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The records of the Finnish Cancer Registry from 1953 to 1994 were used to assess the risk of sub-
sequent primary cancer among 14493 brain tumour patients. They had been treated with surgery only
(n=9804), radiotherapy (n=4099), chemotherapy and radiotherapy (72 =493) or chemotherapy alone
(n=97). By the end of 1994, 403 subsequent primary cancers were registered in these patients, whilst
the expected number based on national incidence was 332. The standardised incidence ratio (SIR) was
1.2 (95% confidence interval (CI) 1.1-1.3). A significant excess risk of tumours in the central nervous
system (CNS) including meningeomas (SIR 2.6, 95% CI 1.7-3.8), non-Hodgkin’s lymphoma (SIR 2.6,
95% CI 1.6-4.1) and skin melanoma (SIR 1.9, 95% CI 1.0-3.1) was observed. CNS tumours were
observed in excess among patients treated with surgery alone (SIR 2.0, 95% CI 1.2-3.2) and with
radiotherapy (SIR 5.1, 95% CI 2.5-9.4). In conclusion, brain tumours are associated with an increased
risk of both CNS second tumours and non-CNS second cancers, especially non-Hodgkin’s lymphoma
and melanoma. A moderately increased risk of second tumours in the CNS was observed among brain
tumour patients treated with surgery only and a larger excess among those treated with radiotherapy.
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INTRODUCTION

TuMOURS OF the central nervous system (CNS) comprised
3.2% of all cancers among men and 3.6% among women in
Finland in 1995 [1]. The age-standardised incidence and
mortality rates of brain tumours have increased during recent
decades [1-4]. Brain tumours are relatively common in chil-
dren, although the highest incidence occurs between the ages
of 50 and 70 [1].

The major goal in the treatment of brain cancer is local
tumour control, which is difficult to obtain with surgery
alone, especially in high-grade tumours. External radio-
therapy is the treatment of choice if surgery is not possible
and as an adjuvant treatment to surgery [5].

Unfortunately, an increased risk of second cancer and
meningeoma has been suggested for patients whose brain
tumours have been treated with radiation [7,9]. An increased
risk of second cancers and meningeomas has also been
observed among children treated with prophylactic cranial
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irradiation for leukaemia or for benign conditions [10, 11].
The occurrence of a second brain tumour after radiotherapy
has been associated with both low- and high-doses of radia-
tion [12]. Radiation can induce changes similar to those seen
in tumorigenesis and the genetic changes are qualitatively and
quantitatively similar to those which occur spontaneously [8].

Second cancer is an independent new primary cancer aris-
ing after the diagnosis of the first cancer. The possible expla-
nations for the occurrence of multiple cancers include
simultaneous carcinogenic exposures to different organs and
genetic predisposition. Cancer treatment may contribute to
the risk of a second cancer. The relative risk of a second
cancer in patients who have survived one cancer depends on
the site of the first cancer, its treatment and age and sex of the
patient [6].

In Finland, all cancer patients have been registered and
also followed-up for new cancers by the Finnish Cancer
Registry (FCR) since 1953. The aim of this study was to
assess the risk of second primary cancers after different mod-
alities used to treat brain tumours and especially to estimate
the risk of new tumours in the CNS after radiation treatment.
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PATIENTS AND METHODS

The records of the population-based, nationwide Finnish
Cancer Registry (FCR) cover almost completely all cancer
cases diagnosed in Finland since 1953 [1]. Hospitals, prac-
tising physicians and pathological and haematological
laboratories are requested to report to the FCR all cases of
cancer that come to their attention. In addition, all death
certificates with a mention of cancer are annually transferred
from the files of the Statistics Finland to the FCR. Benign
intracranial and spinal neoplasms are also registered at the
FCR. In approximately 1% of cases the information received
by the FCR is based on death certificates alone. The study
population constituted all registered brain tumour patients
diagnosed between 1953 and 1994 in Finland. The follow-up
started at the time of diagnosis and ended at death, emigration

Table 1. Distribution of the study group of 14493 brain tumour
patients by trearment for the brain tumour

Person-years

Treatment Men Women Total at risk

Surgery alone 4155 5649 9804 50598

Radiotherapy* 2190 1909 4099 15433

Chemotherapy* 49 48 97 198

Radiotherapy and 279 214 493 1480
chemotherapy*

Total 6673 7820 14493 67709

*With or without surgery.

Table 2. Observed and expected numbers of second cancers and
standardised incidence ratios (SIR) with their 95% CI in a cohort
of brain tumour patients, by site of the second cancer, Finland

1953-1994
Site of second cancer Obs. Exp. SIR 95% CI
CNS 28 10.8 2.6 1.7-3.8
NHL 19 7.2 2.6 1.6-4.1
Hodgkin’s disease 1 1.9 05 0.01-2.9
Leukaemia 12 7.7 1.6 0.8-2.7
Skin, melanoma 14 75 1.9 1.0-3.1
Skin, non-melanoma* 8 8.8 0.9 0.4-1.8
Mouth, pharynx 11 7.6 1.5 0.7-2.6
Thyroid gland 8 49 1.6 0.7-3.2
Breast 60 54 1.1 0.9-1.4
Endometrium 21 14 1.5 0.9-2.4
All 403 332 1.2 1.1-1.3

*Excludes basal cell carcinoma. Obs, observed; Exp., expected; CI,
confidence interval; CNS, central nervous system; NHL, non-Hodg-
kin’s lymphoma.
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or on 31 December 1994, whichever occurred first. The fol-
low-up yielded 67 709 person-years at risk.

At the FCR, each independent primary cancer has always
been coded as a new entity. This means that for a brain tumour
patient, a second intracranial primary neoplasm (synchro-
nous or metachronous) may be coded at another site of the
brain, even if the histologies are the same. For example, a
meningioma patient may have another meningeoma and a
glioma patient may later have a meningioma in the FCR file.

The distribution of the patients according to treatment is
shown in Table 1. The treatment groups considered sepa-
rately were: surgery alone (surgery only, no radiotherapy or
chemotherapy); radiotherapy (radiotherapy with or without
surgery, but no chemotherapy); chemotherapy (with or with-
out surgery but no radiotherapy); and combined radiotherapy
and chemotherapy (with or without surgery).

The observed numbers of subsequent cancers were
obtained by follow-up of the patients up to the end of 1994
through the files of the FCR. The expected numbers were
calculated by multiplying the 5-year age-group, calendar
period and gender-specific numbers of person-years by the
respective national incidence rates. The risk of contracting a
new primary cancer was estimated as a standardised inci-
dence ratio (SIR), defined as the ratio of the observed and
expected numbers of cases. A SIR of 1.0 indicates that there
is no excess risk or risk deficit of contracting a new primary
cancer. The 95% confidence intervals (CI) were estimated
under the assumption that the observed number followed a
Poisson distribution.

RESULTS

During 1953-1994, 14493 patients with brain tumours
were registered. Among them, 403 subsequent primary can-
cers were recorded during follow-up. This was significantly
more than expected (332, SIR 1.2, 95% CI 1.1-1.3). A sig-
nificant excess risk of CNS tumours, non-Hodgkin’s lym-
phoma (NHL) and skin melanoma (borderline significance)
was observed (Table 2).

Among the 9804 patients treated with surgery only, 340
second tumours were observed versus 287 expected (SIR 1.2)
(Table 3). The overall risk of second cancer was increased
during the first year of follow-up mainly attributable to
tumours of the CNS and NHL (Table 4). An excess risk was
also observed after follow-up of 15 years among both men
(SIR 1.5, 95% CI 1.0-2.1) and women (SIR 1.3, 95% CI
1.0-1.7). In total, a significantly increased number of CNS
tumours, NHL and skin melanoma (borderline) was
observed (Table 4).

Among the 4099 patients treated with radiotherapy, 56 new
tumours were observed versus 41 expected (SIR 1.4)

Table 3. Observed numbers of second cancers and standardised incidence ratios (SIR) with their 95% CI among brain tumour patients,
by treatment mortaliry and follow-up time

Total <1 year 1-4 years 5-14 years 15+ years
Treatment Obs. SIR 95% CI Obs. SIR 95% CI Obs. SIR 95% CI Obs. SIR 95% CI Obs. SIR 95% CI
Surgery 340 1.2 1.1-1.3 44 1.6 1.2-2.2 67 0.9 0.7-1.1 135 1.2 1.0-14 94 14 1.1-1.7
Radiotherapy* 56 1.4 1.0-1.8 12 1.0 0.5-1.8 23 19 1.2-2.8 15 1.4 0.8-2.2 6 1.1 0.4-24
Chemotherapy* 1 1.2 0.0-6.7 1 65 0.2-36 - - 0-16 - - 0-11 - - 0-28
Radiotherapy and 6 1.7 0.6-3.7 - - 0-2.8 4 3.1 0.9-8.0 1 1.3 0-7.2 1 52 0.1-29
chemotherapy*

*With or without surgery. See Table 2 legend for abbreviations.
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Table 4. Observed numbers of selected second cancers and standardised incidence ratios (SIR) with their 95% CI among brain tumour
patients, by follow-up time

Total <1 year 1-4 years 5-14 years > 15 years
Therapy
second cancer Obs. SIR 95% CI  Obs. SIR 95% CI Obs. SIR 95% CI Obs. SIR 95% CI Obs. SIR 95% CI
Surgery only
CNS 18 2.0 1.2-3.2 9 10.6 4.9-20 1 04 0.0-23 3 0.8 0.2-2.4 5 2.6 0.8-6.0
NHL 16 2.6 1.5-4.2 4 7.3 2.0-19 3 1.9 0.4-5.6 6 24 0952 3 1.8 0.4-5.7
Leukaemia 8 1.2 0.5-2.4 - - 3 1.7 04-5.1 1 04 0.01-2.1 4 2.6 0.7-6.6
Melanoma 12 2.9 1.0-3.4 1 1.8 0.0-9.8 3 18 0453 6 24 0952 2 1.4 0.2-5.1
Thyroid 6 1.5 0.5-3.2 1 2.7 0.1-15 - - 5 3.0 0.9-7.0 - -
All sites 340 1.2 1.1-1.3 44 1.6 1.2-2.2 67 0.9 0.7-1.1 135 1.2 1.0-14 94 1.4 1.1-1.7
Radiotherapy*
CNS 10 5.1 2.5-9.4 3 7.2 1.5-21 2 3.1 04-11.1 2 36 0.4-13 3 11.1 2.3-32
NHL 3 29 0.6-84 1 3.6 0.1-20 1 3.1 0.1-17 1 34 0.1-19 - - 0-25
Leukaemia 4 3.6 1.0-9.1 1 3.0 0.1-17 2 52 0.6-19 1 3.6 0.1-20 - - 0-31
Melanoma 2 15 0254 - - 0-12 1 23 0.1-13 - - 0-9.5 1 5.3 0.1-29
Thyroid 2 24 0.3-8.6 - - 0-20 2 7.1 0.9-26 - - 0-15 - - 0-29
All sites 62 14 1.1-1.8 12 0.9 05-1.6 27 20 1329 16 14 0.8-2.2 7 1.2 0.5-25
Chemotherapyf
All sites 1 1.2 0.03-6.7 1 6.5 0.2-36 - - 0-16 - - 0-11 - - 0-28

*With or without surgery or chemotherapy. TWith or without surgery.

(Table 3). The small excess risk of a second cancer in 493
patients treated with combined radiotherapy and chemotherapy
(SIR 1.7) was not statistically significant (Table 3). Among
the 97 patients treated with chemotherapy, only one second
cancer was observed versus 0.8 expected.

In further analyses all patients subjected to radiotherapy
were combined. In this group, an increased risk of CNS
tumours was found (SIR 5.1) which persisted throughout the
whole follow-up period (Table 4). The risk of leukaemia was
also somewhat increased although no clear follow-up time-
dependent pattern emerged (Table 4).

28 out of 14493 brain tumour patients had a second CNS
tumour during follow-up. 17 of these were meningeomas. Of
the 18 CNS tumours observed among cases treated with
surgery only, 9 were meningeomas and 4 of these were diag-
nosed at the time of or soon after the diagnosis of the first
tumour. There were 8 meningeomas among the 10 second
CNS tumours in radiotherapy-treated patients, 2 of these
diagnosed at the time of diagnosis of the first primary.

DISCUSSION

Since the 1950s, an increase in the age-standardised inci-
dence of malignant gliomas has been reported by a number of
population-based cancer registries [1,2,4]. In Finland, the
incidence of glioma and meningeoma has particularly
increased during recent years [13]. An association between
exposure to radiation, viruses, chemicals and nutritional fac-
tors and brain tumours has been suggested [14, 15]. Part of
the increase in the incidence among the elderly may be due to
an increased detection rate through improved diagnostic
facilities. However, an overall increase in the incidence
occurred well before the introduction of computer tomo-
graphy (CT) scanning and rates have continued to rise stea-
dily [13,15].

Brain tumours are usually primarily treated with surgery,
aiming at complete resection of the tumour. Standard treat-
ment for malignant astrocytomas is surgical debulking, when
possible, followed by postoperative radiotherapy. Among
children, chemotherapy is predominantly used. During

See Table 2 legend for abbreviations.

recent years, the combination of radiotherapy and che-
motherapy or the use of chemotherapy in tumours which
have recurred after radiotherapy has become common in the
treatment of brain tumours in adults.

Since the 1950s, reports of induction of CNS tumours by
radiation have been published [7, 8, 12]. There is evidence of
irradiation-induced brain tumours from animal experiments,
after prophylactic brain irradiation for childhood acute leu-
kaemia and after irradiation for benign diseases in children
[12]. The observations of CNS tumour induction after cura-
tive treatment of brain tumours are sporadic [7, 8]. In addi-
tion to case reports, the series have mainly consisted of
patients radiated because of benign diseases in children
(tinea) or those with prophylactic irradiation (leukaemia)
[12]. In our series an excess risk of non-CNS tumours was
observed among brain tumour survivors. A significant excess
risk of non-CNS tumours has been reported after pituitary
irradiation in Edinburgh [16]. In other reports, the risk for a
second malignancy of the brain was 2.7% at 15 years (RR
16.9, 95% CI 4.4-44) after pituitary irradiation [17, 18]. The
age at first exposure is important: children with leukaemia
undergoing prophylactic CNS irradiation under the age of 5
years have a higher relative risk (RR) of second CNS tumours
than those irradiated at a later age [19, 20].

It is almost impossible to evaluate causation in an indivi-
dual cancer case. The second neoplasm may have occurred
just by coincidence, through joint aetiology or as a part of an
underlying susceptibility of developing neoplastic illnesses.
The causes of brain tumours are largely unknown and com-
mon aetiological factors cannot be identified. Treatment of
brain tumour is a plausible candidate for being the cause of
the observed excess risks of second cancer. The criteria for
the attribution of a CNS tumour to radiation have been
defined [9, 10] as follows: the lesion must arise in the field of
previous radiation treatment, it must be histologically differ-
ent from the first cancer, a sufficient latency period must
elapse between the commencement of irradiation and the
clinical onset of the tumour and conditions that facilitate
neoplastic growth such as von Recklinghausen’s disease,
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xeroderma pigmentosum, retinoblastoma and immunodefi-
ciency syndromes must be excluded [9]. These criteria were
fulfilled by only a few of the tumours observed after radiation
among our patients.

There have been some problems in the reporting of benign
tumours of the CNS to the FCR [21]. However, under-
reporting or delayed reporting of some 10-20% is not a major
issue in the analyses because both the observed numbers of
new cases and the calculation of the expected numbers are
based on the same data set, in other words, both the observed
and expected numbers are affected in the same way. A very
good coverage is obtained for malignant tumours of the CNS
(as for all malignant solid tumours).

Diagnosis of one cancer may lead to detection of a second
primary tumour earlier than would be the case otherwise.
However, if two tumours are diagnosed approximately at the
same time, it is arbitrary which of them is coded to be the first
one. Consequently, the results for the first year after diagnosis
of brain tumour are subject to some uncertainty. Also, the
possible effect of radiotherapy or chemotherapy would not be
apparent that soon.

The coding practices at the FCR for patients with multiple
primary cancers have always been of primary concern and all
these cases have been evaluated by a physician. Strict criteria
have been followed in coding a second tumour of a patient as
a new malignant entity. In this evaluation, all the information
available for the patient and the tumour as well as knowledge
of the clinical behaviour of cancer in general were utilised.

A centralised cancer registry is not always in a position to
record all details of cancer treatment, but for the FCR,
information of the treatment has been shown to be, in most
instances, correct. However, there may be cases who have
been treated with surgery and radiotherapy and for whom
only surgery is known to the FCR. This kind of mis-
classification of treatment would result in diminishing the
relative risk of differences observed between treatment
groups. If exact information of treatment were available for
every single patient, the observed relative risk differences
would be accentuated.

International comparisons have revealed that the coding
principles in Finland are more strict (conservative) than in
most countries, i.e. in uncertain cases a new cancer is not
easily accepted as a new primary. Therefore, the SIR esti-
mates of subsequent cancers are in Finland usually somewhat
lower than those obtained in similar settings elsewhere
[22,23].

During more than 30 years of registration, the diagnostic
methods and classification criteria may have gradually chan-
ged. However, a cancer registry database is considered to be
useful in the assessment of the risks and risk determinants of
subsequent new malignancies among cancer patients [6,24].
A Swedish study on the quality of recording multiple cancers
over 25 years showed that 94% of all second cancers were
correctly reported and registered [24].

The clinical implication of our registry study is that brain
tumour patients should have a prolonged active follow-up
with a short interval for neuro-imaging with CT or preferably
magnetic resonance imaging (MRI) or positron emission
tomography (PET). We conclude that patients with gliomas
have an increased risk of second non-CNS and CNS cancers.
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