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Chapter 8

Abstract

Growth is often impaired in children receiving total-body irradiation (TBI) as
conditioning for haematopoietic stem cell transplantation (SCT). Radiation
damage to the growth plates is an important cause, but decreased growth
hormone (GH) secretion may also play a role. In January 1997 we introduced a
protocol for the treatment with GH of children with impaired growth after single-
fraction TBI. This study is an evaluation of that protocol. The main outcome
measure is the effect of GH therapy on height SDS after onset of GH therapy,
estimated by random-effect modelling with corrections for sex, age at time of
SCT and puberty (data analysed on intention-to-treat basis). Between January
1997 and July 2005, 66 patients (48 male) treated for haematological
malignancies had at least two years of disease-free survival after TBl-based
conditioning for SCT. Stimulated and/or spontaneous GH secretion was
decreased in 8 of the 29 patients tested because of impaired growth.
Treatment with GH (daily dose 1.3 mg/m2 body surface area) was offered to all
29 patients and initiated in 23 of them (17 male). At time of analysis, median
duration of therapy was 3.2 years; median follow-up after start of GH therapy
was 4.2 years. The estimated effect of GH therapy, modelled as non-linear
(logit) curve, was +1.1 SD after 5 years. Response to GH therapy did not
correlate to GH secretion status.

We conclude that GH therapy has a positive effect on height SDS after TBI,
irrespective of GH secretion status.
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Introduction

Growth impairment is a frequent complication in children receiving total-body
irradiation  (TBI)-based conditioning for haematopoietic stem cell
transplantation (SCT), with a mean decrease in height SDS between pre-
pubertal SCT and final height of approximately 1.0 to 1.5 SDS in most studies
1"°_ Radiation-induced damage to the epiphyseal growth plate is a major cause,
but other factors can also attribute to impaired growth, e.g. radiation-induced
hypothyroidism, hypogonadism or growth hormone deficiency (GHD). Several
studies have shown that decrease in height SDS is greater in boys, in younger
children and in children with a history of cranial irradiation (Cl) or craniospinal
irradiation (CSI) #°. Studies on the effect of GH therapy on growth after TBI are
limited and almost exclusively deal with children diagnosed as having GHD.
We investigated the effect of GH therapy in children with impaired growth after
TBI and SCT, irrespective of the diagnosis of GHD.

Materials and methods

In January 1997 we implemented a protocol for the diagnostic evaluation and
subsequent treatment of children and adolescents (<16 years of age) with
impaired growth after TBI-based conditioning for SCT. The treatment protocol
was approved by the Patient Care Committee and Scientific Research
Committee of the Department of Paediatrics of the Leiden University Medical
Centre, and by the Review Board of the Netherlands’ Organisation for Scientific
Research (NWO). Informed consent was obtained from all patients involved in
this study.

Inclusion criteria

1) TBI-based conditioning and SCT for a haematological malignancy before the
age of 14 years and 2) at least two years relapse-free survival after SCT and 3)
impaired growth (decrease in height SDS > 0.5 SD since SCT or height SDS
below patient's target height range) and 4) absence of other causes of
impaired growth (e.g. Cl as part of initial treatment, chronic graft-versus-host
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disease, pubertal delay, untreated hypothyroidism, prolonged use of
corticosteroids).

Diagnostic evaluation

All patients eligible for inclusion were offered evaluation of GH secretion.
Priming with sex steroids was used in prepubertal girls = 8 years of age and
prepubertal boys = 9 years of age. The peak serum concentration of GH after
stimulation with clonidine (0.15 mg/m? orally) or arginine (0.5 g/kg i.v.) was
used as a measure of stimulated GH secretion. Spontaneous GH secretion
was measured by nocturnal GH concentration profiles, using 12 h continuous
blood withdrawal (2 ml/h) from 2000 h until 0800 h with a sample interval of 20
minutes. Results were analysed using the Cluster algorithm ’.

Assays and reference values

Serum GH was measured using a time-resolved immunofluorometric assay,
specific for the 22-kD form of GH with detection limit 0.01 ug/l, (Delfia hGH
IFMA; Wallac, Turku, Finland, calibrated against the international reference
preparation 80/505 in which 2.6U=1mg). Plasma levels of IGF-l and IGFBP-3
were determined at the endocrine laboratory of the Wilhelmina’s Children’s
Hospital, Utrecht, the Netherlands. The assays were described previously 8
Results are expressed as age- and sex-specific SDS.

According to national criteria, peak GH > 20 mU/l after pharmacological
stimulation was considered sufficient. Based on nation-wide harmonisation of
GH assays, 13.8 mU/l in our assay corresponds to 20 mU/I in the national
reference assay. Therefore, GH response was considered insufficient if peak
GH was < 13.8 mU/I (5.3 ng/ml).

Criteria for normal spontaneous GH secretion were maximum GH > 5.3 ug/I
and mean GH concentration > 1.2 pg/l, based on assay-specific references °.
Growth hormone deficiency (GHD) was defined as an insufficient peak GH
(spontaneous or stimulated) on 2 separate occasions. GH neurosecretory
dysfunction (NSD) was defined as sufficient peak GH after pharmacological
stimulation but decreased maximum peak GH or mean GH concentration in a
12 hour GH secretion profile.
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Treatment and follow-up

After diagnostic evaluation of GH secretion status, all patients were offered
treatment with recombinant human GH at a daily dose of 1.33 mg/m? body
surface area.

Height, Tanner stages of breast or genital development '° and testicular
volume (measured with an orchidometer) were monitored at 3 months’ intervals
during treatment with GH. Height was measured with a Harpenden stadiometer
and expressed as standard deviation scores (SDS) for sex and age "". Target
height (TH) was calculated according to the formula introduced by Tanner et al
2 with corrections for sex (13 cm) and secular trend (4.5 cm), and TH range
was defined as TH SDS +/- 1.3 SDS.

The onset of puberty was defined as the age at which breast development was
first recorded in girls (Tanner breast stage = B2) or a testicular volume = 4 mL
was reached in boys. If signs of pubertal development (e.g. penile growth and
pubic hair development) had occurred in boys while testicular volume had not
reached 4mL, onset of puberty was determined on the basis of the combination
of progression of Tanner stages and increasing serum levels of testosterone. If
puberty was induced, onset of puberty was defined as the start of sex hormone
replacement therapy.

After completion of therapy, height was measured at 6 months’ intervals until
final height (patients were considered to have reached final height if growth
was less than 1.0 cm over a period of more than 12 months after the age of 15
years).

Patient population

Between 1997 and 2005, 66 patients met the inclusion criteria (patient
characteristics are summarised in table 1). Stimulated and spontaneous GH
secretion were evaluated in 29 children, including one patient (nr. 29 in the
tables, treated outside the protocol) who did not meet the inclusion criteria
(SCT at age 14.3 years and <2 years survival). Twenty-three children started
GH therapy (effective mean starting dose 34 ug/kg/day, range 27-39). For two
of these patients (nr. 27 and 28), evaluation of GH secretion as well as follow-
up of GH therapy took place in another centre, with a different GH assay and a
lower starting dose of GH in one (0.67 mg/m?; corresponding to 18 pg/kg/day).
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Table 1. Patient characteristics.

Figures represent either absolute numbers, or medians with ranges in parenthesis.

All patients GH tested GH treated
(n=66) (n=29) (n=23)
Male : female 48 : 18 22:7 17:6
Age HCT 7.7 (1.7-14.3) 7.7 (1.7-14.3) 7.7 (1.7-14.3)

Age GH evaluation

12.5 (7.2-15.9)

12.2 (7.2-15.9)

Age last visit 16.6 (8.8-22.4) 16.8 (9.2-19.3) 17.3 (10.8-19.3)
Follow-up since HCT 7.7 (2.0-17.0) 8.1(2.1-17.0) 9.1 (2.1-17.0)
Follow-up since GH evaluation - 4.4 (0.0-7.8) 5.1 (0.6-7.8)
Follow-up since start GH - - 4.2 (0.5-7.7)
Indication HCT

ALL 1st 10 6

ALL 2nd 27 13 12

AML 1st 11 6 6

AML 2nd 4 1 -

MDS 8 3 1

CML 4 - -

NHL 2nd 2 - -
Type of graft

Allogeneic 60 28 22

Autologous 6 1 1
TBI dose

5.0 Gy 1 - -

7.0 Gy 9 5

7.5 Gy 37 15 12

8.0 Gy 2 1 -

2x6.0 Gy 17 8 6
Testicular Booster 6 4 3

Conditioning for SCT

Conditioning for SCT consisted of TBI and cyclophosphamide (60 mg/kg/day
i.v. for 2 consecutive days) in all patients. In addition, 19 patients also received
cytarabine (1 g/m?/day for 2 consecutive days) and 37 patients received
etoposide (350 mg/m%day for 2 consecutive days). All patients received
unfractionated TBI, delivered at a mean instantaneous dose rate of 25
cGy/min. As age is an important determinant of the tolerable total irradiation
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dose in children, a TBI regimen with age-dependent total dose was applied (0-
2 years: 5.0 Gy, 2-4 years: 7.0 Gy, 4-10 years: 7.5 Gy, >10 years 8.0 Gy). The
latter dose was ‘increased’ in 1989 to 2 single fractions of 6.0 Gy, given on 2
consecutive days (instead of the equivalent 9.0 Gy once, which had too many
side effects in adults). Six boys treated for ALL received additional prophylactic
testicular irradiation (10 Gy in 4 fractions prior to TBI).

Statistical Analyses

S-PLUS 6 Professional (Insightful corp., Seattle WA, USA) was used for all
statistical analyses, with significance level set at 5%. We recently developed
sex-specific models that describe the changes in height SDS with time after
TBI and SCT, with corrections for the effects of individual puberty and for the
effect of puberty in the reference population, using the function ‘Ime’ (linear
mixed-effects) in S-PLUS °. These models are based on 75 children who had
at least 2 years of follow-up after pre-pubertal TBIl-based conditioning for SCT
for a haematological malignancy. Three of the 23 GH treated children from the
present study were not included in this previous study (nrs. 5 and 14 were not
pre-pubertal at time of SCT, nr. 29 due to relapse), the others contributed to
the initial models until the start of their GH therapy.

For the present analyses, we added the height measurements taken after start
of GH therapy of these 20 patients to the dataset (total set 1236 post-TBI
height measurements of 75 patients) and subtracted the individual growth
profiles (obtained from the model) from the individual height SDS after start of
GH therapy. The resulting values describe the difference between individually
predicted growth (i.e. without GH therapy) and actual growth after start of GH
therapy. This estimated effect of GH therapy was then analysed by adding a
variable ‘time since start GH therapy’ to the model with a non-linear (logit)
effect. To prevent possible selection bias by exclusion of patients who
discontinued therapy due to a poor response, analyses of the effect of
treatment were done on an intention-to-treat basis. Therefore all data obtained
after start of therapy was included in the analyses, even if GH therapy was
discontinued by that time.
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Results

Growth hormone secretion

Results of the analyses of GH secretion are represented in table 2. GH
secretion was impaired in 7 of the 27 children tested in our clinic, including the
patient treated outside the protocol. Two patients had classical GHD, five had
NSD. Of the two patients tested in another centre (27 and 28), one had a
decreased integrated mean spontaneous GH secretion using assay-specific
reference values for that centre .

Effect of GH therapy

Table 3 summarises height SDS at different time points in the children
receiving GH therapy. The median duration of GH therapy was 3.2 years
(range 0.1-7.3 years).

Table 3. Target height SDS and height SDS at different time-points in the 23 patients
treated with GH. * Adult height: Final height expressed as SDS for age 21 years.

Patient Sex Duration follow up Target Heightat Height at Delta height Adult
GH Rx since start height SCT start GH after start GH height*
(years) GH (years) (SDS) (SDS) (SDS) (SDS) (SDS)
1 m 1.5 1.5 -1.7 -2.3 -3.5 0.1
2 m 1.9 4.0 1.1 1.2 0.1 0.0 -0.1
4 m 3.3 4.1 1.6 -0.3 -0.9 0.5
5 m 2.1 2.6 -2.2 -0.6 -2.6 0.0
7 m 4.0 4.0 -0.3 -0.5 -1.6 -0.3
8 m 7.2 7.2 0.0 0.4 -0.4 0.6
10 m 6.4 6.4 -0.7 -2.7 -24 0.2
11 f 3.6 5.4 0.6 -0.2 -1.0 1.0 -0.1
12 m 2.6 4.7 -0.2 -1.0 -1.8 -0.6 -2.7
14 f 0.1 2.5 -0.3 -1.5 -2.0 0.1 -2.0
15 m 3.1 3.1 0.6 -1.2 -1.7 11
16 f 5.7 6.3 1.0 -2.2 -2.0 0.4
17 m 3.1 6.4 1.1 -0.9 -1.2 -0.8 -2.4
18 f 1.6 3.6 0.0 -0.7 -1.5 0.2 -1.4
19 m 3.0 5.8 1.6 1.2 0.2 0.4 0.4
20 m 2.3 23 1.1 -1.1 -1.5 0.1
21 m 3.3 3.3 -0.1 -1.5 -1.4 0.2
22 f 0.7 4.2 0.7 -0.7 -1.7 0.2 -1.6
23 f 4.9 7.7 0.2 -1.0 -3.4 0.4 -3.2
24 m 4.3 5.3 1.2 -0.5 -0.3 -0.4 -1.7
27 m 3.8 4.2 -1.4 -3.0 -3.5 -0.2 -4.0
28 m 5.3 53 0.4 0.6 -0.8 0.3
29 m 0.7 0.7 -0.8 -1.1 -1.6 0.3

119



Chapter 8

Figure 1 represents the relative changes in height SDS in the 23 children
treated with GH compared to height SDS at start of GH therapy. In the first
year of therapy, there was a mean change in height of +0.35 SDS/year. Two
patients discontinued therapy and one patient (nr 29, treated outside the
protocol) died 27 months after SCT after relapse of his initial disease. In 17 of
the remaining 20 children, there was an increase in height SDS in the first year
of therapy, whereas in 3 there was a slight decrease (<0.05 SDS/year).

[ Males Females ]
15 - 15
: +\. ‘‘‘‘‘‘‘ * B II 0
\"-+
. X .
2 N oot o, L
® e b oos
-— A \ |
= & LN ‘If” .
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= - \\Q\;{\{ ;‘
J o7F, - 00
054 05
=10 F-10
\ \ \ \ T T T T
-4 -2 0 2 4 -4 -2 0 2 4

time since start growth hormone (years)

Figure 1. Changes in height SDS after start of GH therapy in the 23 GH-treated
children. The x-axis represents time since start of GH therapy in years, the y-axis height
SDS compared with height SDS at start of GH therapy. Left panel: males, right panel
females.

The estimated net effect of GH therapy in the 20 patients who received SCT
before the onset of puberty is represented in figure 2. The estimated net effect
after 5 years of therapy is 1.14 (Cl 0.88-1.41) SDS, with no significant
difference between sexes (p=0.565).
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1.5 —

height SDS

| | T T T
0 2 4 6 8
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Figure 2. Result of mixed-effect modelling: estimated net effect of GH therapy on
development of height SDS in the 20 patients receiving HCT before onset of puberty.
Dashed lines represent 95% CI.

Predictive value of parameters of GH secretion

To evaluate the role of GH secreting capacity in impaired growth after SCT, we
added different parameters for GH secretion (integrated mean GH
concentration, IGF-1 and IGFBP-3) to the mixed-effect model. None of the
parameters had a significant effect on either loss of height SDS after SCT or on
the increase in height SDS after initiation of GH therapy.

Adverse effects, relapses and secondary tumours

Within 2 weeks after start of therapy, patient nr. 14 repeatedly had urticaria and
angioedema after injecting GH and decided to stop GH therapy. Due to
increasing aversion of injections, patient nr. 22 decided to stop GH therapy
after eight months.
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In the 43 untreated patients compensated hypothyroidism was diagnosed in 12
(28%) and autoimmune hypothyroidism in 1 (2%). In the 23 GH treated
patients, compensated hypothyroidism was diagnosed in 8 (35%) before start
of therapy, and in an additional 8 (35%) after start of therapy. Thyroxine
suppletion was initiated in all patients with compensated hypothyroidism.

Five boys and one girl developed exostoses during GH therapy, another boy
experienced growth of pre-existing exostoses during GH therapy. In the 43
untreated children, two boy developed exostoses. There was 1 relapse among
the 23 GH treated patients (nr 29; treated outside the protocol relapsed 9
month after start of GH therapy), compared to 6 relapses in the 43 untreated
children. In the untreated group, one patient developed a schwannoma 7.3
years after TBI. In the GH treated group 2 patients developed a secondary
malignancy. Patient 28 developed an osteosarcoma 5.3 years after start of GH
therapy (12.7 years after SCT). Patient nr. 22 (treated with GH for only 8
months) developed papillary thyroid carcinoma 3.5 years after start of GH
therapy (9.7 years after SCT).

Discussion

This study reports a positive effect of GH therapy on height SDS in children
with impaired growth after TBIl-based conditioning for SCT, even in the
absence of GHD. The calculated net effect (1.1 SD after 5 years of GH
therapy) did not correlate to GH secretion status. A potential limitation of our
study is the use of single fraction TBI, as most SCT centres use fractionated
TBI. As final height results from our centre are comparable to those reported by
centres using fractionated TBI, we believe this to be a minor limitation.

GHD was diagnosed in 8 of the 66 patients (12%) monitored since 1997. There
is a wide variation in the reported incidence of GHD after TBIl-based
conditioning for SCT, with incidences from 0 to 84% ¥514-21
contributing to these differences in incidence of GHD are: population size,
duration of follow-up, TBI characteristics (dose, dose rate, fractionation),
indications for GH testing and selection bias (e.g. exclusion of children with a
history of Cl or exclusion of children not tested for GHD). In addition, the
criteria used for the diagnosis of GHD largely influence the incidence of GHD. If
we had used ‘standard’ criteria for GHD (e.g. mean nocturnal GH concentration
< 2.5 ug/l or peak GH < 10 pg/l on two occasions, 23 of our 29 patients tested

Factors
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(79%) would have been diagnosed as having GHD. The vast majority of the
studies on GHD after TBI do not mention the GH assay used, nor do they
mention the use of assay specific references. We believe that the relatively low
incidence of GHD in the present study can be attributed to the absence of
children with additional Cl as well as to the use of assay-specific criteria for the
diagnosis of GHD.

Most patients included in the present study showed a decrease in height SDS
between TBI and start of GH therapy (figure 1). A continuing decrease in height
SDS could be expected based on previous reports in the literature as well as
our model for growth after TBI. However, in most of the patients treated with
GH, height SDS at last visit (mean follow-up of 4.4 years) was comparable to
height SDS at start of therapy (table 3).

Data on the effect of GH therapy on height after TBI-based conditioning for
SCT are limited, with only 3 studies reporting final height %4°. The first study by
Cohen et al. is a questionnaire-based study on final height after pre-pubertal
SCT in the European EBMT centres, showing no significant difference in final
height between GH treated an non-GH treated patients 2. Due to the set-up of
the study, no information was available on the indications for GH therapy, the
GH doses used or the changes in height SDS after start of GH therapy.
Therefore, no valid conclusions can be drawn from this study regarding effect
of GH therapy. The second study by Frisk et al. reports final heights of 11
patients treated with GH after TBI and autologous SCT for ALL (6 had received
additional Cl and one CSI). In that study, 6/11 GH treated patients were
considered to have GHD based on maximum GH peak in 12- or 24-hour
spontaneous GH secretion profiles. The GH assay (and probably also the
reference standard) was the same as in the present study, but the cut-off for
the diagnosis of GHD was much higher (maximum GH < 10 pg/l vs 5.3 pg/l in
our study). According to multiple regression analyses, the effect of GH therapy
on height SDS was 0.18 SDS for each year of GH therapy. The third study by
Sanders et al. reports the effect of GH therapy on ‘final height’ (height at the
age of 16 years) of 90 TBI patients (32 CI) diagnosed with GHD, 42 of whom
(21 CI) were treated with GH (20 - 30 pg/kg/day). According to multiple
regression analysis, GH treatment resulted in 0.86 SD increase in final height
in the 35 children with SCT before the age of 10 years, whereas no significant
effect of GH therapy was found in the 7 children receiving SCT after the age of
10 years.
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The estimated net effect of GH therapy on height SDS in our study (1.1 SDS
after 5 years) is comparable to that reported by Sanders et al. in children
receiving SCT before the age of 10 years (0.9 SD), as well as to that reported
by Frisk et al. (0.18 SD/year). Major differences with these previous studies are
that the majority of the patients in the present study were not considered GH
deficient (although diagnostic criteria differ between the studies ?), and that the
estimation of the effect in the present study is based on mixed-effect modelling,
a robust statistical method that allowed us to predict individual height SDS
curves and compare those to actual height SDS after start of GH therapy
without the risk of significant bias and without the need for final height in all
patients.

We also looked at the influence of GH secretion status on either decrease in
height SDS until testing and on the effect of GH treatment. The results of GH
secretion status did not correlate with decrease in height SDS before GH
therapy or with response to GH therapy. This suggests that impaired growth
after SCT is mainly caused by radiation damage to the epiphyseal growth plate
(and thus end-organ sensitivity) and far less by decreased GH secretion.

The incidence of (sub-clinical) hypothyroidism was more than twice as high in
the GH treated patients compared to the non-treated patients. The reported
incidence of radiation induced hypothyroidism after TBI in children is 15-50%
and seems to be higher after unfractionated TBI %°. In GH deficient children,
GH replacement therapy does not induce primary hypothyroidism. It either
reveals previously unrecognised cases of central hypothyroidism or induces
hypothyroxinaemia by increased conversion of thyroxine to tri-iodothyronine >*-
%2 None of our patients had central hypothyroidism, however, and the majority
of cases were not GH deficient. The higher incidence of compensated
hypothyroidism in GH treated survivors of TBI is in line with the results of
Sanders et al. °. A possible explanation for this higher incidence of
hypothyroidism in GH treated children could be that in GH treated patients
thyroid function was monitored more closely, or that increased growth
increased the demand for thyroxine.

The risk of secondary cancers is increased in all survivors of TBI-based
conditioning for SCT during childhood and cumulative incidence increases with
time after SCT and in case of younger age at SCT **. Although surveillance
studies do not suggest an increased risk of disease recurrence in survivors of
childhood cancer by GH therapy, potential oncogenic effects of GH remain a
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concern ***°*_ In supra-physiological doses both GH and IGF-I stimulate

proliferation and differentiation of both normal and leukaemic cultured human
lymphocytes ***, more physiological concentrations of GH (i.e. less than 50
ng/mL), however, do not have an effect on colony formation, nor on the number
of colonies or DNA-synthesis in cultured leukaemic cells. In the present study,
two of the 23 GH treated patients developed a secondary tumour (one thyroid
carcinoma and one osteosarcoma), compared to 1 out of the 43 untreated
patients.

Relapse of leukaemia occurred less frequently in the GH treated patients (1/23)
compared to untreated patients (6/43; including one patient who considered
starting GH therapy when his leukaemia relapsed almost 5 years after SCT).
Nine of our 66 patients (13.6%, only one female) developed exostoses
(believed to be osteochondromas). Exostoses were more frequent in the GH
treated group (7/23, 30%) compared to the non-treated group (2/43, 4.7%).
Osteochondromas develop in 9-23% of children with TBI-based conditioning for
SCT **4°_ A role for GH therapy in promoting their development is suggested,
but malignant degeneration is believed to be rare =%,

In conclusion, our study shows that recombinant human GH (x 33 ug/kg/day)
has a positive effect on height SDS after SCT, even in the absence of GHD.
We could not establish a relation between decrease in GH secretion and either
impaired growth after SCT or response to GH therapy (probably due to
interference of growth plate damage). We therefore believe that evaluation of
GH secretion has limited value in predicting the response to GH therapy, and
treatment could be considered in every patient with severe growth impairment
after TBI, even in the absence of GHD. Patients should be informed about the
increased risk of secondary tumours after SCT and the concerns of oncogenic
potential of GH therapy, as well as about the possibility of increased risk of
osteochondromas.

125



Chapter 8

References

126

Holm K, Nysom K, Rasmussen MH, Hertz H, Jacobsen N, Skakkebaek NE et al. Growth, growth
hormone and final height after BMT. Possible recovery of irradiation-induced growth hormone
insufficiency. Bone Marrow Transplant. 1996;18(1):163-170.

Cohen A, Rovelli A, Bakker B, Uderzo C, van Lint MT, Esperou H et al. Final height of patients who
underwent bone marrow transplantation for hematological disorders during childhood: a study by the
Working Party for Late Effects-EBMT. Blood 1999;93(12):4109-4115.

Bakker B, Massa GG, Oostdijk W, Weel-Sipman MH, Vossen JM, Wit JM. Pubertal development and
growth after total-body irradiation and bone marrow transplantation for haematological malignancies.
Eur.J.Pediatr. 2000;159(1-2):31-37.

Frisk P, Arvidson J, Gustafsson J, Lonnerholm G. Pubertal development and final height after
autologous bone marrow transplantation for acute lymphoblastic leukemia. Bone Marrow Transplant.
2004;33(2):205-210.

Sanders JE, Guthrie KA, Hoffmeister PA, Woolfrey AE, Carpenter PA, Appelbaum FR. Final adult height
of patients who received hematopoietic cell transplantation in childhood. Blood 2005;105(3):1348-1354.

Bakker B, Oostdijk W, Geskus RB, Stokvis-Brantsma WH, Vossen JM, Wit JM. Patterns of Growth and
Body Proportions after Total-Body Irradiation and Haematopoietic Stem Cell Transplantation during
Childhood. Pediatr.Res. 2006;59(2):259-264.

Veldhuis JD, Johnson ML. Cluster analysis: a simple, versatile, and robust algorithm for endocrine pulse
detection. Am.J.Physiol 1986;250(4 Pt 1):E486-E493.

Rikken B, van Doorn J, Ringeling A, Van den Brande JL, Massa G, Wit JM. Plasma levels of insulin-like
growth factor (IGF)-1, IGF-II and IGF- binding protein-3 in the evaluation of childhood growth hormone
deficiency. Horm.Res. 1998;50(3):166-176.

Bjarnason R, Banerjee K, Rose SJ, Rosberg S, Metherell L, Clark AJ et al. Spontaneous growth
hormone secretory characteristics in children with partial growth hormone insensitivity.
Clin.Endocrinol.(Oxf) 2002;57(3):357-361.

Tanner JM, Whitehouse RH. Clinical longitudinal standards for height, weight, height velocity, weight
velocity, and stages of puberty. Arch.Dis.Child. 1976;51(3):170-179.

Fredriks AM, van Buuren S, Burgmeijer RJ, Meulmeester JF, Beuker RJ, Brugman E et al. Continuing
positive secular growth change in The Netherlands 1955-1997. Pediatr.Res. 2000;47(3):316-323.

Tanner JM, Goldstein H, Whitehouse RH. Standards for children's height at ages 2-9 years allowing for
heights of parents. Arch.Dis.Child 1970;45(244):755-762.

Noordam C, van dB, |, Sweep CG, Delemarre-van de Waal H.A., Sengers RC, Otten BJ. Growth
hormone (GH) secretion in children with Noonan syndrome: frequently abnormal without consequences
for growth or response to GH treatment. Clin.Endocrinol.(Oxf) 2001;54(1):53-59.

Borgstrom B, Bolme P. Growth and growth hormone in children after bone marrow transplantation.
Horm.Res. 1988;30(2-3):98-100.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

GH secretion and GH therapy after TBI

Hovi L, Rajantie J, Perkkio M, Sainio K, Sipila I, Siimes MA. Growth failure and growth hormone
deficiency in children after bone marrow transplantation for leukemia. Bone Marrow Transplant.
1990;5(3):183-186.

Papadimitriou A, Urena M, Hamill G, Stanhope R, Leiper AD. Growth hormone treatment of growth
failure secondary to total body irradiation and bone marrow transplantation. Arch.Dis.Child.
1991;66(6):689-692.

Ogilvy-Stuart AL, Clark DJ, Wallace WH, Gibson BE, Stevens RF, Shalet SM et al. Endocrine deficit
after fractionated total body irradiation. Arch.Dis.Child. 1992;67(9):1107-1110.

Wingard JR, Plotnick LP, Freemer CS, Zahurak M, Piantadosi S, Miller DF et al. Growth in children after
bone marrow transplantation: busulfan plus cyclophosphamide versus cyclophosphamide plus total
body irradiation. Blood 1992;79(4):1068-1073.

Olshan JS, Willi SM, Gruccio D, Moshang T. Growth hormone function and treatment following bone
marrow transplant for neuroblastoma. Bone Marrow Transplant. 1993;12(4):381-385.

Brauner R, Fontoura M, Zucker JM, Devergie A, Souberbielle JC, Prevot SC et al. Growth and growth
hormone secretion after bone marrow transplantation. Arch.Dis.Child. 1993;68(4):458-463.

Liesner RJ, Leiper AD, Hann IM, Chessells JM. Late effects of intensive treatment for acute myeloid
leukemia and myelodysplasia in childhood. J.Clin.Oncol. 1994;12(5):916-924.

Huma Z, Boulad F, Black P, Heller G, Sklar C. Growth in children after bone marrow transplantation for
acute leukemia. Blood 1995;86(2):819-824.

Giorgiani G, Bozzola M, Locatelli F, Picco P, Zecca M, Cisternino M et al. Role of busulfan and total
body irradiation on growth of prepubertal children receiving bone marrow transplantation and results of
treatment with recombinant human growth hormone. Blood 1995;86(2):825-831.

Clement-de Boers A, Oostdijk W, Van-Weel-Sipman MH, Van-den-Broeck J, Wit JM, Vossen JM. Final
height and hormonal function after bone marrow transplantation in children. J.Pediatr. 1996;129(4):544-
550.

Brauner R, Adan L, Souberbielle JC, Esperou H, Michon J, Devergie A et al. Contribution of growth
hormone deficiency to the growth failure that follows bone marrow transplantation. J.Pediatr.
1997;130(5):785-792.

Hovi L, Saarinen-Pihkala UM, Vettenranta K, Lipsanen M, Tapanainen P. Growth in children with poor-
risk neuroblastoma after regimens with or without total body irradiation in preparation for autologous
bone marrow transplantation. Bone Marrow Transplant. 1999;24(10):1131-1136.

Arvidson J, Lonnerholm G, Tuvemo T, Carlson K, Lannering B, Lonnerholm T. Prepubertal growth and
growth hormone secretion in children after treatment for hematological malignancies, including
autologous bone marrow transplantation. Pediatr.Hematol.Oncol. 2000;17(4):285-297.

Bakker B, Oostdijk W, Wit JM. Final height after transplantation in childhood. Blood 2005;106(7):2592-
2593.

Brennan BM, Shalet SM. Endocrine late effects after bone marrow transplant. Br.J.Haematol.
2002;118(1):58-66.

Portes ES, Oliveira JH, MacCagnan P, Abucham J. Changes in serum thyroid hormones levels and their
mechanisms during long-term growth hormone (GH) replacement therapy in GH deficient children.
Clin.Endocrinol.(Oxf) 2000;53(2):183-189.

127



Chapter 8

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

128

Porretti S, Giavoli C, Ronchi C, Lombardi G, Zaccaria M, Valle D et al. Recombinant human GH
replacement therapy and thyroid function in a large group of adult GH-deficient patients: when does L-
T(4) therapy become mandatory? J.Clin.Endocrinol.Metab 2002;87(5):2042-2045.

Giavoli C, Porretti S, Ferrante E, Cappiello V, Ronchi CL, Travaglini P et al. Recombinant hGH
replacement therapy and the hypothalamus-pituitary-thyroid axis in children with GH deficiency: when
should we be concerned about the occurrence of central hypothyroidism? Clin.Endocrinol.(Oxf)
2003;59(6):806-810.

Socie G, Curtis RE, Deeg HJ, Sobocinski KA, Filipovich AH, Travis LB et al. New malignant diseases
after allogeneic marrow transplantation for childhood acute leukemia. J.Clin.Oncol. 2000;18(2):348-357.

Sklar CA, Mertens AC, Mitby P, Occhiogrosso G, Qin J, Heller G et al. Risk of disease recurrence and
second neoplasms in survivors of childhood cancer treated with growth hormone: a report from the
Childhood Cancer Survivor Study. J.Clin.Endocrinol.Metab 2002;87(7):3136-3141.

Darzy KH, Shalet SM. Radiation-induced growth hormone deficiency. Horm.Res. 2003;59 Suppl 1:1-11.

Blatt J, Wenger S, Stitely S, Lee PA. Lack of mitogenic effects of growth hormone on human leukemic
lymphoblasts. Eur.J.Pediatr. 1987;146(3):257-260.

Estrov Z, Meir R, Barak Y, Zaizov R, Zadik Z. Human growth hormone and insulin-like growth factor-1
enhance the proliferation of human leukemic blasts. J.Clin.Oncol. 1991;9(3):394-399.

Harper GD, Dicks-Mireaux C, Leiper AD. Total body irradiation-induced osteochondromata.
J.Pediatr.Orthop. 1998;18(3):356-358.

Bordigoni P, Turello R, Clement L, Lascombes P, Leheup B, Galloy MA et al. Osteochondroma after
pediatric hematopoietic stem cell transplantation: report of eight cases. Bone Marrow Transplant.
2002;29(7):611-614.

Taitz J, Cohn RJ, White L, Russell SJ, Vowels MR. Osteochondroma after total body irradiation: an age-
related complication. Pediatr.Blood Cancer 2004;42(3):225-229.





