European
Journal of
Cancer

PERGAMON European Journal of Cancer 37 (2001) 605-612

www.ejconline.com

Adult height and age at menarche in childhood cancer survivors

E.M. Noorda?, R. Somers®, F.E. van Leeuwen®, T. Vulsma ¢,
H. Behrendt #* from the Dutch Late Effects Study Group

aEmma Kinderziekenhuis, Department of Pediatric Oncology, Academic Medical Center, University of Amsterdam, Meibergdreef 9,
1105 AZ Amsterdam, The Netherlands
®Division of Medical Oncology, Department of Internal Medicine, Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands
¢Netherlands Cancer Institute] Antoni van Leeuwenhoek Ziekenhuis, Department of Epidemiology, Amsterdam, The Netherlands
dEmma Kinderziekenhuis, Department of Pediatric Endocrinology, Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands

Received 11 July 2000; received in revised form 26 October 2000; accepted 1 December 2000

Abstract

The aim of this study was to assess the long-term effects of cancer treatments on adult height and age at menarche in survivors of
various types of childhood cancer. 285 childhood cancer survivors (161 men and 124 women), at least 18 years old and having been
off treatment for at least 5 years, were examined. The effects of cranial (CrRT) and craniospinal irradiation (CrSpRT), other
treatments and age at diagnosis on adult height and age at menarche were investigated. Patients who did not receive CrRT or
CrSpRT, reached normal adult heights. However, a significant reduction in adult height was observed in men and women treated
with CrRT or CrSpRT, especially if the treatment was given at the age of 8 years or younger. In girls, CrRT resulted in a sig-
nificantly earlier menarche, compared with the Dutch population. Chemotherapy, radiation dose and age at menarche did not affect
adult height. The relative risk (RR) of attaining an adult height below the 3rd percentile (20% 49/244) of the study population) was
6 times increased (RR=6.4; 95% confidence interval (CI) 1.46-28.52) after CrSpRT, 4 times (RR=4.2; 95% CI 1.81-9.63) after
Crth and 5 times (RR=51; 95% CI 2.23-11.59) when irradiation was administered at the age of 8 years or younger. CrRT and
CrSpRT and age at treatment are the main determinants of short stature in male and female childhood cancer survivors. © 2001
Elsevier Science Ltd. All rights reserved.
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1. Introduction

Over the past three decades, the prognosis of children
with cancer has greatly improved. At the same time, an
increased incidence of long-term sequelae of cancer
treatment has been observed. These late effects are both
psychosocial and somatic, including the occurrence of
second primary tumours, organ failure, infertility and
growth impairment. The most important factors influ-
encing human growth are skeletal growth disturbances
and hormone deficiencies, mainly growth hormone
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deficiency and thyroid hormone deficiency. In addition,
early puberty may result in short stature.

Most studies on growth impairment have focused on
patients treated for acute lymphoblastic leukaemia
(ALL) who received prophylactic cranial irradiation [1—
7]. Fewer reports have published about the possible
effects on growth of irradiation for non-pituitary-related
brain tumors [9]. In addition, relatively little is known
about the effect of spinal irradiation alone on growth
[10-12]. Another frequently reported problem is early
menarche. In girls treated for ALL, cranial irradiation
has been reported to contribute to an early menarche
[2-5]. However, Mills and colleagues state that cranial
irradiation appears to have minimal influence on the
onset of puberty [8]. Reduced adult height frequently
occurs in people previously treated for acute lympho-
blastic leukemia (ALL). Cranial irradiation can cause
endocrine damage, including growth hormone or thyroid
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hormone deficiency and, consequently, influences adult
height. Spinal irradiation influences growth through
direct skeletal damage. Chemotherapy may damage the
gonads and possibly has an important impact on
growth [1,21]. It is now commonly accepted that cranial
irradiation is the most important cause of impaired
growth.

Although impairment of growth and early puberty
have been documented in children treated for ALL and
brain tumors, less attention has been paid to these pro-
blems in survivors of other childhood malignancies [13—
15]. Therefore, we studied the effect of different cancer
treatments and age at treatment on adult height and age
at menarche in survivors of various types of childhood
cancer.

2. Patients and methods

The study population consisted of 285 survivors of
childhood cancer. They visited the Outpatient Clinic for

Table 1
Diagnosis and treatment in the study population

Late Effects of Childhood Cancer in the Academical
Medical Center (AMC), Amsterdam, The Netherlands.
All adult survivors of childhood cancer at the Emma
Kinderziekenhuis/ AMC since 1965, are invited to be
screened at this outpatient clinic for various late effects
of cancer treatment. Survivors are invited for the first
screening when they are at least 18 years of age and
have been off treatment for at least 5 years. Our study
population consisted of the first consecutive 285 ex-
patients who were seen between February 1996, when
the outpatient clinic started to operate, and January
1997. Of these persons, 161 (56%) were male and 124
(44%) female. Mean age at investigation was 24 years
(range 18-39 years). Their mean age at diagnosis of
primary cancer was 8.9 years (0—19 years). The mean
interval between the last administered treatment and
screening visit to the outpatient clinic was 14.6 years
(range 5-31 years). Data on diagnosis and treatment are
given in Table 1. The study population was representa-
tive for the general population of survivors of childhood
cancer in our centre with respect to gender and age at

Diagnosis n (%) Cranial Craniospinal No cranial or craniospinal
irradiation irradiation irradiation
n (%) n (%) n (%)
Leukaemia 3 32 (20) 20 (51) 0 12 (12)
? 33 (27) 22 (59) 1(11) 10 (13)
NHL 3 25 (16) 9(23) 0 16 (16)
? 14 (11) 9(24) 0 5(6)
M. Hodgkin 3 26 (16) 0 0 26 (25)
Q 10 (8) 1(3) 0 9(12)
Non-pituitary-related brain tumours 3 27 (17) 5(13) 20 (100) 2(2)
Q 10 (8) 2(5) 8 (89) 0
Osteosarcoma 3 18 (11) 0 0 18 (18)
Q 14 (11) 1(3) 0 13 (17)
Wilms’ tumours 3 12 (7) 0 0 12 (12)
Q 15 (12) 0 0 15 (19)
Rhabdomyosarcoma 3 11 (7) 3(8) 0 8 (8)
Q 11(9) 0 0 11 (14)
Neuroblastoma 3 3(Q2) 0 0 303
Q 4(3) 0 0 4(5)
Nasopharyngeal tumours 3 2(D) 2(5 0 0
Q 2(2) 2(5) 0 0
Thyroid tumours 3 2 (1) 0 0 2(2)
? 1 (1) 0 0 1(1)
Skin tumours 3 1 (1) 0 0 1 (1)
Q 1(1) 0 0 1(1)
Testicular tumours 2(D) 0 0 2(2)
Ovarian tumours 8 (6) 0 0 8 (10)
Liver tumours Q 1 (1) 0 0 1 (1)
Total 3 161 (100) 39 (24) 20 (12) 102 (63)
Q 124 (100) 37 (30) 9(7) 78 (63)

NHL, non-Hodgkin’s lymphoma.
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diagnosis. However, in the study population there was
an overrepresentation of children treated for non-pitui-
tary brain tumours, due to a study on the late effects of
treatment for brain tumours that was ongoing when the
outpatient clinic started. For this study, brain tumour
patients were preferentially invited to be screened,
resulting in a relatively large group of patients treated
with cranial irradiation (CrRT) and craniospinal irra-
diation (CrSpRT) which served the purpose of this
study. Children treated for ALL and non-Hodgkin’s
lymphoma (NHL) received 18-30 Gy of cranial irradia-
tion. Children with non-pituitary-related brain tumours
received 35 Gy to the whole cranium and the spine, with
a boost up to 55 Gy on the tumour area.

During the former patients’ visit to the outpatient
clinic, a detailed history was taken and a complete phy-
sical examination was performed by an internist. In all
persons, routine laboratory investigations were per-
formed. Specific investigations, related to the expected
toxicity of the cancer treatment, were carried out in
selected subjects.

We chose to examine adult height as our main out-
come measure. We could not study growth patterns
throughout the years from treatment until adult height
since this study is retrospective and sitting height and
body weight were not routinely measured during the
study period.

The data used for the present analysis were obtained
and analysed as follows: standing height was measured
with a calibrated metre. Height was compared with data
from the general population in The Netherlands, col-
lected by the Dutch Central Office of Statistics (CBS)
[17]. Age at menarche was obtained through informa-
tion from the patient’s chart and, if not reported,
through questioning the women and their mothers. In
the analysis of determinants of menarcheal age, girls
were only included if they fulfilled two criteria: first,
they were 10 years or younger at the diagnosis of cancer,
because women with a later age at diagnosis have a
skewed distribution of this variable to the right, i.e. a
later age at menarche, and, secondly, they had an age at
menarche at least 1 year after the start of therapy. Mean
age at menarche was compared with the standard in The
Netherlands [18].

The most important factors determining adult height
were defined by means of a multivariate regression ana-
lysis. The following independent variables were exam-
ined. Treatment: CrSpRT (35 and 55 Gy dosage to the
tumour area), CrRT (18-30 Gy), chemotherapy and
other treatments not including CrRT or CrSpRT. No
patients received Total Body Irradiation. Patients who
received chemotherapy in addition to CrRT or CrSpRT
were classified in the CrRT or CrSpRT groups in the
univariate analysis; in multivariate analysis, additional
chemotherapy was entered into the model as an
independent variable. Dose of irradiation: in earlier

studies the effect of radiation dose on adult height was
studied [19,20]. In our study population it was not
possible to perform a clinically relevant analysis on
adult height comparing the group receiving 24 Gy to the
cranium compared with those who received 18 Gy,
because the latter group was too small in this popu-
lation. Since it is expected that high-dose CrRT impacts
final height more than lower-dose cranial irradiation,
we did compare two groups receiving more and less
than or equal to 30 Gy to the cranium. Age at diagnosis:
we divided the subjects into two groups with a cut-off
point of 8 years at diagnosis. This cut-off point was
chosen for two reasons. First, approximately half of the
increase in height, reached from birth until adulthood,
is attained around this age. Secondly, linear regression
analysis showed that a cut-off point chosen at the age of
8 years had the strongest influence on the outcome
measures.

Endocrine characteristics: in this study, all subjects
had been treated if hypothyroidism had been detected.
All subjects included were euthyroid. In the investigated
population, 5% became growth hormone-deficient
during the time between treatment and screening. All
were treated with growth hormone supplementation.

To determine the most important factors in deter-
mining an unusual short adult height, below the 3rd
percentile (females 157 cm and males 169 cm) [18], we
used a multivariate logistic regression analysis. For
univariate analysis, we used the Student’s #-test for
independent samples and the one sample 7-test.

3. Results
3.1. Adult height in male survivors

From 161 male survivors, height was not measured in
six. Twenty-one men were between 18 and 20 years old
at the time of the investigation and their height could
not be compared with the data from the CBS which
starts at the age of 20 years. One man was excluded
from analysis because he received CrSpRT without
dosage to the cranium and could not be included in one
of the treatment groups. Thus, the data of 133 men were
evaluated.

3.1.1. Univariate analysis

Table 2a shows the results of the univariate analysis
of adult height in men. The male population was divi-
ded into two age categories, 20—29 and 30-39 years, to
take into account the secular trend, which shows that in
Western countries an increase in height of the popula-
tion of 1.5 cm is observed every decade. Mean height of
the males in both categories was significantly lower than
mean height of their peers in the Dutch population
(P<0.001 and <0.05, respectively).
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Table 2

The effect of treatment and age at diagnosis on adult height in childhood cancer survivors

Adult height (cm)

Age and treatment n (%) Mean in study P value Range Mean in Dutch
population (S.D.) population (S.D.)
(a) Male
Total 133 (100)
20-29 years 108 (81) 177.5 (9.4) <0.001* 157.0-201.0 182.6 (6.7)
30-39 yrs 25(19) 178.0 (7.0) <0.05* 165.0-190.0 181.1 (6.7)
Craniospinal irradiation 15 (11) 170.7 (7.8) 157.0-184.0
<8 years at diagnosis 4 161.6 (3.4) 0.001° 157.0-165.0
> 8 years at diagnosis 11 174.0 (6.0) ’ 165.0-184.0
Cranial irradiation 33 (25) 172.9 (8.6) 157.0-195.0
< 8 years at diagnosis 20 169.4 (6.8) <0.005> 157.0-179.0
> 8 years at diagnosis 13 178.4 (8.4) ’ 163.0-195.0
Other treatments 85 (64) 180.7 (7.8) 165.0-201.0
<8 years at diagnosis 28 178.5 (7.7) =005 165.0-195.5
<8 years at diagnosis 57 181.7 (7.8) ’ 165.0-201.0
(b) Female
Total 111 (100)
20-29 years 94 (85) 164.8 (8.1) <0.001* 146.0-183.0 169.5 (6.2)
30-39 years 17 (15) 164.6 (6.7) <0.05* 150.5-178.0 168.1 (6.2)
Craniospinal irradiation 9 (8) 159.0 (7.0) 150.5-168.0
<8 years at diagnosis 2 153.0 (1.4) <0.05" 152.0-154.0
> 8 years at diagnosis 7 160.7 (7.1) ’ 150.5-168.0
Cranial irradiation 35 (32) 160.6 (7.0) 146.0-176.0
<8 years at diagnosis 21 158.0 (6.6) <0.005 146.0-169.0
> 8 years at diagnosis 14 164.5 (5.8) ’ 157.0-176.0
Other treatments 67 (60) 167.7 (7.0) 153.0-183.0
<8 years at diagnosis 23 165.5 (6.5) <0.05b 155.0-178.0
> 8 years at diagnosis 44 168.9 (7.1) ’ 153.0-183.0

S.D., standard deviation.

@ P value for the difference with the mean adult height in the Dutch population.
b P value for the difference between groups <8 years at diagnosis and > 8 years at diagnosis.

3.1.1.1. Craniospinal irradiation (CrSpRT). Compared
with the data from the Dutch population, men in this
group attained significantly reduced adult height
(P<0.001), which was even more pronounced when
radiotherapy was administered at the age of 8 years or
younger (P<0.001). The mean heights in the various
study groups were compared with the mean adult height
of the group in the Dutch population aged 30-39 years.
Boys treated after the age of 8 years also reached a sig-
nificantly reduced adult height (P <0.05), although this
reduction was less than in those treated at the age of 8
years or younger.

3.1.1.2. Cranial irradiation (CrRT). Survivors in this
group reached significantly smaller adult height as well,
compared with the data from the Dutch population
(P<0.001). The reduction in adult height was strongest in
those treated at the age of 8 years or younger (P <0.001).
However, boys treated with CrRT after the age of 8 years
also attained a reduced adult height, not significantly
different from the mean height in the Dutch population.

In both group I (CrSpRT) as in group II (CrRT) these
differences did not only occur in comparison with the

mean adult height in the Dutch population, but also in
comparison with the group of patients who received
cancer treatments other than CrRT or CrSpRT
(P<0.001 for both groups). Furthermore, significantly
more height loss occurred in patients treated at the age
of 8 years or younger in patients who received CrSpRT
than in those who received CrRT (P <0.05).

Those who had received a cranial irradiation dose
higher than 30 Gy had a mean height of 171.9 cm which
was not significantly different from the mean adult
height of those who received a cranial irradiation dose
lower that 30 Gy (mean 172.8 cm).

3.1.1.3. Other cancer treatment. There was no sig-
nificant height loss in males who had received cancer
treatments other than CrRT or CrSpRT.

3.2. Adult height in female survivors

In four out of the 124 women, height was not mea-
sured. Eight women were between 18 and 20 years old at
the time of investigation and therefore their height
could not be compared with the data from the CBS.
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One woman was excluded from analysis because she
had been treated with spinal irradiation alone and thus
could not be included in one of the treatment groups for
comparison. Therefore, the data of 111 women were
evaluated.

3.2.1. Univariate analysis

Table 2b shows the results of the univariate analysis
with regard to adult height in women. The female
population was also divided into two age categories, as
mentioned above. Mean height of the females in both
age categories was significantly lower than the mean
height of their peers in the Dutch population (P <0.001
and <0.05, respectively).

3.2.1.1. Craniospinal irradiation (CrSpRT). As in men,
women in this group attained significantly reduced adult
height compared with women in the Dutch population
(P<0.05). Adult height was even more reduced when
women were treated at the age of 8 years or younger
(P <0.05). However, this group was too small to draw
firm conclusions. Those women who were irradiated
after the age of 8 years also reached a significantly
reduced adult height (P <0.05).

3.2.1.2. Cranial irradiation (CrRT). The women treated
with CrRT also attained reduced adult height which was
significantly different from the Dutch population
(P<0.001). As in men, the reduction was most pro-
nounced if they were treated at the age of 8 years or
younger (P <0.001). Women who had been treated with
CrRT after the age of 8 years also attained significantly
smaller adult height (P <0.05).

As in men, the reduction in adult height after CrRT
or CrSpRT was not only significant in comparison with
the Dutch population, but also when compared with
survivors who received other cancer treatments (P
values of 0.001 and <0.001 for groups I and group II,
respectively).

Those women who received a cranial irradiation dose
higher than 30 Gy attained a mean adult height of 158.9
cm, which was not significantly different from the mean
adult height of those who received a dose below 30 Gy
to the cranium (mean 160.8 cm).

Table 3

3.2.1.3. Other cancer treatments. There was no sig-
nificant height loss in females who had received other
cancer treatments than CrRT or CrSpRT.

3.2.2. Multivariate linear regression analysis

CrSpRT showed the strongest correlation with adult
height (B=10.047 and B=9.165 in males and females,
respectively, P <0.001). Diagnosis at the age of 8 years
or younger was also significantly associated with adult
height (males: B=6.255, P<0.001; females: B=4.654,
P=0.001). CrRT was also strongly associated with
short stature (males: B=5.715, P=0.001; females
B=5.821, P<0.001). In this analysis, the influence of
chemotherapy, administered in addition to CrRT or
CrSpRT, was also examined. The influence of the dose
of irradiation was analysed as well. Neither chemo-
therapy nor irradiation dose were important factors in
determining adult height in men and women. In women,
the influence of the age at menarche on adult height was
also examined, but this was not a significant determinant.

3.2.3. Multiple logistic regression analysis

To define which variables are of major importance in
determining whether boys and girls attain adult height
below the 3rd percentile (females below 157 cm and
males below 169 cm), a multiple logistic regression ana-
lysis was conducted. A group of 49 survivors had
attained adult height below the 3rd percentile. The
results are shown in Table 3. As in the linear regression
analysis, CrRT or CrSpRT and age at diagnosis at the
age of 8 years or younger, were most important factors
in reducing adult height. Gender, additional chemo-
therapy and radiation dose did not significantly increase
the risk of attaining an unusual short stature.

3.3. Age at menarche

From 124 women, age at menarche could not be
obtained accurately in 27. Nineteen women reached
their menarche before therapy commenced, 18 women
were older than 10 years at diagnosis and three women
received hormonal treatment to induce their menarche.
Therefore, 57 women were available for analysis. Because
of this small number, only a limited analysis was possible.

Results of multiple logistic regression analysis: determinants of adult height below 3rd percentile®

Relative risk (Exp (B)) P value 95% Confidence interval
Lower Upper
Craniospinal irradiation versus no craniospinal irradiation 6.4 <0.05 1.46 28.52
Cranial irradiation versus no cranial irradiation 4.2 <0.005 1.81 9.63
Age at diagnosis < 8 years versus age at diagnosis > 8 years 5.1 <0.005 2.23 11.59

2 Females below 157 cm and males below 169 cm.
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The mean age at menarche in the study population
was approximately the same as the Dutch standard
(13.0 years versus 13.2 years). However, when compar-
ing different treatment groups as with adult height,
there secemed to be some important effects on the age at
menarche.

3.3.1. Univariate analysis

Compared with age at menarche in the Dutch popu-
lation, age at menarche in girls who received CrRT was
significantly earlier (mean 12.4 years, P=0.001). In
addition, in comparison with girls who received other
cancer treatments (n=30), girls who received CrRT
(n=25) showed a significantly earlier menarche
(P=0.005). Girls who received no CrRT or CrSpRT,
reached menarche at a normal age (mean age of 13.3
years). In contrast, the two girls who had been treated
with CrSpRT had a later mean age at menarche (mean
age of 15.3 years) than the mean in the Dutch female
population. However, because of the very small number
of females thus treated (n=2), these findings are not
conclusive. Unfortunately, when the effect of age at
diagnosis on age at menarche was studied, the groups
proved to be too small to perform a meaningful analysis.

4. Discussion

We found that male and female childhood cancer
survivors attained reduced adult heights, compared with
published data on height in the general population.
Our data confirm those of other studies showing that
CrRT is a major contributing factor for this observation
[1-4,6,13].

CrRT influences growth through damage to the
hypothalamo-pituitary axis, which can result in growth
hormone or thyroid hormone deficiencies. The group
with CrSpRT reached the smallest adult height. This
confirms earlier findings in children treated for ALL in a
study described by Schriock and colleagues [7]. In con-
trast, Robison and colleagues found no significant dif-
ference in adult height between children treated for
ALL with CrSpRT only, compared with those treated
with CrRT only [16]. From our study, it appears that
spinal irradiation has an additional impact on adult
height. An average loss in height from spinal irradiation
of 5-7 cm has previously been reported [10]. The greater
reduction in adult height in those who underwent
CrSpRT compared with those who received CrRT
could be due to two mechanisms. First, growth impair-
ment occurs not only due to hormone deficiencies, but
also through direct skeletal damage. Secondly, we
assumed that those who received higher doses of cranial
irradiation would attain a smaller adult height. The
children who received CrSpRT (non-pituitary-related
brain tumours), did receive higher irradiation doses

(=30 Gy) compared with those who received only
CrRT (ALL and lymphomas, <30 Gy). Nevertheless,
in our analysis a higher dose of cranial irradiation does
not appear to have had a significant impact on growth.
Therefore, the smaller adult height resulting after treat-
ment with CrSpRT should be mainly contributed to the
additional direct skeletal damage caused by the spinal
irradiation.

We also examined the effect of chemotherapy, admi-
nistered in combination with CrRT or CrSpRT. Addi-
tional chemotherapy did not have any significant
influence on adult height. In addition, adult height in
childhood cancer survivors who had received other
cancer treatments than CrRT or CrSpRT was not sig-
nificantly reduced compared with the mean height in the
Dutch population. As Hokken-Koelega and colleagues
describe in a study on children treated for ALL, it could
be that a temporary height loss occurs after chemo-
therapy and that a subsequent catch up is seen during
puberty so that they attain normal adult height [21].
Since we only looked at the final height measurements,
we cannot confirm this finding.

In our study, we found no clear association between
age at menarche and growth in women. This is in contrast
with the general assumption that an early menarche
increases the risk of attaining short stature. In our study
population, no women attained their menarche at an
unusually early age and, therefore, we could not assess
the effect of unusual early menarche on growth.

Our study also supports the finding in earlier reports
that age at the time of irradiation is an important
modifier of the radiation related effect on growth
[1,2,9,11]. In both males and females, treatment at the
age 8 years or younger caused a greater reduction in
adult height than treatment after this age. Both findings
can be explained by the following mechanisms: first, it
might indicate that the hypothalamo-pituitary axis is
more sensitive to irradiation when patients are relatively
young [22]. Secondly, it could also simply reflect the fact
that children have reached a relatively smaller portion
of their adult height at the age of 8 years or younger
than after this age. Consequently, the effect of growth
retardation on adult height is larger when it occurs at a
young age than when patients are older and have
already reached a large part of their adult height. Inter-
estingly, males who had CrRT after the age of 8 years
attained almost normal adult height. This was not the
case for females, who were still significantly smaller if
treated with CrRT after the age of 8 years. Possibly, in
women a dual endocrinopathy of early puberty and
growth hormone insufficiency influences adult height
[23]. In our study, this is reflected in the observation
that CrRT also seems to result in an earlier menarche,
which is known to be an important determinant of short
stature [11]. However, as stated earlier, we could not
confirm the association between age at menarche and
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adult height primarily because of the small numbers in
the subgroups. Importantly, the most dramatic decrease
in adult height was seen in both men and women who
were treated with CrRT or CrSpRT at the age of 8 years
or younger. We specifically examined risk factors for an
exceptionally short stature, below the 3rd percentile.
For females, this was below 157 cm, for males, below
169 cm. Receiving CrSpRT, i.e. a cranial irradiation
dose > 30 Gy combined with spinal irradiation, strongly
increased the risk of being unusually small (relative risk
(RR)=6.4). Children who received CrRT, i.e. cranial
irradiation dose <30 Gy, also had a higher risk of
attaining an exceptionally small adult height (RR =4.2),
but their risk was lower than in the first group. Radia-
tion treatment at the age of 8 years or younger was an
independent determining factor defining the risk of
becoming unusually small (RR=5.1). Again, a cranial
irradiation dose higher than 30 Gy, as an independent
factor, did not appear to have significantly more impact
on adult height than a cranial irradiation dose lower
than or equal to 30 Gy. In addition, chemotherapy and
age at menarche had no significant impact on reaching
an exceptionally short stature.

One of the possible ways through which cranial irra-
diation may cause short stature, is growth hormone
deficiency (GHD). Only 5% of our study population
appeared to be growth hormone (GH) insufficient after
treatment and were treated with GH. Their adult height
was not significantly different from the rest of the study
population; however, this group was very small. In this
study, we could not examine GHD further as a possible
cause of reduced adult height. From this retrospective
study, it is therefore not possible to draw conclusions on
the relationship between GHD and short stature. How-
ever, it would be interesting to find out if GH levels are
important in identifying those patients who are at risk
of reaching a short stature. Earlier reports are not con-
clusive about the causative role of radiation-induced
GHD in reduced adult height. For example, Sklar and
colleagues state in a study of children treated for ALL
that it remains difficult to precisely define the role of
GHD in attaining a short adult stature, since individual
growth patterns seem to correlate poorly with the
results of GH testing in children treated for ALL with
CrRT [24,25]. Davies and colleagues report from a
study on children treated for ALL that the cause of
growth impairment is probably multifactorial with
GHD, chemotherapy, early puberty and steroids all
having a role [6]. However, Darendeliler and colleagues
demonstrated in a study of children treated with radio-
therapy for brain tumours that GH is effective in
increasing height after GHD due to CrRT or CrSpRT,
suggesting that GH is crucial in attaining normal adult
height [12]. Leiper and colleagues stated that treatment
with GH for GHD causes an increase in growth in ALL
survivors, but more complete long-term research needs

to be done to support this finding [15]. In our study, any
association between adult height and GH administra-
tion would be confounded by the indication of its use
and therefore this can only be assessed in a randomised
clinical trial.

Our study has shown that CrRT and CrSpRT, espe-
cially at a young age, have an important influence on
growth. Consequently, children treated with radio-
therapy to the cranium for childhood cancer have a high
risk of attaining a short stature. This reflects the inten-
sity of the cancer treatments received, which may have
an impact on psychosocial well-being as a child, teen-
ager and adult. Furthermore, those who have attained
reduced adult height from CrRT can be at risk for the
development of GHD syndrome, consisting of obesity,
reduced muscle mass, lipid abnormalities, fatigue and
reduced quality of life [26]. These data confirm our pol-
icy, although evidence of its effectiveness from clinical
trials is lacking, to treat children with growth hormone
as soon as growth retardation, caused by GHD, occurs
in order to avoid metabolic and cardiovascular pro-
blems. Although CrRT has been abandoned from the
treatment schemes for non-high risk childhood ALL, we
have no alternatives for children with leukaemic relapses
in the central nervous system and children with tumours
in the skull. More research is necessary in order to find
other effective cancer therapies for these patients.
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