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Abstract
The proper treatment of low-grade
glioma is unclear and major uncertain-
ties include the timing of therapy, the
need for extensive surgery, or the appli-
cation of radiotherapy. Although pros-
pective trials are in progress, it may be
years before results become available, as
the five-year survival of low-grade
glioma is around 45% or more. Age is an
important prognostic factor in malignant
glioma, but its implications for decisions
on treatment have not yet been
addressed in guidelines. This review
examines the interaction between age
and the results of applied treatment,
based on data from published series. The
available evidence suggests that, in
younger patients, whether treatment is
started early or late does not seem to
affect long-term survival substantially.
For patients under 35 years of age, more

radical surgery appears to be beneficial,
while radiation does not seem to improve
the outcome. For patients who are 35
years and older, surgery and radio-
therapy seems to produce better survival
rates. The age of the patients should
therefore be considered when decisions
on the treatment of supratentorial,
non-pilocytic, low-grade gliomas. For
patients under 35 years of age who have
either epilepsy or a surgically inacces-
sible tumour, it is advisable to defer
treatment. The tumour should be largely
excised, if possible. Following any
surgery, radiotherapy should be withheld
in this age group. For patients over 35
years of age, early treatment, including
biopsy or surgery followed by radiother-
apy, should not be delayed. Because of
more prolonged survival, and to prevent
neurotoxicity, radiation fields should be
limited to the tumour bed and not
include the whole of the brain. Future
trials need to establish whether age is a

crucial factor in deciding the timing and
extent of treatment in patients with low-
grade glioma.

(_ Neurol Neurosurg Psychiaty 1993;56:1259-1264)

The most common primary brain tumours of

adult life are gliomas, which are classified as
being either low grade or high grade. High-
grade gliomas represent about 80%, the
remaining 20% being low grade. Knowledge
of the treatment of high-grade gliomas is
more extensive than that for low-grade
gliomas. A large body of prospective trials
over the past 15 years has provided a well
founded rationale for current treatment,
which defines the roles of surgery, radio-
therapy, and chemotherapy.1-9
The management of low-grade malignant

glioma, however, is still controversial. All the
information that we have comes from a limi-
ted number of retrospective studies. The
uncertainties that are encountered include all
the major decisions about treatment, such as
the timing of the treatment-when should we
treat? If surgery is performed, how extensive
should it be? Should radiotherapy be given?
These uncertainties are reflected in conflict-
ing opinions on proper management.
Some have advocated delaying treatment,

particularly if patients have epilepsy as their
only symptom, and have CT features com-
patible with low-grade glioma.'0"1 Others
have suggested performing immediate biopsy
or surgery in all cases, followed by either
radiotherapy12 or no radiotherapy at all."3
This controversy can obviously only be
resolved by prospective studies, but, as the
five-year survival rate for both methods varies
between 45 and 65%, it may be many years
before unbiased figures are available. The age
of the patient is a well known independent
prognostic factor in high-grade glioma, but
the effect of age as a substantial factor in
making decisions about the treatment of low-
grade glioma has never been addressed. In
this review, we will examine the prognostic
value of age on outcome in patients with low-
grade glioma, and particularly its interaction
with the results of applied treatment, and
how this interaction affects the prognosis.
Based on this analysis and with due reserva-
tions, we believe that there are data which
provide information about when a conserva-
tive policy may be justified, or when early
treatment, including surgery and radiother-
apy, seems warranted.

Type of glioma
Only non-pilocytic, low-grade gliomas of the
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cerebral hemisphere are considered here. For
some gliomas, such as optic gliomas, which
are frequently associated with neurofibro-
matosis, thalamic gliomas, or brainstem
gliomas, the site clearly restricts treatment
options. The various locations of these
tumors also often carry with them dissimi-
larities in their biological behaviour. For
example, cerebellar gliomas behave differently
from supratentorial tumours with the same
histology, but there is no argument that exci-
sion is the best treatment for juvenile cerebel-
lar gliomas, leading to a 10-year survival rate
of more than 80%.1s16 Pilocytic astrocytomas
of the cerebral hemispheres form a special
group about which there is also consensus
that surgery is sufficient, if a gross total
removal of tumour can be achieved, produc-
ing a five-year survival rate of 85% and a 10-
year survival rate of about 80%.17-19

Non-pilocytic astrocytomas of the cerebral
hemispheres are the most frequent type of
low-grade gliomas and they comprise the sub-
ject of the present controversy. These include
fibrillary, protoplasmatic, and gemistocytic,
low-grade astrocytomas. Pure oligodendro--
gliomas and mixed oligoastrocytomas will not
be discussed here.

Prognostic factors
The prognosis for patients with low-grade
glioma depends on a number of independent
factors. These are the age of the patient, the
performance status (changes in neurological
function or personality-see below) at the
time of treatment, the grade of histology, the
extent of surgery, and the application of
radiotherapy (table 1).

Because most studies in low-grade glioma
are retrospective and of relatively small size,
the evidence for the effect of these factors is
not as strong as has been shown in high-grade

Table 1 Independent prognostic factors in low-grade glioma *

No of Extent of
patients Grade of Performance surgical Radio-

Study studied tumour Age status resection therapy
Laws etal, 198420 461 + + + + +
Garcia et al 19852' 86 + - ND + +
Piepmeier, 198722 60 ND + ND
Medberyetal, 198823 50 - + ND - +t
Shawetal, 1989"9 126 + + ND + +
Sofietti et al 198924 85 ND - + +
North et al 199021 77 _ + + +

*All studies were evaluated by multivariate analysis except the report by Garcia et al,2' which
was performed by univariate analysis.
tAccording to dose of radiation (p = 0 07).
+Denotes the presence, - the absence of a significant correlation.
ND = no data.

Table 2 Five-year survival in relation to age for low-grade glioma

Percentage of survivors at age (years)
Study 0-19 18-29 30-39 40-49 50+

Scanlon and Taylor, 197929 80 61 ND

Laws et al, 198420 83 35 12

Medberyetal, 198823 ND 62 28

Soffiettiet al, 198924 ND 22 23 30 42

North etal, 199025 79 53 32

ND = no data.

glioma. The largest study of low-grade glioma
identified all known prognostic factors and
consisted of 461 patients, spanning a period
of 40 years or more from the Mayo Clinic.20
The smaller studies could not always distin-
guish all factors,19 2125 but their size may be
responsible. The influence of these prognostic
factors on the length of survival is discussed
below, followed by an examination of their
interaction, particularly the effect of age on
the outcome of applied treatment in low-
grade glioma.

Age
Patients with intrinsic supratentorial tumors
differ in the length of their survival, depend-
ing on their age at the time when their
tumour is diagnosed.26 It is well established
that younger patients with high-grade, malig-
nant glioma with identical histology have a
better prognosis than elderly patients.
Patients under 40 years with anaplastic astro-
cytoma have a median survival rate of more
than three years and those with glioblastoma
multiforme, about 18 months. For those
between 40 and 60 years of age, the median
survival rate for both tumours is 24 and nine
months, respectively, but in patients over 60
years there is no difference in clinical out-
come, as both tumours have a median sur-
vival rate of five to six months following
surgery and radiotherapy.2 In low-grade
glioma also, the age of the patient is a strong
and independent prognostic factor for sur-
vival as can be seen from tables 1 and 2.

Patients younger than 20 years with low-
grade glioma have a five-year survival rate of
80% or more; for those between 20 and 50
years old, it is 35-60%, but for patients
over 50 years it falls to 30% or less (table
2) .20 23 25 26 Medbery et al 23 noted a substantial
decrease in survival for each decade of age;
patients over 40 did particularly poorly. Over
40 years of age, patients had a five-year sur-
vival rate of 28% and, after 10 years, none
were alive, which is in sharp contrast with
patients under 40, in whom these figures are
63% and 48%.

In the study by Laws et al,20 a four-tiered
prognostic score was given, based on the
simultaneous presence of several independent
prognostic factors including age and perfor-
mance status. If patients were over 40 years
old they already belonged to the poor progno-
sis group, even if they otherwise had
favourable prognostic factors. Only in two
studies was no significant relationship
between age and outcome found.2124

Performance status
The performance status (personality, cog-
nition, and neurological function) of the
patient is another independent prognostic
factor. In the three studies in which the effect
of performance at the time of surgery was
examined in relation to outcome, a positive
correlation was observed.202425 A better per-
formance status or neurological status at
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the time of treatment will lead to longer
survival.202425 If patients have moderate or
severe performance deficits, their five-year
survival is 9-16% compared with 38-42% for
patients with a good performance status -
namely, no changes in consciousness or per-
sonality at the time of surgery.20 Patients with
the best performance status often have
epilepsy as their only sign of low-grade
glioma. In Soffietti's study, patients with a
postoperative Karnofsky performance score of
90-100 or 70-80 had a better median sur-
vival rate compared with those with lower
scores.24

Extent ofsurgery
A more difficult issue is the question of
the extent of surgery. In three of the five stud-
ies in which the factor was analysed, more
extensive surgery correlated with longer sur-
vival.202425 In two other studies, such a rela-
tionship could not be confirmed, which may
be related to the small sample sizes.2223 As the
assessment of the extent of surgery in these
series was based on surgical records and not
on preoperative and postoperative CT or
MRI, these estimations may be considered to
be rather inaccurate. Nevertheless, other
authors found a similar trend, that more
extensive surgery produces longer survival."3 5
Overall in low-grade glioma, extensive
surgery produces a five-year survival rate of
50-90%, limited resection without radio-
therapy, between 21 and 34%, and limited
resection with radiotherapy, between 35 and
54% (table 3).
A separate question is whether extensive

surgery would influence postoperative neuro-
logical function. Although it seems logical
that more extensive surgery would lead to
worse postoperative function, the reverse
seems to be true. Prospective studies per-
formed in relatively small series of patients
indicate that more complete resections in
low-grade and high-grade gliomas produce a
better postoperative performance status and
neurological status."35 We found similar data
in a large, albeit retrospective, series.27

Imaging, before and after surgery, is cur-
rently considered to be necessary for reliable
estimation of the degree of tumour removal.
The availability of CT and MRI in com-
bination with stereotactic techniques also
enables the surgeon to delineate the tumour

Table 3 Effect of treatment on five-year survival

Survival Survival after limited surgery (%)
after
extensive Without With

Study surgery (%) radiotherapy radiotherapy

Fazekas, 1977n 90t 32 54
Leibel etal, 197536 loot 23 35
Laws etal, 198420 61 34§ 49S
Sofietti etal, 198924 51 ND ND
Shawetoa, 1989'9 52 ND ND
Garcia et a, 198521* ND 21t 50t

*Percentages as read from the survival curve.
tIncluding cerebeHar tumours.
p= 005;
p= 002.

accurately, while the application of new
methods has improved and refined tumour
excision.

Radiotherapy
The effect of radiotherapy on low-grade
gliomas is uncertain, although overall results
indicate that it prolongs survival. In four of
the seven studies in table 1, the application of
radiotherapy proved to be an independent
prognostic factor. There are virtually no data
on the effect of radiotherapy in patients who
have undergone a complete excision of the
tumour, because radiotherapy is withheld in
most of these patients. Overall results in
patients who had limited treatment indicate
that the delivery of radiotherapy prolongs sur-
vival from 21-34% to 35-54% (table 3).

There are indications that the size of the
radiation dose is not insignificant. In the
study by Shaw et al,'9 a median dose of 4900
cGY (range 600-5000 cGy) did not affect
survival, whereas the prognosis improved if
patients received a median dose of 5900 cGy
(range 5360-6500 cGy).

In the report by Sofietti et al the survival
rate at one year was 100% and at three years,
73% in the group that received doses over
4000 cGy. Following lower doses or no radia-
tion treatment at all, the figures were 91%
and 40%, respectively.24 Medbery et at23
found that radiotherapy produced longer sur-
vival if the dose was over 5500 cGy. A posi-
tive dose-response for radiotherapy was also
observed by Fazekas.28

Interaction of age with treatment
What about the effect of age in combination
with either surgery or radiotherapy? Only a
few studies have addressed this issue in low-
grade glioma. In the study of Laws et al,20 it
was found that total resection produced a 10-
year survival rate of 69% or more but follow-
ing subtotal removal, the survival rate fell to
43% after 10 years. Nevertheless, total resec-
tion was done in only 20% of these patients.20
The effect of surgery was also considered in
relation to the age and performance status of
the patient, and a four-tiered score was
assigned, depending on these two factors. If
patients were over 40 years, even if they had a
good performance status with epilepsy as
their only sign, they were given a high score.
For patients younger than 40 years and a
good performance status, the effect of radical
surgery was clear, leading to better 10-year
and 15-year survival rates. For patients over
40 years or with poor neurological function,
the effect of total resection was less conspic-
uous and could not be distinguished in out-
come from limited surgery.20
The same analysis was done in relation to

radiotherapy. In this case, however patients
under 40 years old did not survive longer
than older patients. When patients had higher
scores, radiotherapy appeared to be more
effective, especially when survival at five years
was considered.20 Garcia et al2' also found
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that the addition of radiotherapy did not
make any difference in younger patients aged
30 years or less, whereas in older patients the
five-year survival rate was 18% without, and
60% with, radiation, indicating that patients
over 30 years of age did benefit from radio-
therapy (table 4).21
More recently, Shaw et al 19 similarly found

that radiotherapy only helped the outcome
when patients were 35 years or older (table
4). In these patients the five-year survival rate
was 67% and, after 10 years, 45%. Without
or with low-dose radiotherapy these figures
were reduced to 37% and 5% respectively. In
patients younger than 35 years, survival rates
were similar whether or not radiotherapy was
given (table 4). When younger patients were

subdivided into two groups aged 3-27 and
28-34 years, there were no significant differ-
ences between the groups, irrespective of
whether they received radiotherapy or not.'9

Limited-volume versus whole-brain
radiotherapy
After two decades of whole-brain radiother-
apy, with or without boost radiation to the
original tumour field, limited fields again
seem to be preferred to whole-brain fields for
low-grade and high-grade gliomas. This
change in application, however, is not based
on controlled series, and, in fact, comparisons
of the effect of limited versus whole brain
radiation for glioma are scarce. In the study
by North et al,25 there was no improvement in
survival with whole-brain radiation compared
with limited fields. In another report, patients
who received larger treatment volumes actu-
ally did worse compared with those treated
with small doses of radiation.29
A serious drawback of radiotherapy to the

brain is neurotoxicity. The acute effects are

almost negligible with the radiation regimens
now used for patients with brain tumours.
Clinical signs of late radiotoxicity may
become apparent after one or two years, how-
ever, and can thus generally only be expected
to occur in so-called 'long-term' survivors.
There are virtually no studies on late radia-
tion damage to the brain in patients with low-
grade glioma. In one report30 of high-grade
malignant glioma, there were nine (5 6%)
long-term survivors who had mainly under-
gone whole-brain radiotherapy, together with
chemotherapy, of whom three became
demented without evidence of tumour recur-

rence, and two had significantly impaired
short-term memory function or gait apraxia.
Only three of these long-term survivors could
function independently. In another report on

patients with malignant astrocytoma who pre-
viously had all been treated with a combina-
tion of surgery, whole-brain radiation, and
chemotherapy, 4% (eight patients) lived
longer than two years. The three longest sur-

viving patients developed diffuse cortical dys-
function with associated cortical atrophy.3'
Hochberg and Slotnic made similar observa-
tions in 13 survivors of astrocytic neoplasms
who had survived for a year. All patients
demonstrated difficulties in attention, imme-
diate problem solving and tactile performance
indicating diffuse or generalised brain dam-

32age. Mental retardation was specifically
addressed in one series of low-grade cerebral
astrocytomas.25 Overall, 80% of short-term
survivors and 67% of long-term survivors
were intellectually and physically intact, with-
out major neurological deficit. In this series,
radiotherapy was mainly delivered as a limi-
ted field. There appeared to be no correlation
in this study between the incidence of mental
retardation and radiation treatment or type of
surgery.25
The evidence seems to suggest that late

brain damage frequently occurs in long-term
survivors who have been treated with whole-
brain irradiation.

Timing of therapy
Two-thirds of patients with low-grade glioma
present with epilepsy but without other neu-

rological signs or symptoms. CT often dis-
closes a non-enhancing lesion and, on MRI, a
diffuse enhancing lesion following the appli-
cation of gadolinium is usually seen. It is left
to the physician's discretion as to whether
these tumours are biopsied and excised, or

whether the patients are just monitored and
treated with anticonvulsants alone.

Although it is very hard to compare
patients who did or did not have surgery,
available data do not suggest that the timing
affects the outcome to a large extent." The
younger the patient, however, the longer the
interval before intervention becomes neces-

sary. Radiographic changes of malignant
transformation occurred only in patients over

45 years at the time of diagnosis." In the
study by Smith et al,33 it was observed that, in
younger patients who presented with epilepsy
only, early surgery or treatment with
radiotherapy did not affect survival. As
yet unexplained, age-related differences in
tumour-growth control may explain the
strong impact of age as a prognostic factor.34
These biological differences may also be
responsible for the observed interaction of age
with the effects of treatment. In younger

Table 4 Interaction of age with outcome of treatment in low-grade glioma

Five-year survivalfor younger patients(%) Five-year survivalfor older patients(%)

Surgery alone Surgery Surgery alone Surgery
or low-dose and or low-dose and
radiotherapy radiotherapy p radiotherapy radiotherapy p

Garcia etal, 198521* 50 30 0-51 18 60 0-002
Shawetal, 1989"t 53 70 0-69 37 67 0-008

*Division at age 30, between younger and older patients.
tDivision at age 35, between younger and older patients.
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patients with low-grade glioma, the beneficial
effect of age is so strong that therapy seems to
have a marginal effect, with the exception of
surgical excision. In the older age group, the
effect of treatment becomes more important.
Low-grade glioma in patients over 40 years is
not a benign disease and this probably
explains the observed favourable effects of
radiotherapy on the length of survival.

Conclusions
Summarising the findings on outcome in
patients with low-grade gliomas, a few gen-
eral conclusions emerge.

Firstly, age is an independent prognostic
factor. Secondly, in younger patients, starting
treatment early or late does not seem to influ-
ence long-term survival substantially. Thirdly,
if extensive surgery is performed, in the main,
it leads to a better outcome in patients under
35 years of age. Fourthly, radiotherapy only
seems to produce a longer survival in patients
over 35 years of age.
Our recommendations are guided by these

results and are essentially based on the
patient's age at the time of presentation.

For patients under 35 years of age, and
who are suspected of low-grade glioma
because of clinical presentation and imaging
studies, we believe that it is responsible to
monitor their progress without surgical inter-
action, particularly if only a subtotal resection
can be done. If extensive resection can be
performed safely, we would favour this
approach. We would then prefer to follow the
patient without administering radiotherapy.
Surgery should always be seriously consid-
ered in the younger age group, however, and
is often mandatory in certain conditions for
either diagnostic or therapeutic reasons.
These include clinical neurological deteriora-
tion, impending herniation, hydrocephalus,
uncontrollable seizures, or the need for a
tissue diagnosis.

For patients of 35 years and older, we sug-
gest that treatment should not be deferred.
Under these circumstances we would favour
early biopsy or surgery in all cases. The
extent of surgery is probably important,
although not much as it is in younger
patients, and a more conservative approach
may be warranted. Independent of the extent
of surgery, we would advise radiotherapy for
all patients in this age group. Because these
patients have a five-year survival of 30% or
more, the effects of late radiation damage
may develop, particularly when whole-brain
radiation is delivered. This is an additional
argument for treating these patients with lim-
ited-field radiation to the tumour bed with
large margins. Extra motivation not to delay
treatment in this age group is that patients
who show a non-enhancing lesion on CT
may nevertheless turn out to be harbouring a
high-grade glioma, as shown by histology. In
particular, patients between 30 and 50 years
of age with a non-enhancing lesion on CT
have about a 50% likelihood of high-grade
malignant glioma.3

Of course, we realise that these recommen-
dations are based on retrospective studies and
that unbiased data are needed. The age limits
are somewhat arbitrary and there should be
room for alternative options in individual
patients, because the biological behaviour of
low-grade glioma is difficult to predict.
Nevertheless, we believe that our suggestions
provide considered and justifiable guidelines
for the time being. Although some ran-
domised studies in low-grade glioma are
underway and their results are eagerly
awaited, important questions still remain.
Prospective trials should establish whether
age is a crucial factor in deciding the appro-
priate timing and extent of treatment within
each age group. One issue for patients
younger than 35 years with epilepsy only, is
whether a 'wait-and-see' strategy is desirable
or whether early surgery is warranted, and
whether or not this should be followed by
radiotherapy. For patients over 35 years with
low-grade glioma, another question is
whether one should aim for as complete a
resection as possible, or whether more limited
excision would be sufficient.

This paper was presented on 17 May 1991 in Nijmegen, The
Netherlands, in honour of the retirement of Professor JL
Slooff, neuropathologist.
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