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Growth and endocrine function after treatment
for medulloblastoma
I H BROWN, T J LEE, 0 B EDEN, J A BULLIMORE, AND D C L SAVAGE

The Royal Hospitalfor Sick Children and the Radiotherapy Centre, Bristol Royal Infirmary, Bristol

SUMMARY Children with medulloblastoma in Bristol are treated surgically and with craniospinal
irradiation, and in some cases chemotherapy. Thirteen medium or long term survivors were investi-
gated to determine their growth and endocrine function. Their rate of growth was considerably
reduced through the first year of their illness and after spinal irradiation spinal growth was poor.

Nine children developed growth hormone deficiency. They were clinically euthyroid but 7 had raised
basal thyroid stimulating hormone values. Gonadal function was abnormal in all but the youngest
child. The rate of survival is increasing in children with medulloblastoma but this is associated
with appreciable endocrine abnormalities. Some of these problems are present shortly after treat-
ment ends but others may develop later and long term surveillance is therefore essential.

Cerebral tumours are the second most common
malignancy of childhood and a quarter of these are
medulloblastomas.1 The survival of children with
medulloblastomas has improved with better surgical
and radiotherapeutic techniques2 3 but treatment
may cause complications and some children present
later with growth failure and endocrine dysfunc-
tion.4-6 The frequency of these problems is unknown.
We report the incidence of delayed growth, disorders
of sexual maturation, and endocrine dysfunction
in the medium and long term survivors among those
children treated in Bristol since 1969.

Patients and methods

The age of diagnosis of the 13 children ranged from
4.7 to 13 3 years (mean 9.9 years) (Table). All
the children except 1 had complete or partial re-
moval of the tumour. Radiotherapy was from a
cobalt 60 source. It consisted of 50-55 Gy (1 Gy
1=00 rad) to the tumour and 30-35 Gy to the brain
and spinal column given in 20-40 fractions over
5-8 weeks, except in the patient in case 1 who
received 45 Gy to the tumour and 33 Gy to the
spine. The pituitary hypothalamic axis was judged
to have received between 41.7 and 48-6 Gy. Radio-
therapy was given in a standard manner from 2
lateral fields with beam shaping using lead blocks
and direct posterior fields to the spine. Reduced fields
were used to give a high dose to the tumour site.
Four patients received adjuvant chemotherapy.

Three had vincristine and 1-(2-chloro-thyl)-3-
cyclohexyl-l-nitrosurea (CCNU) at 4 weekly inter-

vals for 12 months according to the International
Society of Paediatric Oncology (SIOP) protocol.
One had vincristine, procarbazine, and CCNU at 6
weekly intervals for 18 months according to the
United Kingdom Children's Cancer Study Group
(UKCCSG) protocol.
The children's age at endocrine investigation

ranged from 6.4 to 15*3 years (mean 12 -4 years). No
child was investigated less than 16 months from the
end of treatment. Staging of puberty and skeletal
age were according to described methods.7 8
Anterior pituitary function was tested as described,9
except in the patient in case 2 where a separate
insulin hypoglycaemia and thyrotrophin releasing
hormone (TRH) stimulation test was performed and
a gonadatrophin releasing hormorne (GnRH) test
was not done. Prepubertal children with skeletal
ages of 8 to 10 years were primed with sex steroids
before assessing their growth hormone (GH)
production.'0 Hormones were measured by radio-
immunoassay as described and the results compared
with our values for normal children.9

Results

Growth and pubertal development. The longitudinal
growth charts are shown in Fig. 1. Heights were
not available for the children in cases 1 and 4
during the first year of their illness. In the remainder
the height increase in the year after diagnosis was
always less than 3 cm. In none of the children
was subsequent overall growth normal, for spinal
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Growth and endocrine function after treatment for medulloblastoma 723

Table Details ofchildren with medulloblastoma
Diagnosis Endocrine investigation

Case Sex Age Puberty Treatment* Age Bone Puberty Sitting GH TSH T4 LH basal Prolactin
No (yr) (yr) age height peak basal basal (prepubertal basal

(yr) SD score (N>15 (N<2-4 (N70-160 N<4 U/l) (N40-360
(cm) mU/l) mU/l) nmol/l) (pubertal mU/I)

N<1O U/i)

1 M 7.3 PIG1 1 14-5 17.8 PdG4 -1-11 25.4 <2 90 11 -
2 F 11.9 P1GI 1 13-7 12-3 P2G3 - 6-4 <2 180 - -
3 M 12.4 - 2 14.4 14.8 P8G4 -1.17 27-2 <2 80 4.4 -
4 M 10.7 - 1 12.7 14.6 P2G4 -1.18 11.3 5.8 75 9 -
5 F 11.1 PIG, 1 13-5 13.9 P2G4 -2-51 5.7 7 88 14.8 319
6 F 11.2 PIG1 1 12.5 10-9 PIG, -3-16 12-5 <2 82 2 490
7 F 7-6 PIGL 2 11.3 11-3 PIG, -3-07 24-9 9 76 17 830
8 M 11.4 PIG, 1 13-1 11.1 PIGI -3-39 13.4 <2 92 2-8 -
9 M 7.9 PIG, 2 10-4 9.9 PIGI -1-44 13.6 9 80 2-5 251
10 M 12.9 - 2 15-3 15-3 P8G3 -0.93 18.8 7 113 18 -
11 M 4.7 P1G0 1 6.4 7.8 PGjL -1.61 12-1 8 89 <2 586
12 F 7.5 PIG, 1 9-1 7-1 PIG, -1-91 <1 7 83 3.4 1457
13 F 13.3 P4G4 1 14-4 13-9 P4G4 -1-49 14.9 <2 94 15.5 271

*1 = Radiotherapy, 2 = radiotherapy and chemotherapy. N = normal; GH = growth hormone; TSH - thyroid stimulating hormone, T4
thyroxin; LH = luteinising hormone.
Conversion: SI to traditional units-Thyroxine 1 nmol/l = 0. 78 pg/dI.
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Fig. 1 Longitudinalgrowth ofchildren treatedfor medulloblastoma.

growth (not measured ip case 2) was uniformly
affected with the sitting height standard deviation
score ranging from -0 93 to -3*39cm (mean 1 - 91 cm).
Puberty was not delayed in the boys, but except
in the youngest boy (case 11) the testicles were
small for the stage of puberty and felt unusually

firm. One girl had delayed puberty (case 7) and in
another (case 13) menstruation ceased after treat-
ment. Two girls (cases 5 and 6) who were
prepubertal at the start of treatment now have
regular periods. None of the children had an
appreciable delay in skeletal maturation.
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724 Brown, Lee, Eden, Bullimore, and Savage

Growth hormone. The biochemical data are shown
in the Table. Four patients had a normal GH
response (GH>15 mU/l), 3 had GH deficiency
(GH<7 mU/1) and 6 patients showed partial GH
deficiency (GH 7-15 mU/I). The absence of GH
had a marked effect on the pubertal growth spurt
(Fig. 2).
Thyroid and adrenal function. All the children were
clinically euthyroid and had normal thyroxine
values but the basal thyroid stimulating hormone
(TSH) was raised in 7 and they also had excessive
TSH responses to thyrotropin releasing hormone
(TRH). The basal cortisol values and the cortisol
response to insulin hypoglycaemia was normal in
all the children.
Prolactin. The basal prolactin concentration was
raised in 4 of the 7 children in whom it was measured.

(Table). The basal follicle stimulating hormone
(FSH) value was raised (FSH S> 5 U/l, FSH
Y>8 U/l) in 8 children (cases 1, 3, 4, 5, 7, 10, 12,
and 13) and they all had exaggerated responses to
GnRH. In the remaining 4 with normal baseline
FSH values, 3 had exaggerated response to GnRH
(Fig. 3). Plasma testosterone and oestradiol con-
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Gonadal function. Six children seemed to be clini- (u/-) '/I ,I6
cally prepubertal but in 2 of them (cases 8 and 9) 12 - - o -- 8

the luteinising hormone (LH) response to GnRH 10 - 89 ..
and their plasma testosterone values showed that 8 * ..d
they were in early puberty. In the 4 prepubertal 6 _--'l
children, 2 (cases 6 and 11) had appropriate basal 4
LH values (<4 U/I), LH responses to GnRH 2 3
(<9 U/I) and gonadal steroid values, but in the other
2, 1 (case 7) had a raised basal LH value and both 0

(cases 7 and 12) had inappropriately high responses 0 15 30 60 120
to GnRH with low gonadal steroid values. In the 6 Minutes
children who were clinically or biochemically, or Fig. 3 Medulloblastona treatedpatients-follicle
both, in puberty, 4 (cases 1, 5, 10, and 13e had kilastinghormone.
raised basal LH values (>10 U/1) and their LH rlaighroe

raised basal LHvleMaximum response in prepubertal and premenarchal girls;
responses to GnRH were exaggerated and'prolonged , maximum response in prepubertal and pubertal boys.

1 Boy Case No8 Girt Case No6 Girl Case No5

10 I'

9-~~~~~~~~~~~
7 -~~~~~~~~~I

veelioc/ity 8 6-' / A
(cm/year) 5 ' / lxxx

11 12 13 14 15 16 17 1819 11 12 13 14 15 16 1718 19 11 12 13 14 15 16 17 18 19
t Age (years) t t Age (years) t t Age (years)

134 25 12 5 15 57
Growth hormone (mU/ I)

Fig. 2 Effect of the presence of growth hormone (case 8) and its partial deficiency (case 6) or complete deficiency
(case 5) on height velocity in puberty. Arrows indicate age at which growth hormone concentrations were measured.
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Growth and endocrinefunction after treatmentfor medulloblastoma 725

centrations were appropriate for gonadotrophin
status except in 2 children (cases 7 and 13) where
plasma oestradiols were extremely low at <30
pmol/l (<8-17 pg/ml).

Posterior pituitary function. No child had clinical
evidence of posterior pituitary dysfunction.

Discussion

We have shown that the survivors of those children
treated for medulloblastoma often grow poorly.
In the year after diagnosis this may result from ill
health and anorexia, though an associated transient
GH deficiency is known to occur during or immedi-
ately after cranial irradiation.1"
Our data show that 1 factor in the poor growth

is retardation of spinal growth. Two previous
series12 13 did not report this, but others have
clearly shown the deleterious effects of spinaJ
irradiation in childhood, particularly during periods
ofaccelerated growth.1415 Spinal irradiation damages
both the epiphyseal plates and the bony matrix and
although cessation of vertebral growth may occur, it
usually resumes-often associated with abnormal
roentographic findings.16
Another cause for the poor growth is GH de-

ficiency. Cranial irradiation which may damage the
hypothalamus17 is a well recognised cause of
this.6 Previously doses as high as 6.0 Gy were
thought to be relatively safe but Shalet has shown
that doses >2* 9 Gy commonly cause GH de-
ficiency.18 The natural history of these children's
GH secretion is unknown, though Shalet found
that half of those who received appreciable cranial
irradiation had become GH deficient 1 year later.19
We believe that investigation of GH status should
be left for about 18 months to allow other causes of
poor growth to resolve, and that the timing of the
investigation must depend on the child's rate of
growth. Regular monitoring of height and sitting
height is essential. At puberty delayed diagnosis
has a rapid and profound effect on final height.
The raised basal TSH value and excessive TSH

response to TRH indicate primary thyroid dysfunc-
tion. Similar results have been described in patients
with lymphomas who have received irradiation to
the neck, with the patients aged less than 20 years
being at greatest risk.20 21 Raised basal TSH values
have also been reported in children with leukaemia
who have received craniospinal irradiation.22 23
In all these series the amount of radiation ranged
from 20-40 Gy. We have calculated that our
children received a radiation dose to the thyroid of
between 20-40 Gy depending on individual radio-
therapy plans, and this has been confirmed using
skin dose meters in 1 patient. The risk of neoplastic

change in the thyroid is increased after exposure to
radioactive fallout and in children who have received
radiotherapy to the neck and mediastinum.24-26
Three cases of thyroid carcinoma have been reported
7-12 years after irradiation for medulloblastoma.27 28
The raised TSH values in association with the
radiation damage to the thyroid may be an important
factor in carcinogenesis29 and treatment with
thyroxine to suppress TSH may be appropriate in
these patients.

Hyperprolactinaemia may have resulted from
irradiation damage to the hypothalamic neurones
that synthesise prolactin inhibiting factor or from
the increased TRH that results from primary
thyroid damage.30 In one child the plasma prolactin
values returned to normal with thyroid replacement
treatment.
Plasma gonadotrophin values were raised in a

number of the children. Raised plasma FSH
indicates damage to the germinal cells of the testes
or ovary, while raised LH concentrations reflect
damage to either the Leydig cells of the testes or
the theca cells of the ovary. Changes in FSH are the
more sensitive indicator of gonadal damage but the
age of the patient and the extent of gonadal damage
does modify the response.3' 32
Our data confirm the difficulty in diagnosing

partial gonadal damage in mid-childhood but
suggest that in the late prepubertal child the FSH
response to GnRH may be a more sensitive indicator
than the basal FSH value alone. The combined
clinical and biochemical data indicate that all but
the youngest child have damaged gonads, but that
with 1 exception gonadal steroid production is
sufficient to allow normal sexual maturation. The
biochemical data suggest that their fertility has been
impaired though the extent of this is as yet unknown.
The youngest child as he grows older may show
evidence of similar gonadal problems.
The cause of gonadal damage must be irradiation.

Chemotherapy may be an additional hazard for the
only child who is agonadal (case 7) had combined
radiotherapy and chemotherapy. Furthermore, we
have other patients who have had CCNU but no
spinal radiotherapy who have evidence of primary
gonadal damage, and all 3 drugs used in this study
are capable of causing this.33 Shalet reported
ovarian34 and testicular35 damage after abdominal
irradiation in childhood. This is influenced not only
by the total radiation dose but also by the fractiona-
tion and time sequence of treatment and the sex and
age of the patient. In women the population of
oocytes is finalised at birth and decreases with age. It
is not surprising, therefore, that irradiation damage
occurs more frequently in older than younger
women. However, single doses of 6 Gy are probably
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100% effective in inducing permanent sterility in
women of all ages.36 Spermatagonia are more
susceptible to irradiation than Leydig cells and doses
as low as 0 2 Gy in adults may cause temporary
sterility, although recovery up to 5 years later has
followed doses of over 6 Gy.37 Whether the quiescent
prepubertal testis is more or less vulnerable to
irradiation is unknown. In this study, after spinal
irradiation of 35 Gy the scattered dose to the ovaries
may be as high as 10 Gy, and by the use of skin dose
meters we have calculated a cumulative dose of
approximately 2 4 Gy to the testes.

Prophylactic spinal irradiation is given because
of the danger of seeding of medulloblastoma cells
to the spine. In 1 study 43% of the patients presented
with spinal cord deposits detected by myelography.38
A lower dose of radiation to the lumbar spine may
be as effective and cause less damage to the pelvic
organs. Alternatively the use of a linear accelerator
producing photon beams with a narrow penumbra
rather than 60 Co beams would reduce the scatter
dose and thus cause less damage.
These children's survival has increased with

advances in treatment but the treatment does
damage a number of their endocrine glands. Radio-
therapy is the major cause of these complications
but combined chemotherapy probably contributes
towards some of them. The natural history of this
endocrine dysfunction is unknown, and close
monitoring of the children's growth and hormonal
status is necessary for many years before we can be
certain of the long term outcome.

We thank the staff of the laboratories of the Bristol Royal
Inflrmary, Southmead Steroid Laboratory and the Tenovus
Unit. Cardiff University for the biochemical assays. 0 B Eden
was supported by the Leukaemic Research Fund.
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Commentary

S M SHALET

Department of Endocrinology, Christie Hospital,
Manchester

Brown et al. draw attention to a group of children
with medulloblastoma in whom treatment has
impaired subsequent growth and damaged a number
of endocrine glands. Growth hormone (GH) is the
first anterior pituitary hormone to be affected by
radiation damage to the hypothalamic pituitary axis.
A number of groups have described subnormal GH
responses to pharmacological stimuli in children
irradiated for medulloblastoma. Unfortunately there
are no long term studies of the effects of GH treat-
ment in a large number of children with radiation
induced GH deficiency. These data are badly needed
as GH deficiency is only 1 of a number of factors
that may impair growth.' Spinal irradiation modifies
spinal growth, while the effects of occult recurrent
tumour, chemotherapy, and subtle degrees of thyroid
dysfunction on growth are unknown.
Thyroid dysfunction in children treated for

medulloblastoma is due to radiation damage to the

thyroid. Frank hypothyroidism (tthyroid stimulating
hormone (TSH) 4thyroxine (T4)) is rare but should,
if present, be treated with T4. More frequently a
raised serum TSH concentration with a normal
serum T4 value may be found in a child who is
clinically euthyroid and here treatment with T4 has
also been suggested. It is argued that a raised TSH
value is carcinogenic in a child who has previously
received irradiation to the thyroid and that a raised
TSH value per se indicates that mild hypothyroidism
is present. There is, however, only anecdotal evidence
that thyroid carcinoma complicates the treatment
of medulloblastoma and unless treatment with
thyroxine is monitored carefully additional problems
may be created rather than resolved.
Rappaport et al.2 described delayed onset or

impaired progress through puberty in children
treated for medulloblastoma. In these children
gonadotrophin deficiency, occasionally associated
with hyperprolactinaemia, was caused by radiation
damage to the hypothalamic pituitary axis. Many of
the children studied by Brown et al. also showed
evidence of gonadal dysfunction but in these children
the gonads were damaged directly by scattered
radiation from the spinal field. Finally, Ahmed et al.3
described gonadal dysfunction in another group of
children treated for medulloblastoma. None of their
children had gonadotrophin deficiency or radiation
induced gonadal damage. In these children the
aetiological factor was adjuvant chemotherapy with
nitrosoureas (BCNU and CCNU) that had directly
damaged the gonads.
Apart from the practical problem of management

of some of these endocrine problems, other questions
are raised by these studies. In all groups of children
with medulloblastoma do the benefits of adjuvant
chemotherapy outweigh the risks and is the current
dose of spinal irradiation the minimum required to
destroy medulloblastoma cells that have seeded to
the spinal meninges ? It is possible that if the dose of
spinal irradiation could be reduced less impairment
of spinal growth would occur. Furthermore, a more
uniform approach to spinal irradiation should
reduce the incidence of radiation induced gonadal
damage.
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