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Rezumat

Managementul multidisciplinar al glioamelor cu grad
scdazut de malignitate

Background: Glioamele emisferice cu grad scézut de malignitate
ale adultilor acopera un spectru patologic clar definit de o serie
de simptome neurologice si de caracteristici histopatologice si
moleculare. Managementul optim al acestor tumori inca
reprezintd un subiect de dezbateri aprinse in ciuda progreselor
inregistrate in medicind in ultimii 20 de ani.

Materiale si metode: Autorii au evaluat literatura de specialitate
incercand si giseascd un numitor comun in ceea ce priveste
tratamentul multidisciplinar al glioamelor cu grad scizut de
malignitate. Dupa parcurgerea literaturii de specialitate autorii
au suprapus concluziile trase cu experienta personald pentru a
evalua aplicabilitatea tratamentelor propuse de diferiti autori si
pentru a propune un algoritm propriu de tratament al acestor
pacienti.

Rezultate si concluzii: Progresul inregistrat in microchirurgie si
monitorizarea intraoperatorie permit o rezectie agresiva a
acestor tumori cu o imbunététire semnificativa in supravietuire
si calitatea vietii. Factorii de risc ai metodelor de tip “wait and
see” precum si neurotoxicitatea radioterapiei sunt eclipsati de
beneficiile unei rezectii chirurgicale atente urmati de chimio-
terapie. O strategie de management modernd si corect efectuati
ar trebui sd includa o rezectie chirurgicald maximald care si
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menajeze structurile critice ale encefalului si amanarea cat mai
mult a radioterapiei. Rolul temozolomidei inci nu este elucidat
— el urmand s fie stabilit de studii care sunt incd in desfdsurare.

Cuvinte cheie: low grade glioma, glioame cu grad scazut de
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Abstract

Background: Adult hemispheric low grade gliomas (LGG) cover
a pathologic spectrum which has specific clinical, histological
and molecular characteristics. The optimal management of
these tumors is still a controversial topic in international
literature.

Methods: We evaluated scientific papers from the literature
(Medline and Cochrane Library to date) and we compared the
results found there with our experience, trying to create a
pattern of treatment of our own.

Results and conclusions: The advances in microsurgical and
neuromonitoring techniques, as well as in neuroimaging, allow
for a more aggressive resection of LGG with a significant
improvement in overall survival and quality of life. The poten-
tial risks of the “wait and see” policy and the neurotoxicity of
radiotherapy are challenged by the benefits of careful surgical
resection and up-front chemotherapy. The present day
treatment strategy, based on recent evidence, should include a
maximal surgical resection when possible, with the full
preservation of the patients’ ability, and delayed radiotherapy.
The role of temozolomide in the management of LGG and the
identification of the therapeutic modality with the best quality



of life profile will be determined by ongoing trials. The further
characterization of prognostic relevance of molecular markers
and data from advanced imaging techniques needs an intensi-
fication of research and validation efforts.

Abbreviations: LGG: low grade gliomas, WHO: World Health
Organization, OS: overall survival, PFS: progression-free
survival, MRI: Magnetic resonance imaging, MRS: Magnetic
resonance spectroscopy, MPFS: malignant progression-free
survival, rCBV: Relative Cerebral Blood Volume, QOL: quality
of life, FLAIR: Fluid attenuated inversion recovery, MGMT:
O6-methylguanine DNA methyltransferase enzyme, DSC
MR imaging: Dynamic Susceptibility Contrast Perfusion
MR imaging, 1H-MRS: Proton Magnetic Resonance
Spectroscopy, IDHI: isocitrate dehydrogenase 1 gene,
SPECT: Single-photon emission computed tomography,
PET: Positron emission tomography, DTI-FT: Diffuse Tensor
Imaging-fiber tracking technique, DES: direct electrical
stimulation, EEG: Electroencephalography, EcoG:
Electrocorticography, MEP: motor evoked potentials, EMG:
Electromyography, AED: anti-epileptic drugs, TMZ:
Temozolomide, EORTC: European Organization for
Research and Treatment of Cancer, NCCTG: North Central
Cancer Treatment Group, RTOG: Radiation Therapy
Oncology Group, ECOG: Eastern Cooperative Oncology
Group, EOR: extent of resection, Gy: Gray (unit), GyE: gray
equivalent, RT: radiation therapy, IMRT: image-guided
intensity modulated radiotherapy, FSRT: fractionated stereo-
tactic radiotherapy, SRS: proton therapy or stereotactic
radiosurgery, LET: high-linear energy transfer beams, RBE:
relative biological effectiveness, CTCAE: Common
Terminology Criteria for Adverse Events, PCV: procarbazine,
lomustine, and vincristine chemotherapy

Key words: low-grade glioma, astrocytoma, oligodendroglioma,
oligoastrocytoma, mixed glioma, molecular cytogenetics,
chemotherapy, temozolomide, neuroimaging, health-related
quality of life, cognitive functioning

Figure 1. CT Aspect of a patient

with LGG
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Introduction

Diffusely infiltrating low grade gliomas (LGG) (see Fig. 1)
include grade II astrocytomas, oligodendrogliomas and oligo-
astrocytomas (World Health Organization (WHO) grade 2) (1).
Low grade gliomas represent up to 30% of all gliomas and most
of the patients diagnosed with this condition are between
the second and fourth decade of life. LGGs are commonly
located in or close to eloquent areas (2), which makes their
management a very difficult matter.

At presentation, the most frequent symptom is a seizure
based disorder (72-89% of cases) (3), which is followed by
headache and nausea (10-44% of cases) (4,5), mental status
changes (3-30% of cases) (4,5) and focal neurological deficits (2-
30% of patients) (5). Despite the typical symptoms described in
the literature many patients may have a normal gross neuro-
logical examination at diagnosis.

Most LGGs show an aggressive pattern of behavior (6,7).
The average survival period for low grade gliomas is about 10
years. The 5-year overall survival (OS) and progression-free
survival (PFS) rates in randomized studies range from 58% to
72% (for the OS) and 37% to 55% (for the PFS)(8). Poor
prognosis factors include age above 40 years, astrocytic
tumor histology, tumor size bigger than 6 cm, tumor crossing
of the midline, and neurological deficit at diagnosis (9).

The optimal treatment of patients with Low Grade
Gliomas has yet to be determined. No class I, I or III evidence
exists regarding the optimal management of these patients.
The therapeutic approaches have included the “wait and
watch” strategy, needle or open biopsy, surgery, radiotherapy
and chemotherapy. Over the last decade, several studies have
brought new and significant information for defining the role
and the timing of each therapeutic approach.

Conservative management for adult supratentorial LGG

There is no evidence from randomized clinical trials about
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either the role of conservative management in LGG or the
timing of surgical treatment. We consider that the surgical
intervention should not be unnecessarily delayed when
unfavorable prognostic factors are identified: age > 40 years,
tumor size > 6 cm, tumor crossing the midline, poor
performance status, drug resistant epilepsy. However, there is
no evidence that these patients will do better with an early
intervention either (10).

If the surgeon chooses the “watch and wait” strategy, the
patient will be monitored using MRI scans in the 3 year, 6"
year and then yearly, unless clinical condition warrants any early
scan. The patient is also neurologically tested for baseline
purposes. Comparison of MRI images over the years documents
the changes in lesion size. Many papers have shown gradual
enlargement of the lesion (7,11) at a rate that was influenced by
genetic alterations in the tumor cell populations (12). A larger
preoperative tumor volume was significantly associated with
shorter overall survival (OS), progression free survival (PFS), and
malignant progression—free survival rates (MPES) (13).
Sequential measurement of LGG volume allows for accurate
determination of growth rates and identification of patients
whose tumors are at high risk of early transformation (7,14).

Due to the lack of histological data in the setting of a “wait
and see” approach, the prognostic data derived from newer
MRI techniques are of paramount importance. Therefore using
only conventional MRI scans lowers the certainty of LGG
diagnosis. A study of 174 cases of supratentorial glial lesions
diagnosed using MRI before biopsy, shows that only in 20 cases
(30%), the histological analysis changed the presumptive
diagnosis of LGG (15), other studies have shown even greater
discordance (16). A recent study retrospectively analysing 35
patients with histologically diagnosed LGG have shown that a
rCBV threshold of 1.75 could differentiate between a
prolonged survival group (mean time to progression of approx.
10 years) from a poor prognostic group (mean time to
progression less than one year) (11), and in a recent follow up
study authors have shown that rCBV elevations can precede
malignant transformation and new contrast enhancement by
up to 12 months (17) Such information is useful for guidance
regarding when to abandon a “watch and wait” strategy or
whether it is prudent to start treatment initially.

Does patient outcome suffer due to a “watch and wait”
strategy! There is no randomized trial on conservative
management versus early surgery to answer this question.
Current literature has not demonstrated that patients are
harmed by considerable delay in primary intervention, therefore
the surgeon’s choice of conservative management will be
influenced by many variables: natural history of disease, patient’s
compliance with treatment, the presence of unfavorable
prognosis factors, patient age, associated morbidities, clinical
performance status, location and size of lesion, certainty of
diagnosis of WHO 1I gliomas, the presence of clinical and
radiological signs of progression etc.

¢

Surgery

In accordance with modern oncology concepts, an increasing

number of authors find histological validation to be mandatory
to solve the dilemmas of differential diagnosis, grading malig-
nancy and assessing the molecular profile of tumors (E.g. 1p/
19q loss and MGMT status) before deciding the further
management. Needle biopsy targeting regions with elevated
choline levels or regions with increased angiogenesis
(maximum relative CBV derived from DSC MR imaging) can
partly overcome the limits of this technique and significantly
increase diagnostic yield. However, the diagnostic accuracy of
1H-MRS-supported and MRI-guided procedures was only 67%
and 79% in a recent study (18,19,20).

Surgical resection of LGGs is still a matter of debate, but a
growing number of recent studies support its role (21, 22, 23).
Surgical resection allows obtainment of representative tissue to
reach a correct histological and molecular diagnosis. The
relevance of chromosome 1p/19q loss of heterozygosity, MGMT
methylation, and mutation affecting codon 132 of the
isocitrate dehydrogenase 1 (IDH1) gene are important in the
histotype definition and the prognostication of the response to
certain chemotherapeutic agents, having therapeutic implica-
tions (24,25,26,27). In addition, surgery has the potential
to improve neurological symptoms, obtaining better seizure
control, and could decrease the rate of recurrence and
malignant transformation, thereby having a beneficial effect on
survival. Surgery however has its own unavoidable risks, which
could permanently affect the patient’s quality of life

Patients with significant neurological deficits who present
mass effect or poor seizure control, despite poly-therapy, are
usually candidates to surgical resection, even though there are
higher surgical risks in terms of morbidity and mortality, but
the alternative is progressive neurological deterioration or even
death in the near future.

The tumor location predominantly close or within
eloquent cortex (in 82.6% of cases (2), the diffuse pattern of
growth, the frequently normal neurological examination and
the relatively long natural history of the lesion impose
preservation of neurological functions of the patient while
simultaneously advocating for a maximum resection of tumor
mass. 1o achieve these goals, it is mandatory to perform a series
of neuropsychological, neurophysiological, neuroradiological
and intraoperative investigations in order to identify and pre-
serve at the time of surgery essential cortical and subcortical
areas.

The preoperative neuroradiological examination, including
basic morphological MR images (T1, T2 and FLAIR),
metabolic sensitive techniques (MR spectroscopy, SPECT or
PET), functional MRI (for motor and language tasks) and
anatomic studies (such as Diffuse Tensor Imaging-fiber tracking
techniques (DTI-FT) for visualizing the relationship between
the fiber tracts and tumor mass) provides all-embracing
information about the anatomical and functional boundaries
of the lesion to be resected, but this information needs to be
confirmed intraoperatively by direct electrical stimulation
(DES) (see Fig. 2) that identifies with certainty functional
regions and allows the surgeon to maximize the extent of
resection while reducing the risks of permanent neurological
deficits.
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Aspects showing the direct
electrical stimulation technique
and a patient in which it was
used

Figure 2.

The use of neuronavigation, intraoperative MRI and
brain mapping techniques (EEG, ECoG, MEP, EMG, and
DES) decreases the percentage of postoperative permanent
deficits a staggering ten times (from 23% to 2.3% when
subcortical stimulation is used) and increases the percentage
of patients in which a total (no abnormalities seen on post
op FLAIR images) and subtotal resection (a postoperative
volume on volumetric post op FLAIR images less than 10
ml) is achieved (from 11%, when no brain mapping was
available, to 52.8%) (21, 22, 28, 29,30)

Total and subtotal resections have a positive impact on
seizures in patients with insular LGG within a range of 76%
to 89% with reduction in the number of anti-epileptic drugs
(AED) administered (31). Suppression of AEDs is possible in
30% of cases. Seizure recurrence after initial postoperative
seizure control was associated with tumor progression (32,33,
34). Gross-total resection, preoperative seizure control on
antiepileptic medication and duration of seizures of less than 1
year emerged as predictors of complete seizure freedom in a
recent study examining 773 patients who underwent surgery
for LGG across 20 published series (35).

There are no randomized trials that have examined the
effect of the extent of surgery on OS and PFS, but many
recently published articles stress the importance of the extent
of resection in controlling tumour growth and determining
survival. In a recent study authors analysing 216 adults
undergoing initial resection of hemispheric LGG showed that
postoperative tumour volume was a significant predictor of OS

and PFS, and extent of resection was a significant predictor of
MPEFS. Patients with at least 90% removal had 5 and 8-year
overall survival (OS) rates of 97% and 91%, whereas patients
with less than 90% removal had 5- and 8-year OS rates of 76%
and 60%. Patients with complete resection had 5- and 8-year
OS, PFS and MPFS rates of 98% and 98%, 78% and 48%, and
96% and 79% (21).

A total or subtotal resection is difficult to be achieved in
large and diffuse tumors. When the lesion presents a mass
effect, a partial resection may still be useful (21,36). The
majority of these patients is referred to stereotactic biopsy only
followed by adjuvant therapies. To make a radical surgery
possible in this group of patients, preoperative chemotherapy
(TMZ, for 6 month) was proposed (37); this combined treat-
ment was feasible, efficient and well-tolerated in ten initially
inoperable patients (38). In patients that underwent a partial
removal, chemotherapy could have been used for further
decrease of postoperative tumor volume to a value associated
with a better prognosis (26,28,39). A two stage surgical
procedure could be necessary in patients who lose their intra-
operative responsiveness (the second surgery is usually made
after a period up to four to six months to let brain plasticity
take place). In recurrent tumors, from all the available
therapeutic options, surgery, usually combined with other
therapeutic modalities, is the treatment of choice when a total
or subtotal resection is possible.

A significant improvement in OS associated with a more
extensive resection of diffuse LGG has been documented in
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all series since 2005 in which an objective extent of resec-
tion could be correlated with survival (34,21,22,36,40,41,
42,4344). A complete or “supra-total” resection (resection
extending beyond the area of MR imaging signal abnormalities
up to 20 mm), in one step or a “planned multistage surgical
approach”, awake surgery with cortico-subcortical mapping
using direct electrostimulation, maximization of the extent of
resection and preservation of QoL were the fundamental
elements associated with significant delay of anaplastic
transformation and implicitly with improvement of OS (45,46,

47,48).
Radiotherapy

The optimal role of radiotherapy in the management of LGG
still needs to be established. The four phase III randomized
trials performed until now brought significant information
about indications for irradiation, timing, dose and toxicity
of radiotherapy, irradiation technique, and adjuvant chemo-
therapy after radiation. The highly variable outcome of LGG
led to the identification of prognostic factors and, based on
them, to the definition of risk groups. The two randomized,
multicentre trials of the European Organization for Research
and Treatment of Cancer (EORTC) 22844 (49) and 22845 (50)
including 534 patients allowed the development of a progno-
sis score. The unfavorable prognosis factors identified by a
multivariate analysis were: age = 40 years, astrocytic tumor
histology, tumor size > 6 cm, tumor crossing the midline, and
neurological deficit of diagnosis. The favorable prognosis score
(O to 2 risk factors) was associated with a median survival of
7.72 years compared with a high risk score (3 to 5 risk
factors) where median survival was of 3.20 (51).

Analysing long-term efficacy of immediate postoperative
radiotherapy versus deferred radiotherapy until the time of
progression for LGG in 314 adults; the authors concluded
that radiotherapy could be deferred for patients with low-
grade glioma who are in a good condition, provided they are
carefully monitored (52). Patients with large unrespectable
tumors or having a high risk score are commonly treated
with immediate radiotherapy.

Two randomized trials investigated radiation doses in
patients with LGG. Although some studies reported a better
survival for doses greater than 50 Gy (53), the EORTC 22844
and North Central Cancer Treatment Group/Radiation
Therapy Oncology Group/Eastern Cooperative Oncology
Group (NCCTG/RTOG/ECOG) studies did not show any
advantage for higher versus lower doses (54,55).

In the NCCTG/RTOG/ECOG trial, the survival was
compared in 203 adult patients treated with low-dose (50.4
Gy/28 fractions) versus high-dose (64.8 Gy/36 fractions)
localized radiation therapy (RT), and the authors found that
survival at 2 and 5 years is non-significantly better with low-
dose RT (survival at 2 and 5 years was 94% and 72%, respec-
tively, with low-dose RT and 85% and 64%, respectively, with
high-dose RT). In the 379 adult patients with cerebral LGGs
randomized in the EORTC 22844 trial to receive irradiation
postoperatively (or post-biopsy) with either 45 Gy in 5 weeks or

59.4 Gy in 6.6 weeks with a median follow-up time of 74
months no significant difference in terms of survival (58% for
the low-dose arm and 59% for the high-dose arm) or the
progression free survival (47% and 50%) was observed between
the two arms of the trial.

The extent of resection (EOR) and radiation dose were
reported as being significant for OS and PFS (the median
survival of patients with partial resection who received < 50
Gy was 16.5 months while those who received > 50 Gy and
suffered a total/subtotal resection was 109.2 months) (53),
but the relationship between postoperative tumor volume
and radiation dose has not been studied in a randomized
trial to date. However, if higher doses are used, an increased
radiotherapy related toxicity is observed. In the NCCTG
IRTOG/ECOG trial, the 2-year actuarial incidence of grade
3 to 5 radiation necrosis was 2.5% with low-dose RT and 5%
with high-dose RT (55), or lower levels of functioning and
more symptom burden following completion of radiotherapy
are reported in patients of the EORTC 22844 trial (56).

The analysis of the 65 survivors with (LGG) who
completed neuropsychological follow-up at a mean of 12 years
after first diagnosis showed a progressive decline in attentional
functioning, even those who received fractions doses that are
regarded as safe (£ 2 Gy), comparative with patients that did
not receive radiotherapy (57).

New techniques that use conformal or focal delivery of
radiation like image-guided intensity modulated radiotherapy
(IMRT), volumetric modulated arc therapy, fractionated stereo-
tactic radiotherapy (FSRT), proton therapy or stereotactic
radiosurgery (SRS), sparing in a higher grade of surrounding
normal tissues, should significantly improve treatment out-
comes. The intensity modulated radiotherapy and volumetric
modulated arc therapy techniques can reduce the dose to the
bilateral hippocampi below the dosimetric threshold of 7.3 Gy,
value associated with neurocognitive function impairment
providing local control rates comparable to those provided by
two-dimensional and three-dimensional radiotherapy, so it was
shown in 39 children with LGG (58). Although these
preliminary results indicate some benefit, incorporation of
these two techniques into clinical trials is needed.

Stereotactic radiosurgery has been performed for patients
particularly selected with recurrent LGG or residual or
unresectable small tumor, providing long-lasting tumor control
with comparable toxicity (59), but confirmation by prospective
trials is lacking. An increase in the incidence of radiotherapy
related side effects was reported in larger target volumes
(median size: 28 cm’) and higher doses (median dose: 20 Gy)
(60).

Fractionated stereotactic radiotherapy combines the
advantage of low risk of radiation related side effects, due to
dose fractionation, with comparable effectiveness, including
small and larger tumors, as compared with the others
stereotactic radiotherapy techniques (61). Hypofractionated
stereotactic radiotherapy (H-FSRT) brings a lower level of
neuro-toxicity than SRS, but the incidence of radiation related
side effects seems larger as compared to FSRT due to higher
single doses. Comparatively with FRST, the H-FSRT has the



benefit of a shortening of the overall treatment time, which
becomes useful in terminally ill patients.

The use of particle charged radiotherapy (proton or
carbon ion) has been implemented for treatment of cerebral
glioma. Particle irradiation exhibits enhanced effectiveness
and accurate delivery, especially in deep seated lesions, in
comparison to conventional photon therapy. Additionally to
proton ions, the carbon ions, as high-linear energy transfer
(LET) beams, express superior relative biological effectiveness
(RBE), that is more pronounced for resistant tumors compared
to sensitive tumors. Mizoe et al reported promising results
regarding the effectiveness and safety of coadjuvant therapy
(x-ray conventional radiotherapy, chemotherapy [Nimustine
hydrochloride), and carbon ion radiotherapy (range from 16.8
to 24.8 GyE)] in 48 patients with malignant gliomas (62).
Carbon ion radiotherapy is routinely performed with
acceptable neurotoxicity in patients with chordomas and
chondrosarcomas of the skull base showing superior results
(63).

No acute (arising during the first 90 days after radio-
therapy) toxicities bigger than grade II of Common
Terminology Criteria for Adverse Events v4.0 (CTCAE) was
reported in 33 patients with gliomas and meningiomas that
underwent particle radiotherapy delivered with active raster
scanning (64).

Two ongoing trials are investigating particle radiotherapy
in patients with cerebral gliomas. Within CLEOPATRA
trial, authors are investigating the effectiveness of a carbon
ion boost comparatively to a proton boost in patients with
macroscopic tumour residues following surgery, photon
radiotherapy (50 Gy) and chemotherapy with temozolomide
(65). Within the second one, the CINDERELLA trial, the
impact of re-irradiation using carbon ion therapy versus
FSRT in patients with recurrent gliomas (including WHO
grade II gliomas) that underwent a prior course of standard
photon radiotherapy is being evaluated (66).

Chemotherapy

The adjuvant chemotherapy after radiation has been analysed in
RTOG 9802 trial, which included 251 high risk patients who
were randomized to radiotherapy (RT) alone (54 Gy) or RT +
procarbazine, lomustine, and vincristine (PCV) chemotherapy (6
cycles of standard dose). The PFS was reported as being
improved for patients that underwent a combined treatment,
but not OS. The combined regimen seemed to provide a
survival gain in 2-year survivors probably due to chemotherapy
67).

In recent years temozolomide (TMZ) chemotherapy has
been studied more extensively due to its ease of administration
and a favorable quality-of-life profile (68). Some prospective
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randomized trials have been launched to determine whether
temozolomide can substitute radiation therapy and whether
there is a benefit from combining these two therapeutic
modalities. The phase II RTOG 0424 trial of a temozolomide-
based chemoradiotherapy regimen for high-risk LGG compares
the 3-year survival of this regimen to the 3-year survival of the
EORTC high-risk low-grade glioma population described by
Pignatti et al. The phase III ECOG E3F05 trial should
primarily determine whether the addition of temozolomide to
fractionated radiotherapy improves the PES or the OS of
patients with low-grade gliomas requiring treatment.
Secondarily, the trial should evaluate the toxicities and
quality of life in patients receiving radiation therapy alone or
radiation therapy plus temozolomide chemotherapy, and to
estimate the consequences of the presence or absence of 1p
and 19q deletion on PFS and OS, in general, and particularly
in patients receiving chemotherapy.

Response rate after chemotherapy may vary markedly in
LGG with prevalence of minor responses. In a retrospective
observational study including 149 adult patients with
progressive LGG treated with up-front TMZ chemotherapy,
seventy-seven patients (53%) experienced an objective
response and loss of chromosome 1p/19q predicted both a
durable chemosensitivity and a favorable outcome (26). Oligo-
dendrogliomas, especially pure tumors, with a loss of hetero-
zygosity on chromosome 1p/19q show a particular responsive-
ness to chemotherapy (PCV and TMZ) and radiotherapy
(response rates as high as 90 — 100%) (69).

Conclusions

The advances in microsurgical and neuromonitoring
techniques as well as in neuroimaging allow a more aggressive
resection of LGG with a significant improvement in overall
survival and quality of life. The potential risks of a “wait and
see” approach and the neurotoxicity of radiotherapy are
challenged by the benefits of surgical resection and up-front
chemotherapy. The present day treatment strategy, based on
currently emerged evidence, should include a maximal surgical
resection when possible with the full preservation of the
patients’ ability, and delayed radiotherapy until de time of
progression. The role of temozolomide in the management of
LGG and the identification of the therapeutic modality with
the best quality of life profile should be determined by ongoing
trials. The further characterization of prognostic relevance of
molecular markers and data from advanced imaging techniques
needs an intensification of research and validation efforts.

Last but not least, the authors emphasize the importance
of early detection of such tumors as it allows for total resections
with a perfect outcome for the patient and 0% recurrence. (See
Figs, 3, 4)
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Figure 3. A 31 year old male
patient, incidentally
diagnosed with Low
Grade Glioma. The
images are taken one
year post-op

Figure 4.  Preop (left) and Postop
(right) Images of the
above mentioned patient
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