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pairment in responsiveness to GH as compared to iGHD. 
Height at GH start, which correlated positively with the 
age at disease onset, was found to be the major deter-
minant of fi nal height.  Conclusions:  Our fi ndings show 
that attempts to improve the height outcome in medul-
loblastoma must involve earlier recognition and treat-
ment with higher-than-replacement doses of GH; addi-
tionally, modifi cations in cancer treatment programs 
need to be considered, such as lowering the dose of cra-
niospinal irradiation or avoiding it as far as possible. 

 Copyright © 2005 S. Karger AG, Basel 

 Primary tumours in the central nervous system (CNS) 
are the most common malignancies in childhood, apart 
from leukaemias, and have an incidence of 24 among 
1,000,000 children  ! 15 years of age  [1] . Medulloblastoma 
is the most frequent primary solid CNS tumour in 
 children, accounting for 10–20% of CNS neoplasms and 
for about 40% of all tumours within the posterior fossa 
 [2–4] . 

 Current treatment for medulloblastoma involves pri-
mary operative debulking to reduce tumour size and to 
confi rm the pathologic diagnosis; craniospinal irradiation 
(CSRT) follows, with dosage dependent upon local or na-
tional protocols. Adjuvant chemotherapy includes varied 
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  Abstract 
  Background:  Medulloblastoma is the most frequent pri-
mary solid central nervous system tumour in children. 
The 5-year survival rate is at present at about 60%. Height 
in general is severely compromised in survivors. The 
present study is an extension of the investigation by the 
author’s group of the effect of exogenous growth hor-
mone (GH) among medulloblastoma patients.  Methods:  
A total of 113 patients with medulloblastoma (out of 682 
cases documented in KIGS, Pfi zer International Growth 
Database) were treated with GH till fi nal height was 
achieved. At the start of GH therapy (median dose 
0.18 mg/kg/week), patients were 8.9 years old and had a 
median height SDS of –1.6.  Results:  After 6.8 years of 
GH, fi nal height SDS was –1.9, refl ecting an overall loss 
in height of 0.3 SDS. This contrasted with an age-matched 
group of patients with idiopathic growth hormone defi -
ciency (iGHD, n = 1,986), whose gain in height was 1.6 
SDS on the same dose. The index of responsiveness av-
eraged –0.9 during the fi rst prepubertal year and –2.0 
during total pubertal growth, thus indicating a major im-

 Received: March 4, 2005 
 Accepted: June 9, 2005 
 Published online: August 11, 2005   

HORMONE
RESEARCH

 Michael B. Ranke, MD, FRCP (Edin)
Head, Paediatric Endocrinology Section, University Children’s Hospital
Hoppe-Seyler-Strasse 1, DE–72076 Tübingen (Germany)
Tel. +49 7071 2983417, Fax +49 7071 294157
E-Mail Michael.Ranke@med.uni-tuebingen.de 

 © 2005 S. Karger AG, Basel
0301–0163/05/0641–0028$22.00/0 

 Accessible online at:
www.karger.com/hre 

D
ow

nloaded from
 http://w

w
w

.karger.com
/hrp/article-pdf/64/1/28/2926363/000087325.pdf by guest on 25 April 2024

http://dx.doi.org/10.1159%2F000087325


 GH in Medulloblastoma  Horm Res 2005;64:28–34 29

agents. The 5-year survival rate is at present at about 60%, 
but is lower in children under 3 years  [5–7] . Unfortu-
nately, height in general is severely compromised in sur-
vivors, whether children, adolescents or adults, particu-
larly if the child was very young at the time of diagnosis 
 [8–10] . Spinal irradiation leads to disproportionate short 
stature, with an associated decrease in sitting height  [11] . 
The dosage of CSRT has a substantial impact on height 
growth  [12, 13] . The cause of the height impairment is 
attributable to a combination of growth hormone (GH) 
defi ciency (GHD) and impaired sensitivity of growing 
tissue to growth-promoting factors, and, primarily, radia-
tion osteitis of the vertebral column. Few reports are 
available on the effect of exogenous GH  [12–15] , and it 
was concluded that the long-term benefi ts of GH treat-
ment were rather negligible. In 1999, the author’s group 
 [16]  analyzed 350 medulloblastoma patients docu-
mented in KIGS (Pfi zer International Growth Data-
base), and a subpopulation of 43 individuals who had 
been treated till adult height was reached. The aim of 
the present study is to expand our previous report by 
evaluating follow-up data with particular emphasis on 
adult height assessment. 

   Patients and Methods 

 The KIGS database is an international registry developed with 
the main objective of documenting the long-term outcomes and 
safety of Somatonorm and Genotropin, both GH products (Pfi zer, 
Inc., New York, N.Y., USA). The KIGS survey is conducted in ac-
cordance with the recommendations adopted by the 18th World 
Medical Assembly (in Helsinki, Finland, in 1964) and subsequent 
revisions, which exist to guide physicians carrying out biomedical 
research involving human individuals. Each subject and/or his/her 
legal representative receive adequate information, have the right to 
withdraw from the survey at any time, and consented to his/her 
participation. In contrast, this kind of registry or non-interven-
tional trial that KIGS represents did not require informed consent 
from the subjects or legally acceptable representatives in many 
countries during the fi rst decade of its existence. Currently, in-
formed consent is required and the anonymous use of the data 
complies with rigorous privacy guidelines. 

 Our analysis of these patients involved the dataset available up 
to March 19, 2004. Medulloblastoma was classifi ed according to 
the KIGS coding system (Code # 2.2.2.4)  [17] . The dataset does not 
include patients from North America as such were not treated long 
enough with Pfi zer GH to achieve fi nal height. The patients were 
carefully monitored during treatment to assure that they were eu-
thyroid. 

 Standard deviation scores (SDS) for height were based on the 
standards of Tanner et al.  [18] . Height velocity for chronological 
age was only calculated when two consecutive height measurements 
had been documented during a 9- to 15-month period. Size at birth 
(SDS) was estimated by using the standards of Niklasson et al.  [19] . 

Weight and body mass index SDS was calculated according to the 
British reference data of Freeman et al.  [20] . The sitting height ra-
tio was defi ned as sitting height (cm)/standing height (cm), which 
was based on the reference data of Gerver and De Bruin  [21] . Meth-
odology for determination of sitting height was similar in the clin-
ics which provided data for the KIGS database. Bone age estima-
tions were done by the referring physicians, who applied the stan-
dards devised by Greulich and Pyle  [22] . Age at onset of puberty 
was defi ned as the fi rst visit at which Tanner breast stage 2 (B2), 
unbiased by exogenous estrogens, was documented in girls; in boys 
it was marked by a mean testicular volume of  1 3 ml. Additionally, 
as some patients may have impaired growth of seminiferous tubules 
due to irradiation, evidence of systemic androgenization contrib-
uted to the pubertal assessment. Inclusion criteria required that the 
transition from a prepubertal to pubertal status was documented 
within a period of  ! 6 months. Mid-parental height (MPH) SDS was 
calculated according to the equation: (HT SDS father + HT SDS 
mother): 1.61)  [23] . Near-fi nal height was assumed when height 
began to slow down progressively and height velocity was  ! 2 cm/
year or when bone age was  6 14 years in girls and 16 years in boys, 
respectively. 

 In a subset of prepubertal children (boys  ! 11 years; girls  ! 10 
years), we compared height velocity during the fi rst year of GH 
treatment with the height velocity prediction values based on the 
model for prepubertal children with idiopathic GHD (iGHD)  [24] . 
Total pubertal growth (TPG) from appropriate patients was com-
pared with TPG in adolescents with iGHD  [25] . Differences be-
tween observed and predicted heights were expressed in terms of 
Studentized residuals (SRs). The residuals are calculated according 
to the formula: observed height velocity – predicted height velocity 
for each observation and the SR is the residual divided by its SE. 
This ‘index of responsiveness’ represents the degree to which the 
actual growth does or does not exceed the prediction. In order to 
compare the data with the total group of patients with medulloblas-
toma, we analyzed a group of children with iGHD (Code # 1.ff) in 
KIGS  [17] , who matched the medulloblastoma group for age, for 
the duration of GH replacement and had been treated to fi nal height 
(n = 1,986). 

   Statistical Analysis 
 Wilcoxon rank tests were used for comparisons, median values, 

and 10–90th centile ranges. The Spearman correlation coeffi cients 
are quoted, and p values correspond to two-sided tests. In addition, 
mean and SD values are given if appropriate. For multivariate re-
gression analyses, the procedure REG in the program package SAS ®  
Version 8 was used. 

   Results 

 In the KIGS database, the total number of patients 
with medulloblastoma was 682 (452 being male), and 113 
(71 males) of them had reached near adult height. The 
characteristics of these patients as well as of the compa-
rable group with iGHD (n = 1,986; 1,231 males) are list-
ed in  table 1 . The median age at primary diagnosis was 
6.3 years. In the total group of medulloblastoma patients, 
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96% received cranial irradiation, 80% spinal irradiation 
and 62% chemotherapy. The median maximum GH lev-
el measured during GH stimulation tests was 4.8  � g/l. 
Our data further showed that, in the NAH group compris-
ing 113 patients, the following disorders occurred: 53% 
TSH defi ciency, 22% gonadotropin defi ciency, 9% ACTH 
defi ciency, and 1% ADH defi ciency. Weight at birth (–0.1 
SDS) and MPH (0.3 SDS) were close to the population 
average. Age at GH start was 8.9 years, with a height SDS 
of –1.6, and a sitting height SDS of 0.0. The starting GH 
dose was 0.18 mg/kg/week and the same order of magni-
tude was maintained during treatment. 

 During the fi rst year of GH treatment (n = 92) we ob-
served a height velocity of 7.9 cm/year, which correspond-
ed to a  �  height SDS of 0.4 SDS. At the onset of puberty 

(n = 44), at an age of 12.0 years, our fi ndings showed a 
height SDS of –1.2 and a sitting height SDS of –1.3. 

 Characteristics such as birth weight, MPH, maximum 
to GH tests, age at GH start, height SDS at GH start, fi rst 
year growth and the age at onset of puberty did not differ 
between the children who did or did not receive spinal 
irradiation. 

 At 17.3 years of age and after 6.8 years on GH, height 
SDS was –1.9, showing an overall loss in height SDS of 
–0.3 from the time GH treatment started. Weight SDS 
remained constant from the beginning to the end of treat-
ment. Sitting height SDS declined from –0.0 to –2.0 SDS, 
the decline mainly occurring during puberty. We did not 
observe signifi cant differences between those who re-
ceived or did not receive spinal irradiation. 

Table 1. Patients with medulloblastoma (n = 113, male 63%) and iGHD (n = 1,986, male 62%) treated with GH 
to near adult height

Variables Medulloblastoma iGHD p <

Median 10th 90th Median 10th 90th

Background 
Birth weight (SDS) –0.1 –1.5 –1.1 –0.7 –2.1 0.8 0.001
MPH (SDS) –0.3 –1.3 –1.5 –0.7 –2.3 0.9 0.001
Maximum GH, �g/l –4.8 –1.7 12.3 –4.8 –1.0 8.9 n.s.
Age at primary disorder –4.5 –1.7 –9.6 – – –

Start of GH treatment
Age, years –8.9 –5.3 12.0 –9.4 –4.6 12.7. 0.01
Height (SDS) –1.6 –2.8 –0.2 –2.7 –4.2 –1.8 0.001
Weight (SDS) –1.1 –2.5 –0.3 –2.3 –4.4 –0.8 0.001
Sitting height (SDS) –0.0 –1.2 –0.9 –0.4 –1.1 1.8 0.001
Dose GH, mg/kg/week –0.18 –0.12 –0.23 –0.19 –0.13 0.29 n.s.

First year of therapy (n = 92) (n = 1,597)
Height velocity, cm/year –7.9 –5.2 10.1 –8.2 –5.9 11.9 0.001
� height (SDS) –0.4 –0.0 –0.8 –0.5 –0.1 1.3 0.001
Studentized residual –0.9 –2.0 –0.5 –0.0 –1.2 1.6 0.001

Onset of puberty (n = 44) (n = 802) 
Age, years 12.0 –9.8 14.7 12.9 11.1 15.6 0.01
Height (SDS) –1.2 –2.5 –0.1 –1.0 –3.0 –0.3 0.01
Sitting height (SDS) –1.3 –3.2 –0.6 –0.5 –1.0 1.9 0.001
Dose GH, mg/kg/week –0.18 –0.14 –0.23 –0.19 –0.13 0.24 n.s.

Latest visit
Age, years 17.3 15.5 19.1 17.5 15.3 20.0 n.s.
Height (SDS) –1.9 –3.7 –0.1 –1.1 –2.7 0.3 0.001
Weight (SDS) –1.1 –3.0 –1.1 –0.8 –2.7 1.0 0.01
Sitting height (SDS) –2.0 –3.7 –0.4 –0.7 –1.2 2.3 0.001
Total  � HT (SDS) –0.3 –1.4 –1.0 –1.6 –0.3 3.4 0.001
Years on GH –6.8 –4.8 10.9 –7.5 –4.7 12.5 0.01
Stud Res TPG –2.0 –4.4 –0.4 –0.1 –1.3 1.5 0.001

Height velocity calculations are based on two height measurements (9–15 months apart).
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 As compared to the iGHD group, parental height, 
birth weight, height and weight at initiation of GH treat-
ment and sitting height were higher in medulloblastoma. 
Even though the GH dose was similar during the fi rst year 
of GH, height velocity and gain in height as well as re-
sponsiveness to GH, as expressed by the SR, were sig-
nifi cantly lower among medulloblastoma patients (–0.9) 
than in iGHD (–0.2) ( fi g. 1 ).   Age at puberty onset was also 
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  Fig. 1.   a  The Studentized plot (Studentized residuals vs. predicted 
height velocity) for the fi rst year of GH treatment in children with 
medulloblastoma at near-adult height (based on the prediction 
model [22] for iGHD without maxGH levels in provocation tests) 
shows a reduced responsiveness to GH.  b  The Studentized plot 
(Studentized residuals vs. predicted height velocity) for total pu-
bertal growth during GH treatment in children with medulloblas-
toma at near-adult height (based on the prediction model [23] for 
iGHD) shows reduced responsiveness to GH. 
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  Fig. 2.   a  Height SD score corrected for midparent height (height 
SDS – MPH SDS) (y-axis) at the start of GH therapy, depicted in 
relationship with age at the time treatment of the primary disorder 
started (x-axis).  b  Final height SD score corrected for midparent 
height (height SDS – MPH SDS) (y-axis) in relationship to age at 
the time treatment of the primary disorder started (x-axis).  c  Final 
height SD score corrected for midparent height (height SDS – MPH 
SDS) (y-axis) in relationship to height SDS at start of GH 
 therapy. 
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signifi cantly lower in the medulloblastoma group. Among 
the boys for whom exact documentation of the onset of pu-
berty was available, the median age was 12.0 years, while 
it was 11.1 years in the girls. The corresponding fi gures for 
iGHD were 12.8 years in boys and 12.0 years in girls. 

 At the time near adult height was reached, both groups 
of patients were of the same age and had been treated for 
a similar number of years. However, children with iGHD 
were signifi cantly taller, had gained more height, weighed 
relatively less in relation to their height and had a greater 
sitting height. Children with medulloblastoma had a loss 
of 0.3 SDS during the course of treatment in contrast to 
the gain of 1.6 SDS in iGHD. The SR for TPG was mark-
edly reduced in comparison to iGHD (median –2.0 vs. 
0.1) ( fi g. 2 ). 

 In the group with medulloblastoma, fi nal height cor-
related positively with age at the time the primary disor-
der was diagnosed (the older the patient, the better). Like-
wise, fi nal height correlated positively with height at the 
start of GH therapy. In a multiple regression analysis of 
the cohort of patients followed up to fi nal height, the fol-
lowing equation was derived (n = 110; R 2  = 0.632; p  !  
0.001): fi nal height [SDS] = –3.19 + (height at GH start 
[SDS]  !  0.78) + (age at primary disorder [years]  !  0.07) 
+ (number of injections per week  !  0.34). GH dose did 
not play a role in this descriptive equation. 

   Discussion 

 KIGS is a pharmaco-epidemiological survey and the 
data are analyzed according to the information provided 
by the reporting investigators. The age spectrum at the time 
of primary diagnosis  [3] , the male to female ratio  [26] , as 
well as the modalities of treatment, suggest that the KIGS 
cohort we analyzed is representative. Treatment in our 
 series of medulloblastoma patients consisted of surgery – 
often an extended biopsy – followed by X-ray therapy, 
 either cranial (88%) or with added spinal irradiation (71%) 
and, in approximately 40%, chemotherapy. This combined 
regimen results in an overall survival rate of about 50%. As 
a result of the malignancy and of treatment in general, phys-
ical and neuropsychological long-term sequelae are com-
mon in surviving children  [27–29] . A loss of cognitive and 
intellectual functioning is frequently observed  [30] . In ad-
dition, most children experience stunting of growth, par-
ticularly of the trunk, and attain an adult standing height 
of between –2.9 and –5.0 SDS  [9, 15, 28] . Impaired growth 
in children surviving medulloblastoma has been attributed 
to a combination of adverse factors  [31, 32] . Even though 

X-ray therapy is not directed towards the hypothalamic-
pituitary area, impaired GH secretion is commonly 
 observed and occurs in direct relationship to the dose of 
cranial irradiation and the time elapsed after survival  [33, 
34] . Defects of other pituitary hormones, such as TSH and 
gonadotrophines, were reported as a rare occurrence  [35–
38] , a fi nding which is at variance with our investigations 
of the KIGS cohort. Less severe radiation to the hypothala-
mus may lead to an earlier onset of puberty  [8, 9] , a fi nding 
supported by our analysis. Precocious puberty, however, 
also appears to be rare. 

 Irradiation of the cranium and the spinal region results 
in damage to growing tissue, primarily vertebral radiation 
osteitis. Thus, adult height in survivors of medulloblas-
toma has been reported to be severely impaired, in par-
ticular among children with early onset of the disease and 
those with high-dose spinal irradiation  [12, 13] . Conse-
quently, attempts have been made to treat these children 
with GH  [9, 14–16, 39, 40] . Although pituitary GH was 
initially given three times per week, daily injections of 
recombinant human GH have become common practice 
in recent years. The GH dosage is comparable to that 
given to patients with iGH defi ciency. 

 Relatively small numbers of children with medullo-
blastoma who were treated with GH were followed up to 
near-adult height. In general, ages at initiation of treat-
ment have been similar to or slightly later than our current 
group. Sulmont et al.  [14]  reported 27 cases with medul-
loblastoma who were treated with pituitary GH on a dose 
of 0.1–0.2 mg/kg/week given in three weekly injections. 
The overall height response during 3.4 years of GH treat-
ment was a loss to adult height of 1.2 SDS. Adan et al.  [15]  
reported 9 cases who were treated with rhGH at a dose of 
0.13–0.2 mg/kg/week. These patients lost 2.2 SDS over a 
5.9-year treatment course, with the adult sitting height 
(–3.4 SDS) being even poorer than in our current study. 

 Xu et al.  [40]  analyzed 27 patients with CSRT and GH 
defi ciency who were treated with rhGH at a dose of 
0.3 mg/kg/week. Treatment was started (mean) 3.6 years 
after diagnosis, at an age of 11.3 years, with a mean dura-
tion of therapy of 6.1 years. Six patients received GnRH 
analogues for early puberty. Adult height was –1.9 SDS, 
with MPH at near zero SDS, these data being very similar 
to our current group. Height and sitting height achieved 
were inversely correlated with the age at diagnosis. In a 
subsequent report  [12] , these investigators contrasted pa-
tients who received conventional doses of CSRT (23–
39 Gy) to those receiving 18 Gy. The latter group (of 
whom 7 of 10 survived) reached a mean adult height of 
–1.01 SDS in contrast to a group similar to their earlier 
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report, which achieved an adult height of –2.04 SDS. 
They affi rmed the importance of the dosage of spinal ir-
radiation in terms of adult height achievement in a group 
treated with about 50% more GH than our patients. 

 The group of medulloblastoma patients from KIGS, 
who were treated with rhGH to near adult height, is, to date, 
the largest group (n = 113) reported. We have expanded the 
analysis of patients treated within KIGS  [16]  by concur-
rently conducting a comparative study involving 1,986 pa-
tients with iGHD who were the same age at the start of 
therapy as the medulloblastoma group and had also reached 
near adult height ( table 1 ). In children with iGHD, birth 
weight and MPH were signifi cantly lower, while the degree 
of GH defi ciency, the frequency of MPHD and the male to 
female ratio were very similar in both groups. At the start 
of GH therapy in which similar doses were applied, height 
and weight were less retarded in medulloblastoma, but 
 sitting height was reduced. During the fi rst year on GH 
there was a signifi cantly higher increment in height in 
iGHD (8.2 vs. 7.9 cm/year; 0.5 vs. 0.4  �  HT SDS). In pre-
pubertal children treated during the fi rst year, the ‘index of 
responsiveness’  [22]  was signifi cantly lower in medullo-
blastoma (–0.9 vs. –0.0, p  !  0.001). No major differences 
were observed between girls and boys. There were also no 
major differences between the groups who received or did 
not receive additional spinal irradiation. 

 Near-adult height was signifi cantly lower in medullo-
blastoma. While patients with iGHD had grown into the 
normal range and had gained 1.6 SDS in height, the cohort 
with medulloblastoma had lost 0.3 SDS in height. TPG in 
the group of patients with reported onset of puberty was 
much lower in medulloblastoma as compared to iGHD 
(17.4 vs. 23.3 cm, p  !  0.01). The ‘index of responsiveness’ 
was also much lower in medulloblastoma  [25] . 

 In the group with medulloblastoma followed to near 
height cessation, the multiple regression analysis shown 
above demonstrated that the near adult height correlated 
positively with age at the time the primary disorder was 
diagnosed (the older the child, the better). Likewise, fi nal 
height correlated positively with the height at the start of 

GH therapy. Among the patients in whom the disease 
onset began at under 5 years of age, in particular, a clear 
tendency towards less-than-normal height was observed. 
Signifi cantly, 4 years elapsed between the primary diag-
nosis and the start of GH therapy, suggesting that the loss 
in height as the consequence of a delay in initiation of 
treatment could have impaired total height gain. 

 It must thus be concluded that the height gain through 
GH therapy (as applied in iGHD replacement dosages) in 
children with medulloblastoma is poor. Since this study 
involved data from the KIGS database, it was not possible 
to compare the results with an untreated cohort. It remains 
speculative, therefore, whether GH therapy may actually 
have prevented further loss in height. The reason for a poor 
response – compared to iGHD – is the impaired respon-
siveness to GH. The dosage of spinal irradiation that sub-
stantially infl uences vertebral growth appears to be of criti-
cal importance  [12] . We assume that the GH dosages which 
are suitable for replacement in iGHD in KIGS, or even the 
higher dosages commonly prescribed in the USA will prob-
ably not lead to the achievement of height normalization in 
the case of medulloblastoma patients. It is possible that suit-
able dosages could be as high (or higher) than those applied 
in Turner syndrome or in small children following intra-
uterine growth retardation  [41] . The caution regarding 
higher GH doses, with generation of higher IGF-I levels, in 
the setting of a post- cancer syndrome is obvious  [42] . Since 
GHD is a likely consequence of the primary cancer therapy, 
efforts should be made to recognize impaired growth and 
GHD at an earlier point of time. Consequently, GH treat-
ment could be introduced earlier and, in turn, greater 
height improvement could result. In order to ensure the 
safety of these measures, such treatment should necessar-
ily be embedded in a complex, multidisciplinary and struc-
tured  aftercare scheme. There are also promising, new pri-
mary treatment modalities being investigated, which show 
that postoperative chemotherapy alone may, in the future, 
 possibly lead to a decrease in the degree of growth impair-
ment in many of these children, and, in some cases, may 
prevent the occurrence of growth impairment  [43] . 
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