A second brain tumour and irradiation
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SUMMARY Three patients are described in whom irradiation of 2750 rad or more was used in
the management of primary brain tumours, and 21 years or more later a second brain tumour of
a different type occurred. One of the new tumours was a meningioma and the other two were
cerebral astrocytomas. There is evidence to show that moderate doses of ionising radiations
given in childhood for tinea capitis are associated with a late risk of developing a meningioma.
Higher doses of radiation used for tumours in childhood are followed also by a late hazard of
meningioma. There is insufficient evidence to implicate ionising radiations in the aetiology of
gliomas. The oncogenic hazards of radiotherapy to the brain do not outweigh its therapeutic
value in brain tumour.

Although the simultaneous occurrence of two
primary brain tumours of either the same or different types is recognised but not common, the
consecutive development of brain tumours after
a long time interval has rarely been recorded
(Behrend, 1974). So far, most have been in the
phakomatoses. While ionising radiations are a
potent carcinogen, only exceptionally have they
been postulated in the aetiology of brain tumours.
In this paper I report three patients with primary
brain tumour who 21 years or more later had a
second brain tumour of a different type. All had
been given radiotherapy as part of their initial

a 200 kV source. The estimated dose was 4000 rad
given over 23 days through multiple ports.
He was readmitted on 21 October 1945 with
signs of deterioration. By a right parasagittal
approach the pineal area was explored and a
circumscribed tumour removed. The tumour
weighed 18 g and had a smooth capsule. On
section it contained hairs, cheesy material, and
one part was calcified. A diagnosis of pineal
teratoma was made.
He remained well and gained employment as
an assistant in the Post Office. On 31 March 1971
he was admitted with a year's history of slowing
treatment.
up, and weakness of the left side for two months.
There was considerable epilation of the scalp. He
Patients
had a left hemiparesis. An isotope brain scan and
a right carotid arteriogram indicated a right
CASE 1
frontal tumour. At operation a right frontal
A male (NS 573), born on 1 February 1935, had a glioma was partly removed, and on histological
two year history of headaches and recent vomiting examination, this was found to be an astrocytoma
and diplopia when he was admitted on 5 January grade 4 (Fig. 1). He died at home on 9 December
1945. There was papilloedema, left sixth cranial 1971. A limited necropsy was done.
nerve palsy, and mild generalised ataxia.
The fixed brain weighed 1200 g. The dura mater
Ventriculography showed a round mass in the was adherent to the right frontal and parietal
posterior end of the third ventricle which contained areas. On serial section there was an extensive
a little calcium. A posterior fossa craniotomy re- neoplasm in the right hemisphere which had
vealed no abnormality. On recovery the patient spread into the left (Fig. 2). The pineal gland was
was given radiotherapy to the pineal region from absent. On histological examination the tumour
was an astrocytoma grade 4 (glioblastoma multiAddress for reprint requests: Professor R. G. Robinson, Department of forme). No radiation changes were seen in the
Surgery, University of Otago Medical School, Dunedin, New Zealand.
surrounding brain.
The tumour removed in 1945 was a typical
Accepted 6 June 1978
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~fit. There were no abnormal physical signs. A right

carotid arteriogram
'........i@ showed a large vascular
~~~~~~meningioma filling the middle fossa. At operation
this was only partially removed because of the
~~~~~~bleeding. With a view to reducing the vascularity
the patient was given radiotherapy from a 200 kV
~~~~~~source when 2750 rad were given over 39 days
through multiple ports. At the second operation
10 October 1951 a 25 g avascular meningioma
removed from the inner end of the sphenoidal
~~~ridge. On histological section the first tumour was
a transitional meningioma (Fig. 3), and the second
irradiation changes.

~~~~had
~~~Bowel symptoms occurred early in 1965 and an

~~~~abdominoperineal resection of the rectum was
Dulkes grade B.

Fig. 2 Case 1. Coronal sections of the brain showing
extensive
glioma In the right and left cerebral
wahemispheres.
A male (NS 4135 bon
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Fig. 3 Case 2. Transitional type
meningioma of sphenoidal ridge.
(H and E)
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He was admitted on 28 December 1972 with a fossa was occupied by a large neoplastic cyst
six month history of deterioration of his farming containing 50 ml of xanthochromic fluid. There
ability and clumsiness of the left hand. There was was no evidence of a recurrence of the meningioma
a left homonymous hemianopia and a left hemi- or of the presence of a secondary carcinoma, and
paresis. An isotope brain scan indicated a mass in no radiation changes. The tumour was an
the right temporal area which was avascular on astrocytoma grade 3 (Fig. 4). He died at home on
carotid arteriography. At operation the middle 27 June 1973, and no necropsy was done.

Fig. 4 Case 2. A strocytoma grade 3
the same site as Fig. 3,21 years
later. (H and E)
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CASE 3

A single female (NS 18146), born on 27 January
1941, was admitted on 22 June 1975. Since early
1974 the vision of the right eye had deteriorated
and that of the left had become hazy.
She had been operated upon at the age of 12
years in 1953 at Pendelbury Hospital. A tumour
had been biopsied in the cerebellum. It was a
round-cell tumour but it was uncertain whether
this was a medulloblastoma or a glioblastoma. At
the Christie Hospital and Holt Radium Institute,
Manchester, she was given whole nervous system
irradiation. The minimum dose was 3000 rad
given over three weeks. The dose to the frontal
region and to the back of the head was estimated
to have been 3500 rad in three weeks. As a result
of this illness she had been left with partial left
sixth and seventh cranial nerve palsies and ataxia
of the left arm and leg.
She emigrated to New Zealand in 1960. She
had persisting bowel symptoms and laparotomies
were done in 1963 and 1969. The large bowel was
removed for confirmed Crohn's disease and she
had a terminal ileostomy.
There was bilateral optic atrophy: vision, right,
counts fingers; left, N5 corrected. All that remained of the right visual field was an inferior
nasal island to a finger, the left field had a small
temporal defect to 1/1000 white. There was
nystagmus in all directions, partial left sixth and
seventh cranial nerve palsies and left sided ataxia.

The radiograph of the skull was normal apart
from signs of the previous operation. A right
carotid arteriogram showed the anterior cerebral
artery to be elevated over an avascular suprasellar
mass. At lumbar encephalography the fourth
ventricle and aqueduct were normal. The lateral
ventricles were small and not displaced. There
was air over the top of a suprasellar tumour,
30 mm in diameter, which indented the floor of
the third ventricle. At operation a suprasellar
meningioma 30 mm across was removed. It had
encircled the right optic nerve. Histological examination showed that the tumour was a
transitional type of meningioma (Fig. 5).
Her vision on 29 September 1975 was, right N8
and left N5, corrected. The right visual field was
full nasally and the temporal field was half of
full; the left field was full. There was no change
on the other neurological deficits.
Discussion

These consecutive brain tumours must be seen
against the natural expectancy for such in a lifetime. Generally it is agreed that having survived
the treatment of one neoplasm the expectancy
of developing another is as if the first had not
occurred. However, Theodore Billroth in 1889
(Schoenberg et al., 1969) postulated that a person
who had had one cancer was more than normally
prone to develop another. This hypothesis has been

Fig. 5 Case 3. Transitional
type meningioma of suprasellar
region. (H and E)
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matter of controversy, and the current view is intracranial meningioma after this treatment with
that there is no such trend except in special sites, latencies of 16 to 50 years (Munk et al., 1969),
such as skin, large bowel, and female genital organs and there was another series of 16 cases (Beller
(Schoenberg et al., 1969). Should a third cancer et al., 1972). Nearly 16500 child immigrants to
develop then there is a susceptibility to cancer Israel in the period 1948-1951 were so treated,
and from an analysis of some 11 000 of these
(Moertal, 1966).
Leaving the phakomas aside, simultaneous brain cases there is conclusive evidence of the role of
tumours of a wide variety are known but not such irradiation in the aetiology of brain tumour,
particularly meningioma. The meningioma rate
common, but whether this is more than a chance
finding is unknown (Russell and Rubinstein, 1971; was 0.4/1000 cases in the irradiated cases against
Behrend, 1974). The natural expectancy for a 0.1/1000 in the non-irradiated, a statistically
primary brain tumour is of the order of 8.5/10 000 significant difference. There was an excess of
population per year for all ages (Kurland, 1958). other brain tumours over the expected rate but
The adult expectancy for a glioma is 3.9/100000 not at significant levels (Modan et al., 1974).
population per year, and that for a meningioma Probably not dissimilar dose-wise was the
is 1.23/100 000 (Barker et al., 1976). Whether the sphenoidal ridge meningioma that appeared 24
late possibility of a second brain tumour reaches years after thorium dioxide ventriculography in
natural expectancy has never been studied. Radio- childhood (Kyle et al., 1963). There is a report
therapy has enabled some patients with brain of a meningioma occurring 28 years after applicatumour in childhood to have prolonged survival, tion of radium to the scalp for a vascular naevus
and patients may live for long periods after the in childhood (Feiring and Foer, 1968).
treatment of a pituitary adenoma or a meningioma.
Seven intracranial meningiomas have been reIt is these patients who are at risk for second ported after earlier high-dose irradiation for other
brain tumour, but accurate data are lacking. In types of brain tumour when the dose was 2300 rad
the nature of things gliomas should considerably or more. Six cases were in children or adolescents
outnumber meningiomas in the sequential situation. (Gautier-Smith, 1970, one case; Norwood et al.,
Experimentally it is very difficult to induce 1974, two cases; Bogdanowicz and Sachs, 1974,
tumours in the primate nervous system by what- two cases; Tanaka et al., 1975, one case), and the
ever carcinogen is used. A few brain tumours
seventh was in a young adult (Waga and Handa,
have been induced by ionising radiations in 1976). The latent intervals between the two
monkeys in whom natural brain tumours are rare tumours were from 12 to 15 years. Our case 3
-five instances in 115 000 monkeys (Haymaker would be the eighth such case and the latent interet al., 1972). A glioblastoma multiforme in a val was 22 years. Also, it is likely that the
Macacca mulatta was induced nearly two and a meningeal sarcoma reported by Bojsen-M0ller
half years after exposure of the head to thermal and Knudsen (1977) could be a meningioma, and
neutrons (Kent and Pickering, 1958). When whole- this was a childhood case.
body protons 600-800 rad were given to M.
Occasionally sarcoma, often soft tissue, may
mulatta, three glioblastomas were produced three follow therapeutic irradiation of the head. In a
to five years later. For animals who survived review by Waltz and Brownell (1966) there were
more than two years the risk was in excess of
13 cases of sarcoma mainly in the sellar region
natural expectancy (Traynor and Casey, 1971; after radiotherapy for pituitary adenoma, with
Haymaker et al., 1972).
latencies of two and a half years. An osteogenic
In man, irradiation of the head in childhood sarcoma in the sellar region was reported 10 years
may be followed many years later by a brain
after pituitary irradiation at 16 years of age by
tumour, usually a meningioma. An obsolescent Amine and Sugar (1976). Waltz and Brownell
method of treating tinea capitis was to irradiate (1966) also found six cases of superficial sarcoma
the scalp with 500-800 rad when the surface dose after head irradiation for other kinds of brain
to the brain is about 140 rad. The treatment was tumour. There have been two other cases (Berg
used widely for nearly half a century from 1909 et al., 1966), and there are two reports of
onwards until superseded by griseofulvin. It was meningeal sarcoma after head irradiation (Schrantz
not until 1966 that the serious long-term hazards of and Aroaz, 1972; Komaki et al., 1977). The first
this treatment were reported. Of the nine neo- two cases of malignant schwannoma of the spine
plasms found in 1548 irradiated children there was after irradiation of the back for unrelated conone astrocytoma of the optic nerve and chiasma,
ditions have been reported, and this tumour occurs
and one cerebral astrocytoma (Albert et al., 1966). very rarely (Maurice-Williams and Lucey, 1975).
Then followed a report from Israel of five cases of
There are two previous accounts of glioma
a
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appearing after irradiation for other brain
tumours. There was a patient with a left frontal
angioblastic meningioma treated by partial removal and radiotherapy. Ten years later at
necropsy the meningioma was still present but had
become psammomatous, and there was a separate
right frontal astrocytoma (Jones, 1960). The other
case was of a young adult whose craniopharyngioma was treated by surgery and radiotherapy and who died six years later of a
glioblastoma multiforme of the temporal lobe
(Komaki et al., 1977). Cases 1 and 2 of this report
are further instances of astrocytoma occurring
long after irradiation and all the cases have been
after irradiation in adult life. Case 2 had multiple
consecutive neoplasms, meningioma, rectal cancer,
and cerebral astrocytoma, and would be considered
tumour prone (Moertal, 1966).
lonising radiations are known to be carcinogenic for man with a considerable latent period.
After exposure to radiations in fetal life, a 10 year
survey gives a reasonable estimate of the total
induced disease. For those exposed in adult life a
25 year survey underestimates the lifetime risk of
carcinogenesis by a factor of at least two. The
hazards for the infant and child are closer to the
adult than to the fetal one (Mole, 1973). There
have been various estimates of the late cancer
risk, and one for whole-body irradiation is of the
order of 200 cases per 106 exposed per rad (Mole,
1973). When survivors of childhood malignancy
who had been irradiated were followed, there was
a cumulative probability of a second cancer of
12%. The radiation-related cancer rate was 1.8
cases in exposed tissues per 106 person-years per
rad, with the peak incidence being 15 to 19 years
after irradiation (Li et al., 1975). A more recent
estimate is of 10-4 cases per rad of whole-body
dose, and when a single organ is irradiated the
risk is lowered by a factor of at least four (World
Health Organisation Report of Expert Committee,
1977).
There is good evidence that moderate-dose
irradiation of under 800 rad to the head in childhood is associated with a significant hazard of
developing an intracranial meningioma many
years later. With higher doses of irradiation,
particularly when given in childhood, it would
seem probable that there is still a risk of late
meningioma. There might have been uncertainty
about this and the occurrence of these new
tumours could be within the bounds of normal
expectancy. However, the evidence from the
tinea capitis cases makes this unlikely. Thus
ionising radiations are oncogenic for the meninges
especially in childhood. This is the first positive
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example of such an induction agent being identified for meningeal tumours. Previously head
trauma had been suggested as being responsible
for some meningiomas, but the data never carried
conviction (Russell and Rubinstein, 1971). The
matter of dose-dependency is complex. While
there is a linear relationship between dose and
the incidence of neoplasia, above a certain dose
the rate begins to fall (Mole, 1973, 1975). There is,
for instance, evidence from the female pelvis that
moderate doses of irradiation are more carcinogenic than high ones (Mole, 1973, 1975; Smith
and Doll, 1976).
So far there have been eight meningiomas after
earlier irradiation and four astrocytomas. This is
a reversal of the usual meningioma/glioma ratio,
and is supporting evidence for ionising radiations
being a meningeal carcinogen over a wide range
of doses. The actual risks are very small. If
therapeutic radiation gives, say, a fivefold increase in the meningioma rate over the expected,
or a little above the tinea capitis ratio, then this
would mean that in 100000 survivors from treatment in childhood and adolescence there would be
around six meningiomas per year instead of the
natural expectancy of one or so. This increase,
a life-time one, would not be apparent until 10
years after treatment, and it might be 20 years
before the maximum was reached. Further, many
of these second tumours would be treatable. In those
countries where irradiation on a wide scale was
used for tinea capitis there should be an increased
meningioma rate. The sarcoma risk, which is
mainly an adult one and most common with
pituitary radiation, seems to be due to a mixture
of factors. The target tended to be small, high
doses were often given over a short period of
time, and multiple-course techniques used and
which have now been abandoned. The risk with
modern radiotherapeutic techniques is an exceedingly small one (Bloom, 1977).
The evidence is less clear for brain astrocytoma
being induced by ionising radiations, and if there is
a hazard it is much smaller than the meningioma
one. The few reported cases in adults might be
within normal expectancy.
On available evidence there is nothing to indicate that the long-term neoplastic hazards of
irradiation in any way outbalance the benefits of
its calculated use for intracranial tumours at
whatever age. However, its use for benign extracranial lesions of the head and neck cannot be
supported at all (Cade, 1966).
Cases 2 and 3 were investigated by the clinical staff
of Christchurch Hospital, Christchurch, and Dr

K. E. Kibblewhite, Greymouth, obtained the brain
of case 1. Considerable help in pathology was
given by Associate Professor J. F. Gwynne in
case 1, and by Associate Professor I. Aarons in
cases 2 and 3, both of the University of Otago
Medical School. The first operations on case 1
were done by Mr M. A. Falconer and on case 2
by Mr J. A. James, Dr D. H. J. Shine, Dunedin,
kindly recalculated the dose of radiotherapy given
to cases 1 and 2. Dr Dorothy Pearson, Christie
Hospital and Holt Radium Institute, Manchester,
England, gave the details of the first management
of case 3.
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