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Thyroid dysfunction after radiotherapy and
chemotherapy of brain tumours

E A LIVESEY AND C G D BROOK

Endocrine Unit, Middlesex Hospital, London

SUMMARY We investigated thyroid function in 119 survivors of treatment for brain tumours not
involving the hypothalamo-pituitary region. Cranial irradiation did not effect thyroid function
but 11 of 47 children (23%) who had spinal irradiation had raised concentrations of thyroid
stimulating hormone. Chemotherapy further increased the incidence of thyroid dysfunction: two
of four patients who had cranial irradiation and chemotherapy and 20 of 29 patients (69%) who
had spinal irradiation and chemotherapy had increased thyroid stimulating hormone concentra-
tions. Only six patients with raised thyroid stimulating hormone concentrations had low serum
thyroxine concentrations. Four children had secondary hypothyroidism.
Thyroid function should be monitored in children who have received chemotherapy or

radiotherapy. A rise in thyroid stimulating hormone concentrations is the most sensitive indicator
of thyroid dysfunction. Children with raised thyroid stimulating hormone concentrations should
be treated with thyroxine.

Endocrine complications of radiotherapy and che-
motherapy given to children with brain tumours
separated from the hypothalamo-pituitary axis have
been documented.1 Growth hormone insufficiency
is the commonest disorder,2 followed by primary
thyroid and gonadal dysfunction, and then secon-
dary thyroid and gonadal dysfunction.3 4 Irradiation
is the major aetiological factor, but chemotherapy
has been found to cause primary gonadal damage.-7
There is only limited information from small studies
about thyroid function and we report our observa-
tions on the prevalence, aetiology, and management
of thyroid dysfunction in a large series of survivors.

Patients and methods

The thyroid function of 119 children in clinical
remission after treatment of a brain tumour not
involving the hypothalamo-pituitary region was
studied. The tumour diagnoses were medulloblas-
toma (n=52), astrocytoma (n=29), ependymoma
(n= 15), pinealoblastoma (n=9), glioma (n=8),
optic nerve glioma (n=5), and meningioma (n=1).
Cranial irradiation in a median (range) estimated
hypothalamic dose of 47 Gy (10-55) in 34 fractions
(30-40) was given to all patients and 76 had also
received spinal irradiation in a median spinal dose of
31 Gy (30-33) in 25 fractions (20-30) combined in 29

cases with chemotherapy. Four children received
cranial irradiation and chemotherapy. The cytotoxic
agents were lomustine, vincristine, and metho-
trexate alone or in varying combinations, usually
following the schedules of the International Society
of Paediatric Oncology.8 The median total doses
given were lomustine 550 mg/M2 (320-1333), vincris-
tine 36 mg/M2 (5-51), and methotrexate 1-5 g/m2
(0.1-4.5). The median age at the start of radio-
therapy as 6.7 years (1.5-15) and median follow up
after radiotherapy 8-5 years (1-27).
Serum total thyroxine and thyroid stimulating

hormone (by immunoradiometric assay) concen-
trations were measured in all children at variable
intervals after treatment (normal serum thyroid
stimulating hormone concentration <4-8 mU/l, nor-
mal total serum thyroxine 60-140 nmol/l). Thyroid
stimulating hormone concentrations were also mea-
sured by the Delfia method on the same samples in
38 patients for comparison and confirmation (nor-
mal thyroid stimulating hormone (Delfia) <3-8
mU/l). Thyroid stimulating hormone responses to
intravenous thyrotrophin releasing hormone 200 ,ug
were documented in children undergoing investi-
gation of the hypothalamo-pituitary axis because of
poor growth. Thyroid autoantibodies were measured.

Primary thyroid dysfunction was defined as a
raised basal serum concentration of thyroid stimu-
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lating hormone supported, if available, by an
exaggerated response to thyrotrophin releasing hor-
mone. Secondary hypothyroidism was diagnosed
from a low serum thyroxine with low serum thyroid
stimulating hormone concentration. Statistical
analyses were performed using the Mann-Whitney
and x2 tests.

Results

A total of 31 of 76 children (41%) treated with
spinal irradiation had raised basal and peak serum
thyroid stimulating hormone concentrations and six
of these had low serum thyroxine concentrations
(figure). The median basal thyroid stimulating
hormone concentration in the affected group was
7-8 mU/i (5-0-39), the median peak thyroid stimu-
lating hormone concentration after thyrotrophin
releasing hormone was 37 mU/l (23-85), and the
median serum thyroxine concentration was
76 nmol/l (10-118). Eleven of these children had
received only radiotherapy; this was combined with
chemotherapy in 20. As the table shows, there was a
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Figure Serum thyroxine and thyroid s
concentrations in 119 patients after tr
tumours.

Table Treatment details of patients a
dysfunction (n= 119)

No of patients vdysfunction (totk

Without
chemotherapy

Cranial irradiation
(n=43) 0 (39)

Craniospinal irradiation
(n=76) 11 (47)

significant relation between primary thyroid dys-
function and spinal irradiation (p<0.01), which was
expected, but the addition of chemotherapy to
spinal irradiation resulted in a significantly increased
incidence of thyroid dysfunction compared with that
after spinal irradiation alone (p<0.001).
The cytotoxic agents given to the affected group

were lomustine plus vincristine in 19 children and
vincristine alone in the other child. There were no
significant differences in the doses or timing of
cytotoxics, nor in age at treatment between affected
and unaffected children. Raised and normal basal
serum thyroid stimulating hormone concentrations
were confirmed by the alternative Delfia method in
the samples tested. No thyroid autoantibodies were
detected in affected children.
Two of the four children treated with chemother-

apy without spinal irradiation had raised serum
thyroid stimulating hormone and low serum
thyroxine concentrations (thyroid stimulating hor-
mone 5-8/8-7 mU/l, thyroxine 60/56 nmol/l). Both
had received lomustine alone (figure), but not all
children treated with lomustine were affected. No
child had abnormal thyroid function after cranial
irradiation alone.
Four children had secondary hypothyroidism with

a median serum thyroxine of 50 nmol/l (37-55),
median thyroid stimulating hormone <1 mU/l.

Discussion

This is the largest study of thyroid function after
.* * treatment of brain tumours separated from the

hypothalamo-pituitary area. The prevalence of pri-
mary thyroid dysfunction was 28% compared with
3% for secondary dysfunction. This reflects the
expected association between spinal irradiation and

14 16 18- primary thyroid d sfunction in this dose range and416 18 20 fractionation.4 5 Y12 Unexpectedly, we found a sig-ncentration (mU/I) nificantly higher prevalence of primary thyroid

timulating hormone dysfunction after treatment with a combination of
*eatment of brain chemotherapy and spinal irradiation than after

spinal irradiation alone. This effect of chemotherapy
has not been reported previously in children.

nd primary thyroid Although the numbers were small, two children
treated with cranial irradiation and chemotherapy
were affected, which suggested that the toxic effects

with thyroid of chemotherapy may have been independent of
al irradiated) those of radiotherapy.

With Thyroid damage after treatment of brain tumours
chemotherapy and lymphomas in childhood has previously been

related to the local irradiation alone even though
some of the affected children had also received

2 (4) chemotherapy. The numbers studied were too small
20 (29) to draw other conclusions.5 11-13 Bajorunas et al,

for example, described raised serum thyroid stimu-

.
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lating hormone concentrations in three of 12 chil-
dren with head and neck tumours treated with
chemotherapy and tumour irradiation, but only two
of the three had received thyroid irradiation and the
chemotherapy given to the third included carmus-
tine and vincristine. 14 A relation between chemo-
therapy and subsequent primary thyroid dysfunction
had been described earlier in 24 of 54 adults treated
with chemotherapy alone for advanced Hodgkin's
disease.15 The cytotoxics were mustine, vincristine/
vinblastine, procarbazine, and prednisolone in
combination. In our study the combination of
vincristine and lomustine with spinal irradiation
obscured whether one or both cytotoxics was
responsible for thyroid damage but there was some
evidence for lomustine.
Most affected children in this series were bioche-

mically euthyroid, as others have reported,5 12 and
an appreciable rise of serum thyroid stimulating
hormone concentration was not often seen. If
thyroid function had been monitored by measuring
thyroxine concentrations alone, most of those
affected would have been missed. The management
of such children is unclear,' but patients with so
called compensated thyroid dysfunction have been
shown to have alterations in the cardiac systolic time
interval that can be improved by thyroxine replace-
ment.16 There is also some evidence that a persis-
tently raised serum thyroid stimulating hormone
concentration increases the risk of thyroid cancer
after thyroid irradiation. 17 18 It is not known whether
correction of the thyroid stimulating hormone is
protective. Our policy, and that of others,' S is to
monitor serum thyroid stimulating hormone concen-
trations annually after spinal irradiation or chemo-
therapy and to treat with thyroxine those in whom
the thyroid stimulating hormone is raised.
The interval after treatment to the peak incidence

of thyroid dysfunction is not known.1 Ours was not a
prospective study, but most abnormalities (24 of 33)
were detected within four years of completing
radiotherapy and three years of completing chemo-
therapy.

It has been suggested that post irradiation thyroid
damage might be an autoimmune phenomenon.
Tamura et al found an increased frequency of
thyroid antibodies after neck irradiation in patients
with lymphoma,19 but we did not confirm this
finding and the mechanism of the thyroid disturb-
ance requires further study.

This study indicates a requirement to assess
thyroid function in children who have received
chemotherapy. It reinforces the need for lifelong
surveillance of the endocrine function of patients
treated with chemotherapy or radiotherapy in child-
hood.

We are grateful to Drs AC Whitton and J Britton and Professor RP
Ekins for their help and to Drs N Godlee, J Tobias, and the late
Professor HJG Bloom for access to their patient records. The study
was supported by the Cancer Research Campaign.
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