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Growth and growth hormone secretion in 
children treated with cranial and craniospinal 
irradiation for cancer and leukaemia 
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INTRODUCTION 

As the prognosis for many childhood malignancies has 
improved the late effects of chemotherapy and radiother- 
apy have become more important. One of the principal 
differences between adults and children is that children 

grow. The Bristol paediatric oncology and paediatric 
endocrinology services have collaborated to investigate 
the effects of chemotherapy and craniospinal irradiation 
on the longitudinal growth of survivors. 

Figure 1 shows the longitudinal height-attained growth 
chart of a child who grew poorly following treatment for 
a medulloblastoma. Our experience, and that of others, 
is that children treated for brain tumours, head and neck 

tumours and some leukaemic children are at risk of 

subsequent growth impairment (1,2,3). Some of these 
children can be shown in conventional pharmacological 
stimulation tests to become growth hormone (GH) defi- 
cient (1,4). Others grow poorly despite having apparently 
normal GH reserves. The object of our research was to 

investigate this phenomenon further. 

RADIOTHERAPY OR CHEMOTHERAPY? , 

In order to determine whether chemotherapy 
radiotherapy is more important in causing subseque,1j 
growth failure we investigated the long term growth 
2 groups of children who had been treated for ac^1 
lymphoblastic leukaemia. The first group recei^e 
chemotherapy alone. The second group received che 
motherapy and craniospinal irradiation, usually 2400 ra 
to the head and 1000 rad to the spine. Heights at diagn^c sis and at approximately annual intervals afterwa^ 
were extracted retrospectively from the case 

Height standard deviation scores (SDS) were calculate 
for each observation. The results are shown in Figure 

Patients who received chemotherapy alone showed n 

significant change in height SDS in the years followi'y 
diagnosis and treatment. However, there was a genef9 
ised diminution of the height SDS in the years followif1" 
diagnosis in children who received axial radiotherapy 
This suggests that axial irradiation is largely responsib'? 
for the growth failure observed in some survivors 0 

childhood malignant disease. There was considerab' 
inter-patient variation in the growth pattern followif-j 
craniospinal irradiation. All of the patients received 

Figure 1 
Longitudinal growth of a girl with medulloblastoma treated with 

craniospinal irradiation 
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Figure 2 
Height standard deviation scores by years from diagnosis of 

leukaemia for children treated (a) without and (b) with 

craniospinal irradiation 
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Sr) rv\ 

0n 
? tota' radiation dose with similar fractionation 

and 

^ent'hlilar ec'u'Prnent- The reason for 
the increased sus- 

Uncl 
V some individuals to growth failure remains 

CRANIOSPINAL irradiation and body proportions 

|he treatment of some childhood malignancies involves he irradiation of the head and spine. Cranial irradiation 

[*aY result in growth hormone deficiency if a sufficiently ar9e radiation dose is delivered to the hypothalamus. 
Radiation of the vertebral column may result in damage 
? the growth plates and may inhibit normal spinal 
?ngation. 
We looked at the standing height, sitting height 

and 
^ ischial leg length of 15 children who had received 

^raniospinal irradiation for a variety of malignant dis- 
ases and had subsequently been referred to the 

Paediatrjc endocrine clinic because of poor growth. Sub- 
cnial leg length was calculated arithmetically by 

sub- 

acting the sitting height from the standing height. 
ei9ht, sitting height and subischial leg length standard 
eviation scores were calculated for each patient. For 
ach set of observations sitting height SDS was sub- 

f from subischial leg length SDS to obtain an 
index 

body proportions. In a given population this index is 
0rmally distributed around zero. Upper and lower limits 

a^.e been determined by Tanner and Whitehouse. 
An 'i?ure ^ shows the results for the 15 children 

studied. 

J? 'but one had SDS differences greater than zero. The ' 
erence was most marked for children aged 12 years 
o ?ver. This data makes no allowance for the effect of 

^berty when the greater part of spinal elongation 
CUrs. However, it is clear that inhibition of spinal 

fQr?wth makes a significant contribution to growth failure 
?wing craniospinal irradiation. 

?NTANEOUS and stimulated growth hormone 
SECRETION 

Hu 
growth hormone (GH) is secreted episodically 

tjNfcfe'ly during slow-wave (stage 4) sleep. Conven- 

or GH secretion is assessed by observing the 

an9e in serum GH concentration in response to pnar 

cological stimuli such as insulin-induced hypogiy- 

p ern?a, intravenous arginine infusion and oral clonidine. 

thB?r to the introduction of biosynthetic GH, the supply 
? 

~ raPeutic human GH was controlled by the Health 

erv'>ces Human Growth Hormone Committee 

(HSHGHC). GH would not usually be supplied to children 
who were found to have a peak serum GH concentration 

greater than 15 mU/L following pharmacological stimula- 
tion. 

We investigated the hypothesis that following cranial 
irradiation some children retain the capacity to secrete 
GH in response to pharmacological stimulation but fail to 
secrete GH physiologically and therefore grow poorly. 
We studied spontaneous GH secretion during EEG- 

monitored sleep in a group of short children including 
some who had previously received cranial irradiation. 

The peak serum GH concentration observed during slow 
wave sleep was compared with that observed following 
insulin-induced hypoglycaemia and intravenous arginine 
infusion. 
We found that the peak serum GH concentration 

observed during sleep correlated significantly with that 
following hypoglycaemia (r=0.64) and arginine infusion 
(r=0.57). We identified three slowly growing children 
who had peak serum GH concentrations greater than 
15mU/L following pharmacological stimulation but 

failed to achieve this concentration during slow wave 
sleep. Figure 4 illustrates the results for one of these 
children who had been treated for a medulloblastoma. 
All three had received cranial or craniospinal irradation 
[5]. 
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Figure 4 

Spontaneous and pharmacologically stimulated GH secretion in 
a boy treated for medulloblastoma with craniospinal irradiation. 

Peak serum GH concentration was less than 15 mU/L during 
sleep but exceeded 15mU/L following arginine infusion, 

(w wake) 
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PREDICTION OF GH DEFICIENCY FOLLOWING CRANIAL 
IRRADIATION 

Since growth failure not uncommonly follows cranial 

irradiation, we wondered whether the pattern of growth 
during the first few years following the diagnosis of 
malignant disease was predictive of the subsequent de- 
velopment of GH deficiency. We used heights extracted 
retrospectively from case notes to calculate height SDSs 
at diagnosis and at approximately annual intervals there- 
after for children who had received axial irradiation and 

had subsequently been shown to have peak serum GH 
concentrations greater than (normal) or less than (GH 
deficient) 15mu/L. Annual height velocities and height 
velocity standard deviation scores were calculated. The 
results for the two groups were compared. 

Children who were subsequently shown to have low 
peak serum GH concentrations had a significantly lower 
mean height velocity SDS in the first two years following 
diagnosis and showed a significantly greater fall in mean 
height SDS in the first year (Figure 5). However there was 
much inter-patient variation and the results for the two 
groups overlapped. We were unable to identify any sing- 
le growth parameter within the first year or two of di- 
agnosis which was predictive of the future development 
of GH deficiency. (European Society for Paediatric En- 
docrinology, Heidelberg, 1984). 

CONCLUSIONS 

Investigating the growth of children treated for cancer 
and leukaemia is made difficult by the many variables 
present, the relatively small numbers of patients avail- 
able for study in any one centre and the length of time 
necessary for changes to become discernible. Neverthe- 
less it has become apparent that survivors may subse- 

quently grow poorly and that cranial and craniospinal 
irradiation are largely responsible for this problem [2,6]. 
GH deficiency may follow cranial irradiation, the prob- 

ability depending on the total radiation dose received by 
the hypothalamus. Some children can be shown to have 
unequivocal classical GH deficiency. Our studies seem to 

suggest that a few children retain the ability to secrete 
GH in response to pharmacological stimulation but sec- 
rete GH suboptimally during sleep [5]. When only human 
GH was available for treatment, the HSHGHC imposed 
strict criteria which had to be met before therapeutic GH 
could be supplied. Children with peak serum GH concen- 
trations greater than 15mu/L during pharmacological 
stimulation tests were usually denied treatment. Now 
that biosynthetic GH is readily available, albeit at a price, 
such criteria no longer apply. We have long suspected 
that the figure of 15mU/L is too low to distinguish which 
children are likely to benefit from exogenous GH therapy. 
We would suggest that biosynthetic GH therapy be cons- 
idered in poorly growing children who have received 
cranial irradiation even if they are shown to have a 

"normal" GH response to pharmacological stimulation. 
Similar conclusions have been reached by others [7]. 

It is clear that spinal irradiation impairs spinal growth 
and contributes to growth failure. The magnitude of this 
effect may have been overlooked in the past. Impaired 
spinal elongation may contribute to the disappointing 
response to GH therapy sometimes seen in GH deficient 
children who have received craniospinal irradiation. 

Children with idiopathic GH deficiency may have 

height velocities of 12 cms per year or more in the first 

year of treatment. Such rapid height velocities are rarely 
seen in children who have received craniospinal 
irradiation. Figure 6 illustrates the sitting heights and 

subischial leg lengths of a boy who received craniospi^ 
irradiation for medulloblastoma and was subsequent^ 
shown to be GH deficient. Following the commencerne^ 
of human GH therapy there was rapid increase in ^ 

subischial leg length but little change in the sittif1^ 
height. However some spinal elongation was observe 
with the onset of puberty. 

This article has not addressed the effect of chemother 
apy and radiotherapy on the gonads. Spinal irradiati0^ 
may result in gonadal damage in both sexes as a result^ 
scatter of the radiation beam. Any resulting abnorm3' 
ties of sex steroid secretion will have additional impl'ca. 
tions for the onset of puberty and the pubertal gro^1 
spurt. 
Much still remains to be learnt about growth impa'r( 

ment in survivors of childhood malignancies ^ 

paediatricians should now be aware that the proble11 
exists and should monitor growth as part of the l?n- 

term follow up of these patients. Ideally the sitting hei?r 
should be measured in addition to the standing heig^ 
Close cooperation between oncologists and endocrin0 
logists offers the best chance for successful investigate 
and management. Bristol is fortunate in having such 
relationship. Unfortunately, in some hospitals, children ̂  

heights may still be religiously plotted on growth cha 
and yet no action be taken when the observations fa 

progressively through the centiles. 
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Figure 6 

Cra 
9 he|ghts and subischial leg lengths of a boy treated with 

Was'?SP'na' 'rrac''at'on f?r medulloblastoma. Spinal growth 
S0rn rnarkedly impaired 

and did not respond to GH therapy. 

Pub9 lrnprovemer|t subsequently occurred with 
the onset of 

P3Q3 growth hormone therapy commenced; P2G2, 
anner & Whitehouse pubertal stages for pubic hair 

and 
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