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Low-grade gliomas (LGGs) are a heterogeneous
group of relatively slow-growing primary tumors
of astrocytic and/or oligodendroglial origin.8 LGGs

account for 30% to 40% of all gliomas. After operation,
patients with LGGs may live several years rela-tively
symptom free with an average interval of 2 to 4 years
until tumor recurrence.43 However, up to 50% of patients’
deteriorate more rapidly due to tumor progression
towards higher malignancy, which may drastically reduce
the quality and duration of life. 43  Different policies are
being pursued in the management of suspected LGGs:
biopsy or resection with or without subsequent
radio-therapy, or delayed resection plus radiotherapy of
suspected LGG.43  In this paper we review the current
concepts and controversies in the management of low
grade gliomas.

Histological Types
   Under the recent World Health Organization
classification of primary intracranial tumors, LGGs would
encompass grade I and grade II neuro-epithelial tumors.
The more common grade I tumors are pilocytic
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Low Grade Gliomas: Current
Concepts and Controversies

   Low grade gliomas (LGGs) are a heterogeneous
group of relatively slow-growing primary tumors and
account for 30% to 40% of all gliomas. Under the recent
World Health Organization classification of primary
intracranial tumors, low grade gliomas would encompass
grade I and grade II neuro-epithelial tumors. The more
common grade I tumors are pilocytic astrocytoma,
dysembryoblastic neuro-epithelial tumors (DNET),
pleomorphic xantho-astrocytoma (PXA), neurocytoma,
and ganglioglioma. The more common grade II tumors
include astrocytoma, oligodendroglioma, and mixed
oligoastrocytoma. With the increasing use of CT and MRI
scans for investigation of “vague” neurological symptoms,
an increasing number of low grade gliomas are being found
incidentally. The management of low grade glioma is one
of the most controversial areas in clinical neuro-oncology.
More precise definition of tumor entities, including also
specific molecular markers, is necessary to identify patients
in need of a more aggres-sive treatment strategy.
Management options in low grade glioma include control
of seizures, watch and wait, surgery, radiotherapy and
chemotherapy. In this paper we review the current concepts
and controversies in the management of low grade gliomas.
        Key Words: brain tumor, low grade astrocytoma,
therapy

astrocytoma, dysembryoblastic neuro-epithelial tumors
(DNET), pleomorphic xantho-astrocytoma (PXA),
neurocytoma, and ganglioglioma. The more common
grade II tumors include astrocytoma, oligodendroglioma,
and mixed oligoastrocytoma. This spectrum of discreet
neuropathological entities is important since the grade I
tumors generally can be cured by surgical excision and
their symptoms very often alleviated.35 Conversely, with
the grade II tumors, these are generally incurable but
have median survival times of 1–3 years.18,22

   Tumors with oligodendodrial components generally do
better than astrocytomas, with prognosis being partially
related to gene deletions on chromosome 1p and 19q.56
Some grade II gliomas are ‘‘diffuse’’ while others have
relatively well  defined brain–tumor interfaces.
Neuropathological diagnosis and tumor characteristics
will therefore profoundly influence the impact of
treatment strategies. Currently, even with the best
magnetic resonance imaging (MRI) scanners,
differentiation between grade I, II, and even III tumors is
very difficult, therefore establishing tissue diagnosis can
be important.30,68
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However, in up to 30% of cases of what appears to be low
grade gliomas are in fact grade III or grade IV tumors.68

Spectroscopic analysis of the MRIs can help to clarify
diagnosis but certainly not be definitive. Radiological
diagnosis of a ‘‘low grade glioma’’ can therefore pose a
dilemma.82  With the advent of MRI scanning with good
accuracy, the size and features of a lesion can be monitored
serially with frequent scans. This is a distinct advantage
over the less sensitive and radiation doses that are incurred
with  CT scanning. The other major advantage with MRI
scanning is that the extent of the lesion can be evaluated
using a range of sequences. The application of specific
software programmes can enable precise volumetric
analysis. Not infrequently, lesional enlargement occurs
despite the scan apparently showing no obvious change
in appearance between imaging periods. The third major
advantage of MRI scanning is that it can be incorporated
into image guided neurosurgical systems so that lesion
localization and, to some degree, excision can be facilitated
during surgery.82

PET (Positron Emission Tomography) and
Low Grade Gliomas

   To date, most work with PET has been in adults with
malignant gliomas. PET has the potential to display  two of
the challenging characteristics (among many others) of
brain tumors: the potential for heterogeneous histology
within a tumor and the potential to transformation from a
benign to a malignant tumor. Remembering that the
histological grade of a heterogeneous tumor is determined
by the cell(s) with the greatest malignant transformation,
PET can be useful in guiding a stereotactic biopsy needle
to the area of greatest FDG uptake.34,57 Malignant change
in low grade gliomas may be identified by PET before clinical
manifestations of the disease or MRI changes become
apparent.23,64 Low grade tumors may cause a problem
because FDG uptake in these tumors may be less than is
found in normal cortex. In this situation, combining FDG
with MET PET is particularly helpful.48

18F fluorodeoxyglucose (FDG) Uptake and PET
   Benign gliomas of the brain show decreased uptake of
18F fluorodeoxyglucose (FDG) on PET. Malignant
transformation is usually manifested by an increase of
18FDG uptake.46 Benign gliomas of the brain appear as
hypometabolic areas on 18F fluorodeoxyglucose positron
emission tomography (18FDG-PET).12,40,52 Malignant
transformation and tumor progression results in an
increased 18FDG uptake.40,52  18FDG-PET studies have
shown good correlation between histological grade and
tracer uptake that is intrinsically heterogeneous in
gliomas.12,40,52  Regionally elevated tracer uptake is
considered to be related to the presence of anaplasia, higher
proliferation rate and cell density, hypervascularization,
and inflammation.40,52

Prognostic Factors
     Adverse prognostic features for patients with low grade
glioma include age > 40 years, large tumor (>6 cm), midline
shift and neurological deficits.10,79

Clinical Features
   With the increasing use of computed tomographic (CT)
and magnetic resonance imaging (MRI) scans for
investigation of ‘‘vague’’ neurological symptoms, an
increasing number of LGGs are being found incidentally.82

While the median age of symptom onset is 35 years with
grade II lesions, grade I lesions usually present at a younger
age. The most common (80%) presentation of “LGGs’’ is
with the occurrence of seizure. This is particularly common
with temporal, insular, frontal, and peri-rolandic lesions.
Because in general these tumors displace or infiltrate the
brain without destroying the neuropil, focal neurological
deficits are uncommon. However, if the tumor has a cystic
component, compression of adjacent cortical or white mater
structures can lead to focal deficits. Strategically placed
lesions, often small ones, such as subependymal giant cell
astrocytoma (seen with tuberous sclerosis) or
intraventricular neurocytoma can also cause problems such
as obstructive hydrocephalus. Lesions around the tectal
plate, the foramina of Munro, and fourth ventricle will
commonly present in this way.82

Imaging
   LGGs are heterogeneous in appearance. Some lesions
may be infiltrative (Figure 1); have intratumoural
calcification; cysts may also be present (Figure 2)  and
there is usually minimal peri-lesional brain oedema. With
MRI scanning, particularly with gadolinium enhancement,
it is possible to be moderately confident of tissue diagnosis.

 Figure 1. T2 weighted MR sequence suggestive of an
infiltrating lesion in the right temporal lobe, most likely a
low grade glioma. Abbreviation, MR = magnetic
resonance.
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Seizures
   LGGs with epilepsy as the single symptom has a much
better  prognosis than if  accompanied by other
symptoms. This prognosis is not influenced by the
timing of surgery. It seems, therefore, safe to defer
surgery until clinical or radiological progression in low
grade glioma with epilepsy only.79

Age
   Practically all studies identify age as a strong
independent prognostic factor. Patients under the age
of 20 years have a five year survival rate of about 80%,
between age 20–40 the survival rate decreases to about
50%, whereas survival rates for patients above 40 years
of age are around 30%.79

Surgery and Prognosis
   The benefit of surgical excision on survival in
patients with low grade gliomas is not known.30,81,83

There are numerous case series that suggest the greater
the amount of tumor excision the better the prognosis;
that resection of neocortical tumors is more beneficial
than resection of subcortical tumors; and that the smaller
the volume of residual tumor the better the prognosis.81

Although many studies show that the quality of life
and the median survival in LGG seems correlated to the
extent of resection,3,4, 30,44,55,66 the role of resection
remains unproven.30 Additionally, resection of these

tumors, with no clearly defined boundaries and often
occurring in functional regions, carries a high risk (13–
19.7%) of permanent deficit.9,20,65

Timing of Surgery
   The timing of surgery became an issue after the
introduction of CT. Due to its better sensitivity, CT
disclosed lesions in an earlier stage than scintigraphy.
Early diagnosis by CT raised the question as to whether
early operation in patients with no or minor neurological
deficit would benefit the However, the two retrospective
studies that specifically considered the issue of deferral
of therapy did not show clear differences in survival
nor in the rate of malignant transformation between
early or late surgery.62,72

Extent of Surgery
   Extent of surgery is another favorable prognostic
factor in most studies. It should be realized; however,
that extent of surgery may be subject to inaccuracy
and bias. The surgeon’s estimation of the size of resection
is known to be of limited accuracy. Postoperative CT was
not done routinely in most series. Deep seated lesions,
older patients, or patients with gross neurological deficit
possibly tend to be operated on less extensively.
Furthermore, in several studies, operative deaths were
not included in their analysis. 24,27,42,71 The younger
patients, on the other hand, have a better prognosis.80

It is necessary, however, to be aware of the risks of
deferred therapy such as tumor haemorrhage, rapid and
unexpected deterioration, and also incorrectly labelling
the patient as inoperable. Resective surgery should be
reconsidered in every patient showing clinical or
radiological progression.79

                          Management   The management of LGG is one of the most
controversial areas in clinical neuro-oncology. More
precise definition of tumor entities, including specific
molecular markers, is necessary to identify patients in
need of a more aggressive treatment strategy.30,75,82

Management options in LGG  include control of
seizures, watch and wait, surgery, radiotherapy and
chemotherapy.

Watch and Wait Policy
   Because of the advent of MRI scanning in LGGs, a
‘‘watch and wait’’ policy can be appropriate on
occasions.22,81 In LGGs many lesions cause few
symptoms for many years. This is particularly the case
in incidentally discovered lesions and those presenting
with seizures that are well controlled  with medications.
If the patient’s only symptom is seizure disorders, then
generally these can be controlled to a variable degree
with either monovalent or polyvalent anticonvulsant
therapy. If the lesion enlarges, changes radiologically
by developing foci of gadolinium enhancement, or
symptoms or signs progress, then some form of
intervention is usually required.82

 Figure 1. Post-gadolinium T1 weightted MR sequence
showing a cystic lesion with a mural nodule (arrow), a
pylocytic astrocytoma.  Abbreviation, MR = magnetic
resonance.

Low grade gliomas
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Surgery
With modern surgical and anaesthetic techniques, many

LGGs can be completely or largely excised.

Grade I Lesions
   Grade I tumors causing seizure disorders that are refractory
to anticonvulsants, or that the patient wishes to have excised,
can generally be resected safely and with excellent control
of the seizure disorder. The natural history of most grade I
lesions is for any residuum of tumor not to grow and most of
these patients can be considered ‘‘cured’’.82

Grade II Lesions
   Most grade II lesions can also be resected to some degree.
Complete neuro-radiological resection can be obtained in
certain areas of the brain more readily than others. Polar
and superficial lesions are more readily excised than deeper
and more extensive lesions. There are particular hazards
with surgery in certain locations. Low grade gliomas which
extend into the temporal, insular or opercular regions pose
a particular surgical challenge, since perforating branches
of the middle cerebral artery may transverse the tumor to
supply quite important white matter tracts in the centrum
ovale.32 If these are damaged during surgical resection, then
major deficit can result from the subsequent stroke. With
the wider application of preoperative functional MR imaging
(fMRI), a risk assessment exercise is possible. Additionally
during surgery, use of awake craniotomy techniques mean
that brain functions can be monitored and lesion excision
optimized. However, even application of awake craniotomy
technique is not infallible and permanent complications
can occur.15,32,54 One of the important considerations when
advising patients about surgery is that in the majority of
cases surgery will not ‘‘cure’’ the tumor. Rather
disappointingly, what tends to happen is that after many
years of radiological quiescence or stability, tumors tend
to recur several years later.30 The major benefit of
undertaking resective surgery or even biopsy is that a
definitive diagnosis is obtained.30 In some cases biopsy
may be all that is possible. Once a definitive diagnosis is
made, then logical and appropriate radiotherapy and
chemotherapy decisions and management can be
undertaken. With biopsy, however, sampling is limited and
there certainly can be focal anaplasia in what appears to be
low grade gliomas.68

Radiotherapy
   The timing of radiotherapy remains a matter of debate
and also its efficacy has not been established in
prospective studies, a possible rationale for postoperative
radiotherapy is provided by the ûnding of anaplastic tumor
cell foci, which may microscopically already be present in
low grade astrocytomas. It is assumed that destruction of
these foci by radiotherapy could prevent malignant
progression, and could delay tumor recurrence, particularly
in patients with partial tumor resection.73 Whereas most
authors agree that the extent of tumor resection correlates
with the survival time of patients with LGAs,78 there is a
contro-versial debate about the beneût and side effects of
early postoperative radiotherapy.43,69 Most

recommenda-tions of the use of radiotherapy are based on
retrospective clinical data, which in part are hampered by
heterogeneous patient samples. One prospective study
comparing the effect of different radiation doses failed to
establish a correlation between dose and survival of
patients with LGAs.29

   For patients with unfavorable prognostic factors
radiotherapy currently remains the established treatment
option. Two random-ized trials have examined the dose of
radiotherapy and there appears to be no survival benefit
for total doses >45–50 Gy.29,70 Of concern with frequently
ill-defined and diffusely infiltrating tumors are the required
large radiation volumes, which may lead to debilitating late
sequelae in patients who will survive for many years.31,76

Highly conformal radiation techniques (e.g. intensity-
modulated radiotherapy) combined with co-registered MR
and PET imaging may limit the amount of normal brain tissue
irradiated.38,47,58 The timing of radiation therapy was the
object of a randomized trial comparing immediate
radiotherapy with delayed radiotherapy at progression.28

Although time to progression was longer in the immediate
therapy group, progressing patients whose radio-therapy
had been delayed could be successfully salvaged, and
sur-vival was identical in both arms. Two-thirds of the
progressing patients subsequently received radiation
accounting for only 38% of the patients in the observation
group. Thus, radiotherapy could be withheld in almost two-
thirds of patients for >5 years.75

   A substantial incidence of radiation-induced cognitive
deficits has been described in patients with LGG who received
whole-brain or focal radiotherapy, and emerging data in the
litera-ture suggest that potential late neurotoxic effects should
be con-sidered in the timing of radiotherapy. 28,59 Moreover,
recent studies indicate that early radiotherapy has no
survival advantage over delaying the treatment until
disease progression.51 There have recently been several
phase III studies evaluating the role of external beam
radiotherapy in low grade gliomas.29,70 The studies were
designed to determine what the optimum dose of
radiotherapy is, and whether immediate radiotherapy is
better than radiotherapy on symptomatic progression in
patients with biopsy proven astrocytoma,
oligodendroglioma, or oligoastrocytoma (grade II) tumors.
Two studies,11,12 showed that higher dose treatment (59.4
Gy and 64.8 Gy) did not improve upon the survival obtained
with lower dose (45 Gy and 50.4 Gy) therapy (five year
survival 65% v 72%). The overall survival at five years
from diagnosis in early irradiated versus radiation at
symptomatic progression was also similar (63% v 66%),
although time to progression was longer in the treatment
group.28

    Not infrequently there can be a dramatic response in
terms of volumetric shrinkage of the tumor following
radiotherapy. These can also occur with interstitial
radiotherapy and stereotactically delivered radiotherapy.
Unfortunately, however, virtually all recurrences or
progression of low grade gliomas occur in the irradiated
areas. Although radiotherapy does not have the immediate
risks associated with surgery, there are some longer term
side effects as well as the immediate post-somnolence
radiotherapy syndrome.5,31 With the radiation doses used
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for low grade gliomas, radiotherapy can, if the field is large,
induce a steady cognitive decline. This appears as
progressive brain atrophy and white matter change on T2
MRI scan. Neuro-psychological problems are aggravated
by epilepsy and anticonvulsant therapy.31 As well as
volumetric shrinking of the tumor, radiotherapy can also
help control seizure disorders. From the phase III
radiotherapy studies prognostic features for low grade
glioma were derived. Specific adverse features were:
astrocytic glioma; midline shift; patient is aged over 40
years; and lesion is >6 cm in diameter.56

Chemotherapy
   Whether primary chemotherapy with the currently
available drugs allows the delay of radiation and its
sequelae remains to be demonstrated. Secondary
malignancies are to be expected with long-term alkylating
agent chemotherapy. A randomized trial comparing standard
radiotherapy to chemotherapy will be con-ducted by the
EORTC and the National Cancer Institute of Canada. In
contrast to the present reports, temozolomide will be
administered as a low-dose continuous schedule. Chronic
drug exposure may be critical for response in a slow-growing
indolent tumor. In this trial patients will only be treated at
documented pro-gression or in the presence of unfavorable
prognostic factors. Patients will be prospectively stratified
for histological and for molecular markers (1p loss). This
allows the identification of sub-groups of patients who are
more likely to benefit from one or from the other treatment
modality. 75 Traditionally chemotherapy has been used for
WHO grade III/ IV gliomas. However, because there is good
evidence that some oligodendrogliomas with gene deletions
of chromo-somes 1p and 19Q are chemosensitive, patients
with WHO grade II oligodendrogliomas have also been
treated with chemotherapy.18

Temozolomide
    The advent of temozolimide, an alkylating agent that
can be given orally, has also increased the attractiveness
of chemotherapy. At this stage the only phase III trial
evaluating chemotherapy has shown no benefit to survival
in patients with incompletely resected grade II gliomas,
and most other reports are anecdotal and often
contradictory.19 Recent data indicate a potential influence
of chemotherapy on the natural evolution of these tumors,
allowing for the deferral of more aggressive therapies. The
high response rate of 47% (95% CI 31% to 61%) confirms
that TMZ chemotherapy is a valid option in the treatment
of progressive LGG. 49

   Treat-ment selection in young patients with small
asymptomatic, unre-sectable or partially resected LGG is
not easy. Thus, consensus is growing for careful
observation and considering delay of radio-therapy until
recurrence and/or clinical-radiological progression. 62  In
this context, there is increasing attention on the potential
influence of chemotherapy on the natural evolution of these
tumors, allowing for the deferral of more aggressive
therapies. In recent years, there have been many reports on
the efficacy of chemotherapy in children with newly diagnosed
or recurrent LGG treated with a variety of drugs. 37,50,60 The

results of these studies have demonstrated that objective
responses can be achieved in patients with LGG, and
prolonged disease stabilization can be observed even in
the absence of significant neuroimaging variations. In
adults, chemotherapy activity has been demonstrated
clearly, particularly in pure oligodendrogliomas and mixed
oligo-astrocytomas,25,74 even if more substantial therapeutic
activity has been observed in anaplastic
oligodendrogliomas. 36 The scarce data on chemotherapy
in adult LGG reported in the litera-ture 6,7 reveal that LGG
seems to be less chemosensitive than anaplastic forms,
but that chemotherapy may induce long-term stabilization
of the disease and important clinical benefits, including
control of epilepsy.  Genetic alterations, such as loss of the
heterozygosity of chromo-somes 1p and 19q, have been
shown to be powerful predictors of survival and
chemosensitivity in oligodendroglial tumors.8,77 At present,
the role of molecular changes in astrocytoma is less clear,
but many authors suggest that genetic alterations may help
to identify chemosensitivity in low-grade astrocytomas as
well.11 Tumor evolution sometimes occurs with anaplastic
progression; some-times the histology remains unmodified
at the time of recurrence. Anaplastic transformation may
occur focally and seems to be closely correlated with the
imaging characteristics of enhancing areas in the context
of the tumor after contrast medium adminis-tration.2,68 In
other cases, volumetric expansion cannot be correlated with
MRI enhancement, and only metabolic imaging (SPECT
and PET scan) can document focal anaplastic
trans-formation.63 Furthermore, patients can present
neurological deterioration and worsened seizure control
without clear-cut MRI evidence of LGG progression. All
these conditions justify a re-evaluation of treatment policy
and a more intensive therapeutic strategy. The radiological
response rate in the whole population was 47%, but was
higher, though not statistically significant, in the group of
patients showing enhancing areas on MRI (58%) than in
patients without enhancing lesions (29%).49 In contrast,
the clinical benefits of chemotherapy, such as a reduction
in steroid dosage, improvement in KPS and BI, and
particularly epilepsy control, were significantly higher in
patients with non-enhancing lesions, who often showed
an SD on radio-logical examination. In fact, in many cases
seizures are the only symptom, which implies that
performance status and neurological status may be well
preserved even in the presence of voluminous tumors.
Moreover, despite limitations due to the small size of this
study, QoL (Quality of life) measurements indicate an
improvement of function scores in a larger proportion than
patients who achieved an objective radiological response.49

Functional Recovery after Surgical Resection
    Indeed, since LGG resection implies removal of functional
glio-neuronal structures, this resection might generate
changes in neurono-synaptic networks by modulating
inhibitory and/or excitatory inputs, as observed using
transcranial magnetic stimulations (TMS).53

Thus, it is considered that this short term plasticity can
lead to a long term plasticity, as supported by the results of

Low grade gliomas



 Nepal Journal of Neuroscience, Volume 3, Number 1, 200624

IES in the patients reoperated on several months later,
showing modifications of the motor and language maps.
These phenomena could explain the postoperative
functional recovery.16 Indeed, the immediate post-operative
deficit observed in all patients confirms that some
structures remain functional within the tumor mass or peri-
tumoural brain, because this deficit is too prolonged to be
explained by a simple edema, despite a possible
preoperative loco-regional reshaping due to LGG.21,84

Immediately after surgery, this peritumoural reorganisation
is insufficient to maintain function, more so if a part of the
“reorganized” brain tissue around the tumor cavity has
been transitorily damaged by the surgical trauma itself.
Subsequent postoperative development or a reinforcement
of this loco-regional mechanism of reshaping and/or the
recruitment of remote areas might explain the secondary
recovery. 61 The delay of this recovery (1–3 months) could
reflect that neosynaptogenesis, combined with sprouting
of axons and dendritis to loco-regional and remote regions,
may represent the main plasticity mechanism, as described
in vitro and in animals.1,17,26 Resection of infiltrative low
grade gliomas (LGG) that are located in eloquent brain areas
remains a neurosurgical challenge. The recruitment of
compensatory areas with long term perilesional functional
reshaping would explain why: before surgery, there is no
clinical deficit despite the tumor growth in eloquent regions;
immediately after surgery, the occurrence of a deficit, which
could be due to the resection of invaded areas participating
(but not essential) to the function and almost complete
recovery in some cases.15

Recurrence
    LGGs may recur locally or multifocally. At this stage either
further operation and radiotherapy or che-motherapy can be
performed. However, given that in general there is a period
of several years between diagnosis, with or without surgical
intervention, and later relapse, a good dictum to guide initial
management is ‘‘primum non nocere’’—that is, ‘‘first do no
harm’’. If ill advised, injudicious, or just unfortunate adverse
events follow initial surgery and these result in permanent
neurological deficits, that patient has those deficits for the
remainder of his or her life. 15 If grade I tumors such as PXA,
DNET, neurocytoma, and pilocytic astrocytomas are
excluded, conventional treatments will fail to cure the greater
majority of WHO gliomas. The reason for failure of treatment
is that most of these tumors have to some degree invaded
the brain before diagnosis. Following observation, resection
and/or radiotherapy, some of these quiescent cells later
transform into more malignant phenotypes. The progression
of low grade gliomas through a genetic catalogue of
transformations to malignant glioma is well documented.81

Unfortunately, the triggers for these transformations and
the timing of them are poorly understood. In addition, at
present there is no known treatment that can delay or stop
this genetic de-differentiation. Until a greater understanding
of these molecular mechanisms is gained, current treatments
are taking a ‘‘blunderbuss’’ approach and causing variable
‘‘co-lateral’’ damage to the brain. Nonetheless targeted
treatment in selected patients with adverse risk factors
should do more benefit than harm.82

Conclusions
    Evaluation and management of LGG remains a
challenging task. Precise definition of tumor entities and
knowledge of known prognostic factors is necessary to
identify patients in need of a more aggressive treatment
strategy. The role of chemotherapy and new biological
agents currently in development needs to be established
in well-designed clinical trials. However the best policy for
low grade astrocytomas should be based on prospective
studies.
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