By location, 
those tumors can be divided into extra-axial tumors (outside brain/spinal cord 
parenchyma), such as meningiomas, and intra-axial tumors (inside brain/spinal 
cord parenchyma), such as gliomas. Diagnosis of brain tumors is primarily based 
on the WHO Classification of Tumors of CNS; this expert consensus scheme was 
first completed in 1979 and then revised in 1993, 2000, and 2016. This scheme is 
currently the most widely utilized by neuropathologists worldwide for typing and 
grading the CNS tumors [1]. Neoplasms, especially those malignant ones, are bio-
logically characterized by noncontrolled tumor cell proliferation; this uncontrolled 
growth is best explained by recently discovered EGFR (epidermal growth factor 
receptor) mutations, which mutations result in uncontrolled signal transduction 
downward to nuclei without ligand binding to the receptor and led to unlimited cell 
proliferation.
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During the last two decades, a lot of gene mutations are identified, especially 
in the oncology field, which has been helpful for the development of new genera-
tion of antitumor medication focusing on the mutated gene products. As a matter 
of fact, those target treatments have already archived tremendous successes in 
the oncology field. For example, gefitinib, erlotinib, and afatinib are the current 
targeted medications against EGFR-mutated non-small-cell lung cancers, which 
already show great clinical success.

The following chapter is going to review some development in brain tumors, 
especially the recent understanding of adult gliomas and pediatric medulloblas-
tomas, as well as some other uncommon tumors for their molecular diagnosis and 
genetic subgrouping.

2. Molecular diagnosis of adult gliomas

Glial tumors comprise approximately 25–30% of primary CNS tumors [1] and 
represent a spectrum ranging from low-grade, benign to the highly aggressive, 
malignant tumors. They are broadly classified by glial cell type of origin and deter-
mined by histology with or without the use of immunohistochemistry (IHC), which 
is then used to provide a WHO grade (see Table 1) [1]; however, histology has not 
been able to accurately predict response to treatment or clinical outcomes, and it is 
not uncommon for many of these tumors with nearly identical histologic features 
to have very different outcomes. As a result of these observations, and like many 
malignancies (lung and colorectal carcinoma for example), there has been increas-
ing interest in attempting to further classify these tumors based on their molecular 
expression. With that interest there is an increase in available published data 
regarding these molecular alterations and a subsequent increase in the availability 
of myriad testing modalities; some of which are now considered well established, 
while others are not. In an era of test utilization awareness and rising healthcare 
costs, this phenomenon frequently leads to confusion regarding which tests should 
be utilized, how those tests should be interpreted, and how they should be reported, 
in order to best guide treatment and predict outcomes in this patient population [2]. 

Table 1. 
Molecular genetic map for the development of adult gliomas.
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We will discuss here the well-established molecular concepts, touch briefly on the 
evolving molecular discoveries, and provide a testing algorithm (see Table 1).

Glioblastoma (GBM) is the most aggressive primary CNS malignancy, WHO 
Grade IV [1]. Despite decades of research and multiple new treatment modalities, 
little progress has been made in terms of substantial improvements of patients’ 
outcomes, with the average long-term survival being measured in months rather 
than years [3]. However, this research has illuminated a complex series of molecular 
pathways and events that is improving our understanding of the pathophysiology of 
this aggressive entity.

2.1 LOH 10q

Loss of heterozygosity (LOH) at chromosome 10q occurs with high frequency 
in both primary and secondary GBMs, occurring in both in approximately 60–80% 
of cases [4]. Although this is an interesting primary event in the development of 
GBM of either type, because of its high frequency, it is not useful in distinguishing 
one from the other. Instead, GBM is currently subclassified by its molecular altera-
tions into primary and secondary GBM, based on the presence or absence of IDH1/
IDH2 and/or TP53 mutations [4]. EGFR status is also being increasingly used in this 
context.

2.2 IDH1/IDH2

Isocitrate dehydrogenase-1 (IDH1) is an NADP-dependent enzyme found 
in the cytoplasm responsible for the conversion of isocitrate to α-ketoglutarate 
and thereby producing NADPH, which reduces reactive oxygen species. IDH2 
is similarly present in mitochondria. Their exact role in tumorigenesis is poorly 
understood; however, it is thought that mutations in this enzyme result in increased 
oxidative stress and subsequent carcinogenesis. It is therefore not surprising that 
this mutation is not found in primary GBMs, rather secondary GBMs that have 
progressed from a less aggressive tumor, and diffuse and anaplastic astrocytomas 
(WHO Grade II and III, respectively). IDH mutations are found with high fre-
quency in the majority of astrocytomas, oligodendrogliomas, mixed gliomas, and 
secondary GBMs but not in pilocytic astrocytomas or primary GBMs. The most 
common mutation in IDH1 is a point mutation (arginine to histidine at codon 132), 
termed IDH1-R132H. IDH2 mutations (IDH2 172) represent only 3–5% of IDH 
mutations and are more commonly found in oligodendrogliomas. IDH mutations 
have also shown an association with hypoxia-inducible factor 1 alpha (HIF1), 
associated with upregulation of vascular endothelial growth factor (VEGF). Recent 
study indicates that low-grade astrocytomas with wild-type IDH1 behavior as 
glioblastoma clinically, suggesting again the importance of IDH1 mutation status in 
gliomas. IDH1 mutation can be detected by IHC, and commercially available mouse 
antihuman monoclonal antibody by Dianova with clone name H09 is a favored 
antibody to IDH1 R132H by most neuropathologists.

Secondary glioblastomas confer a significantly better prognosis than those arising 
de novo (primary GBM), and occur in a younger age group with a history of pervious 
low grade gliomas [4]. Because primary and secondary GBMs cannot be distinguished 
morphologically, IDH1/2 mutation testing can be utilized for this task, allowing for 
better prognostication. IDH1/2 is commercially available as a reverse transcriptase 
PCR (RT-PCR) test. Although an IHC stain is available, it is not as sensitive to the less 
common variants of IDH1/2 mutation; however, it can be highly useful in the detec-
tion of single tumor cells in diffuse gliomas [5–7]. It is important to note that the role 
of IDH1/2 mutations in predicting response to therapy is still debated. It appears that 
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especially the recent understanding of adult gliomas and pediatric medulloblas-
tomas, as well as some other uncommon tumors for their molecular diagnosis and 
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2. Molecular diagnosis of adult gliomas
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malignancies (lung and colorectal carcinoma for example), there has been increas-
ing interest in attempting to further classify these tumors based on their molecular 
expression. With that interest there is an increase in available published data 
regarding these molecular alterations and a subsequent increase in the availability 
of myriad testing modalities; some of which are now considered well established, 
while others are not. In an era of test utilization awareness and rising healthcare 
costs, this phenomenon frequently leads to confusion regarding which tests should 
be utilized, how those tests should be interpreted, and how they should be reported, 
in order to best guide treatment and predict outcomes in this patient population [2]. 

Table 1. 
Molecular genetic map for the development of adult gliomas.
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We will discuss here the well-established molecular concepts, touch briefly on the 
evolving molecular discoveries, and provide a testing algorithm (see Table 1).

Glioblastoma (GBM) is the most aggressive primary CNS malignancy, WHO 
Grade IV [1]. Despite decades of research and multiple new treatment modalities, 
little progress has been made in terms of substantial improvements of patients’ 
outcomes, with the average long-term survival being measured in months rather 
than years [3]. However, this research has illuminated a complex series of molecular 
pathways and events that is improving our understanding of the pathophysiology of 
this aggressive entity.
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of cases [4]. Although this is an interesting primary event in the development of 
GBM of either type, because of its high frequency, it is not useful in distinguishing 
one from the other. Instead, GBM is currently subclassified by its molecular altera-
tions into primary and secondary GBM, based on the presence or absence of IDH1/
IDH2 and/or TP53 mutations [4]. EGFR status is also being increasingly used in this 
context.

2.2 IDH1/IDH2

Isocitrate dehydrogenase-1 (IDH1) is an NADP-dependent enzyme found 
in the cytoplasm responsible for the conversion of isocitrate to α-ketoglutarate 
and thereby producing NADPH, which reduces reactive oxygen species. IDH2 
is similarly present in mitochondria. Their exact role in tumorigenesis is poorly 
understood; however, it is thought that mutations in this enzyme result in increased 
oxidative stress and subsequent carcinogenesis. It is therefore not surprising that 
this mutation is not found in primary GBMs, rather secondary GBMs that have 
progressed from a less aggressive tumor, and diffuse and anaplastic astrocytomas 
(WHO Grade II and III, respectively). IDH mutations are found with high fre-
quency in the majority of astrocytomas, oligodendrogliomas, mixed gliomas, and 
secondary GBMs but not in pilocytic astrocytomas or primary GBMs. The most 
common mutation in IDH1 is a point mutation (arginine to histidine at codon 132), 
termed IDH1-R132H. IDH2 mutations (IDH2 172) represent only 3–5% of IDH 
mutations and are more commonly found in oligodendrogliomas. IDH mutations 
have also shown an association with hypoxia-inducible factor 1 alpha (HIF1), 
associated with upregulation of vascular endothelial growth factor (VEGF). Recent 
study indicates that low-grade astrocytomas with wild-type IDH1 behavior as 
glioblastoma clinically, suggesting again the importance of IDH1 mutation status in 
gliomas. IDH1 mutation can be detected by IHC, and commercially available mouse 
antihuman monoclonal antibody by Dianova with clone name H09 is a favored 
antibody to IDH1 R132H by most neuropathologists.

Secondary glioblastomas confer a significantly better prognosis than those arising 
de novo (primary GBM), and occur in a younger age group with a history of pervious 
low grade gliomas [4]. Because primary and secondary GBMs cannot be distinguished 
morphologically, IDH1/2 mutation testing can be utilized for this task, allowing for 
better prognostication. IDH1/2 is commercially available as a reverse transcriptase 
PCR (RT-PCR) test. Although an IHC stain is available, it is not as sensitive to the less 
common variants of IDH1/2 mutation; however, it can be highly useful in the detec-
tion of single tumor cells in diffuse gliomas [5–7]. It is important to note that the role 
of IDH1/2 mutations in predicting response to therapy is still debated. It appears that 
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the mutation confers an increased response to radiation therapy, while others show an 
increased response with chemotherapy as well. Response appears to be multifactorial, 
dependent not only on the type of therapy, but also on the time of that therapy in rela-
tion to surgical resection [8]. Importantly, IDH mutations serve as a surrogate marker 
for secondary GBMs [9]. This testing should be performed in conjunction with TP53 
and Ki67 on all GBMs, and considered standard of care.

2.3 P53

P53 is a cyclin-dependent kinase responsible for tumor suppression through 
prevention of cell replication. Mutations in p53 in malignant tumors are well 
established in the literature, with greater than 50% of cancers showing p53 loss of 
function mutations [10]. P53 is more commonly a missense mutation that results in 
accumulation of the protein in the cytoplasm, resulting in diffuse, strong nuclear 
staining by IHC; however, alternate mutations in p53 can show complete absence of 
staining or cytoplasmic staining only, whereas the wild type (unmutated) p53 will 
show weak to moderate, patchy positivity [11].

Most tumors that express p53 mutations typically have a more aggressive course 
than those that do not; however, this relationship has not been established in GBMs. 
Currently, no statistically significant difference has been established that GBMs 
with p53 mutations have a worse prognosis than those that do not [12]. The utility 
of p53 in GBMs, similar to IDH1/2 mutation status, is as additional evidence of a 
secondary GBM, rather than a primary GBM, as p53 mutations are far less frequent 
in primary GBMs, and, when present, likely represent secondary or late events 
associated with increasing genetic instability [4].

2.4 Epidermal growth factor receptor (EGFR)

EGFR is a member of the transmembrane tyrosine kinase receptor family that 
activates MAPK and PIK3 pathways resulting in cell proliferation. EGFR testing 
started to gain particular popularity due in part to the development of tyrosine 
kinase inhibitors (TKIs) and after a 2010 study by Verhaak et al. that attempted to 
further subclassify GBMs based on multiple molecular markers [15]. EGFR amplifi-
cation confers more aggressive behavior and poorer outcomes, autophosphorylating 
the PIK3 pathway, leading to increased growth, angiogenesis, metastatic potential, 
and reduced apoptosis [16]. In contrast to secondary GBMs, epidermal growth 
factor receptor (EGFR) overexpression has been demonstrated in 36% of primary 
GBMs, with 70% of those showing amplification. It exists most commonly as the 
mutation EGFR variant 3 (EGFRvIII), which has deletion of exons 2 and 7 [17]. 
EFGRvIII mutation testing is performed with RT-PCR [17]. Unlike other malignan-
cies where tyrosine kinase inhibitor (TKI) immunotherapy has shown wide suc-
cesses, GBMs frequently do not respond, showed only a partial response, or develop 
rapid resistance to TKIs. This most often attributed to PTEN loss earlier in the 
EGFR pathway [4]. EGFR amplification or mutation in this context can be utilized, 
when present, as further support of a primary GBM over a secondary GBM.

In addition to the discovery of multiple molecular alterations in MET, PDGFRA, 
NF1, PTEN, PIK3 and CDKN2A/B, and several others, studies have discovered alter-
ations of several microRNAs, which are also a field of current study. Importantly, 
none of these have been well established in terms of either their prognostic sig-
nificance or their impact on treatment response, and several studies have shown 
contradictory results. This likely can be attributed to the marked heterogeneity of 
glial tumors, particularly GBMs. It is not currently recommended to add these mark-
ers to a broader profile until their clinical significance can be better established.
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2.5 1p/19q co-deletion

Chromosome arms 1p and 19q deletions are the most characterized genetic aber-
rations of oligodendrogliomas, with up to 80% of classical oligodendrogliomas (WHO 
Grade II) and 60% of anaplastic oligodendrogliomas (WHO Grade III) [18, 19].  
Although it seems unclear what impact these deletions have on cellular function, 
there are two identified roles for testing these deletions: the first is as a diagnostic 
marker for oligodendroglial tumors and the other as an indicator of response to 
treatment. One study demonstrated that the presence of complete or partial co-
deletion of 1p and 19q conferred a significantly increased response to chemother-
apy, and prolonged disease-free survival time, compared with those tumors with 
deletion of only one or the other chromosomal arm, regardless of histologic subtype 
[20], consistent with other studies, including mixed tumors. Due to the significant 
clinical implications for the presence of this gene, 1p/19q co-deletion testing should 
be performed on all glial tumors with or without oligodendroglial features since a 
small percentage (5%) of morphological astrocytomas are with 1p/19q co-deletion, 
which may confer a slightly better prognosis for the patients. Testing is available by 
both FISH and for LOH by real-time PCR. Evaluation of both chromosomal arms in 
their entirety is recommended due to molecular variability.

2.6 MGMT methylation

O6-methylguanine-DNA methyltransferase (MGMT) codes for MGMT repair 
protein, and methylation of this gene, which results in suppression and decreased 
expression of the MGMT protein, confers a significant survival benefit in patient 
treated with combined radiation and temozolomide therapy. MGMT methylation 
occurs in all types of gliomas and with frequency in primary and secondary GBMs 
and oligodendrogliomas (60–93%). In predicting a positive response to treatment, 
MGMT methylation also predicts an increased survival benefit. In lower-grade glio-
mas, MGMT methylation confers an increased response to radiation monotherapy, 
which is not well understood [9].

Methylation-specific PCR is the testing modality of choice and is widely avail-
able. An alternative is pyrosequencing, which shows high sensitivity, but is now less 
frequently used. Other testing modalities, such as western blot and IHC, have fallen 
into disuse due to issues with false-positive results.

Table 1 summarizes the current understanding of tumorigenesis for adult 
gliomas.

3.  Molecular diagnosis of diffuse midline gliomas with H3 K27M 
mutation

It has been recognized for almost 20 years among pediatric neuro-oncologists 
that neuroimaging study defined diffuse intrinsic pontine gliomas (DIPG) had a 
very poor prognosis independent of histological grade (if biopsied). In that case, 
biopsy is most of the time considered unnecessary until recent identification of 
potential drug targets for individualized therapy has led to reevaluation of this 
approach [22]. Recent genomic analysis has demonstrated that specific genetic 
alterations drive distinct subsets of glial neoplasm of the central nervous system, 
dependent not only on tumor-type but also on the site of origin and patient age. 
Like this diffuse midline gliomas, with somatic mutations of the H3F3A and 
HIST1H3B gene encoding the histone H3 variants, H3.3 and H3.1, were recently 
identified in high-grade gliomas arising in the thalamus, pons, and spinal cord of 
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children and young adults; those tumors are named as diffuse midline gliomas with 
H3 K27M mutation [23].

Brainstem tumors affect primarily children and young adults. Each year, around 
300–400 cases of brainstem tumors are diagnosed in the United States, and diffuse 
intrinsic pontine glioma (DIPG) accounts approximately 80% of these tumors [24]. 
DIPG has been recently categorized by WHO classification as high-grade (Grade 
IV) diffuse midline gliomas with H3 K27M mutation. It carries a poor prognosis, 
and only 1% of the patients live 5 years after diagnosis.

Clinically, diffuse midline gliomas result in brainstem dysfunction and the 
obstruction of cerebrospinal fluid (CSF) flow. The patients suffer from difficulty 
in ocular movements, weakness of facial muscles, sudden hearing problem, swal-
lowing difficulty, muscle spasticity, clonus, and bladder dysfunction, along with 
multiple cranial neuropathies and ataxia.

Diagnosis of diffuse midline gliomas is initiated through imaging primarily by 
MRI scans indicating hypointense (T1) or hyperintense (T2) lesions, enhancing 
or non-enhancing after administration of contract agents. Biopsy is a standard 
procedure for establishing the molecular and histopathological diagnoses. This 
tumor shows many histopathological features of glioblastoma such as pseudopali-
sading necrosis and microvascular proliferation, in addition to H3 K27M positive by 
immunohistochemical (IHC) stain (Figure 1).

Unlike many other adult gliomas, debunking surgery, with gross total resection 
(GTR) of the tumor, is not a treatment of choice for diffuse midline gliomas, mainly 
due to the location of the tumors. The brainstem regulates critical bodily functions, 
and therefore surgical resection without damaging the vital area of the brainstem 
is almost impossible. Surgery is indicated only for biopsy of the tumor and to 
relieve the hydrocephalus that may happen in a small fraction of cases. Currently, 
patients are treated primarily with radiation and adjuvant chemotherapy with 
temozolomide.

In diffuse midline gliomas with H3 K27 mutation, lysine in 27th position of 
tail of Histone 3.3 is replaced by methionine. Histones are the alkaline protein 
that provides a scaffold, around which DNA wraps. Solomon and colleague have 
observed that H3K37M mutation in pontine gliomas occurred at a much younger 
age (median 7 years of age) than gliomas of the thalamus (median age, 24 years) 
or spinal cord (median age, 25 years) [23]. The H3 K27M-positive gliomas have 
also been reported in adult in the brainstem [25]. High-grade gliomas with H3 
K27M mutation may have additional mutations (WHO, 2016). These mutations are 
observed to occur in the critical genes, regulating cell divisions including cell cycle 
checkpoints and chromatin remodeling. The most frequent additional mutation 
noted is tumor suppressor p53, which is noted in an estimated half of the H3 K27M 

Figure 1. 
(A) Grade IV midline glioblastoma and (B) IHC + for H3 K27M mutation.
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midline gliomas. Amplification of platelet-derived growth factor alpha (PDGFRA), 
critical for cell survival and proliferation, is observed in about 30% of the H3 K27M 
tumors. Cyclin-dependent kinases 4 and 6 are reported to be amplified in 20% of 
the tumors, and homozygous deletion of cyclin-dependent kinase inhibitor 2A/2B 
is noted in 5% of the H3 K27M gliomas. Mutation of activin A receptor type-1 
(AVCR1) is noted in 20% of H3 K27M gliomas. A mutation of protein phosphatase 
1D (PPM1D) and amplification of MYC/PVT1 may present separately, in 15% of 
the H3 K27M gliomas [1]. In addition, histone H3 K27M mutation is found mutually 
exclusive with IDH1 mutation and EGFR amplification, rarely co-occurred with 
BRAF-V600E mutation, and was commonly associated with p53 overexpression, 
ATRX loss (except in pontine gliomas), and monosomy 10 [23].

These mutations could provide us with a better understanding of the disease 
process and could potentially lead to the development of a better treatment strategy 
for this deadly disease. As a matter of fact, at least two clinical trials are underway 
with small molecule inhibitor of the histone demethylase, which showed some 
promising result [23].

4. Molecular subgroups of medulloblastomas

Medulloblastoma is the most common malignant brain tumor of cerebellum in 
childhood, although it rarely happens in adult patients, too. It is an embryonal neuro-
epithelial tumor arising in the cerebellum or dorsal brainstem, which is a major cause 
of morbidity and mortality in pediatric brain tumor patients [27, 28], and was designed 
as WHO Grade IV neoplasm [1]. Histologically, medulloblastoma is a prototypical 
embryonal tumor, consisting of densely packed small round undifferentiated blue 
tumor cells with mild to moderate nuclear pleomorphism and a high mitotic count, 
mostly with Homer-Wright rosettes, and shows different morphological variants, such 
as desmoplastic/nodular, large cell, and anaplastic, etc., with predominantly neuronal 
differentiation and tendency to metastasize via CSF pathways [1] (Figures 2 and 3).

4.1 Morphologic features of medulloblastomas

Several morphological variants of MBs are recognized, alongside the classic 
tumor: desmoplastic/nodular MB, MB with extensive nodularity, and large-cell/
anaplastic MB. A dominant population of undifferentiated cells with a high 
nuclear-to-cytoplasmic ratio and active mitotic figures is a common feature [1] 
(Figures 2 and 3). Classic MB composed of sheets of undifferentiated small blue 

Figure 2. 
Histopathology of MBs. (A) Classic type, 70%; (B) nodular, 10%; (C) extensive nodularity, 3%; and (D) large 
cell/anaplastic, 15% (arrow nuclear molding, blue; wrapping, red).
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tumor cells with Homer-Wright rosette formations and/or palisading tumor cells 
forming a pseudoglandular feature, easily found mitoses and apoptosis. Other 
histological variants include desmoplastic MB, which contains abundant reticulin 
and collagen, characterized with nodular reticulin-free zones (pale islands). The 
nodules have reduced cellularity, a rarified fibrillar matrix and marked nuclear 
uniformity. A rare histologic type of MB is the so-called large-cell MB, which is 
composed completely or partially of cells with large, round nuclei and prominent 
nucleoli, commonly with large areas of necrosis. The large-cell MB sometimes 
resembles the rhabdoid/atypical teratoid (RT/AT) tumors of cerebellum, but its 
cytoplasm lacks globular hyaline inclusions and is diffusely reactive for synapto-
physin, neurofilament protein, and vimentin and negative for epithelial membrane 
antigen, cytokeratins, and smooth-muscle actin by immunohistochemical (IHC) 
stains [1]. Most often associated with large-cell MB is anaplastic MB, which is 
characterized by angular, crowded, pleomorphic nuclei in large cells, sometimes 
with nuclear molding and wrapping (Figure 3), mitosis, and apoptosis, as well as 
prominent nucleoli. It has been noted for a long time that morphology of MBs was 
related to patient’s prognosis and that those MBs with extensive nodularity are with 
better prognosis, while the large-cell/anaplastic MBs are usually associated with 
worse clinical outcomes (Figure 1).

Additional study indicates that poor survival outcome was significantly associ-
ated with chromosome 17p loss (loss of tumor suppressor) and high expression of 
oncogenes c-myc (MYCC) or N-myc (MYCN) [1].

Due to the highly heterogeneous nature of the MB, and complication caused by 
aggressive treatments, a more specific subgrouping of this tumor is becoming more 
and more important for clinical judgment.

Molecular studies from multiple groups around the world found that medullo-
blastoma is not a single disease but comprises a collection of clinically and molecu-
larly diverse subgroups. Current consensus made in a 2010 meeting at Boston agrees 
that there are four principal subgroups of medulloblastomas [27, 28] termed as 
WNT, SHH, Group 3, and Group 4.

Two of these subgroups, characterized by either activated WNT or SHH 
signaling pathway, are thought to play prominent roles in the pathogenesis. Two 
other non-WNT/non-SHH groups are more closely related to each other and even 
produced additional different numbers of subgroups within these groups of MBs, 
pending additional evidence to further classify them [27, 28].

Figure 3. 
Histopathology of MBs. (A) Homer Wright rosettes and (B) nuclear wrapping (hugging), arrow, in large-cell/
anaplastic MBs.
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4.1.1 MB, WNT subgroup

The best known subgroup of the medulloblastoma is the WNT subgroup due to 
its very good long-term prognosis, compared to other subgroups. WNT indicates 
the wingless signaling pathway.

WNT medulloblastomas are characterized by upregulation of the canonical 
WNT signaling pathway, which results in translocation of β-catenin to the nucleus. 
About two-thirds harbor a CTNNB1 mutation. Mutations in other pathways, such 
as APC and AXIN1, have been reported in the absence of a CTNNB1 mutation but 
are much less frequent [27]. The extent of β-catenin nuclear immunoreactivity in 
these WNT pathway MBs always amounts to more than a third of the total tumor 
area and is clearly different from the situation where very few scattered β-catenin 
nucleopositive cells, representing less than 2% of tumor cells, are evident. Assays 
for CTNNB1 mutation and monosomy 6, which occurs in nearly all WNT pathway 
MBs, have helped to establish the status of tumors in these immunohistochemical 
categories [27]. There is a close association between a WNT pathway immunophe-
notype and CTNNB1 mutation or monosomy 6, predicting a good outcome for 
medulloblastomas with these genetic abnormalities [27].

More than 90% of WNT subgroup medulloblastoma patients achieved long-term 
survival, with those patients whose death is due to more complications of therapy or 
secondary tumors rather than due to recurrent WNT medulloblastomas. Germline 
mutations of the WNT pathway inhibit APC predispose to Turcot syndrome, 
which includes a proclivity to medulloblastoma; in addition, somatic mutations of 
CTNNB1 encoding  β -catinin have been found in sporadic medulloblastomas [27]. 
These strong germline and somatic genetic data support an etiological role for 
canonical WNT signaling in the pathogenesis of this group of tumors and lead to 
the nomenclature of “WNT subgroup of medulloblastomas.”

Almost all WNT medulloblastomas have classic histology, which often 
described as having CTNNB1 mutations, with nuclear labeling for β-catenin by 
immunohistochemical stain, and monosomy 6 (deletion of one copy of chromo-
some 6 in tumor cells). Medulloblastomas with large-cell/anaplastic features have 
also been reported in the WNT subgroup, although they appear to maintain the 
excellent prognosis associated with the WNT subgroup. Which of monosomy 6,  
nuclear staining for β-catenin, mutation of CTNNB1, immunohistochemical 
staining for DKK1, or a transcriptional signature that clusters with other WNT 
tumors should be used as a gold standard for the diagnosis of WNT medul-
loblastomas awaits further validation on large cohorts of well-characterized 
medulloblastomas.

WNT-activated MBs account for approximately 10% of all MBs, most of them 
present in children aged between 7 and 14 years, but they can also occur in young 
adults. Genetically, besides CTNNB1, genes that are recurrently mutated in WNT-
activated MBs include TP53, SMARCA4, and DDX3X [1].

4.1.2 MB, SHH subgroup with TP53 mutant

The SHH group of MBs are named after the sonic hedgehog signaling pathway. In 
large series of tumors, SHH-activated MBs tend to have similar transcriptome, meth-
ylome, and microRNA profiles. SHH pathway activation in TP53-mutant tumors is 
associated with amplification of GLI2, MYCN, or SHH. Mutations in PTCH1, SUFU, 
and SMO are genetically absent. Large-cell/anaplastic morphology and chromosome 
17p loss are also common in SHH-activated and TP53-mutant tumors. Patterns of 
chromosome shattering known as chromothripsis are often present.
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tumor cells with Homer-Wright rosette formations and/or palisading tumor cells 
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resembles the rhabdoid/atypical teratoid (RT/AT) tumors of cerebellum, but its 
cytoplasm lacks globular hyaline inclusions and is diffusely reactive for synapto-
physin, neurofilament protein, and vimentin and negative for epithelial membrane 
antigen, cytokeratins, and smooth-muscle actin by immunohistochemical (IHC) 
stains [1]. Most often associated with large-cell MB is anaplastic MB, which is 
characterized by angular, crowded, pleomorphic nuclei in large cells, sometimes 
with nuclear molding and wrapping (Figure 3), mitosis, and apoptosis, as well as 
prominent nucleoli. It has been noted for a long time that morphology of MBs was 
related to patient’s prognosis and that those MBs with extensive nodularity are with 
better prognosis, while the large-cell/anaplastic MBs are usually associated with 
worse clinical outcomes (Figure 1).

Additional study indicates that poor survival outcome was significantly associ-
ated with chromosome 17p loss (loss of tumor suppressor) and high expression of 
oncogenes c-myc (MYCC) or N-myc (MYCN) [1].

Due to the highly heterogeneous nature of the MB, and complication caused by 
aggressive treatments, a more specific subgrouping of this tumor is becoming more 
and more important for clinical judgment.

Molecular studies from multiple groups around the world found that medullo-
blastoma is not a single disease but comprises a collection of clinically and molecu-
larly diverse subgroups. Current consensus made in a 2010 meeting at Boston agrees 
that there are four principal subgroups of medulloblastomas [27, 28] termed as 
WNT, SHH, Group 3, and Group 4.

Two of these subgroups, characterized by either activated WNT or SHH 
signaling pathway, are thought to play prominent roles in the pathogenesis. Two 
other non-WNT/non-SHH groups are more closely related to each other and even 
produced additional different numbers of subgroups within these groups of MBs, 
pending additional evidence to further classify them [27, 28].

Figure 3. 
Histopathology of MBs. (A) Homer Wright rosettes and (B) nuclear wrapping (hugging), arrow, in large-cell/
anaplastic MBs.
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4.1.1 MB, WNT subgroup

The best known subgroup of the medulloblastoma is the WNT subgroup due to 
its very good long-term prognosis, compared to other subgroups. WNT indicates 
the wingless signaling pathway.

WNT medulloblastomas are characterized by upregulation of the canonical 
WNT signaling pathway, which results in translocation of β-catenin to the nucleus. 
About two-thirds harbor a CTNNB1 mutation. Mutations in other pathways, such 
as APC and AXIN1, have been reported in the absence of a CTNNB1 mutation but 
are much less frequent [27]. The extent of β-catenin nuclear immunoreactivity in 
these WNT pathway MBs always amounts to more than a third of the total tumor 
area and is clearly different from the situation where very few scattered β-catenin 
nucleopositive cells, representing less than 2% of tumor cells, are evident. Assays 
for CTNNB1 mutation and monosomy 6, which occurs in nearly all WNT pathway 
MBs, have helped to establish the status of tumors in these immunohistochemical 
categories [27]. There is a close association between a WNT pathway immunophe-
notype and CTNNB1 mutation or monosomy 6, predicting a good outcome for 
medulloblastomas with these genetic abnormalities [27].

More than 90% of WNT subgroup medulloblastoma patients achieved long-term 
survival, with those patients whose death is due to more complications of therapy or 
secondary tumors rather than due to recurrent WNT medulloblastomas. Germline 
mutations of the WNT pathway inhibit APC predispose to Turcot syndrome, 
which includes a proclivity to medulloblastoma; in addition, somatic mutations of 
CTNNB1 encoding  β -catinin have been found in sporadic medulloblastomas [27]. 
These strong germline and somatic genetic data support an etiological role for 
canonical WNT signaling in the pathogenesis of this group of tumors and lead to 
the nomenclature of “WNT subgroup of medulloblastomas.”

Almost all WNT medulloblastomas have classic histology, which often 
described as having CTNNB1 mutations, with nuclear labeling for β-catenin by 
immunohistochemical stain, and monosomy 6 (deletion of one copy of chromo-
some 6 in tumor cells). Medulloblastomas with large-cell/anaplastic features have 
also been reported in the WNT subgroup, although they appear to maintain the 
excellent prognosis associated with the WNT subgroup. Which of monosomy 6,  
nuclear staining for β-catenin, mutation of CTNNB1, immunohistochemical 
staining for DKK1, or a transcriptional signature that clusters with other WNT 
tumors should be used as a gold standard for the diagnosis of WNT medul-
loblastomas awaits further validation on large cohorts of well-characterized 
medulloblastomas.

WNT-activated MBs account for approximately 10% of all MBs, most of them 
present in children aged between 7 and 14 years, but they can also occur in young 
adults. Genetically, besides CTNNB1, genes that are recurrently mutated in WNT-
activated MBs include TP53, SMARCA4, and DDX3X [1].

4.1.2 MB, SHH subgroup with TP53 mutant

The SHH group of MBs are named after the sonic hedgehog signaling pathway. In 
large series of tumors, SHH-activated MBs tend to have similar transcriptome, meth-
ylome, and microRNA profiles. SHH pathway activation in TP53-mutant tumors is 
associated with amplification of GLI2, MYCN, or SHH. Mutations in PTCH1, SUFU, 
and SMO are genetically absent. Large-cell/anaplastic morphology and chromosome 
17p loss are also common in SHH-activated and TP53-mutant tumors. Patterns of 
chromosome shattering known as chromothripsis are often present.
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SHH-activated tumors account for approximately 30% of all MBs and originate 
from rhombic lip-derived cerebellar granule neuron precursors. SHH-activated and 
TP53-mutant MBs are rare and generally found in children aged 4–17 years. Clinical 
outcomes in patients with SHH-activated and TP53-mutant tumors are very poor [1].

4.1.3 MB, SHH subgroup, with TP53 wild type

SHH pathway activation in TP53 wild-type tumors can be associated with 
germline or somatic mutation in the negative regulations PTCH1 or SUFU, as 
well as activating somatic mutations in SMO or (rarely) amplification of GLI2. 
Desmoplastic/nodular MBs and MBs with extensive nodularity are always included 
in the SHH-activated group, but tumors with a SHH signaling pathway can also 
have a classic or large-cell/anaplastic morphology, particularly in older children. 
Patients with SHH-activated and TP53 wild-type MBs are generally children aged 
<4 years, adolescents, or young adults. In addition to genetic changes activating 
SHH signaling, mutations in DDX3X or KMT2D and amplification of MYCN or 
MYCL are sometimes seen, as are deletions of chromosomal arms 9q, 10q, and 14q. 
Clinical outcomes in patients with SHH-activated tumors are variable [1].

4.2 Epidemiology

Research data from 1973 to 2007 suggested MB incidence rates of 0.6 cases per 
1 million children aged 1–9 years and 0.6 cases per 1 million adults aged >19 years. 
SHH-activated MBs in general show a bimodal age distribution, being most com-
mon in infants and young adults, with a male-female ratio of approximately 1.5:1. 
In contrast, SHH-activated and TP53-mutant tumors are generally found in chil-
dren aged 4–17 years. In one study including 133 SHH-activated MBs, 28 patients 
(21%) had a TP53 mutation, and the median age of these patients was approxi-
mately 15 years [1].

4.2.1 Groups 3 and 4/non-WNT and non-SHH groups

Groups 3 and 4 MBs are usually called “the non-WNT/non-SHH groups.” They 
share some of the similarities in both clinical presentation and molecular profiling. 
Most tumors in these groups display classical histology. The large-cell/anaplastic 
and desmoplastic histologies are present but at a lower frequency. The age of onset 
is distributed in both groups with most patients are children; they are relatively 
uncommon in infants and adults. Although both groups have similar frequency 
of metastasis, Group 3 shows poor prognosis, while Group 4 shows intermediate 
prognosis. Non-WNT and non-SHH tumors account for approximately 60% of all 
MBs and typically have classic histopathological features [1].

One characteristic similarity between Groups 3 and 4 is both subgroups are 
enriched for expression of genes involved in photoreceptor differentiation, 
and they express high level of OTX2 and FOXG1B, well-known oncogenes of 
MB. However, Group 3 is distinguished by its enriched gene signatures function-
ing in cell cycle, protein biosynthesis, glutamate receptor signaling, and p38 
mitogen-activated protein kinase (MMAPK) pathway, while Group 4 is overrep-
resented by genes involved in neuronal differentiation, development, cytoskel-
eton organization, etc.

In addition, isochromosome 17q (I17q) represents the most common structural 
abnormality in Groups 3 and 4. Other chromosomal alteration identified in these 
subgroups includes gain of 7 and 18q and loss of 8 and 11q. The major difference 
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between these two groups is the enrichment of MYC amplification in Group 3, 
which is very rarely observed in Group 4, as well as in WNT and SHH. Another dif-
ference is the enrichment of chromosome X loss in Group 4, found in 80% female 
MBs in Group 4.

The signaling pathway or biological programs driving the tumorigenesis of 
Groups 3 and 4 still remain largely unknown, although some reports suggest that 
disruption of chromatin genes associated with histone methylation may be a critical 
event driving Groups 3 and 4 tumor developments.

4.3  Medulloblastoma molecular subgroups: immunophenotypes and 
histopathological associations

After multigroup extensive researches, the development and validation 
of immunohistochemical stains to define molecular subgroups of MBs finally 
archived, with 4 immunohistochemical staining marker identified in order to MBs 
subgrouping, which can be used in FFPE tissue and greatly improve the routine 
pathological diagnosis process for these types of tumors. Four immunostaining 
markers were selected for pathological subgrouping of MBs: they are β-catenin, 
GAB1, filamin A, and YAP1 [27].

4.3.1 SHH pathway MBs

Combined immunoreactivities for GAB1, filamin A, and YAP1, indicating a SHH 
profile, were found in 31% of MBs, including all desmoplastic tumors. Desmoplastic 
MBs constituted 54% of SHH pathway tumors, and classic and large-cell/anaplastic 
tumors contributed 29 and 17%, respectively. While non-desmoplastic SHH tumor 
generally showed widespread and strong immunoreactivities for GAB1, YAP1, and 
filamin A, all three types of desmoplastic tumors displayed stronger staining for 
these proteins within internodular regions. Immunoreactivities for filamin A and 
YAP1 in SHH tumors were always strong and generally widespread. This was not 
always the situation for GAB1 immunoreactivity; no more than weak cytoplasmic 
staining for GAB1 was seen in a few non-desmoplastic SHH tumors (n = 6). These 
tumors were all strongly immunopositive for filamin A and YAP1, which acted to 
confirm the SHH phenotype [27].

4.3.2 WNT pathway MBs

Antibodies to β-catenin for identifying WNT tumors effective on formalin-fixed 
and paraffin-embedded (FFPE) tissue are well established in the diagnostic labora-
tory [27]. Widespread intermediate or strong cytoplasmic β-catenin immunore-
activity was a feature of nearly all MBs in the series; very few showed only patchy 
weak cytoplasmic staining for this antigen. WNT pathway MBs were identified by 
nuclear, as well as cytoplasmic, immunoreactivity for β-catenin (Figure 4). WNT 
pathway MBs defined by these types of nuclear β-catenin immunoreactivity also 
express filamin A. Typically, this was patchy staining and less intense than that seen 
in SHH tumors. Strong and widespread nuclear immunoreactivity for YAP1 was 
also a feature of WNT pathway tumors. This distinctive combination of β-catenin, 
filamin A, and YAP1 immunoreactivities robustly confirmed the status of MBs in 
this molecular subgroup. WNT tumors contributed 14% of all MBs in this study. 
Nearly all WNT pathway MBs were classic tumors. Large-cell/anaplastic tumor 
(n = 2, 6%) was exceptional among WNT tumors, while desmoplastic MBs were not 
represented [27].
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SHH-activated tumors account for approximately 30% of all MBs and originate 
from rhombic lip-derived cerebellar granule neuron precursors. SHH-activated and 
TP53-mutant MBs are rare and generally found in children aged 4–17 years. Clinical 
outcomes in patients with SHH-activated and TP53-mutant tumors are very poor [1].

4.1.3 MB, SHH subgroup, with TP53 wild type

SHH pathway activation in TP53 wild-type tumors can be associated with 
germline or somatic mutation in the negative regulations PTCH1 or SUFU, as 
well as activating somatic mutations in SMO or (rarely) amplification of GLI2. 
Desmoplastic/nodular MBs and MBs with extensive nodularity are always included 
in the SHH-activated group, but tumors with a SHH signaling pathway can also 
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Patients with SHH-activated and TP53 wild-type MBs are generally children aged 
<4 years, adolescents, or young adults. In addition to genetic changes activating 
SHH signaling, mutations in DDX3X or KMT2D and amplification of MYCN or 
MYCL are sometimes seen, as are deletions of chromosomal arms 9q, 10q, and 14q. 
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(21%) had a TP53 mutation, and the median age of these patients was approxi-
mately 15 years [1].
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and desmoplastic histologies are present but at a lower frequency. The age of onset 
is distributed in both groups with most patients are children; they are relatively 
uncommon in infants and adults. Although both groups have similar frequency 
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between these two groups is the enrichment of MYC amplification in Group 3, 
which is very rarely observed in Group 4, as well as in WNT and SHH. Another dif-
ference is the enrichment of chromosome X loss in Group 4, found in 80% female 
MBs in Group 4.

The signaling pathway or biological programs driving the tumorigenesis of 
Groups 3 and 4 still remain largely unknown, although some reports suggest that 
disruption of chromatin genes associated with histone methylation may be a critical 
event driving Groups 3 and 4 tumor developments.

4.3  Medulloblastoma molecular subgroups: immunophenotypes and 
histopathological associations

After multigroup extensive researches, the development and validation 
of immunohistochemical stains to define molecular subgroups of MBs finally 
archived, with 4 immunohistochemical staining marker identified in order to MBs 
subgrouping, which can be used in FFPE tissue and greatly improve the routine 
pathological diagnosis process for these types of tumors. Four immunostaining 
markers were selected for pathological subgrouping of MBs: they are β-catenin, 
GAB1, filamin A, and YAP1 [27].

4.3.1 SHH pathway MBs

Combined immunoreactivities for GAB1, filamin A, and YAP1, indicating a SHH 
profile, were found in 31% of MBs, including all desmoplastic tumors. Desmoplastic 
MBs constituted 54% of SHH pathway tumors, and classic and large-cell/anaplastic 
tumors contributed 29 and 17%, respectively. While non-desmoplastic SHH tumor 
generally showed widespread and strong immunoreactivities for GAB1, YAP1, and 
filamin A, all three types of desmoplastic tumors displayed stronger staining for 
these proteins within internodular regions. Immunoreactivities for filamin A and 
YAP1 in SHH tumors were always strong and generally widespread. This was not 
always the situation for GAB1 immunoreactivity; no more than weak cytoplasmic 
staining for GAB1 was seen in a few non-desmoplastic SHH tumors (n = 6). These 
tumors were all strongly immunopositive for filamin A and YAP1, which acted to 
confirm the SHH phenotype [27].

4.3.2 WNT pathway MBs

Antibodies to β-catenin for identifying WNT tumors effective on formalin-fixed 
and paraffin-embedded (FFPE) tissue are well established in the diagnostic labora-
tory [27]. Widespread intermediate or strong cytoplasmic β-catenin immunore-
activity was a feature of nearly all MBs in the series; very few showed only patchy 
weak cytoplasmic staining for this antigen. WNT pathway MBs were identified by 
nuclear, as well as cytoplasmic, immunoreactivity for β-catenin (Figure 4). WNT 
pathway MBs defined by these types of nuclear β-catenin immunoreactivity also 
express filamin A. Typically, this was patchy staining and less intense than that seen 
in SHH tumors. Strong and widespread nuclear immunoreactivity for YAP1 was 
also a feature of WNT pathway tumors. This distinctive combination of β-catenin, 
filamin A, and YAP1 immunoreactivities robustly confirmed the status of MBs in 
this molecular subgroup. WNT tumors contributed 14% of all MBs in this study. 
Nearly all WNT pathway MBs were classic tumors. Large-cell/anaplastic tumor 
(n = 2, 6%) was exceptional among WNT tumors, while desmoplastic MBs were not 
represented [27].
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4.3.3 Non-SHH/WNT MBs

MBs (N = 130, 55%) falling outside the SHH and WNT categories displayed 
cytoplasmic, but not nuclear, immunoreactivity for β-catenin. Tumor cells were 
negative for GAB1 and YAP1. In general, tumors in this category were also immu-
nonegative for filamin A, though very weak and patch immunoreactivity for this 
antigen was evident in rare non-SHH/WNT MBs (n = 9), which were classified as 
such on the basis of the panel of immunoreactivities. Intrinsic vascular elements 
were immunopositive for YAP1 and filamin A, providing an internal control. This 
subgroup of MBs was dominated by classic tumors (92%), including all non- 
desmoplastic nodular tumors and all but one MB that contained small clusters of 
densely packed neurocytic cells, the exception being a WNT tumor. Large-cell/
anaplastic tumors made up the remainder (n = 11) [27].

4.3.4 Metastatic MBs

Despite four subgroups, metastatic MBs exist among all subgroups although the 
incidence of metastatic dissemination is higher in Group 3 and 4 than WNT and 

Figure 4. 
β-Catenin IHC stain with both nuclear and cytoplasmic positive (A and C), GAB1 stain positive (B), YAP1 
(D), and filamin A (E).
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SHH [33]. Metastatic MBs occur in approximately 40% of all MBs at diagnosis and 
are associated with poorer prognosis [34]. In 2001, McDonald et al. [35] identi-
fied potential therapeutic targets, e.g., PDGFRα PDGFR for metastatic MBs using 
expression array analysis. However, Gilbertson and Clifford [36] found that the 
probe McDonald used for PDGFRα was PDGFRβ. They further demonstrated that 
PDGFRβ is overexpressed in metastatic MB. Then, Kohane and his co-workers did 
an interesting experiment and found that genomically, human MBs were closest 
to mouse P (postnatal) 1-P10 cerebella, and normal human cerebella were closest 
to mouse P30-P60. Metastatic human MBs were highly associated with mouse P5 
cerebella (non-metastatic human MB with mouse P7 cerebella). PDGFRα is highly 
expressed in P5; PDGFRβ in P7 [37]. However, which isoform of PDGFRs plays a role 
in metastatic MBs kept controversial. Ten years later, we demonstrated that PDGFRα 
inhibits while PDGFRβ promotes MB cell proliferation and cell survival as well as cell 
invasion [38], highlighting that PDGFRβ may serve as a potential therapeutic target 
for metastatic MBs and warrants further investigation, including clinical studies.

Table 2 summarizes the IHC staining for subgroups of MBs.

5.  Hemangioblastoma, metastatic renal cell carcinoma, and von Hippel-
Lindau disease

Hemangioblastoma (HMB) is a benign, slow-growing, WHO grade I tumor, 
most likely occurs in cerebellum, brainstem, and spinal cord. Most hemangio-
blastomas are cystic on neuroimaging with intramural nodule. Histologically, the 
tumor has two major components, one is tightly packed capillary small vessels, and 
another is so-called stromal cells with low-grade nuclei, foamy cytoplasm, and no 
prominent nucleoli. Mitosis and necrosis are absent. But some degenerative features 
are often present [1].

On the other hand, cerebellum is a favorite location for metastatic renal cell 
carcinoma (RCC). Histologically, most RCC has clear cytoplasm with rich vascular 
supply, but slightly higher-grade nuclei mostly have small nucleoli.

Due to the similarity in histology and the same preference location, 70% of 
HMBs occur in sporadic forms, while approximately 30% of HMBs are associated 
with the inherited von Hippel-Lindau disease. The VHL tumor suppressor gene is 
inactivated both in VHL-associated cases and in most sporadic cases [1].

Von Hippel-Lindau disease (VHL) is a familial disorder predisposing patients 
to cysts and hypervascular neoplasm of multiple organs, including the CNS, eye, 
kidneys, adrenal medulla, pancreas, inner ear/temporal bone, and epididymis.

VHL is an autosomal dominant disorder, with roughly 20% of patients present-
ing as sporadic cases with no family history. The VHL tumor suppressor gene maps 
to chromosome 3p25 and includes three highly conserved exons [31].

IHC marker IHC stain for MBs MBs subgrouping

WNT SHH Non-WNT/non-SHH

β-Catenin N+, C+, ¼ focal C+ C+

GAB1 Neg C+ Neg

Filamin A C+ C+ Neg

YAP1 N+, C+ N+, C+ Neg

N+, nuclear staining positive; C+, cytoplasmic staining positive; SHH, Sonic Hedgehog.

Table 2. 
Subgrouping MBs by immunohistochemical stains.
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4.3.3 Non-SHH/WNT MBs
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such on the basis of the panel of immunoreactivities. Intrinsic vascular elements 
were immunopositive for YAP1 and filamin A, providing an internal control. This 
subgroup of MBs was dominated by classic tumors (92%), including all non- 
desmoplastic nodular tumors and all but one MB that contained small clusters of 
densely packed neurocytic cells, the exception being a WNT tumor. Large-cell/
anaplastic tumors made up the remainder (n = 11) [27].

4.3.4 Metastatic MBs

Despite four subgroups, metastatic MBs exist among all subgroups although the 
incidence of metastatic dissemination is higher in Group 3 and 4 than WNT and 

Figure 4. 
β-Catenin IHC stain with both nuclear and cytoplasmic positive (A and C), GAB1 stain positive (B), YAP1 
(D), and filamin A (E).
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SHH [33]. Metastatic MBs occur in approximately 40% of all MBs at diagnosis and 
are associated with poorer prognosis [34]. In 2001, McDonald et al. [35] identi-
fied potential therapeutic targets, e.g., PDGFRα PDGFR for metastatic MBs using 
expression array analysis. However, Gilbertson and Clifford [36] found that the 
probe McDonald used for PDGFRα was PDGFRβ. They further demonstrated that 
PDGFRβ is overexpressed in metastatic MB. Then, Kohane and his co-workers did 
an interesting experiment and found that genomically, human MBs were closest 
to mouse P (postnatal) 1-P10 cerebella, and normal human cerebella were closest 
to mouse P30-P60. Metastatic human MBs were highly associated with mouse P5 
cerebella (non-metastatic human MB with mouse P7 cerebella). PDGFRα is highly 
expressed in P5; PDGFRβ in P7 [37]. However, which isoform of PDGFRs plays a role 
in metastatic MBs kept controversial. Ten years later, we demonstrated that PDGFRα 
inhibits while PDGFRβ promotes MB cell proliferation and cell survival as well as cell 
invasion [38], highlighting that PDGFRβ may serve as a potential therapeutic target 
for metastatic MBs and warrants further investigation, including clinical studies.

Table 2 summarizes the IHC staining for subgroups of MBs.

5.  Hemangioblastoma, metastatic renal cell carcinoma, and von Hippel-
Lindau disease

Hemangioblastoma (HMB) is a benign, slow-growing, WHO grade I tumor, 
most likely occurs in cerebellum, brainstem, and spinal cord. Most hemangio-
blastomas are cystic on neuroimaging with intramural nodule. Histologically, the 
tumor has two major components, one is tightly packed capillary small vessels, and 
another is so-called stromal cells with low-grade nuclei, foamy cytoplasm, and no 
prominent nucleoli. Mitosis and necrosis are absent. But some degenerative features 
are often present [1].

On the other hand, cerebellum is a favorite location for metastatic renal cell 
carcinoma (RCC). Histologically, most RCC has clear cytoplasm with rich vascular 
supply, but slightly higher-grade nuclei mostly have small nucleoli.

Due to the similarity in histology and the same preference location, 70% of 
HMBs occur in sporadic forms, while approximately 30% of HMBs are associated 
with the inherited von Hippel-Lindau disease. The VHL tumor suppressor gene is 
inactivated both in VHL-associated cases and in most sporadic cases [1].

Von Hippel-Lindau disease (VHL) is a familial disorder predisposing patients 
to cysts and hypervascular neoplasm of multiple organs, including the CNS, eye, 
kidneys, adrenal medulla, pancreas, inner ear/temporal bone, and epididymis.

VHL is an autosomal dominant disorder, with roughly 20% of patients present-
ing as sporadic cases with no family history. The VHL tumor suppressor gene maps 
to chromosome 3p25 and includes three highly conserved exons [31].

IHC marker IHC stain for MBs MBs subgrouping

WNT SHH Non-WNT/non-SHH

β-Catenin N+, C+, ¼ focal C+ C+

GAB1 Neg C+ Neg

Filamin A C+ C+ Neg

YAP1 N+, C+ N+, C+ Neg

N+, nuclear staining positive; C+, cytoplasmic staining positive; SHH, Sonic Hedgehog.

Table 2. 
Subgrouping MBs by immunohistochemical stains.
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VHL-associated disease includes [31] the following:

• Retinal hemangioblastomas (40–60%)

• CNS hemangioblastomas (60–80%)

• Endolymphatic sac tumor (2–11%)

• Pheochromocytomas (10–25%)

• Pancreatic cysts or islet tumors (60–80%)

• Renal cysts and RCCs (30–60%)

• Papillary cystadenomas of the epididymis (20–60%)

Solitary and especially multiple HMBs are diagnostic hallmarks of VHL. Roughly 
75% are infratentorial, mainly involving the cerebellum. The rest of them are found 

Figure 5. 
Hemangioblastoma, H&E stain ×200, with low-grade nuclei and foamy stromal cells (A); metastatic RCC 
with clear cytoplasm, larger nuclei, and prominent nucleoli H&E stain ×400 (B); and RCC is immunoreactive 
for CD10 (C) and cytokeratin (D).
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in the spinal cord, brainstem, and lumbosacral nerve roots. Supratentorial HMBs 
are extremely rare. Of interest, only about 25–30% of cerebellar HMBs are seen in 
VHL patients, whereas this fraction rises to 80% in the spinal cord [1].

It is may be those two tumors share the same chromosome locus of 3p25; they 
have some histological overlapping as well as the same preference of anatomic 
location (cerebellum); HMB and metastatic RCC are two tumors almost always 
request differentiation diagnosis, since one is benign and another is malignant, 
both carry different prognoses, and this two tumors become “forever differential 
diagnosis” for most diagnostic neuropathologists. Luckily, a simple small panel of 
immunohistochemical (IHC) stain would easily resolve this puzzle. HMB is nega-
tive for cytokeratin but positive for inhibin and 2D40, while RCC will be positive for 
cytokeratin, CD10, and PAX-8 and negative for inhibin [31] (Figure 5).

6. Summary

Research work in the last two decades discovered lots of genetic alterations in 
human brain tumors. More work will be done to further facilitate the diagnosis 
and classification. A recent proposal is suggested by using the epigenomics, like 
methylation status, to enhance brain tumor classification [32]. A new clinical trial 
with medication focusing on the IDH1 mutation is underway now; as more and 
more research data collected, we believe more effective treatment options will be 
developed in the near future. For a more detailed review on the molecular neuropa-
thology of brain tumors, please refer to Ref. [39].



Primary Intracranial Tumors

28

VHL-associated disease includes [31] the following:

• Retinal hemangioblastomas (40–60%)

• CNS hemangioblastomas (60–80%)

• Endolymphatic sac tumor (2–11%)

• Pheochromocytomas (10–25%)

• Pancreatic cysts or islet tumors (60–80%)

• Renal cysts and RCCs (30–60%)

• Papillary cystadenomas of the epididymis (20–60%)

Solitary and especially multiple HMBs are diagnostic hallmarks of VHL. Roughly 
75% are infratentorial, mainly involving the cerebellum. The rest of them are found 

Figure 5. 
Hemangioblastoma, H&E stain ×200, with low-grade nuclei and foamy stromal cells (A); metastatic RCC 
with clear cytoplasm, larger nuclei, and prominent nucleoli H&E stain ×400 (B); and RCC is immunoreactive 
for CD10 (C) and cytokeratin (D).

29

Molecular Diagnostics and Pathology of Major Brain Tumors
DOI: http://dx.doi.org/10.5772/intechopen.80856

in the spinal cord, brainstem, and lumbosacral nerve roots. Supratentorial HMBs 
are extremely rare. Of interest, only about 25–30% of cerebellar HMBs are seen in 
VHL patients, whereas this fraction rises to 80% in the spinal cord [1].

It is may be those two tumors share the same chromosome locus of 3p25; they 
have some histological overlapping as well as the same preference of anatomic 
location (cerebellum); HMB and metastatic RCC are two tumors almost always 
request differentiation diagnosis, since one is benign and another is malignant, 
both carry different prognoses, and this two tumors become “forever differential 
diagnosis” for most diagnostic neuropathologists. Luckily, a simple small panel of 
immunohistochemical (IHC) stain would easily resolve this puzzle. HMB is nega-
tive for cytokeratin but positive for inhibin and 2D40, while RCC will be positive for 
cytokeratin, CD10, and PAX-8 and negative for inhibin [31] (Figure 5).

6. Summary
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Abstract

Noncoding RNAs represent a high proportion of the human genome and 
regulate gene expression by means of innumerable and unimaginable modes of 
action. Particularly, long noncoding RNAs have emerged as central regulators of 
gene expression and alterations on their function have been associated with many 
types of cancer, such as astrocytomas. Astrocytomas are the most common type 
of gliomas in the central nervous system, and glioblastoma multiforme is their 
most aggressive form. Although adult and pediatric astrocytomas exhibit certain 
molecular similarities, they are considered as distinct molecular entities. Since to 
date there is no effective treatments for these tumors, different efforts are being 
made to find molecular tools useful for this purpose. Studies have shown that 
both tumor and circulating expression of lncRNAs were altered in astrocytoma, 
which was useful to distinguish the patients with this neoplasia from those without 
cancer, as well as to determine different prognostic factors related to the disease. 
According to these studies, different “molecular signatures” of specific lncRNAs 
were established, and they have a potential use in the medical practice. From a sys-
tem biological perspective, complex interaction networks, conformed by lncRNAs, 
microRNAs, mRNAs, and proteins, were elucidated and predicted to control many 
oncogenic processes.

Keywords: astrocytoma, biomarker, interacting network, lncRNA, microRNA

1. Introduction

Noncoding RNAs (ncRNAs) represent a significant fraction of the human 
genome [1], and the great diversity and forms of action of these RNA species 
has put them at the center of biomedical research of diseases, such as cancer 
[2–4]. LncRNAs are not the exception, and many of them have been proposed as 
possible diagnostic and prognostic biomarkers for Ast [5]. LncRNAs are RNAs 
of more than >200 nucleotides in length, which have to meet certain additional 
criteria to be classified within this category [6]. The evolutionary conservation 
of lncRNAs among species is poor [7], and they are transcribed by a variety 
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of transcriptional mechanisms [6]. Many cellular processes are regulated by 
lncRNAs and this could be at both cytoplasmic and nuclear levels, as well as dis-
tance by moving them to their target tissues through different bodily fluids, such 
as blood [8]. LncRNAs exert their functions by establishing interactions with 
other lncRNA and RNA species, as well as with proteins [9], and changes on their 
functioning have been associated with cancer and particularly with astrocytomas 
(Ast) [5].

Gliomas represent 81% of the Central Nervous System (CNS) tumors of which 
the most common subtypes in adults are glioblastoma multiforme (GBM), ana-
plastic Ast (AAst), and oligodendrogliomas [10, 11]. In the pediatric counterpart, 
pilocytic Ast (PAst) is the most common type in pediatric age [11]. According to 
the new classification of the World Health Organization (WHO), Ast are now 
classified according to the presence or absence of IDH1/IDH2 mutations, as well as 
by phenotypic traits and integral diagnoses [12]. Those tumors with IDH1/IDH2 
mutations were classified as “diffuse gliomas,” a new group that includes diffuse Ast 
(DAst; Grade II), AAst (Grade III), GBM, and diffuse oligodendrogliomas (Grade 
I and II) [12]. Meanwhile, pilocytic Ast (PAst; Grade I), subependymal giant cells 
Ast (Grade I), and pleomorphic xanthoastrocytoma (Grade II) were excluded from 
the diffuse group, given that they do not have these mutations [12]. Although there 
are certain molecular similarities between adult and pediatric Ast (p-Ast) [13], 
their molecular differences are well established and based on this, they are clas-
sified as different tumor subtypes [14–17]. Although there have been advances in 
the Ast study—mainly on adult GBM—, to date, there are very few molecular tools 
useful for Ast diagnosis, prognosis, and treatment. Essentially, most studies have 
identified changes on the expression of lncRNAs in both tumor tissues and GBM 
cell lines, and according to this, some “molecular signatures” have been postulated 
for the diagnosis and prognosis of Ast. For instance, circulating lncRNAs have 
allowed the distinction of patients sensitive or resistant to treatments, specifically 
to temozolomide (TMZ) or radiotherapy [18, 19]. In addition, the establishment 
of bioinformatic algorithms identified interactome networks in which lncRNAs 
physically interact with other lncRNAs, as well as with messenger RNAs (mRNAs) 
and microRNAs (miRNAs), and proteins. These studies have shown that expres-
sion changes of lncRNAs could lead to the amplification of the aberrant signals, 
which in turn could lead to alterations of many signaling pathways and cellular 
processes [5, 20, 21]. In p-Ast, high expression levels of LINC-ROR (long intergenic 
nonprotein coding RNA, regulator of reprogramming) were useful to distinguish 
p-Ast from the control, as well as to identify the GBM from the rest of the Ast 
grades; this strongly suggests the involvement of LINC-ROR in p-Ast diagnosis and 
prognosis [5].

2. Astrocytoma

Although the new WHO classification of tumors of the CNS takes into account 
phenotypic traits, it also takes into account other criteria, such as the genotype and 
integral diagnoses of the disease [12]. According to this classification, Ast are now 
classified mainly by the presence or absence of IDH1/IDH2 mutations and based on 
this, diffuse Ast (DAst; Grade II) and anaplastic Ast (AAst; Grade III), as well as the 
GBM, and diffuse oligodendrogliomas (Grade I and II) were classified as “diffuse 
gliomas“ [12]. PAst, subependymal giant cells Ast, and pleomorphic xanthoastro-
cytoma (Grade II) were classified in a different group, because of the absence of 
IDH1/IDH2 mutations.
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2.1 Astrocytomas that lack IDH1 and IDH2 mutations

These tumors have a well circumscribed growth pattern, lack IDH alterations, 
and they frequently have BRAF (pilocytic Ast (Past) and pleomorphic xanthoastro-
cytoma) and TSC1/TSC2 mutations (subependymal giant cells Ast) (Table 1).

PAst are the most common type of Ast in pediatric age and are characterized by 
their biphasic pattern: compact bipolar cells with Rosenthal fibers, microquistes, 
and granular bodies (Figure 1A). As a general rule, PAst are well-defined tumors 

Table 1. 
Astrocytoma classification according to the World Health Organization (2016).
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(Figure 2A); so they can be surgically resected without causing damage to the 
adjacent tissue and they do not progress to more aggressive stages; therefore, PAst 
are considered as neoplasms of good prognosis.

PAst are developed along the neuroaxis, and they are preferably located in the 
cerebellum [22–24]. It is important to mention that there are genetic diseases such as 
neurofibromatosis 1 (NF-1), which influences the formation of PAst; approximately 
15% of individuals with NF-1 develop these type of tumors, specifically at the level 
of the optic nerve [25, 26].

2.2 Diffuse gliomas (tumors with IDH1 and IDH2 mutations)

In the previous WHO classification, diffuse Ast (DAst) were classified as an 
independent group, but now they are classified along with anaplastic Ast (Aast; 
Grade III) and glioblastoma (GBM; Grade IV) (Figures 1B–D and 2B–D), as well 
as with diffuse oligodendrogliomas (Grade I and II) [12]. Although factors such 
as growth and tumor behavior are still taken into account, the feature that distin-
guishes them as diffuse gliomas are the IDH1 and IDH2 mutations; however, these 
tumors can be subclassified into the IDH-mutant, IDH-wildtype, and NOS catego-
ries [12].

IDH-wildtype neoplasms constitute a subgroup of uncommon tumors, which 
are negative for mutant R132H IDH1 protein and genic mutations for IDH1 (codon 
132) and IDH2 (codon 172). Importantly, DAst (WHO Grade II) and AAst (WHO 
Grade III) can be confused with gangliogliomas and IDH-wildtype GBM [27, 28]. 

Figure 1. 
(A) Pilocytic Ast. Photomicrograph that shows a glioma with astrocytes, which have an elongated cytoplasm 
and a pilocytic appearance, on a loose stroma (H&E, 40×). (B) Diffuse astrocytoma. Diffuse glioma with cysts 
and solid areas; the cells are homogenous and do not exhibit atypia (H&E, 40×). (C) Anaplastic astrocytoma. 
Neoplasia with hypercellularity and nuclear pleomorphism and hyperchromatism. In the upper left, a blood 
vessel with a glomerular pattern can be seen (H&E, 40×). (D) GBM. Hypercellular glial tumor with diffuse 
pleomorphism and necrosis; it is delimitated by palisaded cells, which are characteristic of GBM (H&E, 10×). 
Photomicrographs taken at the pediatric Pathology Service of the Children’s Hospital, National Medical Center 
Century XXI, IMSS.
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Tumors that do not have any of these molecular tests—immunohistochemistry or 
sequencing—are subclassified as DAst-NOS or AAst-NOS, respectively [12].

2.2.1 Glioblastoma

According to the new WHO classification, the GBM was also classified into the 
group of diffuse gliomas and subclassified into the IDH-mutant or IDH-wildtype 
categories, or the NOS category. The IDH-wildtype form represents ~90% of cases 
and was associated with primary GBM (de novo), which are more common in 
patients older than 55 years of age [29]. Meanwhile, the IDH-mutant GBMs (~10%) 
are tumors that develop from low-grade diffuse glioma and are commonly present in 
younger patients; this type of GBM are also known as secondary GBM [29]. Similar 
to that described above, GBM-NOS are those tumors that do not have a full IDH 
evaluation [12]. According to phenotypic traits and the genetic background, to date, 
there are different GBM variants (Table 1).

Figure 2. 
(A and B) Pilocytic and diffuse astrocytoma. These tumors are both isodense and hypodense to the brain and 
show calcifications in 15–20% of cases, and they have virtually no edema. (C) Anaplastic astrocytoma is 
poorly defined lesions with heterogenous signal strengths. Mixed areas of isodensity to hipodensity are observed; 
these tumors may have hemorrhagic foci. It is common to observe a hypertensive central nucleus, which is 
surrounded by an intense edge with peripheral finger-like projections and secondary to a vasogenic edema. 
(D) GBM. Heterogenous lesion with cellular components of mixed signal, central necrosis, and hemorrhage; 
calcifications are rare.
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2.3 Pediatric diffuse gliomas

Pediatric diffuse gliomas have the K27 mutation in the gene H3F3A (H3 Histone 
Family Member 3A) and less commonly in the related gene HIST1H3B (Histone 
Cluster 1 H3 Family Member B). Although they are mainly present in children, 
they can also be present in adults. These tumors exhibit a diffuse growth pattern 
and a midline location: thalamus, brain stem, and spinal cord; therefore, they are 
classified as diffuse midline glioma, H3 K27 mutant, and include tumors previously 
known as diffuse intrinsic pontine glioma (DIPG) [12].

3. LncRNAs in astrocytoma

LncRNAs have emerged as important molecular elements in different types 
of cancer, and Ast are not the exception [5, 30–32]. To date, diverse studies have 
shown the high complexity of the lncRNA study in Ast, due to the wide variety of 
mechanisms by which lncRNAs exerts their biological actions and because of the 
high tumor heterogeneity [33–35]. Changes in the nucleotide sequence of lncRNAs, 
their transcription rate, the expression of specific variants, in their expression 
levels, among others, could lead to an aberrant amplification of cell signals [36–38]. 
Given that GBM is the most aggressive type of cancer that begins within the brain 
[39, 40], most studies have been focused on this tumor subtype and to a lesser 
extent in the other WHO grades of adult Ast or in all WHO grades of p-Ast. Despite 
the significant effort that has been made in recent years to learn more about Ast, to 
the best of our knowledge, to date, there are very few molecular tools really appli-
cable to diagnose, prognose, or treatment of these tumors [41–43]. Therefore, there 
is great interest to establish these molecular tools for GBM and evidence indicates 
that lncRNAs seem to be good candidates to serve such purpose.

3.1 LncRNAs as potential astrocytoma biomarkers

Expression changes of a biomolecule are a powerful tool to establish molecular 
“signatures” or “fingerprints” useful to distinguish and identify subgroups of a 
disease with a particular clinical behavior [44–47]. In this sense, expression changes 
of lncRNAs have been useful to differentiate both adult and pediatric Ast from non-
neoplastic tissues, and some of them have the potential to be used in the medical 
practice as biomarkers. The meta-analysis performed by Zhang et al. [48] demon-
strated for the first time the usefulness of the lncRNAs aberrantly expressed for Ast 
diagnosis and prognosis. This study showed that the expression profile of lncRNAs 
allowed to differentiate Ast or oligodendrogliomas from nonneoplastic tissues and 
to associate it with Ast malignancy or with lineage distinction in gliomas (Table 2).  
Subsequently, the same group established the first “molecular signature” of 
lncRNAs for Ast diagnosis and prognosis, which distinguished this neoplasia from 
nonneoplastic tissues, as well as Ast malignancy or patient’s survival (Table 2)  
[49]. Additionally, a second group of precise lncRNAs was specific for Ast, and it 
was functional to differentiate them from the control tissues; from this signature, 
two lncRNAs were also associated with Ast malignancy, since their expression 
distinguished Ast WHO grades (Table 2) [50]. However, none of the lncRNAs that 
were part of the first molecular signature was established in the second, which 
could be related to the samples included in each study—referring to age, sex, with 
or without treatment, radiotherapy, among others—, as well as to the bioinformatic 
approach used in each study. This evidence emphasizes the importance that has the 
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homogenization of patient’s samples included in a study has and how crucial it is to 
specify the clinic features of the included patients.

In addition to changes in the lncRNA expression, their promoter methyla-
tion status seems to be useful for Ast diagnosis and prognosis. Specifically, it was 
shown that expression and the promoter methylation pattern of LOC285758 (Long 
Intergenic Non-Protein Coding RNA 1268) differentiate all Ast WHO grades and 
other gliomas (oligodendroglioma and oligoastrocitoma (II–III)) from the control, 
as well as Ast grades I–III from both primary and secondary GBM (Table 2) [32]. 
Based on this evidence, the identification of the mechanisms that lead to an aber-
rant expression of the lncRNAs—such as epigenetic regulation—could be part of 
the biomarkers package useful in the medical practice.

3.2 LncRNAs as potential GBM biomarkers

Specifically for GBM, different lncRNAs have also been found as potential 
biomarkers for its diagnosis and prognosis (Table 3). In this sense, Xu et al. [51] 
identified lncRNAs, which were associated with patient’s survival; particularly, 
high expression of SNHG1 (small nucleolar RNA host gene 1) was related with 
poor prognosis (Table 3). Meanwhile, in silico analysis showed many differentially 
expressed lncRNAs useful to distinguish GBM from nonneoplastic tissues and each 

Table 2. 
Molecular signatures of lncRNAs in astrocytoma.
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of the four GBM subtypes: classical, mesenchymal, neural, and proneural. The 
lncRNAs CRNDE (colorectal neoplasia differentially expressed) and CYTOR (cyto-
skeleton regulator RNA) (both upregulated) and TUNAR (TCL1 upstream neural 
differentiation-associated RNA) and LINCO1476 (both downregulated) were those 
with the highest expression changes in GBM compared to the control and with a 
potential use for GBM diagnosis (Table 3) [52]. CRNDE overexpression has been 
associated with high cell proliferation, migration, and invasion, which corresponds 
with the promotion of tumor growth observed in in vivo studies [53]. In addition, 
the expression pattern of RP11-334C17.6 and BTA10 allows to group patients with 
a greater survival from those with worse results, as well as the prognosis of each of 
the four GBM subtypes [52]. Currently, the available data are promising, and based 
on them, specific lncRNAs have been postulated as potential biomarkers for GBM 
diagnosis and prognosis, which with further evidence could be used in the medical 
practice.

3.3 Circulating lncRNAs

It is a fact that the establishment of novel biomarkers for Ast is essential and 
their identification and clinical application by means of less invasive methods 
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would be ideal. To date, many studies have demonstrated the usefulness of cir-
culating lncRNAs for diagnosis and prognosis of many diseases, including GBM 
[46, 54, 55]. The profile expression of lncRNAs was determined in blood serum 
of GBM patients and high levels of HOTAIR (HOX transcript antisense RNA) 
and GAS5 [growth arrest specific 5 (nonprotein coding)] were prognostic factors 
to determine patient’s survival and GBM progression [56]. Overexpression of 
circulating HOTAIR has been observed in different types of cancer [57–61], but 
its downregulation was detected in patients with acute myocardial infarction 
[62]. Interestingly, the presence of high levels of circulating HOTAIR DNA was 
also detected in breast cancer (BC) patients, where it has a potential use for BC 
diagnosis [60]. Unlike those observed in the GBM, most studies have shown 
that circulating GAS5 was downexpressed in different types of cancer, which 
allowed the diagnosis of both intraductal papillary mucinous neoplasms [63] 
and nonsmall cell lung cancer [64, 65], as well as BC prognosis [66]. By contrast, 
overexpression of circulating GAS5 could be used to predict treatment response 
in head and neck cancer [67]. According to this, the overexpression of HOTAIR 
observed in all cancer types studied to date strongly suggests a central function 
of this lncRNA in the establishment, maintenance, and/or progression of cancer 
in general. Therefore, it is very important to identify the processes that HOTAIR 
is controlling in cancer in order to postulate molecular tools to eradicate neoplas-
tic cells.

MALAT1 [metastasis associated lung adenocarcinoma transcript 1 (nonprotein 
coding)] was another lncRNA with changes on its circulating expression levels in 
GBM. This lncRNA was overexpressed, and this was associated with poor overall 
survival and with a high GBM recurrence [19]. Overexpression of circulating 
MALAT1 has been observed in many types of cancer and it seems to be useful for 
cancer diagnosis and prognosis [68–73]. On the contrary, Peng et al. [74] showed 
that MALAT1 downregulation in blood was important for early diagnosis in nons-
mall cell lung cancer. Based on the above, the presence of a biomolecule in distinct 
corporal fluids is a noninvasive form at the molecular level either by the presence 
or the absence of a disease, as well as by the patient’s prognosis with an specific 
disease. According to the studies performed to date, the use of circulating lncRNAs 
in the medical practice seems very promising.

3.4 Search for GBM biomarkers from a system biological perspective

Since a biomolecule does not act alone and depends on the cellular context to 
carry out its biological functions, different groups of study have focused on the 
identification of the lncRNA interactome in GBM. Evidence indicates that lncRNAs 
could interact with themselves, as well as with other biomolecules, such as mRNAs, 
miRNAs, and proteins; changes on the lncRNA activity at distinct molecular 
levels could affect their interaction networks and the correct cellular functioning 
[5, 75–77].

Yan et al. [78] established interaction networks between lncRNAs and mRNAs 
aberrantly expressed in GBM, and based on this, they postulated “hub genes” which 
were involved in GBM pathogenesis. Similarly, under this perspective, it was found 
that complexes conformed by lncRNA•mRNA (HOTAIR-MX11-CD58/PRKCE and 
HOTAIR-ATF5-NCAM1) or lncRNA•lncRNA (MCM3AP-AS-MIR17HG) could be 
potential biomarkers for GBM prognosis [79–82]. Importantly, the TP73-AS1•RFX1 
complex (TP73 Antisense RNA 1 and Regulatory Factor X1, respectively) was 
identified as an important factor for the control of apoptosis in this type of tumor 
[83]. To sum up, the cancer study from a system biological perspective has allowed 
to identify the complex interaction networks where many biomolecules are involved 
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of this lncRNA in the establishment, maintenance, and/or progression of cancer 
in general. Therefore, it is very important to identify the processes that HOTAIR 
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disease. According to the studies performed to date, the use of circulating lncRNAs 
in the medical practice seems very promising.
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Since a biomolecule does not act alone and depends on the cellular context to 
carry out its biological functions, different groups of study have focused on the 
identification of the lncRNA interactome in GBM. Evidence indicates that lncRNAs 
could interact with themselves, as well as with other biomolecules, such as mRNAs, 
miRNAs, and proteins; changes on the lncRNA activity at distinct molecular 
levels could affect their interaction networks and the correct cellular functioning 
[5, 75–77].
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to regulate specific cellular processes; alterations in the operation of any of these 
components will affect the correct functioning of the cell. Specifically, lncRNA 
changes could lead to an amplification of the aberrant signals and this could be 
more significant if the lncRNAs interact with other ncRNAs, given that they have 
many targets of regulation.

3.5 Radio and chemoresistance

A major clinical problem is the resistance to chemotherapy and radiotherapy; 
therefore, identification of “molecular tools” that can predict and in the best-case 
scenario, improve the cellular response to these treatments would be ideal. Wang 
et al. [80] established a prediction model for radiosensitivity by detecting differen-
tial expressed lncRNAs and mRNAs after irradiation. Interestingly, the algorithm 
differentiated those patients that were radiosensitive and with a greater survival, 
from the patients with radioresistance; unfortunately, as far as we know, this is the 
only study focused on GBM radioresistance.

In addition, the involvement of lncRNAs in chemoresistance has been widely 
studied. LncRNAs RP11-838 N2.4 [84] and MALAT1 [19, 55] were shown to be 
associated with TMZ resistance (Table 3). Hiseq sequencing identified the profile 
expression of lncRNAs, which was specific and differentiated patient resistant to 
TMZ from those sensitive to this drug. This analysis showed that overexpression 
of MALAT1 and its circulating form was related to a lower response to chemo-
therapy and to a shorter survival time of patients with GBM by controlling the 
miR-203 and TYMS (thymidylate synthase) levels, which was tested in TMZ 
resistant GBM cells [19]. Another fact worthy of mention is that other components 
of the MALAT1 interactome have been elucidated to be important for TMZ resis-
tance. MALAT1 overexpression maintained high levels of expression of specific 
genes, such as ABCB1 (ATP binding cassette subfamily B member 1), ABCC5 
(ATP binding cassette subfamily C member 5), LRP1 (LDL receptor related 
protein 1), and ZEB1 (zinc finger E-box binding homeobox). Notably, forced 
decrease of MALAT1 resulted in TMZ sensitization by decreasing the levels of 
ZEB1 [55]. Meanwhile, alterations in the axis RP11-838 N2.4•miR-10•EphA8 (EPH 
Receptor A8) were also involved in GBM cell resistance to TMZ [21]. All these 
facts supported the importance of the study of lncRNAs for clinical purposes and 
specifically gain knowledge regarding the prognosis of patients to radiotherapy or 
chemotherapy.

3.6 LncRNAs in stem cells

Many lines of evidence have shown the involvement of lncRNAs in the control 
of many cellular processes in cancer stem cells (CSCs) [85–87], but their par-
ticipation in Ast has been very poorly studied. These cells are able to self-renew 
and differentiate into diverse cancer cell lineages to form tumors, so CSCs have 
been proposed as potential targets for cancer treatment. To further understand 
this, Balci et al. [88] determined the profile expression of lncRNAs in GBM stem 
cells (GSCs) relative to control stem cells. From these differentially expressed 
lncRNAs, PCAT-1 (prostate cancer associated transcript 1 (nonprotein coding)), 
MEG3 (maternally expressed 3 (nonprotein coding)), and HOTAIR functioned 
as tumor suppressors in GBM. This was related to alterations in gene expression. 
Interestingly, another study identified that even identical GSCs showed varia-
tions in their expression profile of lncRNAs, as well as in the variants produced 
by specific subgroups of cells. Despite this, the authors could establish a stem cell 
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signature of 31 lncRNAs according to their expression levels [57]. Meanwhile, in 
hypoxic conditions, the expression of the lncRNA HIF1A-AS2 (hypoxia inducible 
factor 1 alpha-antisense RNA 2) was induced and this led to positive control of the 
growth, self-renewal, and molecular reprograming of the GSCs [20]. Significantly, 
the control of these cellular processes was possible by regulating an interaction 
network, which will be described later.

Although many studies have focused on studying the changes on the expres-
sion of lncRNAs, very few have attempted to determine the mechanisms underly-
ing this deregulation. In this sense, Zhang et al. [89] showed a feedback loop 
which controlled the expression of the lncRNA FOXM1-AS (Forkhead box M1 
antisense) and it proved to be important for GSC tumorigenesis. ALKBH5 (AlkB 
homolog 5, RNA demethylase) is a demethylase highly expressed in GBM GSCs, 
which was associated with an enhanced self-renewal and tumorigenesis of these 
cells. These malignant cell processes were controlled by FOXM1 (Forkhead box 
M1) and FOXM1-AS, which increased their expression levels by a greater demeth-
ylation of the immature transcripts of FOXM1. In this pathway of regulation, 
FOXM1-AS was important to facilitate the action of ALKBH5 on the nascent tran-
scripts of FOXM1; therefore, a therapy in which the action of this lncRNA was 
reduced or blocked could be important to prevent GBM tumorigenesis. Taken 
together, these studies showed that although expression changes of lncRNAs 
were useful for GBM diagnosis and prognosis, they necessarily not represent 
the entire tumor, but rather this seems to associate with certain subgroups of 
cells that predominate over others and express particular lncRNAs. Therefore, 
the applicability of a differentially expressed biomolecule in the medical prac-
tice—particularly lncRNAs—must be done with caution and with all the required 
evidence.

4. Action mechanisms of lncRNAs in GBM

In addition to expression changes, it is necessary for the elucidation of the action 
mechanisms by which lncRNAs are acting. Evidence showed that lncRNAs act at 
both cytoplasmic and nuclear levels and that this is done directly and/or by their 
interaction with protein complexes and/or with other lncRNAs or different RNA 
species, such as mRNAs and miRNAs [5, 75–77]. Also, lncRNAs can regulate many 
signaling pathways by controlling the cytoplasmic disposal of mRNAs and miRNAs 
and even by producing small RNA species, such as miRNAs [89].

4.1 Sponge lncRNAs

This class of lncRNAs regulates miRNA disposal in the cell cytoplasm by cap-
turing them and blocking their action [90, 91]. To date, all lncRNAs identified as 
“sponges” in the GBM acting as suppressors and involved in lncRNA upregula-
tion and miRNA attenuation were associated with GBM Table 4). LncRNAs H19 
(imprinted maternally expressed transcript (nonprotein coding)) and NEAT1 
(nuclear paraspeckle assembly transcript 1 (nonprotein coding)) controlled the 
action of the miRNA let-7e, whose levels were downregulated in GBM due to the 
overexpression of these lncRNAs [92, 93]. Specifically, the axis H19•let-7e was 
involved in maintaining the phenotype of stem cells, which was associated with 
tumor malignancy and TMZ chemoresistance [93]. Similarly, a low disposal of 
let-7e by NEAT1 overexpression, resulted in a higher activity of its mRNA target 
NRAS (NRAS proto-oncogene, GTPase), which leads to GBM malignancy [92]. 
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Other lncRNAs that function as sponges in GBM were related to tumor malignancy. 
For example, the upregulation of XIST (X inactive specific transcript (nonprotein 
coding)) was related to GSC malignancy, tumor growth, and poor mice survival by 
controlling the action of miR-152 [94]. Meanwhile, the attenuation of the miR-299 
disposal was controlled by the overexpression of TUG1 (lncRNA taurine upregu-
lated 1), which was related to tumor malignancy by the overactivation of VEGFA 
(vascular endothelial growth factor A) [95] and apoptosis evasion [93].

Similarly, GBM malignancy was mediated by the overexpression of RP11-
838N2.4 and SNHG7 (small nucleolar RNA host gene 7), which regulated the 
function of miR-10 and miR-5095, respectively. In the first case, the attenuation of 
the action of miR-10 was associated with apoptosis evasion, and the reestablish-
ment of the axis RP11-838 N2.4•miR-10•EphA8 (EPH receptor A8) induced this 
programmed cell death [21]. Meanwhile, reestablishment of the SNGH7•miR-
5095•CTNNB1 (catenin beta 1) axis arrested tumor growth and decreased metasta-
sis by decreasing the expression of CTNNB1, which is involved in the Wnt/β-catenin 
pathway [96]. Finally, it was observed that GBM proliferation, migration, and 
invasion were also promoted by the overexpression of CRNDE and the consequent 
attenuation of the miR-136-5p expression; all these led to the overactivation of 
BCL2 and WNT2, which are target genes of this miRNA [97]. According to the 
LNCipedia compendium, there are many variants reported for these lncRNAs; 
therefore, it would be very interesting and important to identify which lncRNA 

“Sponges” 
LncRNAs

microRNA mRNA target Cellular process altered Signaling 
pathway

Tumor suppressors

H19
NEAT1

Let-7e NRAS (NRAS Proto-
Oncogene, GTPase)

H19: stem cells phenotype
NEAT1:

XIST miR-152 Proliferation, migration, 
invasion, apoptosis 
evasion, tumor growth 
and poor mice survival

TUG1 miR-299 VEGFA (Vascular 
Endothelial Growth 
Factor A)

Angiogenesis induction

RP11-838N2.4 miR-10 EphA8 (EPH Receptor 
A8)

Apoptosis evasion Apoptosis

SNHG7 miR-5095 CTNNB1 (Catenin Beta 
1)

Proliferation, migration, 
invasion, apoptosis 
evasion

Wnt/β 
catenin

MALAT1 miR-203 TYMS (Thymidylate 
Synthetase)

Low chemotherapy 
response
Shorter survival time of 
patients

CRNDE miR-136-5p Wnt2 (Wnt Family 
Member A2)
BCL2 (BCL2 Apoptosis 
Regulator)

Apoptosis evasion Wnt
Apoptosis

CASC2 miR-101 CPEB1 (Cytoplasmic 
Polyadenylation Element 
Binding Protein 1)

Cell proliferation
Tumorigenesis

Table 4. 
LncRNAs as sponges in adult GBM.

47

Potential Use of Long Noncoding RNAs as Biomarkers for Astrocytoma
DOI: http://dx.doi.org/10.5772/intechopen.80561

variants are expressed in GBM and which of them have the binding sites for trap-
ping these miRNAs. Also, further studies are necessary to know if H19 and NEAT1 
regulate the action of let-7e in a synergistic manner.

A very interesting case was that of the lncRNA CASC2c (cancer susceptibility 
candidate 2; formerly C10orf5). Besides its interaction with miR-101, this lncRNA 
was involved in the processing of the pre-miR-101 into mature miR-101 and 
competed with this miRNA for the mRNA CPEB1 (cytoplasmic polyadenylation 
element binding protein 1). High levels of CASC2c and consequently a reduced 
activity of the axis miR-101•CPEB1 were associated with a high cell proliferation 
and tumorigenesis. Therefore, a decrease in CASC2c expression and an increased 
disposal of miR-101 were related to better patient’s prognosis [98]. This evidence is 
an indication of all biological functions that an lncRNA can play in the cell and how 
the system ensures the regulation of gene expression by regulating at different levels 
the biogenesis of miRNAs (Figure 3). In consequence, if something modifies the 
processing of the pre-miR-101 or affects the regulation of its mature form, CASC2c 
would try to compensate the miRNA action by competing for its target genes. 
Evidently, other mechanisms must be involved in the biogenesis of this miRNA.

4.2 By interacting with mRNAs

Besides the lncRNA interaction with miRNAs, there is evidence indicating that 
lncRNAs can carry out their biological functions when they interact with mRNAs 
and/or proteins [5, 75–77]. As mentioned above, HIF1A-AS2 was involved in the 
GSC malignancy under hypoxia conditions. The action of this lncRNA was per-
formed in part by directly interacting with IGF2BP2 (insulin-like growth factor 
2 MRNA binding protein 2) and DHX9 (DExH-box helicase 9), which finally 
controlled the action of HMGA1 (high mobility group AT-Hook 1) [20]. According 
to this, elucidation of all the components that formed the interactome network 
of HIF1A-AS2 in the GSCs would be crucial to establish molecular tools for GBM 
treatment.

Figure 3. 
The lncRNA CASC2 regulated the function of the miR-101 at different molecular levels. CASC2 was involved 
in the processing of the pre-miR-101 and also interact with its mature form to regulate the function of this 
miRNA. If any of these mechanisms fail, CASC2 ensures the miR-101 regulation by interacting with its mRNA 
targets.
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variants are expressed in GBM and which of them have the binding sites for trap-
ping these miRNAs. Also, further studies are necessary to know if H19 and NEAT1 
regulate the action of let-7e in a synergistic manner.

A very interesting case was that of the lncRNA CASC2c (cancer susceptibility 
candidate 2; formerly C10orf5). Besides its interaction with miR-101, this lncRNA 
was involved in the processing of the pre-miR-101 into mature miR-101 and 
competed with this miRNA for the mRNA CPEB1 (cytoplasmic polyadenylation 
element binding protein 1). High levels of CASC2c and consequently a reduced 
activity of the axis miR-101•CPEB1 were associated with a high cell proliferation 
and tumorigenesis. Therefore, a decrease in CASC2c expression and an increased 
disposal of miR-101 were related to better patient’s prognosis [98]. This evidence is 
an indication of all biological functions that an lncRNA can play in the cell and how 
the system ensures the regulation of gene expression by regulating at different levels 
the biogenesis of miRNAs (Figure 3). In consequence, if something modifies the 
processing of the pre-miR-101 or affects the regulation of its mature form, CASC2c 
would try to compensate the miRNA action by competing for its target genes. 
Evidently, other mechanisms must be involved in the biogenesis of this miRNA.

4.2 By interacting with mRNAs

Besides the lncRNA interaction with miRNAs, there is evidence indicating that 
lncRNAs can carry out their biological functions when they interact with mRNAs 
and/or proteins [5, 75–77]. As mentioned above, HIF1A-AS2 was involved in the 
GSC malignancy under hypoxia conditions. The action of this lncRNA was per-
formed in part by directly interacting with IGF2BP2 (insulin-like growth factor 
2 MRNA binding protein 2) and DHX9 (DExH-box helicase 9), which finally 
controlled the action of HMGA1 (high mobility group AT-Hook 1) [20]. According 
to this, elucidation of all the components that formed the interactome network 
of HIF1A-AS2 in the GSCs would be crucial to establish molecular tools for GBM 
treatment.

Figure 3. 
The lncRNA CASC2 regulated the function of the miR-101 at different molecular levels. CASC2 was involved 
in the processing of the pre-miR-101 and also interact with its mature form to regulate the function of this 
miRNA. If any of these mechanisms fail, CASC2 ensures the miR-101 regulation by interacting with its mRNA 
targets.
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5. Pediatric Ast

Adult and p-Ast are distinct molecular entities and are classified into different 
groups; therefore, studies in pediatric Ast are imperative. The first study performed 
in p-Ast was the one where the overexpression HOTAIR and HOX was detected in 
different pediatric brain tumors, including juvenile pediatric Ast (JPA); however, 
the biological meaning of this was not further studied [99].

We identified in the laboratory the expression profile of lncRNAs in p-Ast of 
WHO grades I–IV, given that the function of lncRNAs in p-Ast has been poorly 
studied. Similar to that observed for adult Ast, p-Ast showed many lncRNAs 
with expression changes relative to the control tissues, among histological grades 
or even in the same histological grade [5]. In addition, it was identified that the 
interaction of many differentially expressed lncRNAs with mRNAs and/or miRNAs 
aberrantly expressed was identified. As explained above, these interactions could 
lead to the amplification of the aberrant signals and to the modification of many 
signaling pathways. According to this, there were several hub lncRNAs in p-Ast 
that in relation to their interactions with mRNAs could be altering pathways such 
as FOXO, chemokine, hedgehog, MAPK, and others (Figure 4). Additionally, hub 
lncRNAs potentially useful to distinguish GBM from the other histopathological 
WHO grades were predicted to control diverse metabolic pathways and signaling 
pathways such as Ras, hippo, apellin, etc. (Figure 4).

The interaction of differentially expressed lncRNAs and miRNAs was shown to 
be a complex network that could be involved in modifications on proteoglycans in 
cancer, fatty acid metabolism, cell cycle, and spliceosome. Notably, data analysis 
revealed the presence of circular lncRNAs (circRNAs) with expression changes in 
p-Ast (Figure 5). According to the interactions of circRNAs with miRNAs, this type 

Figure 4. 
Predicted interaction networks between lncRNAs and mRNAs were predicted to be involved in the control of 
signaling pathways. Data showed hub mRNAs that were analyzed with the KEGG (Kyoto Encyclopedia of 
Genes and Genomes) database. Hub mRNAs were those mRNAs with the highest number of interactions with 
lncRNAs. Data were taken from [5] and analyzed with KEGG.
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of lncRNAs was predicted to be involved in regulating cellular growth, survival, 
migration, invasion, adhesion, among others [5] (Table 5).

The integration of proteome and mirnome, as well as transcriptome data showed 
a convergence of all these biomolecules in the control of common signaling path-
ways, which gave an overview of the action of complex networks in cancer, particu-
larly p-Ast [5, 47]. For example, although it is widely known that the MAPK pathway 
is altered in ~88% of gliomas, these data showed novel molecular components 
involved in this signaling pathway in p-Ast, which also allow to differentiate GBM 
from the other histological grades. The lncRNA GRPEL1-1:1 was aberrantly expressed 
in all p-Ast grades when compared to the control tissues, but it was downregulated in 
WHO grades I–III relative to GBM. It is noteworthy to add, this lncRNA was pre-
dicted to interact with miR-15b-5p, and its expression levels were inversely correlated 
to those of lnc-GRPEL1-1:1 (Figure 6). Other lncRNAs such as TIMM22-1:1, Noc4L-
1:1, and LINC-ROR were predicted to be involved in the MAPK pathway, as well as 
in the Wnt pathway and extracellular matrix interactions [5]. In pediatric GBM, the 
overexpression of linc-Ror could lead to the downregulation of miR-145, since there 
is evidence indicating that linc-Ror sponges to miR-145, which was associated with 
cancer malignancy [100, 101]. According to our model, the linc-Ror•miR-145 axis 
could be increasing the expression of IGFR1 (insulin-like growth factor 1 recep-
tor), c-Myc (MYC proto-oncogene, BHLH transcription factor), and STAT1 (signal 
transducer and activator of transcription 1), which causes a sustained angiogenesis 
and increased cell proliferation; however, this must be tested (Figure 6). In patients 
with glioma, linc-Ror was downregulated and this correlated positively and nega-
tively with the expression of SOX11 (SRY-box 11) and KFL4 (Kruppel-like factor 4), 
respectively [101]. In the GBM cell line U87, in vitro assays showed the involvement of 
this lncRNA in the induction of cell proliferation, CD133 expression, and in the for-
mation of neurospheres [101], which are the factors of tumor malignancy. Similarly, 
linc-Ror was downregulated in p-Ast grades I–III, but it was upregulated in GBM 
relative to control tissues and other p-Ast grades [5]. Therefore, linc-Ror seems to be a 
candidate to function as a biomarker for p-Ast diagnosis and prognosis.

Figure 5. 
Circular lncRNAs in pediatric astrocytoma. Predictions showed differentially expressed circRNAs in pediatric 
astrocytoma, which have many binding sites for miRNAs.
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of lncRNAs was predicted to be involved in regulating cellular growth, survival, 
migration, invasion, adhesion, among others [5] (Table 5).

The integration of proteome and mirnome, as well as transcriptome data showed 
a convergence of all these biomolecules in the control of common signaling path-
ways, which gave an overview of the action of complex networks in cancer, particu-
larly p-Ast [5, 47]. For example, although it is widely known that the MAPK pathway 
is altered in ~88% of gliomas, these data showed novel molecular components 
involved in this signaling pathway in p-Ast, which also allow to differentiate GBM 
from the other histological grades. The lncRNA GRPEL1-1:1 was aberrantly expressed 
in all p-Ast grades when compared to the control tissues, but it was downregulated in 
WHO grades I–III relative to GBM. It is noteworthy to add, this lncRNA was pre-
dicted to interact with miR-15b-5p, and its expression levels were inversely correlated 
to those of lnc-GRPEL1-1:1 (Figure 6). Other lncRNAs such as TIMM22-1:1, Noc4L-
1:1, and LINC-ROR were predicted to be involved in the MAPK pathway, as well as 
in the Wnt pathway and extracellular matrix interactions [5]. In pediatric GBM, the 
overexpression of linc-Ror could lead to the downregulation of miR-145, since there 
is evidence indicating that linc-Ror sponges to miR-145, which was associated with 
cancer malignancy [100, 101]. According to our model, the linc-Ror•miR-145 axis 
could be increasing the expression of IGFR1 (insulin-like growth factor 1 recep-
tor), c-Myc (MYC proto-oncogene, BHLH transcription factor), and STAT1 (signal 
transducer and activator of transcription 1), which causes a sustained angiogenesis 
and increased cell proliferation; however, this must be tested (Figure 6). In patients 
with glioma, linc-Ror was downregulated and this correlated positively and nega-
tively with the expression of SOX11 (SRY-box 11) and KFL4 (Kruppel-like factor 4), 
respectively [101]. In the GBM cell line U87, in vitro assays showed the involvement of 
this lncRNA in the induction of cell proliferation, CD133 expression, and in the for-
mation of neurospheres [101], which are the factors of tumor malignancy. Similarly, 
linc-Ror was downregulated in p-Ast grades I–III, but it was upregulated in GBM 
relative to control tissues and other p-Ast grades [5]. Therefore, linc-Ror seems to be a 
candidate to function as a biomarker for p-Ast diagnosis and prognosis.
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Circular lncRNAs in pediatric astrocytoma. Predictions showed differentially expressed circRNAs in pediatric 
astrocytoma, which have many binding sites for miRNAs.
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KEGG pathway p-value Number 
of genes

Number 
of 

miRNAs

Potential cellular processes 
altered

Proteoglycans in 
cancer

8.91e−11 120 14 Cellular growth and survival
Cell migration and invasion

Cell adhesion
Apoptosis

Angiogenesis
Vascular permeability

Fatty acid metabolism 9.64e−09 28 12 Fatty acid metabolism

Adherens junction 3.85e−08 49 12 Actin polymerization
Cell growth and differentiation

Gene expression

Cell cycle 3.85e−08 85 14 Ubiquitin mediated proteolysis
DNA biosynthesis

Origin recognition complex
Mini-Chromosome maintenance

Protein processing 
in the endoplasmic 
reticulum

2.59e−07 101 14 Proteasome
Apoptosis

Fatty acid elongation 1.78e-06 13 7 Fatty acid degradation
Fatty acid biosynthesis

p53 signaling pathway 2.12e−06 50 14 Cell cycle arrest
Apoptosis

Inhibition of angiogenesis and 
metastasis

DNA repair and damage 
prevention

Inhibition of IGF-1/mTOR 
pathway

Exosome mediated secretion
p53 negative feedback

Cellular senescence

Hippo signaling 
pathway

2.29e-06 77 14 Pro-apoptotic genes
Anti-apoptotic genes

Pro-proliferation genes
Cell contact inhibition

Organ size control
Adherens junctions

TGF-beta signaling 
pathway

2.32e−06 48 12 Differentiation, neurogenesis, 
ventral mesoderm specification

Angiogenesis, extracellular matrix 
neogenesis, immunosuppression, 

apoptosis induction.
G1 arrest

Gonadal growth, embryo 
differentiation, placenta formation

Left-right axis determination

Prion diseases 9.44e−06 15 9 Neuronal apoptosis
Autophagy

Oxidative stress
Proliferation of astrocytes

Table 5. 
Pathways potentially regulated by differentially expressed super sponges in pediatric astrocytoma; DIANA 
MirPath V 3.0 analysis.
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6. Conclusions

The lncRNA study in Ast has demonstrated an aberrant expression of this type 
of RNAs in both tumors and blood, which was useful to distinguish Ast from its 
nonneoplastic counterpart. The elucidation of molecular signatures from circulat-
ing lncRNAs is very promising due to their potential use as noninvasive tools for 
the diagnosis and prognosis of Ast. From another approach, it could be relevant 
the identification of complete interaction networks in which lncRNAs, other RNA 
species, and proteins were involved, since this would give a “panoramic vision” of 
how the aberrant system functions in astrocytic tumors. This could be crucial for 
the creation of molecular tools for their treatment.
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Figure 6. 
LncRNAs were predicted to be involved in the control of signaling pathways. Differentially expressed lncRNAs 
were involved in controlling many signaling pathways by interacting with both mRNAs and miRNAs. Further 
experimental validation is necessary.
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Abstract

This chapter describes the usefulness of surgical technologies such as intraop-
erative MRI, 5-ALA fluorescence-guided surgery, and neuronavigation as tools to 
make brain tumor resections safer and more effective. The focuses are practical 
aspects and the relevant literature regarding the impact of their use in avoidance 
of complications, improvement in survival rates, and some tips and tricks acquired 
in the experience of our department. All three strategies have an important role in 
neuro-oncological surgery. The future probably will prove that the combination of 
these tools, selected case by case, is the best way to achieve the best results regard-
ing safety and effectiveness.

Keywords: neurosurgical procedures, brain neoplasms, neuronavigation, 
fluorescence-guided surgery, magnetic resonance imaging

1. Introduction

In all areas of science and knowledge, technology development is thought to 
bring solutions that optimize process, reduce costs, and make things safer. Brain 
tumor resection is a routine procedure in neurosurgical practice. In most of the 
cases, complete surgical resection remains as the gold standard of treatment. But 
some cases are real challenges to the neurosurgical team. Deep-seated tumors 
demand planned pathways to achieve it considering functions of each area of the 
brain, including white fiber tracts to avoid injury related to the approach. Besides 
eloquent area involvement, in some cases, despite simple or complex approaches, 
some aspects of the lesion turns them more difficult to resect such as its consistency, 
adherence to neighboring structures, and the presence of a well-defined cleavage 
plan. Neurosurgery has this cardinal aspect that every structure matters and injuries 
can bring catastrophic consequences.

Depending on the aggressiveness of the tumor, the tolerance to incomplete 
resection changes. But, for example, in benign tumors with incomplete resection, 
remnants can be followed by the “watch-and-wait” policy. Only in case of progres-
sion, a new decision should be done: reoperation, complementary treatment such 
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as radiosurgery, radiotherapy, chemotherapy, or immunotherapy (depending on its 
characteristics). In cases of malignant tumors such as gliomas and metastasis, the 
extent of resection (EOR) is directly related to recurrence and survival. Incomplete 
resection for these patients should be only discussed if the risk of neurological 
injury is high. Obviously, not to harm is always the most important principle. 
Increase in survival only makes sense if accompanied by quality.

Even with intense microsurgical training, the multidisciplinary treatment chal-
lenge remains. Some strategies such as intraoperative monitoring, awake surgery, 
and intraoperative histology (margin biopsy) can be used to improve the goal. In 
this chapter neuronavigation, intraoperative magnet resonance imaging (ioMRI), 
and 5-aminolevulinic acid (5-ALA) are discussed as tools to improve the safety and 
efficacy of intracranial tumor resection.

2. Neuronavigation

Neuronavigation has a fundamental role in contemporary neurosurgery. This 
tool allowed surgeons to better individualize treatment tailoring craniotomies and 
localizing structures or lesions intraoperatively. It consists of a frameless stereo-
tactic system of localization based on pre- or intraoperative image data. The data 
used can be a fusion of different techniques like CT, MRI anatomical or functional 
sequences, US, or PET-CT.

The most important indications of the use of navigation are planning of crani-
otomy, intraoperative localization of lesions or structures, and guided biopsies.

2.1 Craniotomy planning

Using metastasis as an example, neurosurgeons increasingly attempt to resect 
as much tumor tissue as possible to impact disease control and survival. If a patient 
has four metastases of 4 centimeters that can be completely resected, this procedure 
should be indicated. Even if multiple craniotomies are needed, this should not 
dissuade the surgeon to indicate it [1]. In these special cases, considering that these 
metastases are in different places of the brain, neuronavigation makes a real differ-
ence with a tailored and focused approach to each lesion.

Neuronavigation allows direct access to the lesions, even if small, reducing the 
size of craniotomy, dural opening, unwanted manipulation of the brain, dura-
tion of surgery, blood loss, volume of the tissue to be healed, length of stay in the 
hospital, recurrence rate, time to be available for complementary treatment if 
needed, and costs and improving recurrence-free survival (RFS) and performance 
status [2, 3].

In cases of ventricular endoscopic approach, neuronavigation can also be very 
useful. Some patients with pineal or third ventricle-located tumors with noncom-
municating hydrocephalus, for example, need third ventriculostomy and biopsy. In 
order to offer a direct straightforward approach, avoiding lesions of related struc-
tures, two different trepanations/small craniotomies can be performed guided by 
neuronavigation (Figure 1).

Besides defining the position of the craniotomy, still regarding surgical 
approach, neuronavigation can help in many ways to improve safety of neurosurgi-
cal procedures. Identification of sinus position in retrosigmoid craniotomy has been 
demonstrated successfully avoiding unnecessary sinus exposition reducing compli-
cations [4]. Also, superficial vein identification before dural opening was demon-
strated, eliminating the need to use indocyanine to make a transdural analysis, for 
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example [5]. These strategies reduce also the risk of bleeding and venous closure, 
which can have a negative impact on surgical outcome.

2.2 Intraoperative localization of structures/lesions

When used to localize superficial lesions/anatomical structures and tailor surgi-
cal approach, neuronavigation has high accuracy, being a very reliable tool, because 
the intracranial compartment remains untouched. However, the main drawback of 
neuronavigation is that it is not a real-time evaluation.

The accuracy between preoperative images and real intraoperative anatomy is 
influenced during many surgical steps that result in dislocation of structures, called 
brain shift. Several surgical aspects are not related to wrong landmark selection, 
hardware movement, or software algorithm influence on brain shift. The causes are 
classified as physical (hardware movement, patient position, and gravity), surgi-
cal (fluid loss, tissue loss, and surgical equipment), and biological (mannitol and 
tumor type) [6].

The effect of gravity is an important physical factor of brain shift. It interacts 
with two surgical causes: fluid loss and tissue loss. After tumor resection or relevant 
CSF drainage, adjacent healthy tissue becomes unsupported with sagging of the 
brain. Loss of 20 cm3 of CSF in deep brain stimulation (DBS) surgery was demon-
strated to result in the shift of the anterior commissure by approximately 2 mm [7]. 
Mannitol administration during surgery also can influence, especially in cases 

Figure 1. 
Patient with indication of a third ventricle lesion and third ventriculostomy. Neuronavigation plan of two 
different craniotomies to straightforward approach avoiding critical structures. The yellow trajectory with 
direct approach to Monro’s foramen and Liliequist membrane. The green target to direct approach of a third 
ventricle lesion. Approaches point distant 7 cm. Two small craniotomies were preferred and successfully 
achieved their targets.



Primary Intracranial Tumors

62

as radiosurgery, radiotherapy, chemotherapy, or immunotherapy (depending on its 
characteristics). In cases of malignant tumors such as gliomas and metastasis, the 
extent of resection (EOR) is directly related to recurrence and survival. Incomplete 
resection for these patients should be only discussed if the risk of neurological 
injury is high. Obviously, not to harm is always the most important principle. 
Increase in survival only makes sense if accompanied by quality.

Even with intense microsurgical training, the multidisciplinary treatment chal-
lenge remains. Some strategies such as intraoperative monitoring, awake surgery, 
and intraoperative histology (margin biopsy) can be used to improve the goal. In 
this chapter neuronavigation, intraoperative magnet resonance imaging (ioMRI), 
and 5-aminolevulinic acid (5-ALA) are discussed as tools to improve the safety and 
efficacy of intracranial tumor resection.

2. Neuronavigation

Neuronavigation has a fundamental role in contemporary neurosurgery. This 
tool allowed surgeons to better individualize treatment tailoring craniotomies and 
localizing structures or lesions intraoperatively. It consists of a frameless stereo-
tactic system of localization based on pre- or intraoperative image data. The data 
used can be a fusion of different techniques like CT, MRI anatomical or functional 
sequences, US, or PET-CT.

The most important indications of the use of navigation are planning of crani-
otomy, intraoperative localization of lesions or structures, and guided biopsies.

2.1 Craniotomy planning

Using metastasis as an example, neurosurgeons increasingly attempt to resect 
as much tumor tissue as possible to impact disease control and survival. If a patient 
has four metastases of 4 centimeters that can be completely resected, this procedure 
should be indicated. Even if multiple craniotomies are needed, this should not 
dissuade the surgeon to indicate it [1]. In these special cases, considering that these 
metastases are in different places of the brain, neuronavigation makes a real differ-
ence with a tailored and focused approach to each lesion.

Neuronavigation allows direct access to the lesions, even if small, reducing the 
size of craniotomy, dural opening, unwanted manipulation of the brain, dura-
tion of surgery, blood loss, volume of the tissue to be healed, length of stay in the 
hospital, recurrence rate, time to be available for complementary treatment if 
needed, and costs and improving recurrence-free survival (RFS) and performance 
status [2, 3].

In cases of ventricular endoscopic approach, neuronavigation can also be very 
useful. Some patients with pineal or third ventricle-located tumors with noncom-
municating hydrocephalus, for example, need third ventriculostomy and biopsy. In 
order to offer a direct straightforward approach, avoiding lesions of related struc-
tures, two different trepanations/small craniotomies can be performed guided by 
neuronavigation (Figure 1).

Besides defining the position of the craniotomy, still regarding surgical 
approach, neuronavigation can help in many ways to improve safety of neurosurgi-
cal procedures. Identification of sinus position in retrosigmoid craniotomy has been 
demonstrated successfully avoiding unnecessary sinus exposition reducing compli-
cations [4]. Also, superficial vein identification before dural opening was demon-
strated, eliminating the need to use indocyanine to make a transdural analysis, for 

63

Neurosurgical Tools to Improve Safety and Survival in Patients with Intracranial Tumors…
DOI: http://dx.doi.org/10.5772/intechopen.81211

example [5]. These strategies reduce also the risk of bleeding and venous closure, 
which can have a negative impact on surgical outcome.

2.2 Intraoperative localization of structures/lesions

When used to localize superficial lesions/anatomical structures and tailor surgi-
cal approach, neuronavigation has high accuracy, being a very reliable tool, because 
the intracranial compartment remains untouched. However, the main drawback of 
neuronavigation is that it is not a real-time evaluation.

The accuracy between preoperative images and real intraoperative anatomy is 
influenced during many surgical steps that result in dislocation of structures, called 
brain shift. Several surgical aspects are not related to wrong landmark selection, 
hardware movement, or software algorithm influence on brain shift. The causes are 
classified as physical (hardware movement, patient position, and gravity), surgi-
cal (fluid loss, tissue loss, and surgical equipment), and biological (mannitol and 
tumor type) [6].

The effect of gravity is an important physical factor of brain shift. It interacts 
with two surgical causes: fluid loss and tissue loss. After tumor resection or relevant 
CSF drainage, adjacent healthy tissue becomes unsupported with sagging of the 
brain. Loss of 20 cm3 of CSF in deep brain stimulation (DBS) surgery was demon-
strated to result in the shift of the anterior commissure by approximately 2 mm [7]. 
Mannitol administration during surgery also can influence, especially in cases 

Figure 1. 
Patient with indication of a third ventricle lesion and third ventriculostomy. Neuronavigation plan of two 
different craniotomies to straightforward approach avoiding critical structures. The yellow trajectory with 
direct approach to Monro’s foramen and Liliequist membrane. The green target to direct approach of a third 
ventricle lesion. Approaches point distant 7 cm. Two small craniotomies were preferred and successfully 
achieved their targets.



Primary Intracranial Tumors

64

where high intracranial pressure levels or large edema are present. Neuronavigation 
does not contraindicate the administration of mannitol. But its use should be used 
judiciously, not routinely. Regarding biological causes, some authors observed an 
association between tumor biology and unique patterns of the shift. But the reasons 
are not well understood, and more studies should analyze this before generalization 
can be made [6].

Previously, many attempts to identify intra-axial tumor margins using neu-
ronavigation were performed, but it could be done with reliable results due to 
brain shift. Other options such as fluorescence and ioMRI have superior results. 
Otherwise, targets located in fixed structures like the bone, brainstem, and skull 
base meninges tolerate better intracranial manipulation. The dural implantation of 
a skull base meningioma, for example, can be checked with navigation during the 
procedure, because it will suffer few the effect of brain shift. But as accuracy should 
be low, the shift needs to be weighted in every procedure. In brainstem biopsies, 
the passage of the biopsy needle through the parenchyma does not change target 
position significantly; but if the trajectory accidentally passes through the ventricle 
with CSF drainage, the brain shift can have significant influence hindering correct 
target achievement.

Correction of brain shift can be done using intraoperative MRI to update the 
navigation; or other real-time exams, where ioMRI is not available, can be per-
formed to compare and adjust it such as ultrasound (US) [2, 8].

Ultrasound is a fast, cheap, real-time, and commonly available exam. Although 
its image quality is not comparable to MRI, it plays an important role in brain tumor 
surgery. After craniotomy, for example, brain shift can occur even if brain deforma-
tion is still not present. Placing the probe directly on the dura and superimposing 
identifiable structures on both techniques can confirm if neuronavigation is still 
adequate. The main concept of using intraoperative US is that the focus is not on 
diagnosis but on localization. Undoubtedly, MRI is the gold standard exam to 
analyze brain lesions and define diagnosis. But to locate lesions and some struc-
tures, US is sometimes enough with the advantage of being easily and real-time 
performed. ioUS can affect the decision of further resection in 59% of cases [9]. 
Association of these two techniques offers the possibility to overcome the limita-
tions of each one separately improving the safety of the procedure (Figure 2).

Another important intraoperative use of navigation is in the association with 
other tools such as awake surgery and transcranial magnetic stimulation (TMS). 
Navigated TMS-based DTI-fiber tracking in awake surgery has been demonstrated 

Figure 2. 
MRI of a hemorrhagic tumor with ioUS view. Easy identification of both limits and differences of cystic and 
solid components.
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as a useful tool in the treatment of highly eloquent gliomas with results consider-
ing craniotomy size, EOR, duration of surgery, postoperative deficits, Karnofsky 
Performance Scale (KPS), and length of stay in the hospital [10]. Association of 
image-guided resection of glioblastoma in eloquent brain areas facilitated by laser 
surface thermal therapy was also demonstrated with favorable long-term results. 
This strategy allowed the higher rates of complete resection and improved overall 
survival without the negative effect on postoperative functional status [11].

2.3 Guided biopsy

Biopsy of intracranial lesion is an important diagnostic tool in neurosurgery. 
With the progression of genetic and molecular characterization of tumors, biopsy 
becomes even more important in deep-seated lesions with difficult access such as in 
the thalamus, brainstem, and pineal gland.

Frame-based intracranial biopsy has been the gold standard technique for 
intracranial biopsy for a long time. The stereotactic system provides excellent preci-
sion of target achievement. After development of neuronavigation, the frameless 
intracranial biopsy, guided by neurosurgery, has evolved a lot. Both methods have 
similar effectiveness to histological diagnosis. But a frameless system has become 
increasingly the first choice among neurosurgeons due to reduced equipment size; 
reduced work of calculations to define targets, entry point, and trajectory; patient’s 
comfort; reduced surgical time with navigation; and the absence of the need to redo 
image examination after placement of the frame (Figure 3) [12].

The use of real-time ioMRI-guided biopsy has also been compared to frame-
based and frameless neuronavigation-guided biopsy with comparable diagnostic 
yield in patients with no prior treatment. ioMRI-guided biopsy was associated with 
short hospital stay [12]. But ioMRI is not available in many places, and navigation-
guided frameless biopsy continues as the first option in most departments.

In pineal tumors, as some patients have hydrocephalus, endoscopic biopsy 
associated with third ventriculostomy is a feasible option, as cited before.

The most common complications of deep biopsies are brain shift, hemorrhage, and 
failure in representativeness of samples. Brain shift was discussed before in Section 
2.2. Hemorrhage can be directly related to biopsy (intratumoral) or to the trajectory 

Figure 3. 
MRI of a frameless-based biopsy (neuronavigation guided) of a deep-seated lesion. Trajectory planning 
without any passage through ventricular system to avoid CSF drainage and brain shift.
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Figure 2. 
MRI of a hemorrhagic tumor with ioUS view. Easy identification of both limits and differences of cystic and 
solid components.
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as a useful tool in the treatment of highly eloquent gliomas with results consider-
ing craniotomy size, EOR, duration of surgery, postoperative deficits, Karnofsky 
Performance Scale (KPS), and length of stay in the hospital [10]. Association of 
image-guided resection of glioblastoma in eloquent brain areas facilitated by laser 
surface thermal therapy was also demonstrated with favorable long-term results. 
This strategy allowed the higher rates of complete resection and improved overall 
survival without the negative effect on postoperative functional status [11].

2.3 Guided biopsy
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With the progression of genetic and molecular characterization of tumors, biopsy 
becomes even more important in deep-seated lesions with difficult access such as in 
the thalamus, brainstem, and pineal gland.
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intracranial biopsy for a long time. The stereotactic system provides excellent preci-
sion of target achievement. After development of neuronavigation, the frameless 
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similar effectiveness to histological diagnosis. But a frameless system has become 
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comfort; reduced surgical time with navigation; and the absence of the need to redo 
image examination after placement of the frame (Figure 3) [12].
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Figure 3. 
MRI of a frameless-based biopsy (neuronavigation guided) of a deep-seated lesion. Trajectory planning 
without any passage through ventricular system to avoid CSF drainage and brain shift.
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(needle track). Hemorrhage is avoided with preoperative evaluation of coagulation 
marking a trajectory that avoids any arterial or venous structure that is achieved by 
using multiplanar reconstruction of image [13]. Representativeness of sample has 
been traditionally analyzed with adequate target definition in image and intraopera-
tive pathology/frozen section. More recently fluorescence has been associated with 
biopsy procedures with good correlation compared to frozen section to check acquisi-
tion of relevant samples. Both 5-ALA and fluorescein were evaluated [14, 15].

3. Magnet resonance imaging (MRI)

In neuro-oncological surgery, complete resection with preservation of functions 
and quality of life is normally the goal of the procedure. Defining complete resec-
tion intraoperatively is easier in extra-axial tumors than in intra-axial tumors such 
as low-grade gliomas. A surgeon’s perception of gross total resection (GTR) usually 
relies on the visual and tactile aspects of tumor boundaries. Studies compared the 
surgeon’s perception with imaging findings and determined inaccuracy and overes-
timation of intraoperative EOR by up to a factor of 3 [16–18]. Young adult patients 
with low-grade glioma who undergo a neurosurgeon-determined GTR have a higher 
than 50% risk of tumor progression in 5 years postoperatively [18].

The surgeon’s experience also was not significant to define additional resection. 
The positive predictive value (PPV) of the surgeon’s expectation was shown to 
be high (93.1%). On the other hand, and most importantly, the ability to exclude 
additional resection from the intraoperative impression was very low (43.6%) [19].

This is a major concern specially in tumors that EOR is proven to be related with 
recurrence and survival.

Intraoperative or transoperative MRI emerges exactly in this context to clearly 
determine if GTR was achieved or not. Literature suggests rates of further operative 
resection secondary to ioMRI evaluation range from 13.3 to 59.37%, confirming the 
impact of this tool on the extent of tumor resection [20, 21].

Analysis comparing EOR, GTR, and progression-free survival (PFS) and overall 
survival (OS) in patients with gliomas that underwent ioMRI also confirmed the 
benefit with improvement of these aspects. The author showed an increase in GTR 
rate of 24.1%. In 59.37% of cases that underwent ioMRI, further resection was 
needed [21]. Certainty of ioMRI can make surgeon more tolerant and relaxed, end-
ing resection early relying on ioMRI evaluation. But even if this is considered, the 
improve in resection is substantial.

In complex located tumors, for example, insular gliomas, ioMRI check dur-
ing awake craniotomy increased EOR in 15.1%. Considering that median EOR on 
ioMRI was 51.2% and after further resection was 84.5%, it is clear that ioMRI really 
impacts outcome [22].

Identification of margins is not always simple. It depends on the tumor type, 
MRI sequence analyzed, and surgical trauma with blood-brain barrier break. In 
cases of high-grade glioma surgery, PWI helps in identification of tumoral x non-
tumoral tissue. Another option is the use of a single layer of oxidized regenerated 
cellulose covering the cavity to enhance margin visualization in ioMRI. Being a 
hemostatic agent, it accelerates oxidation of oxyhemoglobin to metahemoglobin, 
which is paramagnetic, and, so, it has a hyperintense signal in T1 sequences. This 
layer of hyperintense line observed may be a useful marker of tumor resection 
borders in cerebral glioma surgery [23].

Pituitary tumors also benefit from ioMRI. A systematic review observed that 
complete radiological resection in patients whose procedure involved intraoperative 
ultrasound was 67.1% (range 63.5–77.8%) and endocrine remission was 88.4% (range 
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76–100%) [24]. Studies with ioMRI also evidences the benefits with intraoperative 
unexpected residuals in up to 42% (range 15–83%) of cases, of which re-exploration 
was attempted in 36% (range 9–83%) and further tumor resection occurred in 
33% (range 9–83%) of the cases [25]. But this paper considered low- and high-field 
ioMRI. In a study with 3 T ioMR, a complete resection was observed in 69% of the 
cases.

Intraoperative image interpretation is even more difficult in transsphenoidal 
pituitary surgery than in glioma surgery, for example. This evaluation should only 
be done by an experienced neuroradiologist, because the literature shows relevant 
cases of false-positive leading to resection of normal tissue, in both ioMRI and 
ioUS [24, 25]. The Congress of Neurological Surgeons (CNS) suggested in 2016 that 
intraoperative images in nonfunctioning adenomas may help to improve overall 
gross total resection but at the cost of removing normal tissue [26]. So, we suggest 
weighting cost-benefit relation differently in nonfunctioning x functioning adeno-
mas. But in an experienced team, good results can be achieved.

In the beginning, ioMRI started with low-field strengths of 0.2–0.5 T. These 
units, although cheaper and requiring less spaces, take longer to perform scanning 
and produce low-quality images when compared to high-field (1.5 T and higher) 
equipment. Besides this, the possibility of advanced images such as DTI favors the 
use of high-field equipment [27, 28].

Cost is one of the most limiting factors to the spread of ioMRI. Additionally, 
the price of the whole equipment and software and surgical and anesthesia 
equipment should be developed to be compatible with ioMRI environment. These 
adapted equipment are also expensive, which increases even more the investment 
on a magnet dedicated exclusively to intraoperative images. Besides this, in few 
years MRI equipment becomes obsolete with the need to change to maintain it 
updated.

In order to overcome this limitation, the concept of “outside MRI” was proposed 
by Ramina et al. in 2010. In this strategy after completing the resection, oxidized 
regenerated cellulose is put to cover surgical cavity, and a partial closure of the dura 
is performed. The exposed dura is covered with cottonoid plates, and the skin is 
closed with running suture. A sterile plastic sheet covers the entire head to assure 
sterility and complete the preparation for MRI. The patient is conducted in the 
MRI-compatible bed through an internal special lift, designed for this purpose, to 
the MRI facilities. Time required to whole exam, since patient left OR and came 
back, was 25 min. No infection was observed [29]. Ahmadi et al. recently confirmed 
that inside ioMRI did not increase complications (hemorrhage, wound healing, 
and infection) in glioma surgery. In their publication the ioMRI procedure time 
was higher with a mean of 57 min [30]. “Outside MRI” has all advantages of “inside 
models” and the additional advantage of integrating neurosurgery/neuroradiology 
teams, which may lead to better results [29].

4. 5-Aminolevulinic acid

5-ALA is a prodrug and leads to accumulation of protoporphyrin IX (PPIX) in 
gliomas and other tumor cells by an interaction with heme biosynthesis process. 
With special filters and blue/violet light, it is possible to see fluorescence of PPIX 
as light red or an intense pinkish color in a dark blue background. These filters and 
lights are usually part or an upgrade of surgical microscope. Normal brain tissue 
does not induce PPIX expression after ALA administration, and a high selectivity 
of malignant glioma cells is observed. When density of tumor cells in the tissue is 
above 10%, fluorescence is expected to be present [31].
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This is another tool to go further with the concept that tumor tissues are many 
times much more than what we see with normal light surgical microscopy or even 
contrast-enhanced MRI. A high association between contrast enhancement and 
PPIX fluorescence is observed. But it was shown that PPIX fluorescence in non-
contrast-enhanced areas can be present with good correlation with the presence of 
tumor tissue. So, PPIX accumulations seem to be more sensitive to glioma detection 
than contrast-agent accumulation (Figure 4) [31, 32].

Fluoroethyl tyrosine PET has been demonstrated to have a good correlation with 
PPIX fluorescence in gliomas without typical glioblastoma imaging features [33]. 
Also, areas with high atypia in low grade or non-contrast enhancing in high grade 
suggested by PET could be confirmed with 5-ALA fluorescence. The explanation 
to these findings may be in the mechanism of each method. Contrast enhancement 
and sodium-fluorescein fluorescence have intraoperative correlation, and both 
occur due to disruption of blood-brain barrier, which is not specific from tumors. 
5-ALA fluorescence and PET tracer uptake, in turn, occur due to specific metabo-
lism of tumor tissue. 5-ALA may be even more special than PET because it does not 
consider only the general quantitative aspect of metabolism and goes beyond. Its 
mechanism relates to a metabolic phenomenon of a pathway typical from a tumor 
tissue and not from a normal tissue [34].

Other tumors than WHO IV gliomas have also been tested regarding fluores-
cence after 5-ALA administration. Literature shows results with approximately 
15–20% of fluorescence with 5-ALA in low-grade gliomas, 85–100% in high-grade 
gliomas, and 55–80% in metastasis [32, 35, 36]. In our most recent data analysis 
from INC, we could observe 5-ALA-positive fluorescence in 97.7% cases of WHO 
IV gliomas, 90% cases of WHO III gliomas, 22.2% cases of WHO II gliomas, and 
85.7% in cases of metastasis. The quality of fluorescence differs among tumor types. 
In low-grade gliomas, for example, with positive fluorescence we observed usually 
weak to mild with stronger foci in some cases (higher atypia); metastasis, on the 
other hand, usually shows mild to strong fluorescence (Figure 5).

During the procedure, the surgeon alternates between white light resection and 
blue/violet light resection. This is important because white light shows anatomy, 
structures, and blood better. Only the resection, specially boundaries, is guided by 
fluorescence. Blood, inclusive, may be a confounding factor, because it prevents the 

Figure 4. 
Glioma patient operated on using 5-ALA. A and B show white light and blue-filter images with identifiable 
tumoral tissue on the cortex, clearly visible with blue filter and difficult to identify with white light. C and D 
show areas of tumor with intense fluorescence in blue filter, corresponding to contrast-enhanced area shown by 
neuronavigation in E.
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visualization of fluorescence. So, an adequate size of craniotomy (allowing light 
to enter the deep surgical field) and hemostasis (to avoid a blood layer over tumor 
area) in 5-ALA-guided surgery are more than ever must-do concepts. More common 
collateral effects are transient increase in liver enzymes and light sensitivity of the 
skin until 24 h after administration.

A combination of techniques may be the future of fluorescence-guided surgery. 
Dual-labeling surgery using 5-ALA and fluorescein has been tested with interest-
ing results. Fluorescein created a useful background for 5-ALA fluorescence. It 
appeared as orange to red surrounded by greenly fluorescent normal brain and 
edematous tissue. Unspecific extravasation of fluorescein at resection margins was 
also observed, which did not interfere with 5-ALA fluorescence detection [37].

EOR and 6-month PFS have been proven to increase with the use of 5-ALA in 
cases of malignant gliomas. PFS at 6 months was 41% in 5-ALA group x 21.1% in the 
group operated only with white light-based resection. EOR improved from 36% in 
white light-based resection to 65% in 5-ALA [38]. EOR has also been analyzed in a 
systematic review with 22 series from the literature, including 1163 patients, with a 
GTR rate of 66.2% in gliomas using 5-ALA [35].

Other non-fluorescence techniques can also help in combination with 
5-ALA. Intraoperative cortical stimulation added new advantages to resection about 
the function of tissues and provided additional safety for resection of primary 
malignant tumor in eloquent areas [39]. Intraoperative 3D US, as well as ioMRI, also 
was demonstrated to bring different information that when combined with 5-ALA 
fluorescence can improve the extent of resection, especially in non-enhancing 
tumors [9, 31, 40].

Figure 5. 
High-grade glioma patient operated on using 5-ALA. A and B show white light and blue-filter images with 
clearly identifiable tumoral tissue. In blue-filter image, a reddish color is observed, confirming the presence 
of tumoral tissue. The pinkish image demonstrates areas with tumoral infiltration. C and D show complete 
resection without any identifiable tumor in both white light and blue-filter images. Normal tissue appears 
blueish.
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A comparison of combined ioMRI + 5-ALA versus ioMRI isolated in patients 
with high grade (WHO IV) gliomas showed that in combined group EOR above 
95% was reached in all cases. In the ioMRI group, 18% of EOR were below 95% with 
a minimum EOR of 87% in this group versus a minimum EOR of 97% in the com-
bined group [40]. Considering that EOR of 78% is the cutoff to improve survival in 
high-grade gliomas, both methods were efficient. But the association of 5-ALA and 
ioMRI leads to a higher rate, possibly having a greater impact on survival. But this is 
still to be proven, demanding further studies.

Despite drawbacks of being only a 2D information, hidden 5-ALA fluorescence 
by blood or hemostatic agents, and regulatory issues in many countries, 5-ALA-
guided resection is a very useful tool offering real-time information from the tissue 
(not indirectly not from images), without the influence of brain shift avoiding 
second-look procedures or even new complementary resections, which are usually 
much more expensive than the costs of 5-ALA (Figure 5).

5. Conclusion

Every tool that can add data to surgical planning or intraoperative evaluation is 
valid. Neuronavigation is very useful in surgical strategy (planning and intraopera-
tive steps) improving efficacy and safety of the procedure. 5-ALA-guided resection 
and intraoperative image (such as ioUS and ioMRI) are proven to be cost-effective 
with increased GTR rates and an impact on survival. The future probably will prove 
that combination of these tools, selected case by case, is the best way to achieve the 
best results regarding safety and effectiveness.
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Abstract

Tumors of central nervous system (CNS) account for a small portion of tumors
of human body, which includes tumors occurring in the parenchyma of brain and
spinal cord as well as their coverings. This chapter covers some new development in
some major brain tumors in both pediatric and adult populations, as well as some
uncommon but diagnostic and management challenging tumors.

Keywords: refractory pituitary adenoma, macroadenoma and microadenoma,
trans-sphenoidal adenomectomy, targeting therapy

1. Introduction

The anterior pituitary gland (adenohypophysis) is an important organ for
human development and physiological functions (so called “Master Gland”), which
comprises several different cell types, responsible for the synthesis and secretion of
a specific hormone or group of specific hormones (plurihormonal), such as growth
hormone (GH), adrenocorticotrophic hormone (ACTH), and prolactin (PRL). Each
of these cell types may give rise to a discrete pituitary adenoma (PA) subtype that is
either hormonal active (functional) or inactive (nonfunctional).

As one of the most common pituitary neuroendocrine tumors, pituitary adeno-
mas (PAs) constitute the overwhelming majority of tumors arising in the pituitary
gland and account for 10–15% intracranial neoplasms. Incidental microadenoma
(smaller than 10 mm in diameter) may occur in up to 27% of pituitary glands
examined at autopsy, and up to one-fifth of the human population has pituitary
abnormalities on magnetic resonance imaging (MRI).

Majority of PAs are benign and slow growing; however, up to 10% of PAs are
aggressive with invasive growth and can exhibit clinical abnormal behavior with
high rates of recurrences [1]. Based on the recent WHO classification in 2017, a
more detailed tumor classification by immunohistochemical stain (IHC) was pro-
posed, which identifies a subset of PAs with aggressive clinical behavior character-
ized by clinical recurrence, which includes PAs with elevated Ki-67 proliferation
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of human body, which includes tumors occurring in the parenchyma of brain and
spinal cord as well as their coverings. This chapter covers some new development in
some major brain tumors in both pediatric and adult populations, as well as some
uncommon but diagnostic and management challenging tumors.
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1. Introduction

The anterior pituitary gland (adenohypophysis) is an important organ for
human development and physiological functions (so called “Master Gland”), which
comprises several different cell types, responsible for the synthesis and secretion of
a specific hormone or group of specific hormones (plurihormonal), such as growth
hormone (GH), adrenocorticotrophic hormone (ACTH), and prolactin (PRL). Each
of these cell types may give rise to a discrete pituitary adenoma (PA) subtype that is
either hormonal active (functional) or inactive (nonfunctional).

As one of the most common pituitary neuroendocrine tumors, pituitary adeno-
mas (PAs) constitute the overwhelming majority of tumors arising in the pituitary
gland and account for 10–15% intracranial neoplasms. Incidental microadenoma
(smaller than 10 mm in diameter) may occur in up to 27% of pituitary glands
examined at autopsy, and up to one-fifth of the human population has pituitary
abnormalities on magnetic resonance imaging (MRI).

Majority of PAs are benign and slow growing; however, up to 10% of PAs are
aggressive with invasive growth and can exhibit clinical abnormal behavior with
high rates of recurrences [1]. Based on the recent WHO classification in 2017, a
more detailed tumor classification by immunohistochemical stain (IHC) was pro-
posed, which identifies a subset of PAs with aggressive clinical behavior character-
ized by clinical recurrence, which includes PAs with elevated Ki-67 proliferation
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index, sparsely granulated somatotroph PAs, Lactotroph PAs in men, silent
corticotroph PAs, Crooke cell PAs, and plurihormonal PAs with PIT-1 positivity.
PIT-1 is one of the pituitary transcription factors, sometimes to be used to clarify
the PAs’ tumor linages.

Clinically, a subset of aggressive PAs characterized with high Ki-67 index, rapid
growth, frequent recurrence, and resistant to conventional treatments is defined as
refractory PAs [2]. These refractory PAs often have a very poor prognosis and even
with an occasionally fatal outcome; however, there is no general agreement about
how to manage the patient with refractory PAs. For neurosurgeons and clinicians, it
is difficult to optimally choose the therapeutic options in treatment of refractory
PAs in order to improve the prognoses of these patients; it is very important and
necessary to review the emerging treatments for refractory PAs. This chapter is
going to review some current treatment options for those refractory PAs.

2. Management of refractory PAs by surgical treatment

Typically, multimodal approaches are required for managing refractory PAs.
Except prolactin-secreting adenomas (prolactinomas), which should be first treated
with dopamine agonists (DAs), the primary treatment option is usually surgery,
even surgery is usually unable to cure or control the refractory PAs [3]. However,
the therapeutic goals of surgery are maximum reduction of tumor mass, decom-
pression of visual pathways, best possible reduction of hormonal oversecretion,
amelioration of clinical symptoms, and minimization of complications [4].

Most of the refractory PAs are largely invasive, infiltrating adjacent tissues;
repeated surgery seldom achieves complete tumor excision. However, surgical
resection is still necessary to relieve compressive symptoms [5].

Repeated trans-sphenoidal surgery is generally more difficult to perform than
the initial operation due to the increased risk of morbidity and mortality. The
comparison of microscopic craniectomy and endoscopic approach for recurrent or
residual pituitary adenomas remains controversial.

Heringer performed a meta-analysis to evaluate effect of repeated trans-
sphenoidal surgery in recurrent or residual pituitary adenomas and found that half of
secreting tumors and more than half of nonfunctional pituitary adenomas (NFPAs)
could achieve remission after surgery, and there is no difference between endoscopic
and microscopic approach [6]. However, Esquenazi and his colleagues performed
another meta-analysis to compare the effects of endoscopic and microscopic trans-
sphenoidal surgery on recurrent and/or residual pituitary adenomas and found that
endoscopic surgery led to modest increases in resection rates on residual or recurrent
adenomas [7]. Do et al. [8] retrospectively analyzed 61 patients with recurrent or
residual pituitary adenomas who underwent endoscopic endonasal surgery and found
that the gross total resection was achieved in 31 patients (51.7%), indicating that
endoscopic endonasal approach is a safe and effective option for recurrent pituitary
adenomas. The results from another meta-analysis performed by Li also indicated that
the endoscopic surgery is related to higher gross tumor removal and lower incidence
of complications in patients with PA [9]. Almeida accessed the outcomes of
reoperation for patients with residual or recurrent growth hormone-secreting PA
from authors’ institution, and no statistically significant difference was found in
disease control rates between the reoperation and first-time neurosurgery. They
further systematically reviewed 161 reoperations and 2189 first-time surgery cases
retrieved from 29 papers and found that reoperation and first-time surgery had
similar control rates for microadenomas, but the reoperation was related to substan-
tially lower control rates for macroadenomas (27.5%) and tumors invading the
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cavernous sinus (14.7%) [10]. In 2016, a systematic review and evidence-based
guideline for the residual or recurrent NFPAs was produced by Congress of Neuro-
logical Surgeons, and the repeat resection is recommended as level III recommenda-
tions for the treatment of symptomatic recurrent or residual NFPAs [11].

Based on the previous studies and our experience, endoscopic surgery is better
than the microscopic surgery for recurrent pituitary adenomas; however, these
findings are needed to be verified by the large-scale prospective randomized con-
trolled trials. Therefore, maximum tumor resection, meanwhile preserving nerve
function is the goal to achieve local control and decompress vital structures for
those refractory PAs with compressive symptoms.

3. Radiation therapy

Despite the success of trans-sphenoidal surgery or maximum tumor resection, most
refractory PAswill regrow or recur; therefore, other therapeutic approaches are usually
necessary. If surgical and/medical therapy failed to control the tumor growth, radiation
therapy (RT) is currently the next treatment option [1]. There are several RT options
for patients with refractory PAs. Fractionated external beam radiation therapy (EBRT)
has been used for several decades and has shown good clinical safety and efficacy [12].
Stereotactic radiosurgery (SRS) is the delivery of a high single dose of radiation under
conditions of accurate positioning. Recently, SRS has been gaining popularity due to
the minimizing exposure of normal brain tissue to radiation. SRS has been preferred
over fractionated photon beam because of the convenience of single day therapy and
the potential for the faster effect on tumor [13]. A variety of SRS including Gamma
Knife, CyberKnife, and proton-beam RT are available to deliver stereotactic RT. How-
ever, some refractory PAs are not candidates for stereotactic RT because of the tumor
size (>3 cm), or tumor location near the optic apparatus and brainstem (<5 mm) [14].
Risks associated with RT include hypopituitarism, optic neuropathy, and other cranial
neuropathies, which should be concerned and avoided [12].

Comparing EBRT and SRS may help to guide decision making for patients with
residual or recurrent pituitary tumors. Kong et al. [15] compared the efficacy and
safety of SRS and EBRT for the treatment of 125 patients with PAs. Although no
significant difference was found in either biochemical remission or tumor growth
control, the time to biochemical remission after SRS was much shorter than EBRT
(26 months vs. 63 months).

To better understand the effects of SRS for Cushing disease (CD), Mehta et al.
[16] performed an international, multicenter, retrospective cohort analysis, 278
patients with CD received SRS was retrospective cohort analyzed, and found that
the overall rate of durable control of hypercortisolism was 64% for 10 years, and the
adverse radiation effects included hypopituitarism (25%) and cranial neuropathy
(3%) were observed.

Both conventional radiotherapy and stereotactic RT have shown a good
tumoristatic effect on typical PAs; however, theymay be largely ineffective and rarely
maintain a long-term remission in refractory PAs. As a matter of fact, one of the
aggressive PAs with high recurrent potential, silent corticotroph PAs, is with high
sensitivity to radiation, so RT can be a good option for patients with those kind of PAs.

4. Medical therapy

Medical therapy plays an increasingly important role in the management of PAs.
Temozolomide (TMZ), an orally administered alkylating chemotherapy, is
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recommended as the first-line chemotherapy for aggressive pituitary tumors and
pituitary carcinomas after the failure of standard therapies by the European Society
of Endocrinology [17]. TMZ is considered the standard treatment in the manage-
ment of gliomas. Since 2006, the first successful treatment of PA with TMZ was
reported [18, 19], and TMZ treatment has also been widely used for patients with
refractory PAs and carcinomas [20]. However, only about 50% of pituitary tumors
are sensitive to TMZ treatment, and most of the refractory PAs failed to respond to
TMZ and even acquired TMZ resistance after the effective response to TMZ [21].
Therefore, it is important to enhance the efficacy of TMZ and overcome the resis-
tance of TMZ. Some molecular status of pituitary tumors, such as O6—

methylguanine-DNA-methyltransferase MGMT and MSH6, has been associated
with temozolomide response [22]. It is reported that the PI3K/AKT/mTOR signaling
pathway is upregulated in pituitary tumors, and the inhibition of this pathway may
enhance the TMZ-mediated cytotoxicity [23].

Epidermal growth factor receptor (EGFR) is a cell growth factor, which regu-
lates cell proliferation and hormone production in pituitary tumors [24]. EGFR is
overexpressed in prolactinoma and ACTH-secreting pituitary adenomas, which
may offer a potential therapeutic target for refractory pituitary tumors [25, 26]. As
an EGFR inhibitor, gefitinib has shown antiproliferative and apoptotic effects in
corticotroph tumor cell in vitro [25]. Lapatinib, a dual HER2/EGFR inhibitor, was
shown to both suppressed PRL mRNA expression and secretion more than gefitinib
in animal model of prolactinomas [27].

Although further clinical trials are needed, preclinical data suggest that the
EGFR pathway may be an effective therapeutic targeting for patients with refrac-
tory pituitary tumors.

Vascular endothelial growth factor (VEGF) is a potent angiogenic factor in
pituitary tumors. The previous studies indicated that angiogenesis is associated with
adenoma development, local invasion, and recurrences [28–30]. Several researches
reported that angiogenesis decrease tumor sizes in human and experimental pitui-
tary tumors [31–33]. Ortiz has reported the first case of a bevacizumab-treated
pituitary carcinoma with long-term stabilization of disease in 2012 [34]. Touma also
presented one case of pituitary carcinoma treated successfully with concurrent
chemoradiation therapy and bevacizumab with a long-term follow up [35]. How-
ever, the role of anti-VEGF therapy in pituitary tumors is still controversial due to
the lack of large-scale clinical trial.

Phosphatidylinositol 3-kinase (PI3K)/AKT/mammalian target of rapamycin
(mTOR) cascades is key signaling pathways in tumorigenesis of pituitary adenoma
[36]. The previous studies reported that the PI3K/AKT/mTOR pathway is
upregulated and overactivated in pituitary adenomas, implicating an important role
in tumor formation and progression of pituitary adenoma [37–39]. Inhibition of the
PI3K/mTOR signaling pathway not only displays antitumor efficacy against pitui-
tary tumor [40, 41] but also sensitizes pituitary adenoma cells to radiotherapy and
chemotherapy [23, 42]. Donovan reported one patient with pituitary carcinoma,
which is refractory to multiple surgery, radiation, and chemotherapy, after the
treatment with mTOR inhibitor (everolimus) and radiation, and the clinical
improvement and stability >6 months were achieved [43].

As a promising therapeutic approach, cancer immunotherapy has been
attracting more and more attention recently. To date, immunotherapy has been
applied for the treatment of many tumors including glioma, lung cancer, mela-
noma, prostate cancer, and B cell lymphoma [44]. In 2007, Hazrati and his col-
leagues have reported one case of a prolactinoma treated successfully with
immunotherapy for the first time [45]. Lu has reported that CD68+ macrophage
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infiltration is associated with the pituitary adenoma size and invasiveness, indicat-
ing that immunotherapy may be useful to restrict the tumor enlargement and
invasiveness [46]. Blocking the interaction between the programmed cell death
(PD-1) protein and one of its ligands, programmed death ligand 1 (PD-L1) is one
of the novel strategies for cancer immunotherapy. The expression of PD-L1 is
positively correlated with improved responses to anti-PD-1/PD-L1 blockade in
many cancers [47]. Mei reported that the expression of (PD-L1) is significantly
higher in human functioning adenomas compared to nonfunctioning adenomas,
suggesting the existence of an immune response to pituitary tumors [48]. There-
fore, these researches raise the possibility of considering immunotherapy for the
refractory PAs.

5. Conclusion

Although various treatment options are available to manage these refractory
pituitary tumors, the efficacy is limited. Therefore, the new therapeutic approaches
and such randomized clinical trials are needed. It is hoped that further research may
clarify the tumorigenesis and pathogenesis of refractory PAs, and additional alter-
native treatments may be developed for these tumors in the near future.
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Chapter 6

Vestibular Schwannomas: 
Diagnosis and Surgical Treatment
Gustavo Jung and Ricardo Ramina

Abstract

Over the last decades, significant advances in skull base surgery have enabled 
many neurosurgical centers around the world to perform surgical resection of 
vestibular schwannomas; otherwise, clinical observation and radiotherapy/radio-
surgery can be possible management options. Auditory pattern, the presence of 
bilateral tumors, tumor size, and neurological symptoms are deeply considered in 
the decision-making process. In this chapter, we expanded the general discussion of 
vestibular schwannomas, discussing bases for an accurate diagnose and the techni-
cal aspects for the surgical approaches, drilling of internal auditory canal, and its 
reconstruction as well as the technical nuances when handling very small and large/
residual tumors.

Keywords: vestibular schwannoma, acoustic neuroma, acoustic tumor, 
cerebellopontine angle

1. Introduction

Vestibular schwannomas (VS) account for 6–8% of all intracranial neoplasms 
and around 90% of cerebellopontine angle tumors (CPA) [1]. It is usually a sporadic 
tumor but can be bilateral in cases of neurofibromatosis type 2, when larger tumors 
are common.

Over the last decades, significant advances in skull base surgery have enabled 
many neurosurgical centers around the world to perform surgical resection of VS 
with good functional outcomes (facial nerve and hearing preservation). Deeper 
observation about the natural history of these lesions and the development of 
radiosurgery have increased the options to manage VS. The rates of surgical mor-
bidity and mortality have also declined dramatically, and functional preservation of 
the facial nerve has been possible even in larger tumors.

2. Natural history

The natural history of VS is highly unpredictable. Some tumors exhibit continu-
ous growth, while others remain stable or even decrease in size, and its reason is not 
known. In the literature, a mean growth rate of 2.9 mm per year is reported, and a 
growth rate of 2.5 mm/year is associated with worse hearing function.
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3. Management options

Clinical observation, microsurgical removal, and radiotherapy/radiosurgery are 
the management options. Different factors make treatment decision highly variable. 
Small tumors may be followed with regular MRI examinations and audiograms. 
Patients harboring small tumors and presenting progressive hearing loss, micro-
surgical removal, or radiosurgery should be considered. Preoperative hearing level 
is a prognostic factor for postoperative hearing preservation. Tumors up to 3 cm 
in diameter may be treated either by microsurgical removal or radiosurgery, and 
larger tumors will require surgical resection. Cystic VS may present sudden growth 
and surgical removal is the best option. The management of bilateral tumors in NF2 
patients is complex, and the quality of hearing in both ears and size of the tumors 
will be the main factors to decide how to treat these patients.

4. Diagnosis

VS commonly arise from the vestibular division of the eighth cranial nerve. 
Dizziness, vertigo, and progressive hearing loss (earliest symptom) are the most 
frequent complaints. Dizziness is routinely transient and episodic, and the patient 
can neglect it for a variable period of time. Dizziness is a frequent complaint in daily 
ENT practice, and patients complaining of unilateral hearing loss associated or 
not to vestibular symptoms are frequently seen by ENT surgeons. Very often these 
symptoms are not adequately investigated, and it is a common cause to miss the 
diagnosis.

Facial nerve weakness is observed in only 6% of the patients [2]. In larger and 
mainly cystic tumors that present fast growth, facial numbness (due to trigemi-
nal nerve compression) and gait ataxia (due to brain stem displacement) can 
appear [3, 4].

Hydrocephalus is relatively common in VS patients. In larger tumors it is caused 
by IV ventricle displacement, leading to obstructive hydrocephalus. In smaller 
tumors, degenerative changes on the tumor content can increase the protein rates 
on CSF, causing CSF malabsorption and consequent hydrocephalus [5]. When 
hydrocephalus is present, a preoperative external ventricular CSF drainage is 
required. Ventriculoperitoneal shunt is done especially in patients without major 
CSF obstruction when the tumor removal is less probable to relieve.

5. Audiological evaluation

Hearing function is evaluated with audiograms with sound discrimination. 
There are different classifications to preoperatively grade the hearing function. 
Brain stem evoked response audiometry (BERA) provides reliable information on 
the hearing function from the ear to the brain stem, and to determine the nerve of 
origin in vestibular schwannomas, the video Head Impulse Test (vHIT) is usually 
performed.

6. Radiological diagnosis

CT scan is useful to demonstrate the bony anatomy, the position of the jugular 
bulb, and the semicircular canals. Vestibular schwannomas often expand the 
internal auditory canal [10].
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Magnetic resonance imaging (MRI) is the eligible test to diagnose and evaluate 
patients with a vestibular schwannomas. T1, T2, FLAIR, and DWI images are usu-
ally sufficient for the diagnosis. Over 50% of vestibular schwannomas are isointense 
in T1-weighted images; hypointensities usually represent a cystic component 
(Figure 1). VS present usually intense homogeneous gadolinium enhancement on 
T1-weighted images, but cystic lesions can present a heterogenous pattern. A hyper-
intense signal inside of the IAC in FLAIR images and nodular hyperintense signal 
in the vestibular nuclei on the dorsal pons in T2-weighted images can additionally 
differentiate vestibular schwannomas from other cerebellopontine angle tumors 
(Figure 2). T2-weighted images and tractography may demonstrate the position of 
the facial nerve and its relation to the tumor capsule [5, 6]. When a watchful wait-
ing is decided, MRI volumetric studies have an excellent accuracy to follow tumor 
growth [7]. 3D T2 CISS or post-contrast 3D T1 MPRAGE MRI (evidence class II) 
provides best images to monitor tumor growth [8, 9].

After surgical resection, a thin not-nodular enhancement is often visualized in 
surgical resection field. It can persist for years but usually reduces over the time 
[11]. Fat grafts, fibrin glue, and muscle grafts, used to reconstruct the IAC, can 
generate a nodular enhancement which usually appear within the first 3 days after 
surgery. New nodular enhancement appearing in the postoperative follow-up highly 
suggests tumor recurrence [12].

Figure 1. 
Large vestibular schwannoma. (A) T2-weighted image showing a solid (red arrow) and cystic tumor (black 
arrow). (B) Post-contrast-weighted image exhibiting intense contrast enhancement in the solid portion  
(red arrow) and heterogeneous pattern in the cystic component (black arrow).

Figure 2. 
T2-weighted image with a small vestibular schwannoma (green arrow) with hyperintensity in the dorsal pons 
(blue arrow).
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3. Management options
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Meningiomas are the most frequent differential diagnosis between non-schwan-
nomatous lesions that arise or protrude into the IAC. Meningiomas usually present a 
dural enhancement and display calcification, and hyperostosis in the adjacent bone 
is usually seen (Figure 3).

7. Treatment

Vestibular schwannoma is a benign intracranial nerve sheath tumor, usually 
sporadic but that may be bilateral in the context of neurofibromatosis type 2. Wait 
and scan strategy, microsurgical resection, and radiotherapy/radiosurgery are the 
options. Presenting symptoms, hearing status, growth rate, size and characteristic 
of tumor, and surgeon preference will interfere in these treatment decisions [13].

8. Microsurgical resection

The goals of the treatment are radical resection with zero mortality and com-
plete anatomical and functional preservation of the involved cranial nerves. Some 
authors propose partial resection followed, or not, by radiotherapy/radiosurgery to 
preserve cranial nerve function [14]. However, the only treatment that offers cure is 
radical microsurgical removal.

VS might be approached through translabyrinthine, retrosigmoid, or middle 
fossa craniotomy. The main advantage of the translabyrinthine approach is to 
minimize brain retraction. The difficulty to resect larger tumor damage to hearing 
structures is the limitation of this surgical approach. Fat grafts are needed to close 
the dura and avoid CSF fistula. In small tumors, best suited to tranlabyrinthine 
approach, commonly serviceable hearing is present, which ultimately turns this 
surgical option unfeasible.

The middle fossa approach (MFA) is a lateral access to the IAC and was popular-
ized by House in 1961. The exposition of the IAC through its superior wall makes it 
a good option for small lateral tumors restricted to the internal auditory canal and 
brings the lowest risk to the labyrinth structures.

The retrosigmoid (RS) approach is the most used access by the majority of 
neurosurgeons offering an excellent exposition of all anatomical structures of 
the posterior fossa. The IAC is opened through the RS, and injury to the inner ear 
structures (labyrinth) and jugular bulb are avoidable complications [15]. This is 
the approach of choice to VS, regardless of its size, in our department. The dorsal 

Figure 3. 
(A) Expansion of IAC caused by vestibular schwannoma (green arrow). (B) Normal width of IAC in a 
patient with CPA meningioma and IAC involvement (white arrow). Dural enhancement (blue arrow) 
strongly suggests its diagnosis.
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decubitus is preferred by the authors due to the lower risk of air embolism and to 
provide a more comfortable work position for the surgeon.

A 4 cm diameter craniotomy is cut laterally bordering the sigmoid sinus to avoid 
cerebellar retraction. In most cases, in the dorsal position, a cerebellar retractor is 
only used to protect the cerebellum during the drilling of internal auditory canal.

After the dura opening, CSF is released from the cerebellomedullary cisterna to 
relax the pressure in the posterior fossa. The inspection of the bridging veins over 
the tentorial surface of the cerebellum is highly recommended as it can be a poten-
tial source of bleeding.

The IAC is drilled as the first step in most cases. It reduces the pressure over 
the cochlear and the facial nerves. Piecemeal resection with ultrasound aspira-
tor is useful to debulk the cisternal component and reduces the traction over the 
tumor capsule. The facial nerve is usually very attached to the tumor capsule at 
its entrance in the IAC, and careful microsurgical dissection should be performed 
under continuous electrophysiologic monitoring. Preservation of the cochlear 
nerve is also attempted under continuous BERA monitoring. If an alteration of 
the waves is observed, the surgical field is irrigated with papaverine solution 
awaiting until recovery is recorded. Cystic and larger tumors usually present more 
difficulty to dissect the facial nerve from tumor capsule. Hearing preservation is 
a challenge in tumors larger than 3 cm in diameter. In NF2 patients with bilateral 
tumor, preservation of hearing should be attempted even if residual tumor must 
be left. Brain stem decompression with hearing preservation is the goal of treat-
ment in these cases.

Reconstruction of the IAC is extremely important to avoid CSF fistula and infec-
tion. To identify the mastoid air cells inside the IAC, the use of the endoscope can be 
opportune, and small pieces of muscle or fat graft should be used to seal these cells.

9. Residual tumor

In our series of 541 VS surgically resected between 1987 and 2016, 31 patients 
had residual/recurrent tumors. Twenty-seven patients had been operated elsewhere. 
From the 4 patients in our own casuistry, two cases were recurrences and two were 
residual lesions. One of the residual cases was a patient with neurofibromatosis type 
2 and showing large bilateral VS who underwent radical resection in one side and 
subtotal removal of the contralateral tumor for hearing preservation. The other case 
was a 75-year-old patient with large cystic VS who underwent stereotactic aspira-
tion of the cyst to alleviate mass effect, since surgical resection was not advised for 
medical reasons.

The causes for subtotal removal, as reported by the patient, were extensive 
intraoperative bleeding, adherence to the brain stem or facial nerve, and intraop-
erative cerebellar edema. All patients were reoperated at our institution through 
the retrosigmoid/transmeatal approach. The surgical procedure proved to be 
significantly more difficult than in non-operated cases. Fibrosis from previous 
procedure(s) altered the anatomical location of the transverse and sigmoid sinus, as 
well as the dissection and opening of the dura mater. Intracranially, the arachnoid 
plane usually found between the tumor and the brain stem and cranial nerves was 
lost; thus, dissection of the tumor required more manipulation of those structures. 
This was especially significant in irradiated patients. We observed that in cases in 
which the IAC had not been previously opened, identification and dissection of the 
facial nerve and subsequent dissection were less difficult. Postoperative anatomical 
preservation of the facial nerve was possible in 13 (76%) of 17 patients with preop-
erative facial nerve function. There was no permanent morbidity or mortality. All 
cases were histologically confirmed as WHO grade I schwannomas [16].
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10. Intralabyrinthine tumors

Intralabyrinthine VS are by definition tumors arising at the terminal end of 
the eighth cranial nerve within the vestibule, cochlea, or semicircular canal [17]. 
According to its location, intralabyrinthine schwannomas may be anatomically 
divided in six major types: intravestibular, vestibulocochlear, modiolar, transotic, 
intracochlear, and transmacular schwannomas (Figures 4–7).

Figure 5. 
(A) Modiolar schwannoma. (B) Transotic schwannoma.

Figure 6. 
(A) Intracochlear schwannoma. (B) Transmacular schwannoma.

Figure 4. 
(A) Intravestibular schwannoma. (B) Vestibulocochlear schwannoma. Intravestibular schwannomas are 
located in the labyrinth. Vestibulocochlear schwannomas grow in the labyrinth and cochlea.
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Modiolar schwannomas arise at the cochlea and extend in the modiolus and the 
IAC. Transotic schwannomas grow from the labyrinth into the IAC and middle ear.

Intracochlear schwannomas are located in the cochlea. Transmacular schwan-
nomas arise in the vestibule and extend into the internal auditory canal through the 
macula cribrosa.

These tumors have been frequently observed on MRI examinations, but their 
management was rarely reported in the literature [18].

Labyrinthitis and otitis may also cause gadolinium enhancement of the vestibu-
lar nerves and mimic intralabyrinthine tumors. However, in these pathologies the 
enhancement is less sharp, and the cochlea, as well as the entire vestibular system, 
may exhibit contrast enhancement [19].

Clinical observation is recommended in patients already deaf and if the ves-
tibular symptoms are slight and treatable. Microsurgical removal is curative, but 
hearing preservation is very challenging since these tumors often affect the cochlea 
and the semicircular canals. The retrosigmoid-transmeatal endoscopic-assisted 
approach is very useful and provides an excellent view of the lateral portion of 
IAC. A wide and deep opening of the IAC (about 1 cm in length) is required to 
resect those lesions. Symptoms of intractable vertigo usually disappear after micro-
surgical removal of the lesion [20, 21].

Figure 7. 
Post-contrast T1-weighted image demonstrating a transmacular schwannoma (white arrow).
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Chapter 7

The Systemic Treatment of Glioma
Johnny Camargo

Abstract

Gliomas have been treated by a specialized team including neurosurgery, radia-
tion therapy, and neuro-oncology, as well as depending on integrated sophisticated 
facilities and multi-professional team. Despite these huge efforts to glioma treatment, 
glioblastoma, one of the most frequent gliomas, has median life expectance for just 
15 months, so these results are still an unmet need. Related to the systemic treatment, 
some cancer approaches have been revolutionized with new strategies, such as immu-
notherapy, although in neuro-oncology, this alternative still has challenges to over-
come. Throughout this chapter, relevant information and key points will be discussed 
to the best way to manage systemic treatment and improve glioma overall survival.

Keywords: gliomas, glioblastoma, astrocytoma, oligodendroglioma,  
immunotherapy, systemic treatment, chemotherapy

1. Introduction

Gliomas are the most common primary brain tumors [1]; their origin is from 
glial cells, i.e., from astrocytes, oligodendrocytes, and ependymal cells. Usually, it 
has diffused appearance, and depending on their molecular features, they may have 
different behaviors. The worst evolution is related to glioblastoma, in which the best 
treatment might provide the dismal evolution in 15 months of overall survival (OS) 
[2]. On the other hand, even with diffuse infiltration, when there are astrocytic 
features, the OS might be up to 7 years, and with oligodendroglial features [3, 4], 
the OS is around more than 10 years. So, these diseases are very heterogeneous in 
regard to pathogenesis, histopathology, and molecular and clinical features.

Related to glioma treatment, for the optimization of results [5], it is necessary 
to be aware of clinical variables, such as age, sex, Karnofsky Performance Status on 
admission, isocitrate dehydrogenase 1/2 mutation ratio, or resection rate. Besides, 
there is a necessity of engaged and specialized staff of neurosurgeons, radiation 
therapist, neuro-oncologist, anesthetist, radiologist, and a supportive staff, in an 
equipped and organized structure with facilities for brain tumor care.

The systemic approaches make part of glioma treatment, using drugs with direct 
action in tumor cells [6, 7], in association with radiation therapy [2] aiming to 
potentialize it, as an adjuvant therapy [8], and currently for action in the vascular 
formation [9, 10] and to modulate immune system.

2. Challenges for drug efficacy in CNS tumors

The preferred treatment for brain tumors has been attempting to maximize the 
degree of surgical resection. But irrespective of the relevance of this approach, it 
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has limitations with respect to gliomas due to the invasiveness of these tumors and 
their tendency to reside in or near important brain areas. Traditional postsurgi-
cal therapy for gliomas involved standard radiation therapy and chemotherapy. 
There are some issues which might be considered as a challenge to improve glioma 
treatment.

2.1 Blood-brain barrier (BBB), blood-cerebrospinal fluid barrier  
(blood-CSFB), and blood-tumor barrier

Anatomically, CNS can be subdivided into the parenchyma, meninges, special 
sense organs, cranial nerves, spinal nerves, and the ventricular system with its 
contents. All these structures are limited by boundaries under normal conditions, 
such as blood-brain barrier, blood-CSFB, and, in pathologic scenario, blood-tumor 
barrier. Under normal physiology, the BBB’s unique anatomic structure and the 
tightly regulated interplay of its cellular and acellular components allow for main-
tenance of brain homeostasis, regulation of influx and efflux, and protection from 
harm; these characteristics ensure an optimal environment for the neural network 
to function properly. It is not really a barrier but rather a communication “center,” 
responding to and passing signals between the CNS and blood [11]. It is constituted 
by cells that surround the vessels, the endothelium cells, which have been con-
sidered the central unit, and there is a growing understanding in the interactions 
of this central cell with other cells and systems, such as pericytes [12], astrocytes 
[13], and microglia. The integration among them results in maintenance of BBB 
permeability. There is a vast research to study the relation between this complex 
system and pathologies. Under pathologic conditions, these barriers might lose their 
permeability allowing easy traffic between the compartments.

Charge, lipophilicity, and molecular size are key issues for drugs to pass through 
BBB. Drugs currently in use for CNS tumors, for example, temozolomide and 
lomustine, can reach, despite BBB permeability, in areas with neoplastic enhance-
ment in imaging studies, which might have dysfunctional BBB and permit some 
drugs to get in easily.

For instance, BBB is part of complex environment that supports the balance and 
homeostasis of CNS, and it is as well a barrier both to drugs and chemotherapeutic 
agents and to immunotherapeutic agents.

2.2 Drug development

The best quality preclinical testing model would select appropriate molecular 
targets, determine the effectiveness of drugs directed against those targets and 
the ideal genetic and cellular context for their use, evaluate the toxicity of selected 
drugs, and identify relevant biomarkers demonstrating drug efficacy and specific-
ity to assist in subsequent clinical trials [14].

At the laboratory level, there are limitations of drug development for gliomas. 
Preclinical tests might be performed in in vitro tests or in animal model tests. In 
in vitro tests, there are limitations owing to cellular homogeneity that could not 
reproduce the real tumor environment and cellular heterogeneity; moreover, the 
systemic influences affect drug metabolism and distribution, and what’s more, in 
an animal model in which are based on xenografts inserts in flank or directly into 
the animal brain. But these models, despite working in preclinical models, usually 
fail to reproduce the same result at the clinical level. Another strategy that has been 
developed by using genetically engineered mouse models (GEMMs) [15] has shown 
that glial tumors spontaneously develop, mostly of high grade, after a variable 

99

The Systemic Treatment of Glioma
DOI: http://dx.doi.org/10.5772/intechopen.80047

latent period. Such GEMMs are the best current models we have for approximating 
the biology of CNS neoplasms in humans.

Other efforts have been made in order to better understand the overlap of 
various models and human brain tumor behavior; in recent published paper 
[16], the authors have studied the differences and similarities in glioma biology 
as conveyed by transcriptomic patterns across four mammalian hosts: rats, mice, 
dogs, and humans. And they have found notable differences that were observed in 
gene expression patterns as well as related biological pathways and cell populations 
known to mediate key elements of glioma biology, including angiogenesis, immune 
evasion, and brain invasion.

2.3 Tumor heterogeneity

Tumor heterogeneity may keep tumor evolution and adaptation, which prevent 
personalized medicine agents to work [17]. It has been described in various tumor 
models, and this feature in gliomas allowed them to be resistant to several known 
drugs [18, 19].

There is a growing knowledge in the molecular and cellular basis of glioblas-
toma; Diane J. Aum [18], in her paper, introduced emerging concepts on the 
molecular and cellular heterogeneity of glioblastoma and laid emphasis that we 
should begin to consider each individual glioblastoma to be an ensemble of distinct 
subclones that reflect a spectrum of dynamic cell states. And this knowledge par-
tially explains this entity’s resistance to treatment, as well as allows new researches 
and strategies to overcome it.

2.4 Immunosuppressive environment of brain tissue

A detailed understanding of the supportive role that the microenvironment 
plays in glioblastoma (GBM) is critical to the design of effective immunotherapeutic 
strategies. Glioma histology shows that >30% of GBM tumors are composed of 
infiltrating microglia [20] with active recruitment of peripheral macrophages [21]. 
The secretion of immunomodulatory cytokines from GBM cells, including interleu-
kins 10 (IL-10), 4 (IL-4), and 6 (IL-6), and, particularly, tumor growth factor-beta 
(TGF-β) in addition to prostaglandin E2 can suppress microglia activation.

Tumor-associated macrophages (TAM) [22] are often considered to be facilita-
tors of tumor growth because of their proangiogenic and immunosuppressive 
properties. Besides it, the glioma tumor cells are between the least immunogenic 
in the spectrum of the human tumors, which confer then to be less responsive to 
immunotherapy [23].

Therefore, a complex system allows tumor cells to grow without immune system 
control, and this knowledge opens new avenues to exploration of immunotherapeu-
tic issues.

3. Glioma classification

The new version of the World Health Organization Classification of Tumors of 
the Central Nervous System (WHO 2016) [24] introduced the concept of an inte-
grated diagnosis, based on a union of both phenotypic (microscopic) and genotypic 
parameters. Major changes are seen in glioma and medulloblastoma groups. Fewer 
entities are included and some, related to their no longer diagnostic and therapeutic 
relevance, were deleted.
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In the previous version, WHO 2007, all astrocytic tumors had been grouped 
together, but now in new 2016 classification, all diffuse gliomas whether they are 
astrocytic or oligodendroglial are grouped under one heading, mainly based on 
their growth pattern, behavior, as well as a mutation in IDH.

Regarding the histological classification at the WHO 2016, there were few 
modifications; tumors are still being classified as grade I, II, III, and IV; and just a 
new category “grade unknown” is added for diffuse leptomeningeal glioneuronal 
tumor [25].

3.1 Nomenclature

The nomenclature of the combination of histopathological and molecular fea-
tures must be standardized to simplify its use; CNS tumor diagnoses should consist 
of a histopathological name followed by the genetic features, with the genetic 
features following a comma and as adjectives, as in diffuse astrocytoma, IDH mutant, 
and medulloblastoma, wingless (WNT) activated. If there are more than one genetic 
features, it must be included in the description, for example, oligodendroglioma, IDH 
mutant and 1p/19q co-deleted. When the tumor has no genetic alteration, the term 
“wild type” might be used if an official entity already exists, for example, glioblas-
toma IDH wild type.

For situations which there are no access to molecular tests, or it was not done, 
by whatever reason, the term not otherwise specified (NOS) must be used, for 
example, diffuse astrocytoma, NOS. For instance, the NOS terminology refers to an 
incomplete or unavailable information related to molecular tests.

3.2 Gliomas

Despite having astrocytic or oligodendroglial features, in the WHO 2016, they 
are grouped together as diffuse gliomas, and for pathologic point of view, it is 
useful, so they are grouped together; for prognostic issues and patient management, 
the therapeutic orientation might be driven biologically and genetically.

Astrocytic gliomas include diffuse lesions, which may be grade II, grade III 
(anaplastic), and grade IV (glioblastoma), and main molecular features are IDH 
and alpha-thalassemia/mental retardation syndrome X-linked (ATRX) gene. 
IDH-mutated lesions may have better evolution. Grades II and III are mainly IDH 
mutated, whereas grade IV (glioblastoma) is predominately IDH wild type.

Oligodendroglial tumors have their histological features; although astrocytic 
ones might have its feature as well, and its molecular features are IDH mutated and 
1p/19q co-deleted, these classes of tumors have better prognosis. It may have grade 
II and grade III (anaplastic). When the genetic tests are not available, it will be 
classified as diffuse astrocytoma, NOS; oligodendroglioma, NOS; or glioblastoma, 
NOS.

4. Glioma molecular markers

4.1 IDH1 and IDH2

IDH is the most important diagnostic marker as it can differentiate glioma from 
gliosis. These mutations have affected amino acid 132 of isocitrate dehydrogenase 
1 gene (IDH1) in more than 70% of the WHO grade II and III astrocytomas and 
oligodendrogliomas and in glioblastomas that have developed from these lower-
grade lesions [26].
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Two IDH variants have been used, IDH1 and IDH2, which are enzymes in Krebs 
cycle that catalyzes the conversion of isocitrate to alpha-ketoglutarate. IDH1 muta-
tions are heterozygous, and these are involving an amino acid substitution (glycine 
to arginine) in the active site of the enzyme in codon 132 (R132H). This mutation 
results in the abnormal production of 2-hydroxyglutarate, which causes histone and 
deoxyribonucleic acid (DNA) methylation, hence promoting tumorigenesis [27], 
while IDH2 variants are reported to influence angiogenesis, apoptosis, and glucose 
metabolism [28].

IDH can be demonstrated by IDH1 or IDH2 mutation by immunohistochemistry 
using mutation-specific antibody against R132H-mutant IDH1; if immunostaining 
is negative, then it should be followed by IDH1/IDH2 DNA genotyping. Mutation 
in both IDH1 and IDH2 entities is known as IDH mutant. When both are negative, 
then it is known as IDH wild type. If IDH testing is not available or cannot be fully 
performed or is inconclusive, then it is labeled as IDH NOS.

4.2 1p/19q co-deletion

In 1p/19q co-deletion, there is a complete deletion of both the short arm of 
chromosome 1 (1p) and the long arm of chromosome 19 (19q). 1p/19q co-deletion 
can be demonstrated by fluorescent in situ hybridization (FISH), polymerase chain 
reaction, chromogenic in situ hybridization, or molecular genetic testing. It is 
definitive for the diagnosis of grade II and grade III (anaplastic) oligodendroglio-
mas. It is a strong prognostic factor associated with improved survival and also a 
predictive factor for response to chemotherapy as well as radiotherapy [29, 30].

4.3 O6-methylguanine-DNA methyltransferase methylation (MGMT)

The MGMT gene encodes a DNA repair enzyme that can nullify the effects 
of alkylating chemotherapy such as temozolomide [31]. The alkylating chemo-
therapy damages DNA by adding methyl groups. Therefore, a tumor with a high 
degree of MGMT activity will be resistant to chemotherapies which target DNA at 
this location. If the promoter region of the MGMT gene is unmethylated, the gene 
will be active, whereas if the promoter region of MGMT is hypermethylated, the 
gene will be silenced. However, if the MGMT gene is active, the damage is rapidly 
repaired. Methylation of the MGMT gene promoter is a favorable prognostic and 
predictive factor in glioblastoma patients, but it is not a diagnostic marker for the 
same.

The correlation with other biomarkers is mandatory to have oriented treatment 
in neuro-oncology [32].

4.4 TERT (telomerase reverse transcriptase) promoter mutations

TERT mutations often involve C228T and C250T mutations of the promoter 
region. TERT promoter mutations and long telomere length predict poor survival 
and radiotherapy resistance in gliomas. It occurs mainly in glioblastoma and oligo-
dendroglioma. TERTp and IDH mutations are routinely used clinically to facilitate 
diagnosis by classifying 80% of GBMs into molecular subgroups with distinct 
clinical courses [30, 33].

4.5 Alpha-thalassemia/mental retardation syndrome X-linked (ATRX)

It is a chromatin-remodeling protein important in DNA replication, telomere 
stability, gene transcription, chromosome congression, and cohesion during cell 
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modifications; tumors are still being classified as grade I, II, III, and IV; and just a 
new category “grade unknown” is added for diffuse leptomeningeal glioneuronal 
tumor [25].

3.1 Nomenclature

The nomenclature of the combination of histopathological and molecular fea-
tures must be standardized to simplify its use; CNS tumor diagnoses should consist 
of a histopathological name followed by the genetic features, with the genetic 
features following a comma and as adjectives, as in diffuse astrocytoma, IDH mutant, 
and medulloblastoma, wingless (WNT) activated. If there are more than one genetic 
features, it must be included in the description, for example, oligodendroglioma, IDH 
mutant and 1p/19q co-deleted. When the tumor has no genetic alteration, the term 
“wild type” might be used if an official entity already exists, for example, glioblas-
toma IDH wild type.

For situations which there are no access to molecular tests, or it was not done, 
by whatever reason, the term not otherwise specified (NOS) must be used, for 
example, diffuse astrocytoma, NOS. For instance, the NOS terminology refers to an 
incomplete or unavailable information related to molecular tests.

3.2 Gliomas

Despite having astrocytic or oligodendroglial features, in the WHO 2016, they 
are grouped together as diffuse gliomas, and for pathologic point of view, it is 
useful, so they are grouped together; for prognostic issues and patient management, 
the therapeutic orientation might be driven biologically and genetically.

Astrocytic gliomas include diffuse lesions, which may be grade II, grade III 
(anaplastic), and grade IV (glioblastoma), and main molecular features are IDH 
and alpha-thalassemia/mental retardation syndrome X-linked (ATRX) gene. 
IDH-mutated lesions may have better evolution. Grades II and III are mainly IDH 
mutated, whereas grade IV (glioblastoma) is predominately IDH wild type.

Oligodendroglial tumors have their histological features; although astrocytic 
ones might have its feature as well, and its molecular features are IDH mutated and 
1p/19q co-deleted, these classes of tumors have better prognosis. It may have grade 
II and grade III (anaplastic). When the genetic tests are not available, it will be 
classified as diffuse astrocytoma, NOS; oligodendroglioma, NOS; or glioblastoma, 
NOS.

4. Glioma molecular markers

4.1 IDH1 and IDH2

IDH is the most important diagnostic marker as it can differentiate glioma from 
gliosis. These mutations have affected amino acid 132 of isocitrate dehydrogenase 
1 gene (IDH1) in more than 70% of the WHO grade II and III astrocytomas and 
oligodendrogliomas and in glioblastomas that have developed from these lower-
grade lesions [26].
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Two IDH variants have been used, IDH1 and IDH2, which are enzymes in Krebs 
cycle that catalyzes the conversion of isocitrate to alpha-ketoglutarate. IDH1 muta-
tions are heterozygous, and these are involving an amino acid substitution (glycine 
to arginine) in the active site of the enzyme in codon 132 (R132H). This mutation 
results in the abnormal production of 2-hydroxyglutarate, which causes histone and 
deoxyribonucleic acid (DNA) methylation, hence promoting tumorigenesis [27], 
while IDH2 variants are reported to influence angiogenesis, apoptosis, and glucose 
metabolism [28].

IDH can be demonstrated by IDH1 or IDH2 mutation by immunohistochemistry 
using mutation-specific antibody against R132H-mutant IDH1; if immunostaining 
is negative, then it should be followed by IDH1/IDH2 DNA genotyping. Mutation 
in both IDH1 and IDH2 entities is known as IDH mutant. When both are negative, 
then it is known as IDH wild type. If IDH testing is not available or cannot be fully 
performed or is inconclusive, then it is labeled as IDH NOS.

4.2 1p/19q co-deletion

In 1p/19q co-deletion, there is a complete deletion of both the short arm of 
chromosome 1 (1p) and the long arm of chromosome 19 (19q). 1p/19q co-deletion 
can be demonstrated by fluorescent in situ hybridization (FISH), polymerase chain 
reaction, chromogenic in situ hybridization, or molecular genetic testing. It is 
definitive for the diagnosis of grade II and grade III (anaplastic) oligodendroglio-
mas. It is a strong prognostic factor associated with improved survival and also a 
predictive factor for response to chemotherapy as well as radiotherapy [29, 30].

4.3 O6-methylguanine-DNA methyltransferase methylation (MGMT)

The MGMT gene encodes a DNA repair enzyme that can nullify the effects 
of alkylating chemotherapy such as temozolomide [31]. The alkylating chemo-
therapy damages DNA by adding methyl groups. Therefore, a tumor with a high 
degree of MGMT activity will be resistant to chemotherapies which target DNA at 
this location. If the promoter region of the MGMT gene is unmethylated, the gene 
will be active, whereas if the promoter region of MGMT is hypermethylated, the 
gene will be silenced. However, if the MGMT gene is active, the damage is rapidly 
repaired. Methylation of the MGMT gene promoter is a favorable prognostic and 
predictive factor in glioblastoma patients, but it is not a diagnostic marker for the 
same.

The correlation with other biomarkers is mandatory to have oriented treatment 
in neuro-oncology [32].

4.4 TERT (telomerase reverse transcriptase) promoter mutations

TERT mutations often involve C228T and C250T mutations of the promoter 
region. TERT promoter mutations and long telomere length predict poor survival 
and radiotherapy resistance in gliomas. It occurs mainly in glioblastoma and oligo-
dendroglioma. TERTp and IDH mutations are routinely used clinically to facilitate 
diagnosis by classifying 80% of GBMs into molecular subgroups with distinct 
clinical courses [30, 33].

4.5 Alpha-thalassemia/mental retardation syndrome X-linked (ATRX)

It is a chromatin-remodeling protein important in DNA replication, telomere 
stability, gene transcription, chromosome congression, and cohesion during cell 
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division. ATRX mutation results in lengthening of telomerase which helps in chro-
matin maintenance and remodeling. All cells are ATRX positive. If ATRX mutation 
is present, then there will be a loss of staining in the cells [34].

ATRX mutations are almost always accompanied by other mutations in the 
histone regulation (IDH, H33 K27M, tumor protein p53 [TP53], etc.) [35]. Loss 
of ATRX expression is seen in 45% of anaplastic astrocytoma, 27% of anaplastic 
oligoastrocytoma, and 10% of anaplastic oligodendroglioma and also in pediatric 
and adult high-grade astrocytoma [36].

4.6 Tumor protein p53

p53 is a tumor suppressor gene located on the short arm of chromosome 17. Loss 
of p53 leads to DNA damage, hypoxia, oncogene activation, microtubule disrup-
tion, and oxidative damage which in turn contributes to the CNS tumor patho-
genesis mainly medulloblastoma, glioblastoma, and in 56–58% of IDH-mutant 
astrocytoma [37]. Copy number neutral loss of heterozygosity of chromosome 17p 
(CNLOH 17p) was nearly exclusively associated with IDH1-mutant astrocytoma 
with TP53 mutations. “CNLOH” means that one copy of the chromosome has been 
deleted, whereas the remaining copy has been duplicated. The net result is that the 
cell still has a total of two copies of the gene or chromosomal segment, but instead 
of having two different copies, a single copy has been duplicated. CNLOH 17p was 
found to be a significant prognostic factor, with better survival outcomes for those 
with the CNLOH 17p alteration [38].

5. Low-grade gliomas

Usually, the term “low-grade glioma” refers to the glioma class, which has an 
indolent evolution and an incurable disease, and during their evolution transform 
into a high grade. It has a specific molecular and genetic profile. In the WHO 2016, 
they are represented by diffuse astrocytic glioma grade II, IDH mutant and IDH 
wild type, and diffuse oligodendroglioma, IDH mutant with 1p/19q co-deletion or 
not [39].

Surgery is a key point on its management, getting tissue for biopsy and molecu-
lar analysis, and the timing depends on some variables, such as tumor size, localiza-
tion, age of patient, and symptoms. Patients with small tumors might be followed 
regularly; despite not having randomized studies, early intervention has been 
showing OS advantages, as well the extension of resection and maximum safe resec-
tion rather than partial resection or biopsy [40–42].

Radiation therapy is an important part of the low-grade glioma treatment, and 
the optimal timing is controversial; by the way, for those ones with high risk of 
relapse, the immediate delivery of radiation is of the standard approaches [43].

Regarding the systemic treatment, chemotherapy is part of its treatment in the 
adjuvant and at relapse setting of the low-grade glioma spectrum.

In RTOG 9802, patients were randomly assigned to radiation therapy (RT) alone 
or RT followed by six cycles of procarbazine, lomustine, and vincristine (PCV). The 
primary endpoint was OS, and the secondary endpoint was PFS and grade III toxic-
ity. At the time of the first publication [44] with a median follow-up of 5.9 years in 
surviving patients, there was a trend toward longer survival in the RT plus chemo-
therapy group (5-year overall survival 72 vs. 63%, hazard ratio [HR] 0.72, 95% CI 
0.47–1.10), but with a median follow-up of 11.9 years showed at second publication 
[45], the significance of OS and progression-free survival (PFS) was reached, with 
median overall survival 13.3 vs. 7.8 years for patients treated with RT followed by 
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PCV, HR 0.59, p = 0.03, and the median progression-free survival was also pro-
longed in patients who received PCV (10.4 vs. 4.0 years, p = 0.002).

These results bring level 1 evidence to treat high-risk patients with low-grade 
gliomas with RT and PCV. As PCV is toxic and there are further evidences of 
equivalences with temozolomide [46], despite not being randomized by studies 
comparing it in this population, this drug can be used with the 2B level of evidence. 
At CATNON trial, there was a comparison in patients with anaplastic oligodendro-
gliomas with no co-deletion, between RT and RT followed by temozolomide, with 
OS advantage.

In the subgroup of patients who had had 1p/19q co-deletion, the significance 
of benefit from PCV was greater in patients with oligodendroglioma (n = 101; HR 
0.43, 95% CI 0.23–0.82) and oligoastrocytoma (n = 77; HR 0.56, 95% CI 0.32–1.0) 
than in those with astrocytoma (n = 46; HR 0.73, 95% CI 0.40–1.34).

6. High-grade gliomas

This category is composed by grade III diffuse gliomas (anaplastic astrocytoma, 
anaplastic oligodendroglioma) and grade IV (glioblastoma). Typically, the symp-
tom evolution occurs in few weeks or months. Among them, there are different 
prognoses, so as anaplastic oligodendroglioma has OS of 9 years, anaplastic astrocy-
toma has OS of 3–5 years, and glioblastoma has OS of just 15 months. The prognosis 
will be dependent on age, performance status, localization of the lesion, grade of 
resection [47, 48], and molecular profile for grade III diffuse gliomas (IDH and 
1p/19q co-deletion) and for glioblastoma (IDH status, MGMT, TERT, p53, epider-
mal growth factor receptor variant III (EGFRvIII), and others).

Surgery for high-grade gliomas has the goal of maximum safe resection [49], 
with prognosis improvement, or at least partial resection or stereotactic biopsy to 
define histology, as well as molecular markers to drive treatment. Many strategies 
have been tested to reach maximum safe resection, such as awake surgery, intra-
operative magnetic resonance [50], 5-aminolevulinic acid (5-ALA) guide surgery 
[48], and other techniques that require expertise and facilities to deal with these 
demands.

Further adjuvant treatment, considering gold standard, using radiation therapy 
and systemic treatment is required. To revisit this issue, it might be considered that 
previous trials took data from a mix of histologic and molecular subtypes, not tak-
ing in account the updated WHO 2016.

6.1 Grade III diffuse gliomas

6.1.1 Anaplastic oligodendroglioma

In this subtype, the knowledge of the role of 1p/19q co-deletion as better prog-
nostic marker as far has been demonstrated [51]. According to the WHO 2016, this 
tumor must have IDH mutation and 1p/19q co-deletion.

One of the evidences to treat this class of patient with combination of radiation 
therapy and chemotherapy was demonstrated in EORTC brain tumor group study 
26951 [29], where 368 adult patients with newly diagnosed anaplastic oligoden-
droglial tumors were randomly assigned to either RT or the same RT followed by 
six cycles of adjuvant PCV, and with a median follow-up of 140 months, OS in the 
RT/PCV arm was significantly longer (42.3 vs. 30.6 months in the RT arm, hazard 
ratio [HR], 0.75; 95% CI, 0.60–0.95). In an exploratory analysis of 80 patients 
with a 1p/19q co-deletion, OS was increased, with a trend toward more benefits 
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from adjuvant PCV (OS not reached in the RT/PCV group vs. 112 months in the RT 
group; HR, 0.56; 95% CI, 0.31–1.03). IDH mutational status was also of prognostic 
significance.

At RTOG 9402 in an updated publication [52], 291 patients with anaplastic 
oligodendrogliomas and pure (AO) and mixed (anaplastic oligoastrocytoma (AOA) 
were randomized to four cycles of PCV followed by radiation therapy (RT). For the 
entire cohort, there was no difference in median survival by treatment (4.6 years for 
PCV plus RT vs. 4.7 years for RT), but for 1p/19q co-deleted patients as in EORTC 
26951, there was survival benefit, although this analysis was not preplanned.

6.1.2 Anaplastic astrocytoma

In the WHO 2016, anaplastic astrocytoma molecular feature is IDH1/IDH2 
mutated and IDH1/IDH2 wild type, with no 1p/19q co-deletion. Anaplastic 
 astrocytoma IDH1/IDH2 wild type has worse prognosis than the IDH1/IDH-2 
mutated [25].

At CATNON trial (EORTC study 26053-22054) [8], 745 patients (99%) of the 
planned 748 patients, with anaplastic astrocytoma with no 1p/19q co-deletion, had 
been enrolled in a four-arm study comparing RT alone, RT with concurrent daily 
temozolomide, RT followed by 12 cycles of adjuvant temozolomide, and RT with 
both concurrent and 12 cycles of adjuvant temozolomide. At the interim analysis 
of RT × RT followed by 12 cycles of adjuvant temozolomide, the temozolomide 
addition had a significant improvement in both progression-free survival (HR 0.62, 
95% CI 0.50–0.76) and overall survival (median 44.1 months vs. not yet reached; 
HR 0.65, 95% CI 0.45–0.93).

So, based upon CATNON trial and other observations [53, 54], patients with 
anaplastic astrocytoma must be treated with adjuvant RT and chemotherapy, and 
if IDH is wild type, it must be treated as glioblastoma. To IDH-mutated lesions, 
until final analysis of CATNON trial, there is no evidence-based data supporting 
concomitant adjuvant treatment for this subgroup.

6.2 Grade IV gliomas: glioblastoma

Glioblastoma has been a daily challenge for those who attend these patients, as 
well for those who are involved in research area. Glioblastoma is the most common 
glioma and usually has dismal evolution in few months or years, so it has OS of 
just 15 months. At the Stupp trial [2], in the current standard of care of postopera-
tive therapy for glioblastoma, 573 newly diagnosed patients with histologically 
confirmed glioblastoma were randomly assigned to receive radiotherapy alone 
or radiotherapy plus continuous daily temozolomide, followed by six cycles of 
adjuvant temozolomide. At a median follow-up of 28 months, the median survival 
was 14.6 months with radiotherapy plus temozolomide and 12.1 months with 
radiotherapy alone. The unadjusted hazard ratio for death in the radiotherapy plus 
temozolomide group was 0.63 (95% confidence interval, 0.52–0.75; P < 0.001 by 
the log-rank test).

At this trial and others [55, 56], MGMT-methylated patients are doing better, 
and this biomarker became a strong predictor of temozolomide response.

Low-intensity alternating electric field therapy (TTFields) is a novel treatment 
to glioblastoma, in which locoregionally delivered antimitotic treatment interferes 
with cell division and organelle assembly. This stimulus is delivered continuously 
by transducers applied to a shaved scalp. In an open-label randomized trial of 
695 adults with newly diagnosed glioblastoma, median survival was improved in 
patients assigned to wear the device during the adjuvant temozolomide phase of 
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standard chemoradiation compared with those assigned to standard chemora-
diation alone (21 vs. 16 months) [57, 58]. The requirement to carry a device and 
maintain a shaved scalp for the duration of treatment presents a potential burden 
that is not acceptable to all patients [59].

On a phase II study [60], 39 glioblastoma patients are offered with radiotherapy 
of tumor site only and CCNU/TMZ (carmustine/temozolomide) chemotherapy 
for up to six courses. It results in a longer survival when compared to historical 
controls, mainly in MGMT-methylated patients; in the whole cohort, the median 
overall survival (mOS) was 23.1 months, and comparing MGMT methylated or not, 
the mOS was significantly longer with 34.3 vs. 12.5 months. The WHO grade IV 
hematologic toxicity was frequent.

CeTeG/NOA-09 trial was designed to prove that MGMT-methylated glioblas-
toma patients might have better survival using CCNU/TMZ. In this trial, there was 
randomization between MGMT-methylated glioblastoma patients to treat with a 
standard Stupp protocol vs. six cycles of CCNU/TMZ, its results were presented 
at plenary section of 22nd SNO (Society of Neuro-oncology meeting) [61], and it 
results in mOS for TMZ of 30.4 and 46.9 months for CCNU/TMZ. These are chal-
lenging results, waiting for publication for further details.

7. New strategies to treat gliomas

In the last 30 years, there have been huge investments in glioma research for bet-
ter outcomes; despite being fruitful, it is far from being solved. There are studies in 
anti-angiogenic drugs, inhibition of integrins, inhibition of growth factor receptors 
and intracellular signaling pathways, and immunotherapy, and despite failing to 
improve OS, immunotherapy has demonstrated hopeful results.

Immunotherapy has been extensively studied, with better understanding 
of relationship between tumors and immune system [62], and it is totally clear 
that immune system plays a key role in the tumor evolution as well as its control. 
Currently, immunotherapy has been standard in a growing spectrum of tumors 
[63, 64].

Immunotherapy challenges in glioblastoma, owing to low mutational load 
(TML) and therefore potential immunogenicity, and tight immune regulation 
within the CNS result in limited T-cell effector responses, which means that immu-
nosuppressive microenvironment and blockade of some cells to CNS have been 
limited for better use of this strategy in glioma field.

7.1 Vaccines

As an active immunotherapy (vaccine), rindopepimut (Rintega) consists of an 
EGFRvIII peptide conjugated to keyhole limpet hemocyanin, which is expressed 
in 30% of cells from glioblastoma patients and was previously tested in a phase II 
trial (ACT III) [65], and it had been the first immunotherapeutic to demonstrate 
increased survival. The hypothesis had been tested in a phase III trial, ACT IV [66], 
in which patients with newly diagnosed GBM with EGFRvIII expressed treated with 
standard chemoradiation with or without rindopepimut. Its publication showed 
that there was no difference at primary endpoint, with OS of 20.4 vs. 21.1 months. 
There are some evidences of association between bevacizumab and rindopepimut 
having synergistic effect [67], but this hypothesis must be proven.

Another provocative strategy has just been published [68] in a phase III trial 
which evaluates the addition of an autologous tumor lysate-pulsed dendritic cell 
vaccine (DCVax®-L) to standard therapy for newly diagnosed glioblastoma. 
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concomitant adjuvant treatment for this subgroup.

6.2 Grade IV gliomas: glioblastoma

Glioblastoma has been a daily challenge for those who attend these patients, as 
well for those who are involved in research area. Glioblastoma is the most common 
glioma and usually has dismal evolution in few months or years, so it has OS of 
just 15 months. At the Stupp trial [2], in the current standard of care of postopera-
tive therapy for glioblastoma, 573 newly diagnosed patients with histologically 
confirmed glioblastoma were randomly assigned to receive radiotherapy alone 
or radiotherapy plus continuous daily temozolomide, followed by six cycles of 
adjuvant temozolomide. At a median follow-up of 28 months, the median survival 
was 14.6 months with radiotherapy plus temozolomide and 12.1 months with 
radiotherapy alone. The unadjusted hazard ratio for death in the radiotherapy plus 
temozolomide group was 0.63 (95% confidence interval, 0.52–0.75; P < 0.001 by 
the log-rank test).

At this trial and others [55, 56], MGMT-methylated patients are doing better, 
and this biomarker became a strong predictor of temozolomide response.

Low-intensity alternating electric field therapy (TTFields) is a novel treatment 
to glioblastoma, in which locoregionally delivered antimitotic treatment interferes 
with cell division and organelle assembly. This stimulus is delivered continuously 
by transducers applied to a shaved scalp. In an open-label randomized trial of 
695 adults with newly diagnosed glioblastoma, median survival was improved in 
patients assigned to wear the device during the adjuvant temozolomide phase of 
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standard chemoradiation compared with those assigned to standard chemora-
diation alone (21 vs. 16 months) [57, 58]. The requirement to carry a device and 
maintain a shaved scalp for the duration of treatment presents a potential burden 
that is not acceptable to all patients [59].

On a phase II study [60], 39 glioblastoma patients are offered with radiotherapy 
of tumor site only and CCNU/TMZ (carmustine/temozolomide) chemotherapy 
for up to six courses. It results in a longer survival when compared to historical 
controls, mainly in MGMT-methylated patients; in the whole cohort, the median 
overall survival (mOS) was 23.1 months, and comparing MGMT methylated or not, 
the mOS was significantly longer with 34.3 vs. 12.5 months. The WHO grade IV 
hematologic toxicity was frequent.

CeTeG/NOA-09 trial was designed to prove that MGMT-methylated glioblas-
toma patients might have better survival using CCNU/TMZ. In this trial, there was 
randomization between MGMT-methylated glioblastoma patients to treat with a 
standard Stupp protocol vs. six cycles of CCNU/TMZ, its results were presented 
at plenary section of 22nd SNO (Society of Neuro-oncology meeting) [61], and it 
results in mOS for TMZ of 30.4 and 46.9 months for CCNU/TMZ. These are chal-
lenging results, waiting for publication for further details.

7. New strategies to treat gliomas

In the last 30 years, there have been huge investments in glioma research for bet-
ter outcomes; despite being fruitful, it is far from being solved. There are studies in 
anti-angiogenic drugs, inhibition of integrins, inhibition of growth factor receptors 
and intracellular signaling pathways, and immunotherapy, and despite failing to 
improve OS, immunotherapy has demonstrated hopeful results.

Immunotherapy has been extensively studied, with better understanding 
of relationship between tumors and immune system [62], and it is totally clear 
that immune system plays a key role in the tumor evolution as well as its control. 
Currently, immunotherapy has been standard in a growing spectrum of tumors 
[63, 64].

Immunotherapy challenges in glioblastoma, owing to low mutational load 
(TML) and therefore potential immunogenicity, and tight immune regulation 
within the CNS result in limited T-cell effector responses, which means that immu-
nosuppressive microenvironment and blockade of some cells to CNS have been 
limited for better use of this strategy in glioma field.

7.1 Vaccines

As an active immunotherapy (vaccine), rindopepimut (Rintega) consists of an 
EGFRvIII peptide conjugated to keyhole limpet hemocyanin, which is expressed 
in 30% of cells from glioblastoma patients and was previously tested in a phase II 
trial (ACT III) [65], and it had been the first immunotherapeutic to demonstrate 
increased survival. The hypothesis had been tested in a phase III trial, ACT IV [66], 
in which patients with newly diagnosed GBM with EGFRvIII expressed treated with 
standard chemoradiation with or without rindopepimut. Its publication showed 
that there was no difference at primary endpoint, with OS of 20.4 vs. 21.1 months. 
There are some evidences of association between bevacizumab and rindopepimut 
having synergistic effect [67], but this hypothesis must be proven.

Another provocative strategy has just been published [68] in a phase III trial 
which evaluates the addition of an autologous tumor lysate-pulsed dendritic cell 
vaccine (DCVax®-L) to standard therapy for newly diagnosed glioblastoma. 
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The final results are not yet available, because they are still unblinded, until the suf-
ficient events have occurred to elucidate the final curves. Despite being an interim 
analysis, it has been shown 23.4 months of medium OS (mOS), as the intention-to-
treat (ITT) population is similar, and it was allowed to crossover. So, we have to wait 
for the final data.

7.2 Checkpoint inhibitors

Another promising area is immunotherapy with checkpoint inhibitors, although 
a recent trial failed to demonstrate survival benefit. The CheckMate 143 was the 
first randomized phase III clinical trial in GBM with a PD-1 checkpoint inhibitor. 
In nivolumab alone vs. bevacizumab alone in recurrent GBM, 369 patients were 
randomized to the nivolumab (n = 184) or bevacizumab (n = 185), resulting in 
a median OS of 9.8 months with nivolumab and 10 months with bevacizumab, 
and the 12-month OS rate was 42% in both arms. Despite having failed to dem-
onstrate advantage, in a specific scenario, in patients with biallelic mismatch 
repair deficiency (bMMRD), it can benefit from checkpoint inhibitor treatment 
[69]. This might be explained by a high mutational burden in bMMRD. In other 
considerations, CheckMate 143 failure involves an inability of nivolumab to reach 
tumor-infiltrating lymphocytes (TILs) already sequestered in the recurrent tumor 
microenvironment; it may be expected to function better in patients with newly 
diagnosed GBM, where newly activated circulating T cells would be available for 
interaction with nivolumab prior to their migration to tumor sites. So, further 
investigation is required to set PD-1 checkpoint in glioma treatment [70, 71].

7.3 CAR T cells

Tumor immunotherapy with T lymphocytes, which can recognize and destroy 
malignant cells, has been limited by the ability to isolate and expand T cells 
restricted to tumor-associated antigens. Chimeric antigen receptors (CARs) 
composed of antibody-binding domains connected to domains that activate T cells 
could overcome tolerance by allowing T cells to respond to cell surface antigens; 
however, to date, lymphocytes engineered to express CARs have demonstrated 
minimal in vivo expansion and antitumor effects in clinical trials [72]. The very 
begging publications related to CAR T-cell therapy were related to a relapsed and 
refractory acute lymphoblastic leukemia, which made this technology known.

At glioma setting, CAR T-cell therapy has been tested, in recurrent GBM utiliz-
ing CAR T-cell GBM-associated antigen IL13Ra2 that utilizes CD62L-enriched 
central memory T cells (Tcm) engineered by lentiviral transduction to express 
[73]. Second-generation 4-1BB-containing CAR (IL13BBZ) signaling domain was 
utilized by both intratumoral and intraventricular deliveries, with multiple doses 
via reservoir. Safely and well tolerated, some dramatic responses were observed, 
both in brain and meninx lesions.

Further efforts have been made to improve results of this therapy [74–76].

7.4 Cancer-targeting oncolytic viruses

Cancer virotherapy mediated by oncolytic viruses (OV) has emerged as a novel 
and effective strategy in cancer therapeutics [77]. Desjardins [78] in a dose-finding 
and toxicity phase I study evaluated an intratumoral delivery of the recombinant 
nonpathogenic poliovirus-rhinovirus chimera (PVSRIPO). PVSRIPO recognizes 
the poliovirus receptor CD155, which is widely expressed in neoplastic cells of solid 
tumors and in major components of the tumor microenvironment. Overall survival 
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Chapter 8

Role of Radiotherapy in High 
Grade Glioma
Henrique Balloni

Abstract

The aim of this review is to explore the changing utility of radiotherapy in the 
treatment of patients with glioblastoma over the past decades. Surgery and radio-
therapy has always been the cornerstone of treatment of glioblastoma, but tech-
niques have significantly advanced over this time. We selected the main studies that 
support the advances of radiotherapy in the present day as well as controversies in 
several aspects of the treatment will be approached; definition of the target volume 
in the magnetic resonance imaging (MRI) planning, size of the margins around 
the target volume; prescribed dose (satnadard vs. hypofactionated); management 
of glioblastoma in elderly; review role of radiosurgery past and new potential 
use in recurrence and the evidence of reirradiation in patients with local recur-
rence. Finally, continued development on many fronts have allowed for modestly 
improved outcomes while at the same time limiting toxicity.

Keywords: glioblastoma, radiotherapy, target volume, hypofractionated, 
radiosurgery

1. Introduction

The benefit of radiation therapy in patients with newly diagnosed glioblastoma 
has been demonstrated in many randomized trials and has been the basis of treat-
ment for decades. To make an effort to achieve and improve the very poor outcomes 
associated with this disease, numerous therapeutics have been added to radiation 
though with lack of success until the landmark study by Stupp et al. [1] established 
a standard of care of treatment, gross surgical excision followed by concurrent 
temozolomide and radiation.

The use of radiation in glioblastoma is constantly evolving as a result of advances 
in imaging methods and personalized medicine leading to continuous controversies 
over the delineations of tumor volume.

Multiple recent studies on personalized medicine, especially in elderly patients 
with glioblastoma suggest that the role and dose/fractionation of radiation delivery 
to this increasing population will continue to develop. This chapter will highlight 
the major historical studies that have resulted in radiation being the current stan-
dard of care; discuss the continuing controversies of volume delineation in radia-
tion delivery planning; discuss dose evolution and fractionation of radiotherapy in 
the management of patients; and review studies and ongoing trials on the use of 
radiation in the salvage scenario.
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2. Radiotherapy target volume definitions

In the 1970s, a randomized trial showed that 60 Gy of postoperative whole-brain 
RT (WBRT) could improve the survival for patients with high-grade glioma (HGG). 
Since then, postoperative RT was a standard treatment for newly diagnosed HGG. [2] 
However, other studies started to compare WBRT with partial-brain irradiation and 
concluded that there was no advantage of WBRT [3]. Tomography (CT) and magnetic 
resonance imaging (MRI) has contributed largely to improve the accuracy of tumor 
delineation and establish that partial-brain irradiation standard to treat HGG [4]. The 
three-dimensional (3D) conformal radiation technique makes partial-brain irradiation 
for glioma possible and reduces neurotoxicity [5]. The image fusion pre- and postopera-
tive MRI with planning CT images is normally used to determine the RT treatment 
volume for GBM. However, the optimal treatment volume for GBM remains a contro-
versial issue and varies among different institutions. The Radiation Therapy Oncology 
Group (RTOG) refers to a two-phase treatment at 60 Gy, where the initial clinical target 
volume (CTV) typically includes postoperative peritumoral edema plus a 2 cm margin, 
followed by a boost field defined as the residual tumor plus a 2 cm margin (as per RTOG 
0525 and RTOG 0825 trials) [6]. Inversely, the European Organization for Research and 
Treatment of Cancer (EORTC) defines a single-phase treatment with 2–3 cm dosimetric 
margins around the tumor (as evaluated by MRI), because 80–90% of treatment failures 
occur within this margin [1]. The University of Texas MD Anderson Cancer Center uses a 
2 cm margin around the gross tumor volume (GTV), which consists of the resection cav-
ity and any residual contrast-enhancing tumor without regard to edema [7]. However, 
several studies have raised the hypothesis that the results are similar when using reduced 
margins as small as 5 mm to delineate the CTV in the treatment of GBM [8].

In daily clinical practice between different institutions, the margins of the planned 
target volume vary significantly. A survey of radiation oncologists in Canada showed 
that 32 and 14% followed the RTOG and EORTC guidelines, respectively, while 54% 
followed the center’s specific guidelines. Biphasic treatments were reported by 37% 
and single-phase by 60% of clinicians. For clinicians treating in single phase, 61% treat 
the surgical cavity and enhancing tumor with a margin, and 33% treat an area that 
includes tumor edema in addition to the surgical cavity and enhancing tumor. The 
GTV margins to generate the planning treatment volume (PTV) also varied widely 
and included 0.5 cm (6%), 1 cm (6%), 1.5 cm (25%), 2 cm (56%), 2.5 cm (25%), and 
3 cm (12.5%). For clinicians treating in multiple phases, 90% include peritumoral 
edema in Phase I of the treatment. In Phase II, respondents reported using total mar-
gins (from GTV to PTV) of 1 cm (10%), 2 cm (40%), 2.5 cm (30%), and 3 cm (20%) 
[9]. Examples of differences in guidelines are shown (Table 1 and Figures 1 and 2).

2.1 Peritumoral edema

It is discussed regarding the inclusion of edema in the treatment plan. The 
rationale for including peritumoral edema is that such areas are believed to contain 
high concentrations of tumor cells. A study compared the histopathologic distri-
butions of neoplastic cells in GBM with the corresponding CT images and found 
that the vast majority of the neoplastic tissue was contained within the contrast-
enhancing and low-density peritumoral areas; however, the CT low-density area 
was not always identical to the area infiltrated by tumor cells. No tumor cells were 
found in some areas of low density, whereas, in some instances, normal appearing 
brain tissue beyond the CT low-density area was also found to contain tumor cells 
[10]. Furthermore, Halperin et al. [11] compared preoperative CT scans with the 
postmortem topography of recurrent tumors and found that 9/11 (81.8%) tumor 
cells were found beyond the enhancement area plus a 1 cm margin on CT. Indeed, 
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only treatment plans that covered the contrast-enhancing tumor, the “edema” 
volume, plus an additional 3 cm margin would cover the entire histologically identi-
fied tumor. Kelly et al. [12] also reported on the correlation between histopathologic 
and MRI findings for 177 biopsy specimens from 39 patients with glial neoplasms. 
Pathologic evaluation of biopsy specimens obtained from various locations in 
the volumes defined by CT and MRI showed that contrast enhancement most 

Table 1. 
The definition of radiation treatment volumes during the delineation of high-grade gliomas.

Figure 1. 
Example planning treatment volumes (PTV) delineation of high grade. MRI T1 contrast enhanced showing in 
colors lines different protocol volumes.
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Treatment of Cancer (EORTC) defines a single-phase treatment with 2–3 cm dosimetric 
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2.1 Peritumoral edema

It is discussed regarding the inclusion of edema in the treatment plan. The 
rationale for including peritumoral edema is that such areas are believed to contain 
high concentrations of tumor cells. A study compared the histopathologic distri-
butions of neoplastic cells in GBM with the corresponding CT images and found 
that the vast majority of the neoplastic tissue was contained within the contrast-
enhancing and low-density peritumoral areas; however, the CT low-density area 
was not always identical to the area infiltrated by tumor cells. No tumor cells were 
found in some areas of low density, whereas, in some instances, normal appearing 
brain tissue beyond the CT low-density area was also found to contain tumor cells 
[10]. Furthermore, Halperin et al. [11] compared preoperative CT scans with the 
postmortem topography of recurrent tumors and found that 9/11 (81.8%) tumor 
cells were found beyond the enhancement area plus a 1 cm margin on CT. Indeed, 
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only treatment plans that covered the contrast-enhancing tumor, the “edema” 
volume, plus an additional 3 cm margin would cover the entire histologically identi-
fied tumor. Kelly et al. [12] also reported on the correlation between histopathologic 
and MRI findings for 177 biopsy specimens from 39 patients with glial neoplasms. 
Pathologic evaluation of biopsy specimens obtained from various locations in 
the volumes defined by CT and MRI showed that contrast enhancement most 

Table 1. 
The definition of radiation treatment volumes during the delineation of high-grade gliomas.

Figure 1. 
Example planning treatment volumes (PTV) delineation of high grade. MRI T1 contrast enhanced showing in 
colors lines different protocol volumes.
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often corresponded to tumor tissue without intervening parenchyma, whereas 
hypodensity corresponded to parenchyma infiltrated by isolated tumor cells or, in 
some instances, in low-HGGs, to tumor tissue or to edema. For the normal T1- and 
T2-weighted MRI regions that were biopsied, there was a false-negative rate of 69 
and 40%, respectively [13]. A study conducted by Lu et al. [13] analyzed peritumoral 
edema using diffusion tensor MR imaging. This group divided gliomas associated 
with peritumoral edema into tumor-infiltrated edema and purely vasogenic edema.

It is controversial the prognostic of peritumoral edema. Some authors considered 
peritumoral edema on a preoperative MRI to be an independent prognostic fac-
tor, in addition to the postoperative Karnofsky performance score (KPS), age, and 
type of tumor resection [14]. Patients with major edema (>1 cm) had a significant 
shorter overall survival (OS) time, compared to patients with minor edema (<1 cm). 
Another study established that peritumoral edema, noncontrast-enhancing tumor, 
satellites, and multifocality were independent prognostic factors for survival in 
GBM, whereas preoperative tumor size, tumor location, and extent of necrosis had 
no significant impact on survival [15]. Conversely, there was no correlation between 
peritumoral edema, patient age, and tumor volume, but there was an association 
between edema, tumor location, and necrosis [16]. Similarly, Ramakrishna et al. 
[17] analyzed the predictive value of abnormal MRI features for the survival of 
patients with GBM. The result demonstrated that tumor burden and invasion char-
acteristics indicated by the T1-weighted gadolinium-enhanced MRI were significant 
predictors of patient survival, but the total area of signal intensity abnormalities on 
the T2-weighted images and the T2/T1 ratio did not correlate with patient outcome.

In summary, for patients with GBM, the significance of peritumoral edema for the 
survival of a patient with GBM is not clear. A majority of tumor tissues are contained 

Figure 2. 
Example planning treatment volumes (PTV) delineation of high grade. MRI T2 showing in colors lines 
different protocols volumes
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within the contrast enhancement areas in T1-weighted MRI, but not always, and infil-
trate into the peritumoral edema area. We believe that GTV in HGG for RT should be 
focus in T1-weighted MRI and surgical bed, regarding the peritumoral edema area. In 
addition, the ability to accurately distinguish tumor-infiltrated edema from vasogenic 
edema composed purely of extracellular water could be helpful for target delineation. 
It is hoped that advances in image techniques will enable this in the future.

2.2 Recurrent patterns of postoperative GBM

Several studies have studied the pattern of relapse in patients with glioblastoma. 
One of them [18] retrospectively analyzed the patterns of radiographic presentation 
of 80 adult patients with supratentorial GBM at four clinically relevant time points: 
presentation, first recurrence, second recurrence, and third recurrence. At diagno-
sis, 87.5% (70/80), 6.25% (5/80), 3.75%, and 2.5% of patients presented with unifo-
cal disease and distant, multifocal, and diffuse MRI-defined radiographic patterns, 
respectively. After RT and temozolamide treatment local recurrence occurs in 80%, 
distant in 7,5% and multifocal in 6,25% (including one with cerebrospinal fluid 
dissemination), and 6.25% was diffuse. In the same way, Wallner et al. [19] found 
that 78% of unifocal anaplastic astrocytoma and GBM recurrences occurred within 
2 cm of the presurgical original tumor extent, which is defined as the enhancing 
edge of the tumor on preoperative CT, and 56% (18/32) of tumors recurred within 
1 cm of the initial tumor margin. Liang et al. [20] published the pattern of failure 
for 42 patients with grade III or IV astrocytoma treated with chemoradiotherapy 
to a total of 60 Gy. In all 42 patients, recurrence occurred within a 2 cm margin of 
the original CT-enhancing lesion, and 10% of the patients suffered from multifo-
cal recurrence. In a retrospective series of 34 patients treated either with WBRT 
and conformal boost or entirely with 3D conformal RT, Oppitz et al. [21] revealed 
that all GBM recurrences occurred within the 90% isodose line when targets were 
contoured around the original preoperative contrast-enhancing tumor plus a 2 cm 
margin. More than 80% of the recurrences occur in 2 cm of the surgical bed dose-
escalation studies analyzed 36 patients with HGGs treated with radiation alone to 
70–80 Gy using the 3D conformal techniques [22]. In this study, recurrences were 
divided into several categories: (1) “central,” in which 95% or more of the recurrent 
tumor volume (Vrecur) was within D95, the region treated to a high dose (95% of 
the prescription dose); (2) “infield,” in which 80% or more of V recur was within 
the D95 isodose surface; (3) “marginal,” when between 20 and 80% of Vrecur was 
inside the D95 surface; and (4) “outwith,” in which <20% of Vrecur was inside the 
D95 surface. This study found that 89% of the recurrences were central or infield, 
3/36 (8%) had a marginal recurrence pattern, and only one patient (3%) clearly 
failed outside of the high-dose region. Another trial [7] reported similar patterns 
of failure in a series of 48 patients with GBM, comparing treatment guidelines 
based on residual tumor and cavity plus 2 cm margin, as used at the MD Anderson 
Cancer Center, with RTOG guidelines that specified the inclusion of preoperative 
peritumoral edema. They showed that 90% (43/48) of patients failed in central 
and infield locations. The five remaining marginal and distal recurrences failed 
to be covered by the 46 Gy isodose line, even when overlaid by the RTOG plan 
incorporating edema volume, confirming them to be true marginal recurrences. 
Additionally, Minniti et al. [23] compared recurrence patterns in 105 patients whose 
surgical resections were delineated by the EORTC contouring technique, wherein 
the CTV includes the resection cavity, and any residual tumor seen on postopera-
tive T1-weighted MRI, plus a 2 cm margin, and the PTV includes the CTV plus an 
additional 3 mm margin. After recurrence was confirmed, a theoretical plan, based 
on the addition of postoperative edema plus 2 cm margins, according to the current 
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often corresponded to tumor tissue without intervening parenchyma, whereas 
hypodensity corresponded to parenchyma infiltrated by isolated tumor cells or, in 
some instances, in low-HGGs, to tumor tissue or to edema. For the normal T1- and 
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and 40%, respectively [13]. A study conducted by Lu et al. [13] analyzed peritumoral 
edema using diffusion tensor MR imaging. This group divided gliomas associated 
with peritumoral edema into tumor-infiltrated edema and purely vasogenic edema.

It is controversial the prognostic of peritumoral edema. Some authors considered 
peritumoral edema on a preoperative MRI to be an independent prognostic fac-
tor, in addition to the postoperative Karnofsky performance score (KPS), age, and 
type of tumor resection [14]. Patients with major edema (>1 cm) had a significant 
shorter overall survival (OS) time, compared to patients with minor edema (<1 cm). 
Another study established that peritumoral edema, noncontrast-enhancing tumor, 
satellites, and multifocality were independent prognostic factors for survival in 
GBM, whereas preoperative tumor size, tumor location, and extent of necrosis had 
no significant impact on survival [15]. Conversely, there was no correlation between 
peritumoral edema, patient age, and tumor volume, but there was an association 
between edema, tumor location, and necrosis [16]. Similarly, Ramakrishna et al. 
[17] analyzed the predictive value of abnormal MRI features for the survival of 
patients with GBM. The result demonstrated that tumor burden and invasion char-
acteristics indicated by the T1-weighted gadolinium-enhanced MRI were significant 
predictors of patient survival, but the total area of signal intensity abnormalities on 
the T2-weighted images and the T2/T1 ratio did not correlate with patient outcome.

In summary, for patients with GBM, the significance of peritumoral edema for the 
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within the contrast enhancement areas in T1-weighted MRI, but not always, and infil-
trate into the peritumoral edema area. We believe that GTV in HGG for RT should be 
focus in T1-weighted MRI and surgical bed, regarding the peritumoral edema area. In 
addition, the ability to accurately distinguish tumor-infiltrated edema from vasogenic 
edema composed purely of extracellular water could be helpful for target delineation. 
It is hoped that advances in image techniques will enable this in the future.

2.2 Recurrent patterns of postoperative GBM

Several studies have studied the pattern of relapse in patients with glioblastoma. 
One of them [18] retrospectively analyzed the patterns of radiographic presentation 
of 80 adult patients with supratentorial GBM at four clinically relevant time points: 
presentation, first recurrence, second recurrence, and third recurrence. At diagno-
sis, 87.5% (70/80), 6.25% (5/80), 3.75%, and 2.5% of patients presented with unifo-
cal disease and distant, multifocal, and diffuse MRI-defined radiographic patterns, 
respectively. After RT and temozolamide treatment local recurrence occurs in 80%, 
distant in 7,5% and multifocal in 6,25% (including one with cerebrospinal fluid 
dissemination), and 6.25% was diffuse. In the same way, Wallner et al. [19] found 
that 78% of unifocal anaplastic astrocytoma and GBM recurrences occurred within 
2 cm of the presurgical original tumor extent, which is defined as the enhancing 
edge of the tumor on preoperative CT, and 56% (18/32) of tumors recurred within 
1 cm of the initial tumor margin. Liang et al. [20] published the pattern of failure 
for 42 patients with grade III or IV astrocytoma treated with chemoradiotherapy 
to a total of 60 Gy. In all 42 patients, recurrence occurred within a 2 cm margin of 
the original CT-enhancing lesion, and 10% of the patients suffered from multifo-
cal recurrence. In a retrospective series of 34 patients treated either with WBRT 
and conformal boost or entirely with 3D conformal RT, Oppitz et al. [21] revealed 
that all GBM recurrences occurred within the 90% isodose line when targets were 
contoured around the original preoperative contrast-enhancing tumor plus a 2 cm 
margin. More than 80% of the recurrences occur in 2 cm of the surgical bed dose-
escalation studies analyzed 36 patients with HGGs treated with radiation alone to 
70–80 Gy using the 3D conformal techniques [22]. In this study, recurrences were 
divided into several categories: (1) “central,” in which 95% or more of the recurrent 
tumor volume (Vrecur) was within D95, the region treated to a high dose (95% of 
the prescription dose); (2) “infield,” in which 80% or more of V recur was within 
the D95 isodose surface; (3) “marginal,” when between 20 and 80% of Vrecur was 
inside the D95 surface; and (4) “outwith,” in which <20% of Vrecur was inside the 
D95 surface. This study found that 89% of the recurrences were central or infield, 
3/36 (8%) had a marginal recurrence pattern, and only one patient (3%) clearly 
failed outside of the high-dose region. Another trial [7] reported similar patterns 
of failure in a series of 48 patients with GBM, comparing treatment guidelines 
based on residual tumor and cavity plus 2 cm margin, as used at the MD Anderson 
Cancer Center, with RTOG guidelines that specified the inclusion of preoperative 
peritumoral edema. They showed that 90% (43/48) of patients failed in central 
and infield locations. The five remaining marginal and distal recurrences failed 
to be covered by the 46 Gy isodose line, even when overlaid by the RTOG plan 
incorporating edema volume, confirming them to be true marginal recurrences. 
Additionally, Minniti et al. [23] compared recurrence patterns in 105 patients whose 
surgical resections were delineated by the EORTC contouring technique, wherein 
the CTV includes the resection cavity, and any residual tumor seen on postopera-
tive T1-weighted MRI, plus a 2 cm margin, and the PTV includes the CTV plus an 
additional 3 mm margin. After recurrence was confirmed, a theoretical plan, based 
on the addition of postoperative edema plus 2 cm margins, according to the current 
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RTOG guidelines, was created for each patient. The radiation coverage of the site of 
subsequent recurrences was compared for the different contouring techniques. The 
results revealed no significant differences in relapse patterns between the two target 
delineation techniques. Although, the median percent volume of normal brain 
irradiated to high doses was significantly smaller using the EORTC guideline. In 
our opinion, these data provide some evidence and reassurance to support treat-
ment plans based on resection cavity and any residual tumor seen on postoperative 
T1-weighted MRI with a 2 cm margin, rather than specified inclusion of preopera-
tive peritumoral edema plus a 2 cm margin. The use of this limited-margin RT can 
significantly decrease the volume of normal brain tissue that is irradiated, without 
a significant increase in the risk of marginal recurrences. A number of studies 
have been conducted to explore the feasibility of limited-margin RT in the context 
of a treatment paradigm involving RT with concurrent chemotherapy. Trying to 
reduce treatment volume, McDonald et al. [8] report the pattern of tumor failure 
in a series of 62 patients with GBM treated with postoperative limited-margin 
RT and concurrent chemotherapy. The initial CTV included the postoperative 
T2 abnormality, with a median margin of 0.7 cm. The boost CTV included the 
residual T1-enhancing tumor and resection cavity, with a median margin of 0.5 cm. 
The PTV margin varied from an additional 0.3 cm–0.5 cm. The initial dose was 
46–54 Gy, followed by a boost to 60 Gy. In this study, the total boost PTV (PTVboost) 
margin was 1 cm or less in 92% of the patients. Results showed that 38/41 patients 
(93%) had a central or infield failure, two (5%) had a marginal failure, and one 
(2%) had a distant failure, relative to the 60 Gy isodose line. The author concluded 
that a PTVboost margin of 1 cm or less did not appear to increase the risk of marginal 
and/or distant tumor failure, compared with other published series. In the same 
direction, Dobelbower et al. [24] analyzed the patterns of failure in patients with 
GBM treated with concurrent radiation and TMZ. Patients generally received 46 Gy 
to the primary tumor, surrounding edema, plus a 1 cm margin and 60 Gy to the 
enhancing tumor plus a 1 cm margin. The result revealed that 18 patients (90%) 
had infield failures, 2 patients (10%) had marginal failures, and no regional failures 
were reported. Four patients (20%) suffered from distant failure, in which an 
independent satellite lesion was located completely outwith the 95% isodose curve. 
These studies also suggested that by delineating the GTV based on peritumoral 
edema, it is feasible to reduce the margin to 1 cm or less. Clinical studies showed 
that the volume of irradiated brain is important factor in the development of 
neurotoxicity and for the development of radiographic and pathologic surrogates 
for neurotoxicity [25–28].

Smaller RT fields may be more appropriate than larger RT fields, possibly 
reducing the risk of late neurological deterioration especially in patients with large 
peritumoral edema. The neurocognitive function would be likely to be affected by 
radiation therapy especially in long-term survivors [29].

The pattern of failure for GBM after radiation therapy has been studied previ-
ously; almost all tumors fail within a 2 cm margin of the resection cavity or residual 
tumor. The primary failure location was infield, but some patients had marginal 
failures, and few had a distant failure or an independent satellite lesion. Taking 
these data into consideration, we conclude that it is preferable to contour the GTV 
based on the T1-enhanced MRI, and regard the peritumoral edema as a subclini-
cal lesion. We suggest that the CTV should be identified based on the residual 
T1-enhancing tumor and resection cavity (GTV) with a 2 cm margin or the postop-
erative T2 or FLAIR (fluid-attenuated inversion recovery) abnormality; however, in 
the case of a cone-down boost phase, the CTV should include the GTV with a 1 cm 
margin.
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3. Dose

Standard therapy for HGG patients is a total dose of 60 Gy in 30–33 fractions 
[30]. Adequate doses of RT are required to maximize the survival benefit [31–33]. 
One important study conducted by Walker et al. evaluated the relationship between 
survival and increasing doses of RT in malign gliomas [33]. Doses ranged from <45 Gy 
to 60 Gy. They showed that there was a significant improvement in median survival 
from 28 to 42 weeks in the groups treated with doses of 50–60 Gy. There is no benefit 
for dose escalation of >60 Gy. In two randomized trials, there were no significant dif-
ferences in tumor control or survival in patients treated with 60 Gy cranial radiation 
or 60 Gy followed by a 10 Gy tumor boost [34, 35]. Two series [35, 36] analyzed failure 
patterns for patients with HGG dose escalation levels 70, 80, and 90 Gy. The GTV 
was defined based on postoperative gadolinium-enhanced T1-weighted images. They 
defined three separate PTVs in three dimensions by 0.5 cm to make PTV1, 1.5 cm to 
make PTV2, and 2.5 cm to make PTV3 from GTV. At median follow-up of 11.7 months, 
median survival was found to be 11.7 months, and 1- and 2-year survivals were 47.1% 
and 12.9%, respectively. The authors concluded that despite dose escalation to 90 Gy, 
the predominant failure pattern in HGG remained local. This suggested that close 
margins used in highly conformal treatments did not increase the risk of marginal 
or distant recurrences. Since the majority of tumor recurrences were seen within the 
previous radiation therapy fields and the poor outcomes associated with standard regi-
men, the new therapy strategies were evaluated to deliver higher doses to the tumor 
bed. Higher doses for HGG have been attempted with a variety of methods, including 
altered fractionation [37, 38], stereotactic radio surgery [39], and brachytherapy [40].

The term “conventional RT” refers to giving daily radiation of 180–200 cGy per day. 
“Hypofractionated RT” refers to the use of a higher daily dose of radiation (> 200 cGy 
per day) which typically reduces the overall number of fractions and therefore the 
overall treatment time. “Hyperfractionated RT” defined as the use of a lower daily dose 
of radiation (< 180 cGy per day), a greater number of fractions and multiple fractions 
delivered per day in order to deliver a total dose at least equivalent to external beam 
daily conventionally fractionated RT in the same time frame. The aim of this approach 
is to reduce the potential for late toxicity [41, 42]. In this study, the authors compared 
hyperfractionated RT (with or without chemotherapy) vs. conventionally fraction-
ated RT (without chemotherapy). The trial included 81 HGG patients randomized 
to conventional fractionation (5800 cGy in 30 daily fractions) or hyperfractionation 
(6141 cGy in 89 cGy fractions given 3 times a day every 2–4 hours for 4.5 weeks). 
Median survival in two groups was 39 and 27 weeks, respectively, and the 1-year sur-
vival rates were 41 and 20%, respectively. Others have failed to confirm these results. 
Therefore, there is insufficient data regarding hyperfractionation vs. conventionally 
fractionated radiation (without chemotherapy) and insufficient data regarding acceler-
ated radiation vs. conventionally fractionated radiation (without chemotherapy) [43].

“Hypofractionated RT” refers to the delivery of higher daily dose to reduce the 
overall treatment time. Five studies that randomized participants to hypofrac-
tionated radiation therapy vs. conventionally fractionated RT [43]. Their results 
suggested that hypofractionated RT has similar efficacy for survival as compared 
to conventional radiotherapy, especially for individuals aged 60 and older with 
HGG. A randomized controlled trial (RCT) and several retrospective studies 
conducted in the elderly suggest that short course-radiation therapy (SCRT) of 
34–40 Gy in 2.6–3.4 Gy fractions, with or without TMZ, may have similar results to 
LCRT [44–46]. Results from the Nordic trial suggested that SCRT may be superior 
to LCRT in patients aged ≥70 years [47]. An International Atomic Energy Agency 
Randomized Phase III Study of Radiation Therapy in Elderly and/or Frail Patients 
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RTOG guidelines, was created for each patient. The radiation coverage of the site of 
subsequent recurrences was compared for the different contouring techniques. The 
results revealed no significant differences in relapse patterns between the two target 
delineation techniques. Although, the median percent volume of normal brain 
irradiated to high doses was significantly smaller using the EORTC guideline. In 
our opinion, these data provide some evidence and reassurance to support treat-
ment plans based on resection cavity and any residual tumor seen on postoperative 
T1-weighted MRI with a 2 cm margin, rather than specified inclusion of preopera-
tive peritumoral edema plus a 2 cm margin. The use of this limited-margin RT can 
significantly decrease the volume of normal brain tissue that is irradiated, without 
a significant increase in the risk of marginal recurrences. A number of studies 
have been conducted to explore the feasibility of limited-margin RT in the context 
of a treatment paradigm involving RT with concurrent chemotherapy. Trying to 
reduce treatment volume, McDonald et al. [8] report the pattern of tumor failure 
in a series of 62 patients with GBM treated with postoperative limited-margin 
RT and concurrent chemotherapy. The initial CTV included the postoperative 
T2 abnormality, with a median margin of 0.7 cm. The boost CTV included the 
residual T1-enhancing tumor and resection cavity, with a median margin of 0.5 cm. 
The PTV margin varied from an additional 0.3 cm–0.5 cm. The initial dose was 
46–54 Gy, followed by a boost to 60 Gy. In this study, the total boost PTV (PTVboost) 
margin was 1 cm or less in 92% of the patients. Results showed that 38/41 patients 
(93%) had a central or infield failure, two (5%) had a marginal failure, and one 
(2%) had a distant failure, relative to the 60 Gy isodose line. The author concluded 
that a PTVboost margin of 1 cm or less did not appear to increase the risk of marginal 
and/or distant tumor failure, compared with other published series. In the same 
direction, Dobelbower et al. [24] analyzed the patterns of failure in patients with 
GBM treated with concurrent radiation and TMZ. Patients generally received 46 Gy 
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enhancing tumor plus a 1 cm margin. The result revealed that 18 patients (90%) 
had infield failures, 2 patients (10%) had marginal failures, and no regional failures 
were reported. Four patients (20%) suffered from distant failure, in which an 
independent satellite lesion was located completely outwith the 95% isodose curve. 
These studies also suggested that by delineating the GTV based on peritumoral 
edema, it is feasible to reduce the margin to 1 cm or less. Clinical studies showed 
that the volume of irradiated brain is important factor in the development of 
neurotoxicity and for the development of radiographic and pathologic surrogates 
for neurotoxicity [25–28].

Smaller RT fields may be more appropriate than larger RT fields, possibly 
reducing the risk of late neurological deterioration especially in patients with large 
peritumoral edema. The neurocognitive function would be likely to be affected by 
radiation therapy especially in long-term survivors [29].

The pattern of failure for GBM after radiation therapy has been studied previ-
ously; almost all tumors fail within a 2 cm margin of the resection cavity or residual 
tumor. The primary failure location was infield, but some patients had marginal 
failures, and few had a distant failure or an independent satellite lesion. Taking 
these data into consideration, we conclude that it is preferable to contour the GTV 
based on the T1-enhanced MRI, and regard the peritumoral edema as a subclini-
cal lesion. We suggest that the CTV should be identified based on the residual 
T1-enhancing tumor and resection cavity (GTV) with a 2 cm margin or the postop-
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median survival was found to be 11.7 months, and 1- and 2-year survivals were 47.1% 
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men, the new therapy strategies were evaluated to deliver higher doses to the tumor 
bed. Higher doses for HGG have been attempted with a variety of methods, including 
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vival rates were 41 and 20%, respectively. Others have failed to confirm these results. 
Therefore, there is insufficient data regarding hyperfractionation vs. conventionally 
fractionated radiation (without chemotherapy) and insufficient data regarding acceler-
ated radiation vs. conventionally fractionated radiation (without chemotherapy) [43].

“Hypofractionated RT” refers to the delivery of higher daily dose to reduce the 
overall treatment time. Five studies that randomized participants to hypofrac-
tionated radiation therapy vs. conventionally fractionated RT [43]. Their results 
suggested that hypofractionated RT has similar efficacy for survival as compared 
to conventional radiotherapy, especially for individuals aged 60 and older with 
HGG. A randomized controlled trial (RCT) and several retrospective studies 
conducted in the elderly suggest that short course-radiation therapy (SCRT) of 
34–40 Gy in 2.6–3.4 Gy fractions, with or without TMZ, may have similar results to 
LCRT [44–46]. Results from the Nordic trial suggested that SCRT may be superior 
to LCRT in patients aged ≥70 years [47]. An International Atomic Energy Agency 
Randomized Phase III Study of Radiation Therapy in Elderly and/or Frail Patients 
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with Newly Diagnosed Glioblastoma Multiforme showed no differences in overall 
survival time, progression-free survival time, and quality of life between patients 
receiving the two radiotherapy regimens (25 Gy in five daily fractions over 1 week 
vs. 40 Gy in 15 daily fractions over 3 weeks) [48].

There are no data comparing optimal dose and schedule in grade III gliomas vs. 
GBM. However, many radiation oncologists use a dose of 59.4 Gy in 1.8 Gy frac-
tions for grade III tumors vs. 60 Gy in 2 Gy fractions for grade IV tumors with the 
expectation that dose reduction per fraction may lead to reduced late normal tissue 
effects for patients with probability longer-term survival [49].

4. Stereotactic radiotherapy and radiosurgery (SRS)

Stereotactic radiotherapy or radiosurgery (SRS) uses three-dimensional plan-
ning techniques to precisely deliver narrowly collimated beams of ionizing radiation 
in a single high-dose fraction to small lesions [50, 51]. This technique in primary 
treatment of HGG was used in some trials a boost (additional dose). The treatment 
was composed of 50 Gy conventional RT and four SRT boost fractions of either 5 
or 7 Gy. SRT was administered once weekly during the final 4 weeks of therapy. 
The results suggested that while the regimen was safe, there was no survival benefit 
compared to the standard of care. Some retrospective studies suggest that it may 
be used in patients with recurrent HGG previously irradiated. A number of small 
prospective and retrospective series suggest that SRS may prolong survival in this 
setting, either alone or in combination with chemotherapy [52]. It is important to 
know the bias of these studies including the initial radiation dose, extent of initial 
and second surgical resections, tumor volume at the time of SRS, and timing and 
use of chemotherapy and the time between initial radiation therapy and retreat-
ment have clear implications on patient outcomes but are variably reported  
[52, 53]. Patients newly diagnosed with progressive/recurrent gliomas, there is 
insufficient evidence in terms of the benefits/harms of using SRS/SRT. There is also 
insufficient evidence regarding the benefits/harms in the use of SRS/SRT at the 
time of progression or recurrence.

5. Reirradiation in recurrent high-grade gliomas

Tumor recurrence is inevitable in HGG patients, but diagnostic of progressive 
disease from radiation necrosis or other radiation-induced imaging changes could be 
a big challenge. Treatment decisions for patients with recurrent or progressive HGG 
must be individualized, since therapy is not curative and there are no randomized 
trials that directly compare active intervention vs. supportive care. Reoperation is an 
important treatment modality and may involve either biopsy (for diagnostic pur-
poses) or repeat debulking of tumor, but only 20–30% of recurrent HGG patients are 
candidates for another surgery [54]. Focal RT approaches are often employed with 
limited volume recurrences; however, the role of reirradiation in patients with recur-
rent HGG is uncertain, and there is a lack of prospective data. Based on retrospective 
series, selected patients with small recurrent tumors and a good performance status 
may benefit from repeat radiation using modern high-precision techniques [55]. In a 
small series of 101 patients with recurrent HGG, the median survival was 12 months 
for patients with grade III tumors and 8 months for those with grade IV lesions. In 
this study SBRT was performed with a median dose of 36 Gy (range 15–62) [56].
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6. Toxicity of radiotherapy

The toxicity of RT usually divided into acute and late effects, effects dif-
ferentiated by time that occur, during radiation or up to 3 months afterward, 
early-delayed effects that appear up to 6 months after radiation, and late effects 
that can develop 6 months or more after the completion of radiation. Usually, 
acute reactions are reversible, and late reactions are generally irreversible. Most 
common acute radiation morbidity during cranial irradiation includes fatigue, 
erythema, alopecia, headache, and nausea with or without vomiting; these are 
usually not severe and are self-limiting [49]. The factors influencing the likeli-
hood of developing complications include the volume of normal brain tissue 
treated and the total radiation dose. Fatigue is one of the most common side 
effects of cranial irradiation. In a prospective study with 70 consecutive patients 
receiving radical cranial irradiation, most of the patients were treated for GBM, 
and their results suggested that 90% of the patients experienced ≥ grade 1 
symptoms (disturbance with some tiredness, but activity not curtailed), and 
approximately half experienced mild to moderate symptoms like decreased activ-
ity and increased tiredness, sleeping much of the day or most activities curtailed. 
The symptoms typically began within 2 weeks of the start of RT, peaked at 
approximately 6–8 weeks, and then slowly resolved over the next several months. 
Corticosteroids or antiemetic are used to prevent or abbreviate the symptoms. 
Late effects including cognitive impairments and radiation necrosis are worri-
some and may become manifest many years after RT [57]. Cranial irradiation can 
result in a spectrum of neurocognitive deficits in the years following treatment 
in children and in adults. The data of radiation-induced cognitive impairment 
is mostly learned from studies that are conducted in low-grade glioma patients. 
Cognitive functioning in patients with brain tumor was affected by the antiepi-
leptic drug use, extent of surgery, tumor localization, and age [57]. Radiation 
necrosis is a serious and uncommon late toxicity that typically develops 1–3 years 
after radiation, but in rare cases it has been reported more than 10 years after 
radiation [58]. The probability of radiation necrosis is strict dependence on the 
dose. Focal brain radiation with doses around 70 Gy using conventional 2 Gy 
fractionation risk of focal radiation necrosis is usually estimated in 5% in 5 years 
[59]. The risk of radiation necrosis probably increases with concurrent chemo-
therapy or radio sensitizers [60].

7. Conclusion

The standard of care for HGG adults, up to age 70 with good performance 
status, is conformal fractionated radiotherapy (6000 cGy in 30 daily fractions) with 
the addition of concurrent and adjuvant temozolomide chemotherapy following 
maximal safe debulking of the tumor. Elderly patients, older than 70 years or with 
poor performance status, hypofractionated RT has similar efficacy for survival as 
compared to conventional radiotherapy.

The optimal treatment volume for HGG patients remains controversial and var-
ies among cooperative groups; dose escalation above 60 Gy or stereotactic radio-
surgery has not shown any survival benefits. Treatment decisions for patients with 
recurrent or progressive HGG must be individualized, since therapy is not curative 
and there are no randomized trials that directly compare active intervention vs. 
supportive care.
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