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Low-grade gliomas represent approximately 11% of the
primary central nervous system (CNS) tumours diagnosed each
year in the United States and Canada.1 Although these neoplasms
are classified pathologically as low-grade, they are not benign,
and are capable of malignant dedifferentiation. As a
consequence, they produce significant morbidity and ultimately
high mortality for most afflicted patients, who have median

ABSTRACT: The management of low-grade gliomas represents one of the most challenging and
controversial areas in neuro-oncology. Many aspects of the treatment of low-grade gliomas are debated,
including the optimal timing of surgery and radiotherapy, the benefit of extensive surgery, and the impact
of these variables on the natural history of these indolent and generally incurable tumours. The recently
published results of several large multicentre trials addressing the timing and dose of radiotherapy have
provided solid evidence for delayed and reduced dose irradiation. These studies have also confirmed
prognostic variables that can be used to guide management of individual patients. Among these variables
is the observation that tumours with oligodendroglial features have a better natural history and response
profile. The recognition that as many as two thirds of low-grade gliomas have oligodendroglial features,
advances in molecular diagnostics making accurate pathologic diagnosis of oligodendroglial tumours
possible, and the established chemosensitivity of malignant oligodendrogliomas, have raised new issues
surrounding the potential value of chemotherapy for low-grade gliomas. This review will be restricted
to low-grade diffuse astrocytomas, oligodendrogliomas, and low-grade mixed oligoastrocytomas in
adults, and provide evidence-based guidelines for the management of these tumours, including the
emerging role of chemotherapy as initial treatment.

RÉSUMÉ: Progrès dans le traitement des gliomes à faible degré de malignité. Le traitement des gliomes à faible
malignité demeure un des domaines les plus controversés en neuro-oncologie. Plusieurs aspects de leur traitement,
soit le meilleur moment pour la chirurgie et la ratiothérapie, les bénéfices d’une chirurgie extensive et l’impact de
ces variables sur l’histoire naturelle de ces tumeurs indolentes et généralement incurables, font l‘objet de
controverses. Les résultats de plusieurs grandes études multicentriques publiées récemment sur le moment de
l’administration et la dose de radiothérapie ont fourni des données solides favorisant une irradiation tardive, à faible
dose. Ces études ont également confirmé que certaines variables sont utiles pour établir un pronostic et peuvent être
utilisées pour guider la prise en charge individuelle des patients. Il est bien établi que les tumeurs qui ont des
caractéristiques oligodendrogliales ont une histoire naturelle plus favorable et une meilleure réponse au traitement.
On sait maintenant que les deux-tiers des gliomes à faible malignité ont des caractéristiques oligodendrogliales. Les
progrès effectués dans le diagnostic moléculaire, qui rendent possible un diagnostic anatomopathologique précis
dans les cas de tumeurs oligodendrogliales, et la chimiosensibilité des oligodendrogliomes malins ont suscité des
discussions sur la valeur potentielle de la chimiothérapie dans les gliomes à faible malignité Cette revue se limite
aux astrocytomes diffus à faible malignité, aux oligodendrogliomes et aux oligoastrocytomes mixtes à faible
malignité chez les adultes et fournit des lignes directrices basées sur des données probantes pour le traitement de ces
tumeurs, particulièrement quant au rôle émergeant de la chimiothérapie comme traitement initial.
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survivals in the range of five to seven years.2 The optimal
management of patients with low-grade gliomas has been
controversial, with some physicians recommending early and
extensive surgery followed by radiotherapy, and others
advocating a conservative approach where treatment is
postponed until patients become symptomatic or have
radiographic tumour progression. 3 Patients with low-grade
gliomas are clinically more heterogeneous than those with
malignant gliomas, and many patients can have event-free
survivals lasting a decade or more. Moreover, the widespread
availability of magnetic resonance imaging has produced a trend
towards earlier diagnosis for many patients who have few
symptoms and normal neurologic examinations, and do not
appear to require immediate intervention. Consequently, the
toxicities of radiotherapy and chemotherapy, and the potential
morbidity of surgery are very real concerns for this patient
population whose anticipated survival is measured in years.
Thus, for physicians caring for patients with low-grade gliomas,
the challenge lies between providing too much therapy too early,
or too little too late.

EPIDEMIOLOGY

Low-grade gliomas cluster in younger age groups. Low-grade
fibillary and protoplasmic astrocytomas, oligoastrocytomas and
oligodendrogliomas are similar in their epidemiologic features,
presenting in patients whose median age at the time of diagnosis
is approximately 35 years.4-9 Males appear at increased risk for
this disease, reportedly constituting 55 to 65% of all patients
with low-grade glial tumours.5,6

Low-grade fibrillary astrocytomas tend to arise in the cerebral
hemispheres of young adults, and within the brainstem of young
children. Rarely they can arise in the spinal cord or cerebellum.
When arising within the cerebral hemispheres, low-grade
gliomas are distributed in a manner relative to proportions of the
cerebral mass, and are consequently most likely to develop
within the frontal and temporal lobes.10

CLASSIFICATION

Glial neoplasms can be indolent (pilocytic astrocytoma) or
highly aggressive (glioblastoma multiforme). A variety of
grading systems, all based on classic morphologic criteria, are
used to segregate gliomas into discrete groups with distinct
prognoses and treatment recommendations. The most common
classification systems currently in use by neuropathologists are
the World Health Organization and the St. A n n e - M a y o
systems.11,12 Low-grade gliomas recognized by these systems are
listed in the Table.

The most common of the astrocytic low-grade gliomas is the
fibrillary astrocytoma, a well-differentiated infiltrative neoplasm
of fibrillary astrocytes.13 Microscopically, these tumours are
characterized by mild to moderate nuclear pleomorphism, but
features of aggressive behaviour, such as mitotic activity,
vascular hyperplasia, and necrosis are absent. The gemistocytic
variant of diffuse fibrillary astrocytoma is notable for the
presence of abundant plump gemistocytes, resembling reactive
astrocytes, scattered diffusely through the tumour. Gemistocytic
features have traditionally been considered a histopathologic
marker for aggressive tumour biology, but recent reports have
documented survival figures and prognostic determinants similar
to fibrillary astrocytomas in general.1 4 P r o t o p l a s m i c
astrocytomas are uncommon, and usually present as cortically
based cystic masses.13

Oligodendrogliomas have a characteristic “fried-egg”
histologic appearance most evident in paraffin sections. The
perinuclear halo that gives rise to this characteristic appearance
is an artefact of slow tissue fixation, and is usually absent in
frozen sections.13 There are several validated grading systems for
oligodendrogliomas in use. The most common and simple
system is one where anaplastic features (high cellularity, nuclear
pleomorphism, frequent mitoses, endothelial proliferation and
necrosis) distinguish the malignant anaplastic oligodendro-
glioma from an oligodendroglioma. Mixed oligoastrocytomas
contain histologically distinct but clonal populations of
neoplastic astrocytes and oligodendrocytes.15 The diagnosis of a
mixed glioma requires a substantial astrocytic component,
because many oligodendrogliomas contain isolated or reactive
non-neoplastic astrocytic cells. 1 3 The diagnosis of an
oligodendroglial tumour histologically is difficult because there
are no specific immunohistochemical markers that identify these
tumours. 

Recent advances in the molecular classification of brain
tumours have identified genetically distinct subsets of glioma.
The most common chromosomal abnormality seen in low-grade
astrocytoma is the deletion of chromosome band 17p13.1 and
mutations of the tumour suppressor gene p53 (TP53), which is
found in this region.16-19 Approximately 65% of low-grade
astrocytomas harbour p53 mutations.19 Moreover, advances in
our understanding of the molecular biology of oligodendro-
gliomas have identified allelic loss of chromosomes 1p and 19q
as early events in the formation of these tumours.20 Recent
studies have demonstrated that as many as 80% of low-grade
oligodendroglial tumours and 15% of low-grade astrocytomas
also have allelic loss of chromosomes 1p and 19q.2 1 , 2 2

Furthermore, this observation has the potential to change the
management of these neoplasms because preliminary evidence

Table: World Health Organization classification of low-
grade gliomas

Astrocytic gliomas

Astrocytoma

-fibrillary

-protoplasmic

-gemistocytic

Pilocytic astrocytoma

Pleomorphic xanthoastrocytoma

Subependymal giant-cell astrocytoma

Subependymoma

Mixed glioma (oligoastrocytomas)

Oligodendroglioma

https://doi.org/10.1017/S0317167100016838 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100016838


THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

20

suggests that 1p and 19q loss of heterozygosity in low-grade
gliomas is also a marker of response to chemotherapy and
radiotherapy, and improved outcome.23 Consequently, following
resection or biopsy, all low-grade tumours should have their
molecular genetic profile determined for the identification of
“susceptibility gene mutations” that may define a cohort of
patients that benefit from specific therapies. 

CLINICAL PRESENTATION

Intrinsic tumours of the CNS produce symptoms and signs on
the basis of two mechanisms: 1) increased intracranial pressure
due to the expanding lesion, or to obstruction of cerebrospinal
fluid flow; and, 2) infiltration and compression of adjacent
neural structures. Increased intracranial pressure accounts for
symptoms such as headache, nausea and vomiting, confusion,
and personality changes. Focal neurologic deficits can be
episodic such as seizures, or progressive, such as weakness,
sensory changes, ataxia and aphasia. 

The most common presenting symptom is seizures, which are
reported by 50% to 90% of all patients with low-grade gliomas
before diagnosis.9,10,24,25 The advent of readily available CT and
MR imaging has shortened the duration and reduced the severity
of symptoms in patients with low-grade gliomas. Leighton et al26

reported presenting symptoms in 167 adults with supratentorial
low-grade gliomas (89 astrocytoma, 78 oligodendroglioma/
mixed glioma) diagnosed between 1979 and 1995. In this series,
78% had seizures at presentation, 31% focal neurologic deficits,
29% headache, 11% cognitive or behavioural change, and 9%
papilledema. The median interval duration between symptom
onset and first imaging was two months. The ready availability
of imaging has also extended the apparent natural history of this
disease. For example, in 1984, Laws et al10 reported a median
survival of four years in an historical study. In contrast, more
recent studies conducted by Vertosick et al,24 and McCormack et
a l9 reported median survivals of 8.2 years and 7.2 years,
respectively. These discrepancies likely represent a lead-time

bias made possible by modern imaging techniques, and not
improvement in the outcome of this disease by therapeutic
intervention. 

RADIOLOGIC FEATURES

Low-grade gliomas have characteristic radiographic features
that make possible the presurgical diagnosis of these neoplasms
with great accuracy.27 However, the considerable variation in the
radiographic appearance of low-grade gliomas, in part due to
d i ffering histology, makes pathologic confirmation of all
suspicious lesions mandatory before treatment is administered. 

Low-grade fibrillary astrocytomas usually present as ill-
defined, nonenhancing, and hypodense lesions on CT s c a n s .
Magnetic resonance scans are more sensitive at detecting small
tumours, and may disclose a lesion when a CT scan is apparently
n o r m a l .2 8 Low-grade gliomas usually appear as discrete areas of
hypo- or isointensity on unenhanced T1-weighted images, and
usually more circumscribed hyperintense lesions on T 2 - w e i g h t e d
images (Figure 1).2 9 , 3 0 Contrast enhancement is usually absent,
but when present, does not reliably denote a more malignant
n e o p l a s m .3 0 , 3 1 Tumours that enhance on CTscans also enhance on
MR images, as tumour enhancement represents disruption of the
blood-brain barrier. Imaging features alone cannot predict the
grade of a presumed glial neoplasm.3 2 For instance, as many as
50% of nonenhancing tumours on CT scans will prove to be
anaplastic rather than low-grade gliomas at the time of pathologic
g r a d i n g .3 3 For definitive diagnosis before therapy, biopsy must be
performed to establish an accurate diagnosis.3 4

Positron emission tomography (PET) can be helpful in the
evaluation of patients with low-grade gliomas prior to biopsy.3 5 , 3 6

Most low-grade gliomas appear hypometabolic on [18F]fluoro-
deoxyglucose PET images. The appearance of an hyper-
metabolic region within an otherwise hypometabolic tumour can
signify the malignant transformation of a low-grade astrocytoma,
even in the absence of change or enlargement on CT or MR
scans.37 Moreover, a fluorodeoxyglucose PET scan can, by

A B C

Figure 1: Low-grade oligodendroglioma. Twenty-eight-year-old man presenting with generalized seizures. MRI showed well-demarcated right
frontal lobe mass with low-signal intensity and no enhancement with gadolinium-DTPA contrast on T1-weighted scan (A), and high signal
intensity and little surrounding edema on T2-weighted scan (B). These radiographic features are characteristic for a low-grade glioma. Following
radiographic progression (C), he underwent gross total resection of tumour. Radiotherapy and chemotherapy have been deferred without tumour
progression over a follow-up period of over three years.
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identifying hypermetabolic regions within a low-grade tumour,
select regions within a tumour that can be biopsied
stereotactically, thereby leading to an accurate histologic grading
of the neoplasm.

Magnetic resonance spectroscopy is an emerging technique
that may help distinguish astrocytomas from other brain lesions,
and play a role in the noninvasive determination of tumour
grade.38,39 This technique remains experimental, and conclusions
surrounding the clinical usefulness of this technology remain
preliminary.

NATURAL HISTORY

The natural history of low-grade gliomas remains unclear
because of the impact of CT and MR scans on establishing an
early diagnosis, histologic and behavioural heterogeneity of low-
grade gliomas, and the unknown impact of therapeutic
interventions either at the time of diagnosis or at tumour
progression. Nonetheless, the natural history of low-grade
gliomas is one of progressive growth and eventual malignant
degeneration. When patients with initially low-grade gliomas
expire from tumour progression, the tumour at the time of death
is usually an anaplastic astrocytoma or glioblastoma multiforme.
Patients with an initial diagnosis of a low-grade glioma seldom
die of progressive low-grade disease. A number of recent studies
have shed light on the natural history of these neoplasms.
Leighton and associates reported tumour recurrence or
progression in 90 of 167 patients with supratentorial low-grade
glioma.26 In this series, the median time to progression was 50
months. Of the 71 (79%) patients with recurrence, 36 (51%) had
a pathologically confirmed malignant glioma. Given the high
incidence of cryptic anaplastic foci in tumours classified as low-
grade, this study suggests that most low-grade gliomas
degenerate into malignant neoplasms. 

Estimates of overall and progression-free survival for
untreated patients with low-grade gliomas can be inferred from
modern series where patients received deferred radiotherapy or
minimal intervention following diagnostic biopsies. Mundinger
and Weigel40 have reported five- and ten-year survival rates of
17% and 6% for patients with low-grade gliomas following
limited biopsies, and Soffietti and colleagues25 have published
five- and ten-year survivals of 21% and 0% for 13 patients who
had partial resections of low-grade astrocytomas. A recently
published European trial, where 311 patients with low-grade
gliomas were randomized to early versus deferred radiotherapy,
reported 66% overall survival and 37% time to progression
estimates at five years for the arm that had irradiation delayed,
and 63% overall survival and 44% time to progression estimates
at five years for the arm that received early radiotherapy.41

PROGNOSTIC FEATURES

A number of retrospective and a few prospective series have
evaluated variables of potential prognostic significance in
patients with low-grade gliomas. These studies suffer from a
number of limitations, including investigator bias, patient
heterogeneity, and variability of treatment offered. Nevertheless,
a number of features relating to patient characteristics, tumour
morphology and treatment have consistently been identified as
prognostic indicators for patients with low-grade gliomas.

Tumour histology is of considerable prognostic significance.
For instance, patients with low-grade oligodendrogliomas appear
to have a particularly good prognosis with expected median
survival in the range of 9.8 to 13 years.26,42 Moreover, there is
some evidence to suggest that patients with low-grade
oligoastrocytomas have prognoses that are similar to those with
low-grade oligodendrogliomas.26,42 The recent recognition that a
significant proportion of patients with low-grade gliomas have
tumours that harbour allelic losses on chromosomes 1p and 19q
suggests that in addition to classical histologic features,
molecular characteristics may be important as prognostic
markers for patients with low-grade gliomas.21,43 Tumour size at
diagnosis has been demonstrated in a number of recent
publications as having prognostic significance, with diminishing
progression-free and overall survival as tumour size increases.44

These data also support the variable observation of midline shift
on radiographic images as a poor prognostic feature, and
improved survival with more aggressive surgical resection.45,46

With the exception of histology, age is the most important and
consistent prognostic factor for survival.26,44,47-49 It is difficult to
separate the influence of histology on age, particularly when
children and young adults are more likely to have indolent
pilocytic tumours. Nonetheless, studies that have excluded
patients with pilocytic astrocytomas have confirmed that age is
the most significant predictor of outcome following surgery and
radiotherapy.50 Furthermore, although increasing age appears to
act as a continuous variable exerting unfavourable impact on
survival,48 most studies have suggested that patients beyond 40
are those most likely to have tumours with particularly
aggressive biology.26,47,49,51

Pre-operative and, to a lesser extent, postoperative
performance status have been shown to be positively correlated
with prognosis in patients with low-grade gliomas.8-10,25,26,49,51

Laws and associates,10 who documented poor survival in patients
with evidence of increased intracranial pressure, impaired
consciousness and personality change, first noted this
observation. The widespread availability of CT and MR imaging
has probably contributed to the diminishing significance of
performance status on outcome because few patients now
present with severe neurologic deficits at the time of diagnosis.52

Seizures are the most common presenting symptom in
patients with low-grade gliomas.24,26,52 A history of seizures has
been identified as a good prognostic factor for patients with low-
grade gliomas in part because they are common in patients who
are young, who have indolent tumours, and have good
performance status. Despite these associations, however,
multivariate analysis has demonstrated seizures to be an
independent, if somewhat variable, prognostic factor for patients
with low-grade glial tumours.47

THERAPY

Surgery
S u rgery is essential to the diagnosis and management of low-

grade gliomas. The timing and extent of surgery remain some of the
most controversial issues in clinical neuro-oncology. A r a n d o m i s e d
clinical trial would be required to attempt to answer these matters
d e f i n i t i v e l y. However, a number of retrospective studies have
addressed these questions, with preliminary conclusions. 
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Surgery remains necessary for pathological diagnosis of a
suspected low-grade glioma, and can effectively alleviate
t u m o u r-related symptoms. Stereotactic biopsy is usually
adequate for pathological diagnosis, but craniotomy with
maximal surgical resection can reduce tumour-related morbidity,
and possibly extend survival.45 Consequently, for patients with
gliomas in locations that make them amenable to extensive
surgical resection, maximal surgical debulking appears to be
preferable to biopsies or subtotal resections. A number of
retrospective reviews have examined the relationship between
extent of resection, and surgical and medical morbidity, and have
concluded that, whenever possible, maximal surgical resection
had fewer neurological complications, and no greater risk of
neurological compromise, than biopsy or less extensive
r e s e c t i o n s .5 3 , 5 4 Advances in CT- or MR-guided stereotactic
surgery have made the possibility of extensive surgery feasible
for an increasing proportion of patients with gliomas.31

Patients with malignant gliomas benefit from radical surgery,
where extent of surgical resection influences postoperative
survival.55-57 The prognostic significance of extent of resection
has been examined retrospectively in low-grade glioma as well,
and with a few notable exceptions,6,52 aggressive surgery appears
beneficial for patients with low-grade tumours.8,25,26,45 These
studies may be biased, however, as tumours that are easily and
extensively resected may differ in their biologic behaviour from
inaccessible tumours, and patients with easily resected tumours
may have other characteristics that favour prolonged survival.
Recently, Karim et al,49 in a prospective study designed to
determine optimal radiation dose for 379 adults with low-grade
gliomas, found a statistically significant (p=0.006) increase in
survival with more aggressive surgical resections. T h i s
observation supports an earlier study conducted by Berger et al,58

who noted that patients with large low-grade gliomas had
reduced rates of malignant transformation and recurrence when
maximal surgery was performed.

While it is clear that patients with low-grade gliomas should
have maximal surgical resections when the decision to operate is
made, the appropriate timing of cytoreductive surgery is largely
u n a n s w e r e d .3 S u rgery can reduce or eliminate neurologic
morbidity from large tumours, and for patients with such
tumours, early surgery seems appropriate for symptom
alleviation. Moreover, large low-grade tumours are prone to
malignant transformation, and for this reason, early resection
may modify tumour behaviour, delay progression, and prolong
survival.13,58 The optimal surgical management of patients with
small low-grade gliomas that are asymptomatic, or have only
seizures as their sole manifestation, remains controversial. There
is no current evidence to suggest that early surgical intervention
for patients with small tumours influences recurrence, malignant
transformation or survival.5 8 Based on studies that have
suggested that surgery and pathologic confirmation can be
delayed until clinically indicated without adversely affecting
outcome for patients with small well-differentiated gliomas, a
policy of observation until progression is supported by an
increasing proportion of neuro-oncologists. 

Radiotherapy
Radiotherapy has been a standard treatment for low-grade

gliomas for decades where it has been administered to patients

postoperatively as a means of improving otherwise disappointing
outcomes. Until recently, all recommendations for postoperative
radiotherapy for low-grade glioma had been based on
retrospective reviews of patients. These series had many flaws,
including variable grading systems, the inclusion of patients with
pilocytic astrocytomas with low-grade fibrillary astrocytomas,
variable treatment fields, doses and schedules, and confounding
patient-related factors that influenced outcome. Retrospective
series demonstrated the value of postoperative radiotherapy for
incompletely resected symptomatic supratentorial astrocytomas
where five-year survival rates could be extended from 10% for
patients receiving only surgery, to 32% for those receiving
s u rgery and postoperative radiotherapy.5 Furthermore, these
series demonstrated that the benefits of radiotherapy for low-
grade gliomas increased with age. In fact, some of these series
have demonstrated a survival advantage following radiotherapy
only for patients 35 to 40 years, or older.6,8,59 Finally, these
studies settled the question of appropriate treatment fields, with
current recommendations for treatment being restricted to the CT
or MR scan defined tumour volume and a 2 cm margin of normal
tissue.6,60 Despite the value and importance of these retrospective
studies, there were a number of unanswered fundamental
questions surrounding radiotherapy, the most important of which
being appropriate timing and radiation dose. Three recent large
randomised studies that have addressed these very questions
have done much to clarify the role of radiotherapy for low-grade
glioma.

The optimal dose of radiotherapy has been controversial, with
most authorities traditionally recommending doses between 50
and 55 Gy in daily fractions between 1.8 and 2.0 Gy at five
fractions per week. There is evidence, however, to support lower
doses, as some investigators have noted poor survival with
higher doses of radiation. A significant study, conducted by the
European Organization for the Research and Treatment of
Cancer (EORTC Study 2284) reported the results of a
prospective randomised trial to determine the existence of a
dose-response curve of low-grade glioma.49 Between 1985 and
1991, 379 patients with a variety of low-grade neoplasms were
randomised to receive irradiation postoperatively with either 45
Gy in five weeks, or 59.4 Gy in 6.6 weeks. After a median
follow-up of greater than six years, results that demonstrated no
survival difference between the treatment arms were reported.
The five-year survival rates were 59% and 58% for patients
randomized to the high-dose arm and low-dose arm,
respectively. An update from this study that examined quality of
life issues has demonstrated that patients receiving the lower
dose of radiotherapy had significantly higher quality-of life
indices than those receiving the higher dose of radiotherapy.51 A
second large randomised intergroup study conducted by the
North Central Cancer Treatment Group, Radiation Therapy
Oncology Group, and Eastern Cooperative Oncology Group
adds further support for lower doses of radiotherapy for low-
grade glioma.1 This study randomised 203 patients to either a
high-dose radiotherapy arm where a total dose of 64.8 Gy in 36
fractions, or to a low-dose arm where 50.4 Gy in 28 fractions was
administered. Data from this study were recently analysed, and
after a median follow-up of 6.43 years, survival at two and five
years is nonsignificantly better with the low-dose radiotherapy
arm. Specifically, survival at two and five years was 94% and
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72%, respectively, with low-dose radiotherapy, and 85% and
64%, respectively, with high-dose radiotherapy. Moreover,
toxicity was greater for patients receiving high-dose radio-
therapy: the two-year actuarial incidence of grade 3 to 5 radiation
necrosis was 2.5% with low-dose radiotherapy, and 5% with
high-dose radiotherapy. Thus from the cumulative data from
these two large, multi-institutional, randomised trials from the
modern era, it appears that lower-doses of radiotherapy are as
efficacious as, and less toxic than, higher doses. 

More recently, the question of timing of radiotherapy has been
addressed by a second European Organization for the Research
and Treatment of Cancer study conducted between 1986 and 1997
that randomised 311 adult patients with low-grade gliomas after
s u rgery to radiotherapy or observation until tumour progression.4 1

The dose of irradiation chosen for this study was 54 Gy over a
period of six weeks. After a median follow-up of five years, the
five-year estimates for time to progression were 44% and 37% for
the treated and control arms, respectively. Five-year overall
survival estimates were 63% and 66% for the treated and control
arms, respectively. The differences were statistically significant
only for the time to progression estimates. Thus, early
radiotherapy appeared to improve time to progression, but not
overall survival, for patients with low-grade gliomas. While this
study could be interpreted to support early radiotherapy for this
patient population, detailed quality of life assessments were not
performed, and the delayed toxicities of radiotherapy were not
documented. Consequently, an equally compelling interpretation
of this study, given no difference in survival between the treated
and control arms, would be to recommend withholding
radiotherapy for patients with low-grade gliomas until there is
evidence of radiographic or clinical progression. This approach
seems particularly appropriate for young patients with favourable
prognostic factors.

The toxicities of radiotherapy are not completely documen-
ted. The possibility of cognitive decline or dementia following
radiotherapy is a very real concern for patients with low-grade
gliomas, where median survival is often in excess of five years.61

However, recent studies of patients with low-grade gliomas
treated with partial brain radiotherapy have not demonstrated a
clinically meaningful effect on neurocognitive function for most
patients, at least for relatively short follow-up intervals in the
range of two to four years after the completion of
radiotherapy.62,63 Despite these reassuring clinical observations,
PET imaging suggests that radiotherapy is damaging to normal
brain. Although methionine or glucose uptake as measured by
PET imaging is not affected in low-grade astrocytomas by
r a d i o t h e r a p y, normal brain does demonstrate reduction of
glucose and methionine uptake following radiation exposure,
suggesting damage that may be subclinical, or perhaps not
detectable by neuropsychological tools in current use.6 4 , 6 5

Radiation necrosis appears to be infrequent when standard
dosing and fields are applied. For instance, Shaw et al6 reported
an incidence of radionecrosis of 2% following external beam
radiotherapy for low-grade gliomas.

CHEMOTHERAPY

Although the role of chemotherapy in the management of
low-grade gliomas is poorly defined, there is increasing interest

in using chemotherapy as initial treatment for low-grade
tumours.66 For patients with low-grade neoplasms, there are
several advantages to an approach that avoids or delays cranial
irradiation: chemotherapy may be more effective when
administered as initial therapy; the CNS toxicities of
radiotherapy, namely dementia or radiation necrosis, can be
avoided or postponed; and chemotherapy may result in
substantial reduction in tumour volume, thereby possibly
reducing the size of radiotherapy treatment field when irradiation
is required. 

Reports of successful chemotherapy for low-grade
oligodendrogliomas have stimulated this new approach to the
management of low-grade tumours.23,67,68 Macdonald et al,69

who reported responses to procarbazine, lomustine, and
vincristine (PCV) chemotherapy in a series of aggressive oligo-
dendrogliomas, were the first to suggest a role for chemotherapy
in the management of nonanaplastic oligodendrogliomas.
Following a number of anecdotal reports suggesting that
objective responses to chemotherapy were possible in low-grade
oligodendrogliomas, Mason et al67 reported their experience
using PCV chemotherapy in nine patients with symptomatic,
enlarging, nonenhancing low-grade oligodendrogliomas. In their
series, eight patients were treated with chemotherapy at
presentation, and one was treated for a recurrence after
radiotherapy had failed. All patients improved by clinical and
radiographic criteria, or both. This experience has been
confirmed and extended by Soffietti et al,70 who treated 13
patients with newly diagnosed low-grade nonenhancing
oligodendrogliomas and oligoastrocytomas with PCV
chemotherapy, and observed partial responses in three patients,
and stablization of disease in ten. Recently, Buckner et al23

reported a 28% response rate in 29 patients with newly
diagnosed low-grade oligodendroglial tumours to PCV
chemotherapy. Interestingly, in this series 1p and 19q allelic
alterations were observed in nine of 13 patients with low-grade
pure oligodendrogliomas, and these deletions were observed
predominantly in patients with stable disease as opposed to those
with tumour regression.

Unlike low-grade oligodendroglioma and oligoastrocytoma,
where chemotherapy is becoming an increasingly acceptable
initial treatment, chemotherapy has no established role in the
management of low-grade fibrillary astrocytoma in adults.66 In
children, however, chemotherapy has been used as initial therapy
in an effort to eliminate or delay the need for cranial irradiation
because the delayed effects of radiotherapy on the developing
brain would be substantial. The results from pediatric trials are
difficult to interpret because many patients with low-grade
tumours had pilocytic astrocytomas.71 However, Brada et al72

have recently administered temozolomide chemotherapy as
initial treatment to a series of patients with symptomatic,
enlarging low-grade tumours. Objective radiographic responses
and stabilization of tumour growth was seen in patients with
oligodendroglial and astrocytic pathology (Figure 2). Patients
experienced modest improvement in quality of life, and those
with epilepsy experienced improved seizure control.
Furthermore, Quinn et al73 have recently reported their results of
a multicentre trial where temozolomide chemotherapy was
administered to 46 patients with progressive low-grade gliomas
that were predominantly of astrocytic histology. Although 14
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patients had received prior radiotherapy and chemotherapy,
complete and partial radiographic responses were seen in 61%.
For the entire cohort, a median progression-free survival of 22
months and a 12-month progression-free survival of 76% were
reported. These interesting data, in light of recent observations
that as many as two-thirds of patients with low-grade gliomas
have oligodendroglial features, and as many as 15% of low-
grade astrocytomas have a molecular genetic profile akin to that
of classical oligodendrogliomas, has rekindled interest in the
early use of chemotherapy for low-grade astrocytic neoplasms. 

FUTURE TRENDS

A number of important conclusions regarding the
management of low-grade gliomas can be drawn from the
preliminary results of recent randomised studies exploring the
role of radiotherapy for this disease. Significantly, it would
appear that a lower dose, perhaps no greater than 50 Gy, should
be administered to patients with this disease. Moreover, it
appears to be safe to withhold radiotherapy until there is
evidence of tumour progression. Both of these treatment
strategies would reduce the toxicity and delayed neurocognitive
sequelae associated with cranial irradiation.

The increasing use of chemotherapy for low-grade gliomas,
and the possible association of chemosensitivity in low-grade
glioma with oligodendroglial molecular markers represents an
opportunity to incorporate chemotherapy in the initial
management of this disease and thereby further delay irradiation.
Currently, at least two randomised intergroup studies incorpora-
ting chemotherapy for low-grade glioma are being planned. The
Radiation Therapy Oncology Group is conducting a trial with the

North Central Cancer Treatment Group, the Eastern Cooperative
Oncology Group, and the Southwest Oncology Group for high-
risk patients with supratentorial low-grade glioma.1 Patients will
be randomised to receive radiation alone at a dosage of 54 Gy in
30 fractions or radiotherapy followed by six courses of PCV
chemotherapy. This protocol is aggressive because high-risk
patients are being selected for treatment; consequently, a dose
higher than recent studies would support, and a chemotherapy
regimen conventional for anaplastic gliomas are being
administered. Presently, the European Organization for the
Research and Treatment of Cancer with the National Cancer
Institute of Canada are planning a trial where patients with
symptomatic and progressive low-grade gliomas will be
randomised to receive radiation at a dosage of 50 Gy or
temozolomide chemotherapy.74 This study will address directly
the role of chemotherapy for this disease, and temozolomide has
been selected because it can be administered chronically with
minimal cumulative toxicity.

The current management of low-grade gliomas is being
refined by large clinical trials designed to address important
therapeutic controversies. Nonetheless, the approach to a
patient with a low-grade glioma is complex and must be
individualized, and must take into account a number of
important variables including tumour histology and genetics,
tumour location, patient prognostic features and symptoms,
and toxicities of available treatment modalities. T h e s e
complexities mandate frank discussions with patients before
embarking on a treatment plan because available treatments
are not curative, and are associated with toxicities and
sequelae that may impact unfavourably on quality of life.

Figure 2: T2-weighted MRI of a 31-year-old woman with a low-grade astrocytoma that progressed radiographically following
stereotactic biopsy. Irradiation was deferred because the patient was autistic and would require daily general anaesthesia for
radiotherapy. Images before (A) and after 15 cycles of monthly temozolomide chemotherapy (B) demonstrate a partial radiographic
response to therapy.
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F o r t u n a t e l y, the medical community has recognized the
limitations of current therapies, and efforts are presently
directed at maximizing benefits while minimizing toxicities
of available treatments for this intractable disease. 
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