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Abstract: This manuscript discusses the current surgical management of glioblastoma. This paper highlights the

common pathophysiology attributes of glioblastoma, surgical options for diagnosis/treatment, current thoughts

of extent of resection (EOR) of tumor, and post-operative (neo)adjuvant treatment. Glioblastoma is not a disease

that can be cured with surgery alone, however safely performed maximal surgical resection is shown to significantly

increase progression free and overall survival while maximizing quality of life. Upon invariable tumor recurrence,

re-resection also is shown to impact survival in a select group of patients. As adjuvant therapy continues to improve

survival, the role of surgical resection in the treatment of glioblastoma looks to be further defined.
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Introduction

Glioblastoma is a primary brain neoplasm that has been the
highest funded intracranial malignancy by the NIH over
the past 40 years. Treatment options have been limited and
the survival rates have not changed dramatically during
this time period, especially when compared to other
cancers such as breast and lung cancer. Current research
endeavors have not led to a cure for glioblastoma, however
bench research and clinical trials have contributed to both
an improved understanding of the disease progression,
as well as small improvements in patient outcomes to
treatment. As technology improves, scientists make strides
towards a better understanding of the genomics, cellular
workings, and clinical behavior of the various subtypes of
glioblastoma, which look to ultimately develop a cure for
this devastating disease.

According to the World Health Organization (WHO),
glioblastoma is the most common primary brain neoplasm (1).
It comprises 15% of all intracranial neoplasms and 60-75%
of astrocytic tumors (2). The term glioblastoma multiforme
(GBM) was previously synonymous with glioblastoma,
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however “multiforme” is currently no longer a part of the
WHO classification (3). The abbreviation, GBM, is still
commonly used and accepted in the literature to refer to
glioblastoma. Glioblastoma is derived specifically from
the astrocyte cell type, in which the cellular growth is
unregulated and tumor formation occurs. Examples for
the WHO grading system of astrocytomas can be seen on
Table 1. Grade 1 astrocytomas are considered benign and
slow growing. Surgical excision is typically considered
curative, however gross total resection (GTR) can
sometimes be limited by adhesions the tumor may have
with surrounding eloquent anatomy. Grade 2 astrocytomas
are more likely to recur or progress over time thus making
surgical excision with histopathological evaluation very
important. Grade 3 and 4 astrocytomas are considered
high grade gliomas and GTR is desired, however like the
lower grades, this may not always be possible depending
on the location of the tumor. Following resection/biopsy
of a WHO grade 3 and 4 astrocytoma, chemotherapy and
radiation therapy is typically initiated. The discussion of
purely non-operative treatments options for glioma is
beyond the scope of this reading.
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Table 1 Examples of astrocytomas based of WHO grade

WHO grade for astrocytomas
Grade 1
Pilocytic astrocytoma; subependymal giant cell astrocytoma
Grade 2
Pilomyxoid astrocytoma; pleomorphic xanthoastrocytoma
Grade 3
Anaplastic astrocytoma
Grade 4
Glioblastoma; gliosarcoma
WHO, World Health Organization.

Figure 1 Head CT without contrast showing a right sided
hypodensity with mass effect. The lesion is compressing the right

lateral ventricle and third ventricle while causing a midline shift.

Presentation
Clinical presentation

The clinical presentation of a patient with a newly
diagnosed GBM can vary greatly. Non-specific complaints
include headaches, dizziness, nausea, lethargy, seizures,
hemiparesis, visual loss, stroke-like symptoms, memory
problems, or personality changes. Depending on the size
and location of the tumor, the presentation can vary widely.
It is also important to take into the account of surrounding
edema from the tumor itself as it can cause more
neurological deficit than the tumor itself. Consequently,
high dose steroids in the acute setting can help improve
some of the observed symptoms. Typically a loading
dose of dexamethasone 10 mg IV is given followed by
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dexamethasone 6 mg every 6 h which can be tapered down,
with the taper being surgeon specific. It is also important
to pair the high dose steroid use with a gastrointestinal
protectant such as a proton pump inhibitor or histamine
type 2 receptor blocker.

Radiographic presentation

Upon presentation with neurological symptoms, the
screening test of choice for the primary care physician
or emergency department physician is typically a non-
contrasted head CT. This quick non-invasive imaging
modality can rule-in the possibility of having intracranial
pathology, especially glioblastoma (4). Typical findings for
glioblastoma on a contrasted head CT are a heterogeneous
hyperdense ring with a hypodense core. In addition, there
is typically surrounding hypodense signal tracking closely
along subcortical white matter tracts indicating cerebral
vasogenic edema (Figure 1) (5,6). Other common features
indicating mass effect from the tumor may include sulcal
effacement, midline shift, compression of the ventricles, and
possibly evidence of either uncal or tentorial herniation.

While CT provides initial data upon presentation,
the imaging modality of choice for brain tumors is a
contrast-enhanced MRI, including T1-/T2-weighted and
FLAIR sequences. Gliomas typically appear as a contrast-
enhancing mass, with a thickened rind of enhancement
and a hypointense core, which corresponds to central areas
of necrosis (7). The margins of the tumor may be irregular
or poorly defined, with spread of the tumor along white
matter tracts (Figure 24-D) or transcallosally into the
opposite hemisphere (8) (Figure 34-D). Traditional MRI
is also capable of demonstrating the degree of edema
surrounding a tumor, and susceptibility imaging can show
whether or not a tumor contains micro-hemorrhages.
Other MRI sequences such as DWI/ADC have helped
detect the cellularity of certain tumors. Some studies have
claimed that ADC can be a predictor of increased tumor
cellularity and perhaps indicating a higher grade of tumor
such as glioblastoma from low grade astrocytomas (9,10).
In certain cases, the standard MR sequences are unable
to differentiate tumor tissue against non-specific tissue
changes related to treatment, such as radiation necrosis.
Adjunct imaging modalities, such as, MRI spectroscopy, or
positron emission tomography with various radiotracers
in conjunction with the standard MRI can be useful in
helping with these challenges.

MR spectroscopy (MRS) is a method to non-invasively
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Figure 2 MRI brain. (A) Axial image without contrast; (B) axial image with contrast showing a right basal ganglia heterogeneously
enhancing lesion with a hypointense core, consistent with a tumor and necrotic core; (C) T2W image showing the fluid in the surrounding

brain parenchymal around the lesion with a (D) FLAIR sequence that shows the actual parenchymal edema.

Figure 3 MRI brain. (A) Axial image with contrast showing a heterogeneously enhancing lesion in the splenium of the corpus callosum

crossing midline along the white mater tracts; (B) FLAIR sequence showing the surrounding edema; and (C) coronal image, again, showing

the tumor invading both sides of the hemispheres with a hypointense core, consistent with necrosis; (D) T2 sequence again showing the

surrounding edema.

evaluate metabolites in tissue and relies on the resonance
of these tissues at various echo times. Choline (Cho),
N-acetylaspartate (NAA), lactate, lipid, and creatinine
(Cr) are common cell and neuronal metabolites identified
at long echo times (Figure 4). Different patterns can be
associated with increased cell turnover, and specifically an
increased Cho and decreased NAA peak is associated with
malignancy (11,12). In addition having a lactate peak can
indicate anaerobic metabolism seen commonly when the
tumor outgrows its vascular supply leading to necrosis. It is
also important to keep in mind that the lactate peak can also
be seen in infections, however a lactate peak in conjunction
with an increase in Cho and decrease in NAA is more
indicative of an aggressive tumor. Another function with
MRI is the dynamic susceptibility contrast (DSC), which
can help evaluate blood volume within a region of interest
(ROI). The ROT with increased blood volume can correlate
with increased tumor vascularity and it has been shown that
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this can be associated with higher grade gliomas (13).
Despite being introduced as early as 1982, positron
emission tomography (PET) with 2-fluoro-2-deoxy-
D-glucose (FDG), has never truly gained widespread
acceptance. FDG uptake into glial cells is indicative of
tumor cell hypermetabolism of glucose, and FDG PET
imaging returns an image signal that is superior to anatomic
imaging alone for grading gliomas (Figure 5). In low-grade
gliomas, glucose metabolism of tumor cells is only slightly
higher than that of white matter. In contrast, the FDG
uptake is significantly increased in high-grade glioma as
compared to adjacent white matter and thus PET signal
has a linear correlation with the glioma grade. Numerous
studies have shown a correlation between pre-operative
FDG PET results with actual histopathology (14) and the
clinical course (15). In addition, the use of PET to delineate
targets for stereotactic biopsy increases the diagnostic yield
by demonstrating minute local variation in tissue metabolic
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Figure 4 Example of MR spectroscopy with (A) region-of-interest (ROI) of non-tumor that was selected above the enhancing lesion

followed by (C) ROI of the enhancing lesion; (B) showing the spectroscopy of non-tumor having the Cho/Cr <2.0 (1.04); (D) spectroscopy of

tumor having the Cho/Cr >2.0 (2.04), decrease in NAA peak, and having a lactate peak. Cho, choline; Cr, creatinine; NAA, N-acetylaspartate.

profiles, and thus showing truly hypermetabolic regions
within individual tumors (16,17). Additional radiotracers,
such as O-(2-["*F]fluoroethyl)-L-tyrosine (F-FET), have
been developed to hopefully rival FDG in efficacy (18), but
as of yet no large studies have used these new tracers (19,20).

Pathology of glioblastoma

The histopathology of glioblastoma typically shows a highly
cellular, poorly differentiated, pleomorphic astrocytic
cells with nuclear atypia and high mitotic activity. In the
background, there is usually microvascular proliferation and
necrosis in certain sections (1,21,22) (Figure 6).
Glioblastoma arise from two pathways: (I) the primary

© Annals of Translational Medicine. All rights reserved.

or de novo pathway; and (II) the secondary pathway. The
de novo glioblastoma come from astrocytes or precursor/
stem cells that have baseline mutations that can be one or
a combination of the following: loss of chromosome 10q,
epithelial growth factor receptor (EGFR) amplification,
murine double minute 2 (MDM?2) overexpression,
phosphate and tensin homologue (PTEN) gene mutation,
or TP53 mutation (23). As this is just a list of the most
common alterations commonly detected, this listing is by
no means limiting (1) (Table 2).

Within the development of a secondary glioblastoma,
there have been two alternative pathways described. The
first pathway involves a WHO grade 2 astrocytoma that
can either progress to a grade 3 or it can spontaneously
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Figure 5 FDG PET example demonstrating (A) MRI brain with contrast showing an enhancing lesion midline deep to the left motor strip

with the corresponding (B) FDG PET scan showing increased metabolism (black arrow). FDG, 2-fluoro-2-deoxy-D-glucose; PET, positron

emission tomography.

Figure 6 The pathology slide. a, atypical cells; b, mitosis; ¢, vascular

proliferation; d, necrosis with “ghost cells”.

become a grade 4 depending on the type of “hit”
it receives (24). The second alternative pathway is
a WHO grade 2 oligodendroglioma that becomes
a grade 3 and ultimately transitions into a WHO
grade 4 glioblastoma. The evolution of low grade to
high grade population for secondary glioblastoma is
uncommon, and is only seen in approximately 5% of
total GBMs (24). Recent studies displayed that a fraction
of the secondary glioblastoma may have evolved from

lower grade gliomas with mutations in the isocitrate
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dehydrogenase 1 (IDHI) gene (25). In evaluating the IDH
gene in grade 2/3 astrocytomas and oligodendrogliomas,
researchers observed an increased length of survival in
those with an /DH mutation versus an IDH wild-type (26).
Conversely, tumors with a telomerase reverse transcriptase
(TERT) mutation has demonstrated a shorter median length
of survival compared to those without a mutation, 14 versus
27 months respectively (27). Research has displayed that
having a TERT mutation prevents chromosomal telomerase
shortening, and without the telomerase being shortened,
cancer cells do not have the cell signals to undergo cell death.
Researchers at The Cancer Genome Atlas (TCGA),
have made strides to determine that there are four different
subtypes of glioblastoma: classical, proneural, mesenchymal,
and neural (28). The classical subtype has the highest
concentration of EGFR on the cell surface and the 7P53
gene is not mutated. From a clinical perspective the classical
subtype has the longest survival with aggressive post-
operative treatment. The majority of proneural subtype
are secondary GBM, with mutations in the IDHI, IDH2,
and p53 genes. These patients are usually younger and with
aggressive treatment they have the best prognosis. In the
mesenchymal subtype, there is decreased NF1 expression
with a higher expression of a family of genes related to the
tumor necrosis factors. The clinical consequence of the
mesenchymal subtype is an increased amount of necrosis
along with associated inflammatory infiltrates. Patients
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Table 2 Glioblastoma mutations (1)
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Mutations

Pathway Cell type
Primary glioblastoma  Precursor cell — Glioblastoma
pathway
Secondary Precursor cell — Low grade astrocytoma
glioblastoma
pathway via Low grade astrocytoma — Anaplastic
astrocytes astrocytoma

Anaplastic astrocytoma — Glioblastoma
Secondary Precursor cell - Low grade oligodendroglioma
glioblastoma Low grade oligodendroglioma — Anaplastic
pathway via oligodendroglioma

oligodendroglioma

EGFR amplification; MDM2 over expression; PTEN
mutation; TP53 mutation; 19q loss

TP53 mutation/17p LOH; PDGFR-a over expression; 22p
loss; hypermethylation p14-ARF gene

CDK4 amplication; 19p loss; 11p loss

10p loss; RB1 gene promoter hypermethylation; MDM2
amplification; CDK4 amplification; PDGFR amplification
1p LOH; 19q LOH

Homozygous deletion DKN2A; TP53 mutation; 17p loss;
p14/p16 loss/9p loss

Anaplastic oligodendroglioma — Glioblastoma PTEN mutation

EGFR, epithelial growth factor receptor; MDM, murine double minute; PTEN, phosphate and tensin homologue; LOH, loss of
heterozygosity; PDGFR, platelet-derived growth factor receptor; ARF, ADP-ribosylation factor; CDK, cyclin-dependent kinase;
RB1, retinoblastoma protein 1; DKN2A, cyclin-dependent kinase inhibitor 2A.

typically present with worsening edema seen on radiological
imaging. The fourth subtype, neural, is a proliferative type
with expression of neuronal markers seen in non-cancerous
neuronal cells. Patients with tumors consistent with the
neural subtype typically are of older age compared to the
other subtypes and with aggressive management there is
some response, but not as robust compared to the classical

and mesenchymal subtypes.

Operative candidate selection

Following radiographic assessment, the patient must
be assessed for the appropriate surgical intervention.
Establishing a diagnosis is of primary importance for any
patient presenting with an intracranial mass lesion. In
addition, the relationship of the tumor to eloquent cortex
(i.e., primary motor cortex or primary speech centers) is
also of primary importance as this relationship directly
corresponds to the amount of tumor that can be resected
without permanent morbidity.

One of the factors used to determine if a patient is a
good surgical candidate is the Karnosky Performance
Scale (KPS) index (7uble 3). This index can be used as a
baseline parameter as well as a post-operative measure
(29-32). Chaichana et 4l. found that a KPS index >90
prolonged the functional outcome of their patients (33).
This would be as expected, since patients with a higher KPS
index preoperatively, would likely have a higher score post-
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intervention. On the other hand, Marina et al. showed that
patients with a low preoperative KPS index <50 displayed
improvement by increasing their survival time and functional
status (KPS index) (34). Although the literature can vary,
a KPS index greater than or equal to 70 is generally the
minimum for offering surgical intervention (35), but as
always exception can be made in select patients with KPS
index <70 which can display improved survival and quality
of life following tumor cytoreduction (32,36).

Neurosurgical considerations for glioblastoma
treatment

As stated above, the surgical approach must be
individualized for each patient. This intervention must
include the primary goals of establishing diagnosis while
maintaining the patient’s pre-operative KPS. In addition,
a fine balance must ensue to minimize morbidity while
maximizing quality of life and extending survival.

Stereotactic needle biopsy

The needle biopsy is one of the least invasive ways of
obtaining tissue for pathological diagnosis. This procedure
is usually reserved for patients with multiple co-morbidities
whom would not be able to tolerate a large cranial surgery
or for those with unresectable tumors due to its location.
There are a few ways a needle biopsy can be performed.

Ann Transl Med 2015;3(9):121
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General status

Criteria [%]

Able to carry on normal activity and to work; Normal no complaints; no evidence of disease [100];

no special care needed

Able to carry on normal activity; minor signs or symptoms of disease [90];

Normal activity with effort; some signs or symptoms of disease [80]

Unable to work; able to live at home and
care for most personal needs; varying
amount of assistance needed

Unable to care for self; requires equiva-lent

Cares for self; unable to carry on normal activity or to do active work [70];
Requires occasional assistance but is able to care for most personal needs [60];
Requires considerable assistance and frequent medical care [50]

Disabled; requires special care and assistance [40];

of institutional or hospital care; disease may Severely disabled; hospital admission is indicated although death not imminent [30];

be progressing rapidly

Very sick; hospital admission necessary; active supportive treatment necessary [20];

Moribund; fatal processes progressing rapidly [10];

Dead [0]

The first method is to use a stereotactic system and making
a small craniotomy or burr hole right over the tumor
location where it comes closest to the surface and taking a
biopsy. The second option is to use a stereotactic system
with a frameless guided needle system to obtain tissue from
a deeper location. Historical accuracy of this procedure
varies between 62-95% (37). Lastly, and being the most
involved, is the placement of a stereotactic frame and using
Cartesian/polar coordinates (38) to obtain tumor tissue
(Figure 7). This latter methods is the most accurate (39),
however it also requires the most planning, equipment,
computer software, and cooperation from the patient. The
sensitivity and specificity that comes from this last method
with the stereotactic frame needle biopsy is 90.7% and
100% respectively (40).

Awake craniotomy

Awake craniotomy is performed when a glioma is located
near eloquent cortex in areas that includes, but not limited
to, the precentral gyrus (motor strip), corticospinal
tracts, Broca’s speech area, Wernicke’s speech area, and
the brainstem (Figure §). During an awake craniotomy the
patient is sedated and is awoken once cortical stimulation
or testing is about to begin. During this time, a neurologist
will assist the neurosurgeon in stimulating the cortex and
mapping the brain around the tumor to locate areas that
are eloquent. This allows the neurosurgeon to determine
which areas are outside the eloquent cortex and safe for
resection. This technique can be of value for lesions that are
on the surface to determine which portions of the tumor are
resectable as well as deep seated tumors to determine a safe
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trajectory to the lesion. Once the mapping is completed, the
patient is sedated for the remainder of the case. There are
multiple limitations in performing an awake craniotomy (41).
Patients cannot be claustrophobic, have psychiatric issues
such as anxiety, or neurocognitive issues such as dementia or
mental retardation.

Standard craniotomy approach

The majority of glioma surgery entails a standard
craniotomy approach with the patient under general
anesthesia. Prior to intra-operative navigation,
craniometrics were used and larger incisions/craniotomies
were created to have adequate exposure (42). Currently
with the use of intra-operative navigation systems, the
surgeon can precisely determine the tumor location and
plan the incision and craniotomy accordingly (43). This
helps decrease operative time, limit the size of the incision
and craniotomy, and it can also help determine the extent of
resection (EOR) in relation to nearby critical structures.

Extent of resection (EOR)

Glioblastoma is the most common primary malignant
brain tumor in adults. Given its poor prognosis, treatment
and determination of EOR to enhance overall survival
continues to be a greatly researched topic. At this time, the
mainstay of treatment for newly diagnosed glioblastoma is
microsurgical resection with additional radiation therapy
and chemotherapy. Notwithstanding advances in surgical
procedure and technique, this multimodal approach only
results in a median overall survival of 12-15 months (44,45).
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» Sagittal

Figure 7 Intraoperative software (upper right) showing a 3D rendering of the patient with three of the four posts mounted into the patient’s

skull with the frame. There is also a (green) line indicating the entry point selected by the surgeon. The other windows show the respective

sagittal, axial, and coronal sections demonstrating the target and biopsy needle trajectory to the tumor.

Posterior

Posterior

Anterior

Anterior

Posterior

Figure 8 Intraoperative 3D-tractography with integrated fMRI objects: orange—corticospinal tracts; red—tumor; blue—lips; yellow—left

hand; green—right hand; pink—optical radiation. fMRI, functional MRI.

Given that no other modalities have appeared to supplant
this surgical approach, it still remains the first line therapy.
Interestingly, the most compelling evidence exists for low-
grade gliomas, where volumetric analyses have shown
in both insular and hemispheric lesions, greater EOR is
associated with a survival benefit (46), specifically improved

© Annals of Translational Medicine. All rights reserved.

overall survival, progression-free survival, and malignant
progression-free survival. In contrast, evidence for high-
grade gliomas has been more inconsistent.

The role of surgery, in specific the EOR, has
historically been a controversial topic. Lacroix and
colleagues were the first to demonstrate that not only

www.atmjournal.org Ann Transl Med 2015;3(9):121
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resection, but EOR is associated with longer survival
time in GBM patients. Their retrospective analysis of
416 patients with newly diagnosed and recurrent GBM
concluded that a >98% EOR is necessary to improve
survival significantly. Furthermore, they showed a hazard
ratio of 1.4 for patients who underwent subtotal resection
(STR) versus GTR at initial presentation, which proved to
be an independent predictor of survival (29). However, this
study was severely hampered by several design deficiencies,
specifically combining both newly diagnosed and recurrent
GBMs into the same study despite considerable difference
in their biological features and outcome. Nevertheless,
due to a lack of a more comprehensive analysis, this EOR
study served as a critical study of reference in justifying
the “all-or-none” approach in surgical management of
GBM (46). Since this publication multiple other groups
have corroborated these results, demonstrating increased
overall survival associated with greater EOR in GBM
patients (47), including the elderly who are thought to have
poorer outcomes regardless of intervention (32,48).

In one of the largest studies to date that included 500
newly diagnosed glioblastoma patients, Sanai and colleagues
from University of California, San Francisco, demonstrated
that an EOR as low as 78% is associated with improved
overall survival. Step-wise improvement in overall survival
was shown beyond these margins and even at the highest
levels of resection, all together suggesting the utility of both
sub-total and gross-total resection in the treatment of newly
diagnosed glioblastomas (46). In trying to achieve GTR,
Orringer and colleagues performed a volumetric analysis
of 46 patients and found that patients with an EOR greater
than 90% was associated with a significantly greater 1-year
survival (76.5%) (49).

The ultimate goal of resection of recurrent glioblastomas
is to establish a diagnosis and relieve the mass effect.
Beyond this, the clinical value of resection continues to
be controversial. Recent evidence suggests that both gross
and sub-total resection can benefit patients requiring
re-resection at tumor recurrence. However, there are
significant differences in the neurological morbidity seen
in those patients with more extensive resection, specifically
during the early post-operative period. Oppenlander et 4/.
reported that at 7 days after surgery, a deterioration in the
NIHSS score by 1 point or more was observed in 39.1% of
patient with EOR >80% compared with 16.7% for those
with EOR <80% (P=0.0049). Furthermore, greater EOR is
associated with a higher percentage of permanent deficits,
with a deterioration of the NIHSS score by at least 1 point
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30 days post-operatively in 31.3% of patients with >95%
EOR, compared with 18% for those with EOR <95%.
Distinguishing between gross-total resection and sub-
total resection provides a foundation for clinical decision
making for the neurosurgical oncologist (50). However,
the arbitrary assignment of a 95% EOR threshold (45)
separating these two groups simplifies the intraoperative
challenges the neurosurgeon has to deal with. Ultimately,
attaining EOR beyond the 80% threshold, while preserving
functional pathways to maximize quality of life, should
be the goal of the neurosurgeon treating patients with
recurrent glioblastoma (50).

In regards to the impact of EOR at initial and repeat
craniotomy, specifically regarding the cumulative effect on
overall survival, Bloch et /. demonstrated evidence that
if GTR is achieved at initial resection, the EOR at repeat
craniotomy does not affect overall survival. However, if the
initial resection is subtotal, a subsequent GTR thereafter
significantly improves overall survival, suggesting those
patients with an initial STR, would likely benefit from a
subsequent GTR (47).

While EOR has long been considered as the most
accurate and significant predictor of outcome, recent studies
suggest other measurements may be of greater value.
Chaichana et al. retrospectively evaluated 259 patients who
underwent primary GBM surgery from 2007 to 2011 and
performed a volumetric analysis showing for the first time
that the minimum EOR of 70% and the maximal residual
volume (RV) of 5 cm’ showed statistical significance for
improved survival with decrease of recurrence. This can
be compared to prior studies of having the minimal EOR
to be 98% and 78% established by Lacroix and Sanai,
respectively. The trend of having a smaller percentage of
EOR could be attributed to the fact that since the Stupp
trial was published in 2005, these studies have now adopted
temozolomide as standard of care for all patients. By having
modern adjuvant therapies, it could be postulated that
these therapies are more effective at treating larger residual
tumor volume (RTV), and thus less total resection may be
required. With regards to postoperative RTV, this study
showed that surgery itself may have an impact on survival,
regardless of preoperative tumor volume. It makes intuitive
sense that the higher the tumor burden, the worse the
outcome as there is likely to be a higher number of residual
tumor cells that are resistant to adjuvant therapy (51).

In a more recent retrospective review by Grabowski
et al., they evaluated 128 patients who underwent
primary resection of GBM, volumetric analysis of pre-
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and post-operative MR images was performed and the
results demonstrated that contrast enhancing RTV (CE-
RTV), T2 FLAIR residual volume (T2/F-RV), and EOR
were predictive of survival. Most importantly, the study
demonstrated that CE-RTV was a stronger predictor of
survival than EOR or T2/F-RV, with significant survival
benefit noted for residual volumes of less than 2 cm’ of
contrast-enhancing disease (52), while Chaichana et al.
reported a RTV of 5 cm’ to have significant in overall
survival (51). From these studies, it appears that CE-RTV
is a more important predictor of outcome than the EOR,
and that the residual enhancing tumor burden, prior to
the start of medical therapy, is an important prognostic
factor. However, EOR does not provide a true indication
of residual microscopic disease burden, and in fact the
biological impact of EOR may be more dependent on the
preoperative tumor volume. A near total resection of a
large tumor may leave behind more residual tumor than a
STR of small tumor, and yet the buttressed relationship of
EOR and outcome would suggest that a greater completed
resection is associated with improved outcome, regardless
of residual burden of disease. At this point, further studies
are still needed to clarify the effect of CE-RTV on overall
survival after GBM resection (52).

Surgical adjuncts

Greater emphasis on the importance of achieving maximal
resection has led to the development of new methods at
maximizing the safety, precision, and extensiveness of
resections including neuronavigation, functional mapping,
intraoperative fluorescent dyes, and intraoperative MRI
(iMRI) (47). Prior to the initiation of adjuvant treatment,
the primary therapeutic goal should be maximal safe
surgical resection with preservation of neurological
function. To date there are several surgical resection
techniques, including functional MRI (fMRI), iMRI, and
5-aminolevulinic acid (5-ALA).

Diffusion tensor imaging (DTI) tractography is a
form of diffusion-weighted MR imaging that can provide
images of important white matter tracts within the central
nervous system (CNS) by assessing physiological water
directionality and motion (53). In contrast, conventional
MRI only provides anatomical information, providing little
information about CNS connectivity. However, through the
use of DTI, the neurosurgeon is able to identify clinically
relevant white matter tracts and can devise an improved and
appropriate surgical approach for glioblastoma resection in
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or near eloquent areas (54).

The most obvious challenge associated with D'TT is brain
shift. While preoperative DTT imaging has been shown
to have high fidelity, inward and outward shifts of brain
matter occur once the dura mater is opened. To correct and
account for possible shifts, many centers use ultrasound,
iMRI, or direct stimulation to verify anatomical locations
intraoperatively. Further, gliomas and other lesions can
distort CNS fiber tracts by invasion or vasogenic edema,
thus impeding the motion and normal directionality of
water molecules in the brain and lower the anisotropy
value. This intrinsic problem with DTT supports a more
multimodal approach to glioblastoma resection with
fMRI (54). In combination, these imaging methods allow for
overlay of functional and anatomical spatial relationships.
Gonzalez-Darder and colleagues utilized this approach
in the resection of gliomas in eloquent motor areas and
found that in all 17 cases, identification of the central
sulcus and precentral gyrus was easily apparent versus 11
of the 17 when traditional intraoperative visual inspection
was employed (55). Further, Ius er 4/. investigated the
role of EOR in overall survival in patients with low-grade
gliomas and found that the EOR was significantly greater
in those patients who had undergone DTI- and fMRI
neuronavigation as compared to subcortical stimulation
alone (90% vs. 77%) (56).

The use of iMRI has increased over the past decade, with
the specific aim of achieving a greater EOR. iMRI allows
for visualization of contrast-enhancing tumor underneath
and on the surface of the resection cavity, and more
importantly it allows the ability to reassess neuronavigation
during surgery thus, providing the opportunity to selectively
continue tumor resection (57). While conventional
neuronavigation is based upon preoperative imaging,
as seen with pre-operative DTI, the anatomy can alter
during surgery secondary to tumor resection and loss of
CSF resulting in brain shift. This can render conventional
neuronavigation inaccurate after opening of the dura, and
ultimately causing tumor remnants to be missed. iMRI
can be utilized to identify these remnants by restoring the
accuracy of neuronavigation. However, the process can
be quite time consuming during acquisition of these static
images, increasing operating room (OR) time by up to
1 h when compared to conventional surgery and is also
associated with higher maintenance costs (58,59).

The literature suggests that there’s a benefit in
around 30-40% of all cases with regards to EOR of
contrast-enhancing lesions with iMRI, when comparing
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intraoperative and postoperative MR scans. Only a few
studies have closely analyzed the efficacy and benefit
of iMRI-guided versus conventional resection in terms
of EOR and survival, showing a benefit in both cases
(59-61). Among these studies was a randomized controlled
trial which showed an increased rate of achieved GTR using
iMRI (96% achieved GTR with iMRI versus 68% without
iMRI) (59). In a more recent randomized, triple-blind,
parallel controlled trial, the effect of iMRI-guided glioma
resection on surgical efficiency, morbidity, overall survival,
and progression-free survival of gliomas was evaluated,
and suggested a significantly higher rate of GTR in the
iMRI group (86.36%) than in the control or conventional
neuronavigation group (53.49%) (62).

However, due to the high costs of iMRI, as well as
the desire to continue to improve patient treatment and
survival, there has been increased interest in comparing this
method to other cheaper and more conventional resection
modalities like 5-ALA.

Typically 5-ALA is given orally preoperatively and is
used as a technical adjunct by accumulating in glial tumor
cells and provides a fluorescence that can be detected using
the intraoperative microscope with appropriate lens filters.
One study has shown that using 5-ALA has increased
the likelihood of achieving a GTR compared to white
light only (65% wvs. 37%) (63), while others have shown
a greater extent/volume of resection when compared to
contrasted scans (64). Through biochemical reactions that
result in increased uptake in tumor cells, 5-ALA allows for
excellent resection margin control (65). It is an advantage
to use 5-ALA since it provides the capability to identify
fluorescent tumor tissue in real-time within the resection
cavity. In addition, aside from the cost of the microscope
attachment, 5-ALA itself is purchased at a negligible cost.
However, the efficacy of 5-ALA is entirely dependent on
direct visualization of the fluorescent tissue areas. The use
of 5-ALA alone can lead to the erroneous impression of
complete tumor resection, especially in cases of poor direct
visualization or the presence of a thin intervening margin
of non-pathological tissue (66). Furthermore, the use of
5-ALA without functional data in the setting of tumor
resection, increases the risk of post-operative neurological
deficits secondary to resection of eloquent brain areas (57).
A recent single institutional prospective study sought to
evaluate whether 5-ALA fluorescence provides an additional
benefit in detection of invasive tumor compared with iMRI.
While sensitivity for tumor detection was significantly
higher in 5-ALA (0.85) than in iMRI (0.41), specificity was
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significantly lower in 5-ALA (0.43) than in iMRI (0.70).
For detection of pathological tissues, 5-ALA significantly
exceeded iMRI in specificity (0.8 vs. 0.6) and sensitivity (0.91
vs. 0.66), suggesting a combined approach of 5-ALA in
addition to iMRI might be beneficial to maximize EOR in
high grade gliomas (67).

A key prognostic factor in neurosurgical oncology is the
EOR. While image guided surgery is often used to identify
and map the resection margin, it is not clear whether these,
sometimes very expensive, tools should be the established
standard of care for all glioma patients. A recent Cochrane
study found low to very low quality evidence that image-
guided surgery using iMRI, 5-ALA or DTI-neuronavigation
increases the proportion of patient with complete tumor
resection on post-operative MRI. Moreover, theoretical
concerns that maximizing the EOR would lead to more
frequent adverse side effects was poorly reported in the
included studies, as were the effects of image guidance on
survival and quality of life (68). Despite these findings,
these modalities are thus far the most efficacious methods
available for accurate and precise tumor resection.

Prognosis and what to expect after surgery

Despite advances in treatment of glioblastoma, the
prognosis is poor compared to other intracranial
neoplasms. The median survival with current therapies
ranges from 9 to 22 months (69). The length of survival
is multifactorial as shown in the literature (30) which has
included, age, EOR, subtypes of glioblastoma, response to
chemotherapy and radiation, methylation status of O-6-
methylguanine-DNA methyltransferase (MGMT), KPS
score etc. (31,70). Although there have been trials using
different chemotherapeutics, different radiation modalities,
immunotherapy, and gene therapy using viral vectors, these
studies are still under investigation.

The specific details of chemotherapy and radiation
therapy are beyond the scope of this paper. Suffice to
say, the current therapy using temozolomide (Temodar®)
and conformal radiation is currently accepted as first line
standard of care therapy among neuro-oncologists (71).
Temozolomide is a alkylating agent that works by inserting
a methyl group into the guanine DNA base, thus damaging
the DNA and triggering cell death (71). As mentioned
above, this chemotherapy drug can sometime be mitigated
by the MGMT methylation status of a patient. There is
a protein O’-alkyguanine DNA alkytransferase (AGT)
that is encoded by the MGMT gene, and it is this AGT
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protein that has the ability to repair DNA by removing the
methyl group inserted by temozolomide. In the event that
a patient does not have the MGMT gene methylated, the
AGT protein is created and it can decrease the efficacy of
temozolomide. However if the MGMT gene is methylated
(thus silencing the gene), the AGT protein is not translated
and the tumor cells are more susceptible to temozolomide
resulting in a greater efficacy and response to treatment.

Despite maximal surgical resection following by adjuvant
chemoradiation the median time to tumor recurrence is
8 months (51). One of the primary theories on the reason for
such short of a response is the rapid growth of residual cancer
stem cells and the ability of this cells to modify their genetic
signature (72). From a treatment perspective, many times
the benefit for re-resection is for cytoreduction (50) prior to
starting a second line chemotherapy agent bevacizumab
(Avastin®), known as a vascular endothelial growth
factor inhibitor, thus preventing angiogenesis. Currently
bevacizumab is the only FDA approved treatment for
recurrent glioblastoma. There have been clinical studies
for the treatment of recurrent glioblastoma such as re-
irradiation or stereotactic radiosurgery, however no
studies have shown statistical efficacy when compared to
bevacizumab (73).

In terms of active cancer research in treating
glioblastoma, current research is battling this disease
from multiple fronts: tyrosine kinase inhibitors, integrin
inhibitors, gene therapy, and mammalian target of
rapamycin (mTOR), just to name a few. Neoadjuvant
chemotherapy, such as the phase II study using
bevacizumab + chemoradiotherapy (temozolomide) (74),
is being explored in hopes to make newly diagnosed
glioblastoma more amendable to GTR during surgery.
Gilbert et al. published in New England Fournal of Medicine
their randomized trial of bevacizumab in newly diagnosed
glioblastoma. Although their results did not show
improvement in overall survival, it did show a trend towards
prolonged progression-free survival (75). The result of
this study was monitored with serial MRIs, which can be
misleading since it is known that bevacizumab can make
gliomas “disappear” radiologically due to its mechanism of
action. Others groups have explored other adjuvant agents
used in combination with bevacizumab and temozolomide
such as irinotecan, an inhibitor of the DNA topoisomerase
1 typically used in colon cancer, which also has not shown
statistical improvement in survival benefit (76). Other phase
I/ studies using erlotinib and temsirolimus (77) sorafenib
with temsirolimus (78) for recurrent glioblastoma have
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proven the safety of their usage, but their efficacy is still to
be determined at this time.

The treating team of neurosurgeons, neuro-oncologists,
radiation-oncologists, and primary care providers must
discuss each individual patient and determine the role
of surgical re-resection with regard to second line
chemotherapeutics while taking into account morbidity
and quality of life. Despite the short median length of
survival, there exist case reports of long-term survival
with glioblastoma (79). However, it is thought that some
of these patients may have either been “misdiagnosed”
or perhaps the tumor was of secondary glioblastoma
heritage originating from the oligodendrocyte lineage (80).
There is consideration for re-resection for the purpose of
cytoreduction prior to starting a new chemotherapeutic.
This approach, however, is controversial and must be
considered on an individual basis.

Conclusions

Glioblastoma is disease without a cure despite extensive
research involving surgical resection and (neo)adjuvant
therapy. However, small strides have been made and
maximal surgical resection is shown as a key component of
treatment. Numerous surgical adjuncts such as D'TT, fMRI,
iMRI and 5-ALA have proven efficacious in this regard.
The key to a cure still relies on post-operative treatment
and we will need to rely on further basic science research
and clinical trials to lead us to that end.
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