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Gonadal dysfunction after treatment of intracranial
tumours

E A LIVESEY AND C G D BROOK

Endocrine Unit, Middlesex Hospital, London

SUMMARY Ninety three children (51 boys, 42 girls) who had been treated for brain tumours not
affecting the hypothalamopituitary axis, were studied for evidence of gonadal dysfunction. All
had received cranial irradiation, 59 spinal irradiation, and 28 adjuvant chemotherapy. Mean age

at treatment was 6-3 years (range 1.5-15). Mean follow up after completion of radiotherapy was
8-5 years (range 1-27). Primary ovarian damage occurred in seven out of 11 (64%) girls treated
with craniospinal irradiation alone and in nine out of 14 (64%) of those treated with craniospinal
irradiation and chemotherapy. The association with spinal irradiation was significant. Primary
gonadal damage also occurred in three out of four children treated with chemotherapy combined
with cranial irradiation and in three out of nine boys treated with chemotherapy and craniospinal
irradiation but in no boy given craniospinal irradiation alone. The only common chemotherapeu-
tic agent was a nitrosurea. Hypogonadotrophic hypogonadism was found in seven boys, 5-8% of
children of pubertal age.

Primary gonadal dysfunction is a well known com-
plication of the treatment of some childhood malig-
nancies, particularly leukaemia and lymphoma.'-8
The prevalence and aetiology of gonadal dysfunc-
tion after treatment of brain tumours in childhood
are unclear; this is because reported series are
relatively small and because of differences in treat-
ment. Most authors have attributed gonadal damage
to scatter from spinal irradiation9 10 but more
recently Ahmed et al concluded that adjuvant
chemotherapy was responsible.' Brown et al also
referred to girls with primary ovarian damage after
treatment with lomustine (CCNU) without spinal
irradiation.'0) Three affected girls with ovarian
damage attributed to spinal irradiation, described
by RapVaport et al, had also received chemo-
therapy.
Gonadal dysfunction can also be secondary to

gonadotrophin deficiency caused by cranial
irradiation 9 12 but there are few data on the inci-
dence after the treatment of childhood brain
tumours. Rappaport et al reported that gonado-
trophin deficiency may occur infrequently in these
patients.9
We have studied the aetiology and prevalence of

primary and secondary gondal dysfunction in a large
cohort of children treated for brain tumours.

Patients and methods

Altogether 125 children who were in clinical remis-
sion after receiving radiotherapy for brain tumours
not affecting the hypothalamopituitary region were
studied. Information about gonadal function is
reported for 93 of them (51 boys, 42 girls). The
remaining 32 children were still prepubertal with
serum gonadotrophin concentrations appropriate
for age. They were not included in the analysis
because hypogonadotrophic gonadal dysfunction
cannot be excluded until they reach puberty.' 3 The
mean age of the 93 children at treatment was 6-3
years (range 1-5-15) and mean follow up since
completion of radiotherapy 8 5 years (range 1-27).
Eighty one children were prepubertal when treated,
86 children (48 boys, 38 girls) were of pubertal age
when studied. The diagnosis was medulloblastoma
in 37 children, astrocytoma in 26, glioma in five,
ependymoma in 11, pineal germinoma in eight,
optic nerve glioma in four, with one ganglioglioma
and one meningioma.

After surgery in most children, megavoltage
cranial irradiation using either a 5 MeV linear
accelerator (n=46) or cobalt 60 source (n=47) was
given to a calculated median hypothalamic dose of
47 Gy (40-55) in 34 fractions (range 30-40) over 49
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days (range 30-99). Fifty six children also received
spinal irradiation using a direct open field to S2-S3
with a median dose of 32 Gy (range 29-33) in 25
fractions (range 20-30) over 43 days (range 30-91).
Twenty eight children received adjuvant chemo-
therapy. The cytotoxic agents given were: intra-
venous lomustine 340-1200 Mg/M2, vincristine 4-51
mg/M2, and methotrexate 2-4-5 g/m2 singly or in
different combinations. Lomustine and vincristine
were generally given according to International
Society of Paediatric Oncology (SIOP) schedules. 14

Primary gonadal dysfunction and gonadotrophin
deficiency were identified by clinical assessment of
puberty and measurements of basal serum gonado-
trophin concentrations and, in most, peak responses

to intravenous gonadotrophin releasing hormone
100 ig. Statistical analyses were made by x2 and the
Mann-Whitney tests.

Results

PRIMARY OVARIAN DYSFUNCTION
Eighteen of 42 girls (43%) had evidence of primary
ovarian dysfunction as judged by raised basal serum

gonadotrophin concentrations (table 1). There was a

significant association between craniospinal irradia-
tion and primary ovarian dysfunction (p<0-01), but
the addition of chemotherapy to craniospinal irra-
diation did not increase the incidence significantly.
In girls not given spinal irradiation, however,

Table 1 Incidence of primary gonadal dysfunction according to treatment

Ovariani dysfunction Testicular dysfunction

Without With Without Wit/i
chemnotherapy chemotherapy chemnotherapy chemotherapy

Cranial irradiation 0/14 2/3 0/15 1/1
Craniospinal irradiation 7/11 9/14 0/16 3/9

Table 2 Clinical details of girls with primary ovarian dysfunction (n=18)

Type of Type of Age Chemotlher(apy Intvestigations
irradiation with tumour treatmnenit givel
or without given Age at Follicle
chemotherapy (years) which stitnulatinig hormon7e

unidertaken (lU/I1')
(years)

Basal Peak

Cranial with Glioma 1-3 Lomustinc, vincristinc 9 4-4 24
chemothcrapy Astrocytoma 6-0 Lomustinc 12 3 5()

Craniospinal Medullohlastoma 1-3 Lomustinc. vincristinc. 4.6 12 >30
with mcthotrcxatc
chemotherapy Medullohlastoma 3-2 Lomustinc, vincristine 7-4 20 >40

Medullohlastoma 4-6 Lomustinc, vincristinc 8-6 >4(0 >40
Ependymoma 5-7 Lomustinc vincristine 8-2 29 61
Mcdullohlastoma 6-8 Lomustinc, vincristinc 10 13 >50

mcthotrexatc
Medullohlastoma 7-1 Lomustine, vincristinc 8X7 12 38

methotrexatc
Medullohlastoma 8-4 Lomustinc. vincristinc 11.6 >50 >50
Medullohlastoma 10 Lomustinc. vincristinc 12 13 >20
Epcndymoma 2-0 Vincristinc 9 7-3 > 125

Craniospinal Ependymoma 2-0 16 5-8 19
without Mcdullohlastoma 2-3 6-3 13-5 2t)
chemotherapy Medullohlastoma 3-6 5 1-9 20

Epcndymoma 3-7 10)5 4(0 40
Medullohlastoma 4-0 4-7 9'2 >50
Mcdullohlastoma 8X3 9-1 8 18-9
Medullohlastoma 1(-5 11.8 9-2 17

*Normal concentration folliclc stimulating hormonc: hasal, <3 IU/I; peak prepubertal, 5S8 IU/I; pcik pubcrtail, 6-21 IU/I.
tNormal conccntration luteinising hormonc: hasal, <3 lU/I; peak prepubcrtal, 7-1 lU/I; pceak pubertali 18-2 IU/I.
tB=hrcast stage developmcnt according to Tanncr.'"
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chemotherapy made a significant contribution to
subsequent ovarian dysfunction (p<002); lomus-
tine was common to those with ovarian damage.
There was no relation between doses, duration, or
timing of cytotoxic agents and presence of damage.
There was also no relation between the type of
radiotherapy source, cobalt 60 or linear accelera-
tor, and the incidence of ovarian damage, although
the cobalt 60 source has a wider penumbra. Affected
girls were significantly younger at treatment (age 5 7
year v 7 0 years) (p<005). Transiently raised serum
follicle stimulating hormone and luteinising hor-
mone concentrations detected in two prepubertal
girls within 0-7 years of completing spinal irradiation
had returned to normal within 1-8 years. The
pubertal development of affected girls was variable
as shown in table 2.

PRIMARY TESTICULAR DYSFUNCTION
Four of 44 boys (9%) had raised basal and peak
serum follicle stimulating hormone concentrations
and two had raised luteinising hormone concentra-
tions. All had received chemotherapy (table 3). The
association with chemotherapy was significant

(p<002), but there were no differences in dose or
duration of chemotherapy between them and those
unaffected. Two of the four boys made normal
pubertal progress but had final testicular volumes of
less than 12 ml; sperm counts were not obtained.
Puberty arrested in one boy at 14 years and he was
treated with testosterone. The fourth boy was of
prepubertal age.

It is possible that a boy could have primary
testicular dysfunction and be gonadotrophin defi-
cient and the former would not be detected by
gonadotrophin concentrations. Boys with gonado-
trophin deficiency have therefore been excluded
from the analysis of primary testicular dysfunction.

GONADOTROPHIN DEFICIENCY
Delayed (>2 SD) or arrested (>18 months) puberty
were rare in the 86 children of pubertal age. There
were five affected boys, with low basal and peak
serum concentrations of follicle stimulating hor-
mone and low or normal concentrations of lutein-
ising hormone (table 4). Two had pineal tumours,
which can interfere with gonadotrophin secretion,
suggesting that the true prevalence of treatment

Onset Progress Oestrogen
of puberty of puberty; treatment

Lutenising (years) (age in years) (age in years)
hormone
(fUll) f

Basal Peak

66 99 16 Arrested B2 (17-0) 17-0
6 70 12 Arrested B3 (13-6) 13-6

1 8-2 Prepubertal

1 29 9 Arrested B3 (13-5) 13-5
33 >100 9 Arrested B3 (11.4) 11-4
34 >100 10-7 Menarche (12-5)
8-9 >50 Prepubertal

<1 13 10-9 Arrested B2 (12-2) 12-2

31 >100 13 5 B4 (15-0)
2-7 >35 11 B3 (12-9)

11 >100 12 Amenorrhea B5 (17)

21-6 >40 9 Menarche (11)
1-5 6 Prepubertal
1-3 13 Prepubcrtal

24 86 to Arrested B4 (12-5) 12-5
3-8 13-7 Prepubertal
1-6 6-3 10-3 Arrested B3 (13-1)
3-2 10 13-1 B4 (14-0)
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Table 3 Clinical details of boys with primary testicular dysfunction (n=4)

Type of Type Age Clhemnotheralpy, Investigations
irradiation Of radiotherapy given

tumour giveti Age at which
(years) unidertaken

(years)

Cranial Astrocytoma 4 Lomustinc 9

Craniospinal Medulloblastoma 12-3 Lomustinc, 19
vincristine

Medulloblastoma 14 Lomustinc, 29
vincristinc

Medulloblastoma 5-8 Lomustinc, 11
vincristinc

"Normal concentration follicle stimulating hormone: basal, <3 IU/I peak prepubertal, 5-8 IU/I; peak pubertal, 6-2 IU/I.
tNormal concentration lutcinising hormone: basal, <3 IU/I; peak prepubertal, 7-1 IU/I; peak pubertal, 18-2 IU/I.

Table 4 Clinical details of boys with gonadotrophin deficiency (n=5)

Type Age Radiationi (lose Investigations
of radiotlherapy, to
tutnour given hliYpothlalasinus Age Pubertal

(vears) (Gy) at shich stage*
o(ldertakeli
(6ears)

Medulloblastoma 5 52 9 1/1/1 2/2
Astrocytoma 14 54 17 2/1/1 4/4
Medulloblastoma 8 45 12 1/1/1 2/2
Pinealoma 14 45 17 1/1/1 2/2
Pinealoma t1 48 11 Il/t/I 2/2

*Puberty ratings, according to Tanncr,19 given as gcnitals/pubic hair/axillary hair with tcsticular volumes in ml.

related gonadotrophin deficiency may be even
lower. No girl was affected. There was no difference
in hypothalamopituitary irradiation between the
affected and unaffected children. Two girls had
transient amenorrhoea but normal basal and peak
serum gonadotrophin concentrations. Of these one
had secondary amenorrhoea lasting 13 months and
the other, who had been treated at 9 years, reached
menarche at the age of 17 years.

Discussion

We have shown that spinal irradiation and chemo-
therapy may each cause primary gonadal dysfunc-
tion separately in a substantial number of children
treated for brain tumours remote from the hypo-
thalamus or pituitary. Spinal irradiation was the
dominant gonadotoxic treatment. This is shown by
the preponderance of ovarian dysfunction when
comparing boys and girls treated with spinal ir-
radiation and chemotherapy and the failure of
chemotherapy to affect the prevalence of ovarian

dysfunction in these girls. The relatively few studies
of ovarian function after abdominal or spinal irra-
diation in childhood show that ovaries are vulner-
able to damage at any age.2 Our data support this
but show an increased prevalance among younger
girls, which may indicate that the ovary is more
vulnerable but which is more probably due to the
greater mobility of the ovarian position in relation to
the spinal field.

Ovarian dysfunction was not a consistent com-
plication of spinal irradiation, as others have
shown.i9u The likely explanation is provided by
serial pelvic ultrasound scans that show that ovaries
move frequently, particularly in a lateral plane (J
Adams, Middlesex Hospital, personal communica-
tion). This observation may have implications for
the prevention of ovarian damage, suggesting that
only adequate surgical transposition (oophoropexy)
will reduce the incidence of radiation induced
damage. Oophoropexy has been shown to reduce
the incidence of amenorrhoea in adult women after
irradiation for Hodgkin's disease. '5 The uncertainty
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Onset Outcome
of puberty (testicular volumes

Follicle stimulatitng Luetinsing (years) in ml)
hormone (IUll) hormone (lUll)

Basal Peak Basal Peak

9 7 20 1-7 20 Prepubertal

7-8 - 2-5 - 12 Small testes 10/10

>20 - 12-5 - 12 Small testes 10/10

9 13 10 16 11 Arrested 6/6 at 14 6 years

Pubertal process

Follicle stimulating Luteinising Serum Age examined Pubertal
hormone (lUIl) hormone (lUIl) testosterone (years) stage

(nmolll)
Basal Peak Basal Peak

<1 <1 <1 2-2 12-5 Prepubertal
<1 1 <1 2 - 18 2/1/1 4/4*

1-7 3 1-7 4-6 - 15-5 Prepubertal
1 2-7 7-6 9-6 0-7 17 Prepubertal

<1 < 1 4-3 8 8 <0-6 14 Prepubertal

about ovarian position also means that accurate
calculations or radiation to the ovaries are not
possible. It seems preferable to compare the effects
of known radiation doses to the spine.
The gonadotoxic effect of chemotherapy given to

children with brain tumours has been recognised in
very few studies."' 11 Chemotherapy tends to be
given in combination with spinal irradiation so data
about its independent effect are few. In this study
lomustine was the only cytotoxic agent common to
children with primary gonadal dysfunction not
associated with spinal irradiation. This supports the
conclusion of Ahmed et all' that nitrosureas are
gonadotoxic but our data indicate that the effects of
spinal irradiation are more important than was
suggested in that study. This may be due to the
much larger number of children in our series but
also possibly to the differences in spinal irradiation
techniques used. In the Manchester study of Ahmed
et al, the spinal radiation beam was directed
medially towards the spine while in our patients the
beam was perpendicular to the skin. There were no
differences in fractionation. If these differences in

outcome are substantiated, modifications in radia-
tion technique might be justified.
There is controversy about the sensitivity of

prepubertal gonads to damage by chemo-
therapy3 5 16 and the relative sensitivity of testes
and ovaries to damage by chemotherapy or radio-
therapy. 17 Few children received chemotherapy
alone but the affected girls were prepubertal, and
there were equal numbers of affected prepubertal
and pubertal boys.
Gonadotrophin deficiency not explained by the

tumour site was rare at the median follow up of 8-5
years. Hypopituitarism is known to evolve up to 10
years after similar doses of irradiation for pituitary
tumours, (40-50 Gy),'8 so ours may be an underesti-
mate. No relation with radiation dose was seen but
the dose range was relatively narrow.

This is the largest reported study of gonadal
dysfunction in this group of patients and shows that
primary gonadal dysfunction was not uncommon
particularly after gonadal radiation or certain cyto-
toxics whereas secondary gonadal dysfunction was
rare. Long term endocrine follow up of these
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children is clearly required of the centres treating
them. As survival improves the complications of
treatment are found more often and should be
considered when devising new treatment regimens.

We thank the Cancer Research Campaign for financial support and
Drs HJG Bloom, N Godlee, and J Tobias for access to their
records at the Royal Marsden and University College Hospitals and
Drs AC Whitton and J Britton for their help.
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