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1. Introduction

Although brain radiotherapy is a necessary treatment
to prolong life expectancy in patients with primary or
metastatic brain tumours, it has damaging e�ects that
are poorly understood, especially in elderly patients,
and mostly detrimental to the patients' quality of life.
Whilst several reports adequately document brain injury
from brain radiation therapy, the full impact of the
problem is still not completely clear because the quality
of life and mental status of the survivors have received
less attention than the actual survival. If the treatment
of patients with glioblastoma is palliative, concern
about the e�ects of radiotherapy for anaplastic astro-
cytoma or brain metastasis of a well stabilised extra-
cranial tumour in elderly patients becomes meaningful
and every e�ort must be made to understand and pre-
vent the potentially devastating long-term sequelae of
such treatment.

2. Adverse e�ects of radiotherapy of the brain

The standard treatment of patients with high grade
gliomas is radiotherapy at the dosage of 1.8±2.0 Gy/day
given 5 days a week up to 59.4±60 Gy [1]; this treatment,

however, is not free of damaging e�ects, especially when
administered on the whole brain.
According to the time of appearance, the adverse

e�ects of radiation can be divided [2,3] into: (a) Acute
reactions, which occur during radiotherapy, and are
correlated with time-dose fractions. 200 rad fractions
with a total dose of 60 Gy are usually tolerated, even if
cortiocosteroids are often required. These acute e�ects
are considered reversible. (b) Early delayed reactions,
which can appear a few weeks to several months after
radiotherapy; these are characterised by somnolence
and lethargy which can persist up to 14 days, but these
signs generally improve after 4 weeks and disappear in
6±8 weeks. The predominant pathological ®nding is a
loss of myelin probably due to a lack of replacement of
mature oligodendrocytes with their slow turnover [2].
This causes long-term memory processing de®cits
because hippocampal, thalamic and neocortical con-
nections are very sensitive to white matter damage due
to subacute demyelination [4]. Eldor and colleagues [5]
found that early delayed radiation injury is charac-
terised by vascular damage; the initial site of damage
appears to be the endothelial cell lining of the vessel
wall, with nuclear and cytoplasmic swelling and forma-
tion of mural thrombi; these changes later evolve into
thickening of the basement membrane and tunica
media, uncontrolled proliferation of endothelial cells,
and formation of platelet and ®brin thrombi [6]. This
can lead to a total obliteration of the lumen of small
blood vessels. In larger blood vessels, radiation has been
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shown to enhance and accelerate the development of
arteriosclerosis, probably due to its primary damage to
the structural and functional integrity of the endothelial
cell lining of the intima [3]. (c) Late delayed injury in the
central nervous system (CNS) has not been studied as
extensively as the early delayed lesions. These reactions
can appear several months to years after radiotherapy,
and are irreversible [7]. The injury is more present in the
white matter, and can manifest as delayed radiation
necrosis; indeed, in most cases, extensive areas of par-
enchymal necrosis were seen. Late delayed reactions
may present with papilledema, progressive loss of
vision, hemiparesis, dysphasia, focal seizures, dementia
or hypothalamic insu�ciency.

3. Clinical ®ndings

Imperato and colleagues [8] studied a series of 160
consecutive patients with glioblastoma and anaplastic
astrocytoma; 82% of them had radiotherapy. There
were 9 long-term survivors; 2 became profoundly
demented and died without evidence of tumour recur-
rence, 1 became moderately demented, 1 presented mild
global dysfunction that prevented employment and 5
had signi®cant neurological impairment.
Archibald and colleagues [4] evidenced that most

long-term survivors (alive 18 months after diagnosis) of
high grade glioma have signi®cant cognitive di�culties;
some patients will develop profound impairment years
later, and only a few are capable of fully independent
living. When predictable e�ective therapies for this
cancer ®nally emerge, cognitive impairment resulting
from treatment may become a signi®cant medical and
social problem, especially in elderly patients in whom
the rate of radio-induced cognitive damage is much
higher.
More rapidly growing tumours cause greater neuro-

psychological impairment [9], and it has been reported
that high grade gliomas generally show more signs of
frontal lobe dysfunction evidenced as long-term mem-
ory de®cits [10]. In long-term survivors, memory
impairment, other cognitive de®cits, progressive global
dementia, apathy and personality changes may be the
outcome of treatment and consequent atrophy. A
resulting functional encephalopathy, termed radiation
encephalopathy, may resemble normal pressure hydro-
cephalus or leucodystrophy. This syndrome may be a
consequence of increased permeability induced by
radiotherapy, leading to the transudation of ¯uid into
the interstitial spaces and thus, brain oedema that
requires steroids for several months, with deterioration
of the quality of life. Patients with leucoencephalopathy
show ventricular enlargement, prominent sulci and
hypodense white matter. The presence of hydrocephalus
can be due to ®brosis of the leptomeninges or the arach-

noid villi, and is responsible for alterations in gait,
mentation, speech and sphincter control [6].
According to Marks and colleagues [11], radiation

necrosis has an incidence of 5% in patients who received
54500 rad using 180 to 200 rad fractions, with a med-
ian time of onset of 14 months after radiotherapy. The
radiation injury is a function of total radiation dose,
fraction size, volume irradiated and duration of treat-
ment [12]; radiologically, it can mimic tumour progres-
sion, but 28% of these patients subsequently improved
without any further therapy [13].

4. Brain radiotherapy and aging

The CNS undergoes age-related regional losses of
neurons in the cortex, cerebellum and hippocampus, as
well as lipofuscin pigment accumulation; gradual losses
of brain weight and cerebral blood ¯ow occur. An Ita-
lian group [14] studied 5632 subjects aged 65±84 years,
and found that the age adjusted prevalence rate of age-
related cognitive disorders was 8.6%. Cognitive impair-
ment is a frequent condition in the elderly and its inci-
dence increases with age [15]. A Swedish group [16]
conducted a 3 year follow-up study in 65 85-year-olds
from a population-based 1902 sample; 29 persons were
demented at 85 years of age; 7 developed dementia
during follow-up, and only 29 remained non-demented.
The dementia was mostly vascular, which is caused by
cerebrovascular disorders and associated with degen-
erative changes in intracerebral capillaries and arter-
ioles. These types of microvascular changes may lead to
a dysfunction of the endothelial cells, with increased
permeability and extravasion of serum proteins.
The elderly obviously appear to be more susceptible

to radiation-induced brain atrophy and ultimately
dementia, due to the presence of pre-existing vascular
changes, and the higher incidence of diabetes mellitus
that predisposes to vascular injury and atherosclerosis
[17].
Stylopopulos and colleagues [18] showed that even

glioma survivors older than 40 years of age presented a
more rapid decline in clinical and cognitive status than
younger patients. Maire and colleagues [19] reported a
strong correlation between age and preservation of
adult intellectual ability.
Asai and colleagues [20] studied 91 patients (59 with

gliomas and 32 with metastatic brain tumours). Radia-
tion therapy for high grade gliomas was delivered at a
dose of 2 Gy/day, 5 days a week on limited ®elds plus a
2 cm margin, whilst for metastatic brain tumours whole-
brain radiotherapy was given. Brain atrophy was
observed in 56% of the patients, and was strongly
correlated with age; in patients 50 years of age or older,
the incidence was 72.9% whilst in patients younger than
50 years it was 39.2% (P=0.005). The incidence of
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radiation-induced brain atrophy was correlated to the
irradiation volume; it was noted in 73.3% of whole-
brain irradiated patients, and in 47.5% of patients
receiving regional irradiation (P=0.025). There was a
signi®cant di�erence in the incidence of dementia
between the two groups, 75 versus 35.5% (P=0.01).
Overall, dementia was observed in 48.9% of the
patients, and was characterised in its mild form by
amnesia and acalculia in the absence of urinary incon-
tinence, and in its severe form by severe dementia and
disturbance of consciousness. The average ages of the
patients with dementia and normal mental function
were 60.5 and 42.8 years of age, respectively, and the
di�erence was signi®cant (P=0.001). It is not surprising
that dementia occur more frequently in older than in
younger patients; radiation determines an occlusion of
the microvasculature, resulting in an atherosclerotic-like
disorder, and the damage is obviously enhanced in an
already atherosclerotic brain [21].

5. Brain tumours in the elderly

In recent years, the incidence of both high and low
grade gliomas in the elderly has increased. In slow
growing tumours with a long life expectancy, the impact
of radiotherapy must be carefully evaluated, as its risk±
bene®t ratio becomes increasingly unfavourable with
increasing age [22].
In high grade gliomas, survival is clearly age-depen-

dent [23,24], and several hypotheses have been advanced
to explain the poor clinical course of elderly patients: (a)
Increased peri- and postoperative morbidity and
mortality as well as a diminished tolerance to therapy
can be caused by the presence of concomitant diseases,
such as hypertension, ischaemic heart disease, diabetes,
prostate hypertrophy, chronic broncho-pulmonary dis-
ease and Parkinson's disease [25]. However, this theory
does not explain why survival is also reduced in elderly
patients without concomitant diseases [25]. (b) The
preponderance of tumours have a high histological
grade of malignancy. However, a reduced survival in
this age class was also observed in patients with a dis-
ease having a lower grade of malignancy than glio-
blastoma [25]. (c) Genetic aberrations can determine a
more aggressive tumour with less sensitivity to radio-
and chemotherapy.
Using comparative genomic hybridisation to discern

which genetic aberrations are associated with gliomas in
old age, Kunwar and colleagues [26] found that in glio-
blastomas +7 (ampli®cations on chromosome 7) as well
as ÿ18q and ÿ10 occurred more frequently (P=0.005
and 0.006 respectively) in older patients, whilst +17q,
ÿXp, ÿ5q and ÿ10q occurred primarily in younger
patients (P=0.05). This study demonstrates that older
patients have genetically di�erent tumours from

younger patients, thus implying that age in¯uences the
genetic pathways of tumour development amongst
malignant gliomas. It was also observed that 65% of the
+7 chromosomal alterations failed to respond to
radiotherapy, so the poor clinical outcome of brain
tumours in the elderly might be associated with a poor
response to radiotherapy as well as to chemotherapy.
In their retrospective study to ascertain whether

radiotherapy improves survival or neurological function
in elderly patients with malignant supratentorial glioma,
Meckling and colleagues [27] investigated 103 patients
aged 70 years or over at the time of ®rst presentation;
for patients aged 80 years, no signi®cant di�erence in
distribution was found between those who received and
those who did not receive radiotherapy (P=0.61). The
study showed that patients >80 years of age with high
grade brain tumour do not bene®t from radiotherapy,
whereas patients between 70 and 79 years of age with a
neurological function score of 2 or more (ECOG classi-
®cation) should be o�ered this option.
In a retrospective review of 113 patients with glioma,

19 of which were 70 years of age, Peschel and colleagues
[28] found that 1 and 2-year survival rates were 18%
and 0, respectively, in the older group versus 38 and
10% in younger age group; the di�erences were
signi®cant (P=0.05 and P=0.01). As the number of
elderly patients were small, these investigators recom-
mended prospective clinical trials in this age group to
compare supportive care only versus standard radio-
therapy, and to better de®ne the role of high-dose
radiation.
Villa and colleagues [29] studied 85 elderly patients

with high grade gliomas and reported a total median
survival time of 18 weeks; amongst the patients that
completed the radiotherapy, this ®gure reached 55
weeks in those aged 65±70 years, and 34 weeks in
patients >71 years old. The cases are highly selected;
indeed, Pierga and colleagues [30] reported only 30
weeks survival in 30 consecutive patients aged >70
years who received radiotherapy and chemotherapy.
Other schedules have been studied to improve the qual-
ity of life, and reduce radiotherapy damage.
In a series of 29 patients (age 565 years; mean age

65.9) with an initial performance status of 450 (mean:
43.3) Bauman and colleagues [31] administered a short
course of whole-brain radiotherapy (30 Gy/10 fractions/
2 weeks) and obtained a median survival of 6 months,
suggesting that initial performance status could be used
to select a subset of elderly patients who may bene®t
from a more intensive course of radiation.
Newall and colleagues [32] studied 18 patients aged

over 60 years (age range: 63±75 years, performance sta-
tus 50, range: 30±90), with a histological diagnosis of
glioblastoma. The radiotherapy employed was opposed
portals encompassing the whole brain to a midline dose
of 3000 cGy in 10 fractions; both ®elds were treated
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daily, and treatment was given on a 5-day per week
schedule. Median survival was 44 weeks (range: 29±57).
Amongst the patients with initial performance status
470, median survival was 36 weeks. 15/18 patients had
a functional improvement, and 3 of these were able to
go on long journeys and resume part-time work. These
results are as good or better than those reported in other
studies [27], but they may have been somewhat biased
by the large number of total and subtotal resections (17/
18) and initial higher performance status of the patients
(mean: 60, 10/18 patients had 550). A regimen of sur-
gery plus 2 or 3 weeks of radiotherapy appears to result
in a survival duration equivalent to that achieved with
long courses of radiotherapy; moreover, it is less time-
consuming, less costly and probably less stressful to the
patient.
However, it is not generally agreed to reduce radio-

therapy in elderly patients. Indeed, Mohan and colleagues
[33] report a median survival time of 4.5 months with
radiotherapy 540 Gy versus 7.3 months with 555 Gy.
Data on the costs of this choice are not given; beside

the economic burden for the patient, the quality of life
o�ered to the patient must be considered; indeed, to
obtain approximately a 3 month increase in survival, 1
month is spent undergoing the longer treatment.

6. Conclusion

Regarding the primary brain tumours, the natural
history of low-grade astrocytoma and oligodendro-
glioma is longer than previously thought, and radio-
therapy for these patients may have detrimental long-
term side-e�ects. Accordingly, radiotherapy should be
avoided in low grade gliomas. Regarding anaplastic
astrocytoma and glioblastoma [34], it was shown that
brain radiotherapy on limited ®elds does not have a
detrimental e�ect on survival, because the incidence of
distant recurrences is not higher than 4±5%. Thus,
whole brain radiotherapy has been abandoned in favour
of limited ®elds, that should be very limited in the
elderly. In high grade gliomas, age, KPS and extent of
resection were found to have prognostic value for sur-
vival. Analysis of the prognostic in¯uence of some fac-
tors revealed that the median survival after minimal
debulking was less than 26 weeks in patients with high
grade gliomas and KPS <60 and age >60 years. The
median survival of patients with high grade astro-
cytomas and best supportive care is 14 weeks; this
means that in this group of patients with negative
prognostic factors, the time advantage gained by radio-
therapy is slightly higher than the time required for the
treatment itself and, thus, it seems reasonable to avoid
radiotherapy. In any case, intense radiotherapy should
be avoided; however, in selected cases with small resid-
ual tumour and KPS >70, a short radiation treatment

may be considered, for instance 10 times 3 Gy over very
limited ®elds in 2 weeks, ®ve fractions a week [35]. In
asymptomatic patients without residual disease after
surgery, radiotherapy is often best avoided. The same
guideline may apply in the presence of a large, inoper-
able mass.
In the chemosensitive metastatic tumours of the

brain, chemotherapy can substitute for radiotherapy. If
the tumour is chemoresistant, stereotactic radiotherapy
without whole-brain irradiation can be considered.
Radiotherapy should be avoided if multiple, in par-
ticular non-radiosensitive, lesions are present, and in
patients with a low performance status and poor clinical
condition; in these situations, a conservative approach
with the best supportive care may guarantee the best
quality of life.
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The decision whether to administer radiotherapy to
the brain of elderly patients harbouring intracranial
neoplasms is an increasingly important issue. Cranial
radiotherapy is the mainstay of treatment for both pri-
mary malignant and metastatic brain tumours. The
most common primary brain tumour in the older age
group is malignant glioma, particularly glioblastoma
multiforme. There is signi®cant epidemiological evi-
dence that the incidence of this tumour is rising in gen-
eral, particularly in the elderly population. This rising
incidence is likely due to a combination of factors
including improved neuro-imaging, a more aggressive
diagnostic approach to new neurological symptoms in
elderly patients, and a true change in the incidence of
these diseases independent of better ascertainment [1,2].
With improved therapies leading to longer survival of
patients with systemic cancer, there is an increased
development of central nervous system (CNS) meta-

static disease because a greater proportion of patients
survive long enough to develop these intracranial com-
plications [3].
Brandes and colleagues and Grau and Verger both

acknowledge that the biology of malignant gliomas is
more aggressive in older patients. In every single major
prospective study of malignant gliomas, age is recog-
nised as a critical and independent prognostic factor [1].
It is usually the most important prognostic factor, hav-
ing a stronger impact on survival than either perfor-
mance status or histopathology. It is very clear that
these diseases have a di�erent behaviour from the iden-
tical tumour in younger patients, and molecular
pathology is beginning to categorise the genetic di�er-
ences of malignant gliomas in the two age groups.
Treatment of glioblastoma in the elderly rarely controls
disease for longer than a few months. This is also true
for whole-brain radiotherapy for brain metastases.
Neurotoxicity from radiation therapy has been divi-

ded into three di�erent categories according to the tem-
poral relationship of the neurological syndrome to the
radiotherapy. Di�erent syndromes are outlined in detail
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