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ABSTRACT

Introduction: Somatotropin deficiency is the most common endocrinopathy in childhood cancer
survivors. However, studies of final height in these patients treated with somatotropin are limited.
Thus, this study was performed to examine their growth outcomes.

Methods: A retrospective analysis was performed, including all childhood cancer survivors treated
with somatotropin in a pediatric endocrinology department, between 1988 and 2016. Statistical
analysis was performed.

Results: Twenty-seven cancer survivors with a median of 5.5 years of age at diagnosis were in-
cluded; 16 (59.3%) had central nervous system cancer; 19 (70.4%) were submitted to radiotherapy.
Concomitant endocrinopathies existed in 14 (51.9%). Somatotropin treatment was started at a me-
dian age of 11.13 years with a median duration of 4.1 years. The initial height was —2.30 standard
deviation score (SDS) and increased to —1.81 SDS by 1 year, —1.68 SDS by 2 years, and —1.56 SDS
by 3 years under somatotropin treatment. There were significant differences in height between the
beginning and by 1 year (p<0.001), by 1 and 2 years (p=0.006) and between initial and the end of
treatment (p=0.022). However, the adult height was significantly lower than the midparental height
(p=0.011), with no differences associated with gender, group of cancer, radiotherapy, concomitant
endocrinopathies, age or pubertal stage at beginning.

Conclusion: We concluded that the improvement of linear growth was significant, mainly in the first
year of treatment, but these patients did not achieve their genetic potential for height. Physicians
must be aware and search for somatotropin deficiency in cancer survivors and treatment should be
started as soon as possible.

O Impacto na Estatura da Somatotropina em Sobreviventes
Oncologicos
RESUMO

Introducgdo: A deficiéncia de somatotropina ¢ a endocrinopatia mais comum em sobreviventes de
cancro em idade pediatrica. No entanto, estudos sobre a estatura final destes doentes tratados com
somatotropina sdo escassos, pelo que o objetivo deste estudo foi avaliar o crescimento destes doentes.
Meétodos: Foi realizada uma analise retrospetiva, incluindo todos os sobreviventes de cancro em
idade pediatrica tratados com somatotropina numa unidade de endocrinologia pediatrica, entre 1988
¢ 2016. Foi realizada a analise estatistica dos dados.
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Resultados: Foram incluidos vinte e sete sobreviventes oncoldgicos, com uma mediana de 5,5 anos
de idade aquando o diagndstico da patologia tumoral; 16 (59,3%) apresentavam neoplasia do sis-
tema nervoso central; 19 (70,4%) tinham sido submetidos a radioterapia. Apresentavam endocrino-
patias concomitantes 14 (51,9%). O tratamento com somatotropina foi iniciado com uma idade
mediana de 11,13 anos, sendo a duracdo mediana do tratamento de 4,1 anos. A estatura inicial foi
de -2,30 desvio padrdo (DP), tendo aumentado para -1,81 DP em 1 ano, -1,68 DP em 2 anos, ¢ -1,56
DP em 3 anos sob tratamento com somatotropina. Houve diferengas estatisticamente significativas
na estatura entre o inicio e o final do primeiro ano (p<0,001), entre o final do primeiro e segundo
anos (p=0,006) e entre o inicio e o final do tratamento (p=0,022). No entanto, a estatura em idade
adulta foi significativamente menor que a estatura alvo familiar (p=0,011), sem diferencas no géne-
ro, grupo de neoplasia, realizacdo de radioterapia, endocrinopatias concomitantes, idade ou estadio
pubertario no inicio do tratamento.

Conclusdo: Concluimos que a evolugdo do crescimento foi significativa, principalmente no primeiro
ano de tratamento, ainda assim estes doentes nao atingiram o seu potencial genético para a estatura.
Os médicos devem estar alerta de modo a procurar a deficiéncia de somatotropina em sobreviventes

oncoldgicos e a iniciar o tratamento o mais precocemente possivel.

Introduction

Endocrine abnormalities are a common late effect of cancer
disease, affecting up to 40% to 60% of childhood cancer survi-
vors.! The first and most common endocrinopathy is the deficien-
cy of somatotropin.” It can be due to the cancer location, surgery
extent, treatment effects on the hypothalamic-pituitary axis and/or
cranial irradiation, a leading cause of hypothalamic and pituitary
injury."* Somatotropin is important not only for linear growth but
also for metabolic functions, an adequate body composition and
for enhancement of pubertal growth.'* Besides somatotropin de-
ficiency, growth is also affected by spinal irradiation, other endo-
crinopathies (such as untreated precocious puberty and hypothy-
roidism), excessive doses of exogenous glucocorticoids and poor
nutrition."” Particular attention should be taken to puberty timings
since a precocious puberty can disguise a low growth velocity and
somatotropin deficiency might be missed.

This pathology usually manifests with slow growth velocity
with decline in height standard deviation score (SDS), delayed
skeletal maturation, low levels of insulin-like growth factor 1
(IGF-1) and inadequate somatotropin secretory response to phar-
macologic secretagogues.’

The diagnosis of somatotropin deficiency has been the subject
of controversy requiring clinical and auxological criteria and eval-
uation of IGF-1 levels and of bone age.” According to the National
Commission on Growth Hormone Normalization of Portugal, the
auxological criteria that demand investigation in these patients
are: height under -2 SDS or variation in height-for-age z-score un-
der percentile 3 for one year or under percentile 10 for two years.’

During the diagnostic investigation and follow-up of child-
hood cancer survivors, physicians should be alert to the frequent
association between somatotropin and other pituitary hormone
deficiencies.’

Somatotropin replacement therapy is effective in promoting
a better linear growth” and it seems to be safe, with no evidence
of an increased risk of cancer recurrence."** The association be-
tween somatotropin treatment and the risk of second cancers is in-
sufficient to preclude its use for licensed indications.® There is few
information about the appropriate interval between completion of
cancer therapy and initiation of somatotropin treatment,® but, ac-
cording to our national consensus, the treatment should only be
done after at least one year in remission.’

The primary goal of this treatment is normalization of height
in order to achieve the expected adult height.” However, studies
of final height in childhood cancer survivors treated with somato-

tropin are limited; and there are very few studies of final height in
cancer survivors in Portugal.

The aim of this study was to evaluate growth outcomes in
these patients by assessing and comparing adult height with mid-
parental height. We also wanted to evaluate stature gain along
treatment and the possible differences according to gender, cancer
type, history of radiotherapy, concomitant endocrinopathies, stage
of puberty and age at the beginning of treatment.

Material and Methods

A retrospective analysis was done, through the evaluation of the
clinical records, on paper and using a medical software (SClinico®).
All childhood cancer survivors treated with somatotropin in our
pediatric endocrinology department, between 1988 and 2016, were
included. We analysed demographic variables, data regarding the
oncological disease (age at diagnosis, cancer type and type of treat-
ment), criteria to establish somatotropin deficiency (using referenc-
es values,”'?), concomitant endocrinopathies, the age and pubertal
stage at somatotropin treatment start, the somatotropin dosages,
height along treatment, body mass indexes (BMI), IGF-1 levels and
bone age over the first three years of treatment, midparental height
and adult height (height at least with 18 years of age, with an annual
increment less than 0.5 cm). Statistical analysis was performed us-
ing Excel® software version of 2013 and SPSS® software version
24. The characterization of the population was performed by cal-
culating measures of central tendency and dispersion for quantita-
tive variables and by determining absolute and relative frequencies
for qualitative variables. To analyse the evolution of variables over
time, Wilcoxon’s test was used. To compare variables between two
independent groups we used the U-Mann-Whitney test. The Spear-
man correlation was used to measure the strength of association be-
tween two continuous variables. A level of statistical significance of
5% was considered.

Results

During the study period, 27 cancer survivors were included,
63.0% (n=17) of male gender. The median age at cancer diagnosis
was 5.54 years [interquartile range (IQR) 2.67; 7.21], with a mini-
mum of three months and a maximum of 10 years. Of the sam-
ple, 59.3% (n=16) had central nervous system cancers — Table 1,
being the medulloblastoma the most frequent one; 59.3% (n=16)
undertook surgery, 70.4% (n=19) radiotherapy and 66.7% (n=18)
chemotherapy. The median dose of prior radiation was 47.3 Gy
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Table 1. Criteria for somatotropin deficiency diagnosis of the sample.

n %
Variation in height—for—e}ge z-score < percentile 10 19 70.4
for 2 years or < percentile 3 for 1 year
Height < -2 SDS 12 44 4
IGF-1 <-2 SDS 11 40.7

SDS - standard deviation score

(IQR 24; 76.6). Neuroaxis radiation was performed in 13, with
median radiation dose of 24 Gy (IQR 18; 34.5). Cranial radiation
was performed in 12, with median dose of 49.7 Gy (IQR 45; 54).
Seven of these were also irradiated in neuroaxis.

The most frequent criteria to investigate somatotropin defi-
ciency was low variation in height-for-age z-score, presented in
70.4% (n=19). Table 2 shows the criteria that led to the investiga-
tion of somatotropin deficiency.

The provocative test was undertaken by 15 patients, all with
inadequate somatotropin secretory response with the exception of
one patient, that matched auxological criteria by itself: low IGF-
1 (-2.25 SDS), low SDS of stature (-2.68), and low variation in
height-for-age z-score for one year.

There were at least one concomitant endocrinopathy in 51.9%
(n=14) of patients: central hypothyroidism in 44.4% (n=12), dia-
betes insipidus in 22.2% (n=6), adrenocorticotropic hormone de-
ficiency in 18.5% (n=5), hypogonadism in 7.4% (n=2) and pan-
hypopituitarism (inadequate or absent production of all pituitary
hormones) in 3.7% (n=1).

Somatotropin treatment began at a median age of 11.13 years
(IQR 8.88; 12.24), with a minimum of four years and eight months
and a maximum of 14 years and seven months. The Table 3 shows
the evolution of dosage, height, body mass index, IGF-1 and the
difference between chronological age and bone age over the first
three years of treatment.

The initial height was —2.30 SDS and increased to —1.81
SDS by one year, —1.68 SDS by two years, and —1.56 SDS by
three years with somatotropin treatment, with significant differ-
ences between the initial height and by one year (p<0.001) and
by one and two years (p=0.006). There was no significant differ-
ence between the end of the second and the end of the third years
(p=0.095) — Fig. 1.

The BMI decreased significantly in the first year of treatment
(p=0.002), with no more significant differences between the BMI
along time (1% vs 2™ years: p=0.775; 2™ vs 3" years: p=0.587). The
initial IGF-1 concentration was —1,93 SDS and increased signifi-
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Figura 1. Evolution of height over the first three years of treatment, height at the
end of treatment, adult height and midparental height of the sample.

cantly to 0.93 SDS by one year (p<0.001). It continued to increase,
in a significant way, throughout the second year (p=0.008) and then
it decreased (p=0.049). The differences between chronological and
bone age decreased throughout the treatment with a significant differ-
ence between the beginning and the third year of treatment (p=0.047).

The median treatment duration was of 4.09 years (IQR 2.52;
5.50), with minimum of one year and four months and maximum
of 11 years. At the end of treatment, height was statistically higher
[-1.87 SDS (IQR -2.13; -1.10)] and BMI was lower [0.45 SDS
(IQR -0.66; 1.33)] but with no statistical difference comparing to
the beginning (p=0.022 and 0.068, respectively).

We obtained the adult height of 17/27 patients [-1.86 (IQR -2.24;
-1.17)]. In this group, there were statistical differences in height in
the first two years of treatment (initial versus first year: p=0.001;
first versus second years: p=0.012). Despite that, there were no dif-
ferences between the initial and the end of treatment (p=0.056) and
the adult height was significantly lower than the midparental height
[-1.32 (IQR -1.63; -0.96)], with p=0.011 — Fig. 1.

The difference between adult height and midparental height
was not associated with gender (p=0.897), group of cancer
(p=0.328), to have done radiotherapy (p=0.959), concomitant en-
docrinopathies (p=0.139) or age or pubertal stage at the beginning
of treatment (p=0.823 and 0.481, respectively).

The reasons for suspending treatment were: growth velocity
less than two centimetres per year (n=9), own initiative (n=2), re-
lapse of cancer disease (n=2, one with anaplastic ependymoma and
another with neuroblastoma), loss of follow-up (n=1, at the sixth
year of treatment) and no information in the medical record (n=9).
At the time of this study, four patients were still under treatment.

Table 2. Evolution of dosage, height, body mass index, insulin-like growth factor 1 and the difference between chronological age and bone age over the first three years

of treatment. Data in median (Q1; Q3).

The beginning (n=27)

End of 1* year (n=27)

End of 2" year (n=24) End of 3" year (n=19)

Dosage (ng/kg/day) 33 (28; 34) 32 (25; 34) 31(23;34) 30 (30; 40)

Height (SDS) -2.30 (-2.70; -1.75) -1.81(-2.40; -1.38) -1.68 (-2.17; -1.03) -1.56 (-1.97; -1.00)
BMI (SDS) 0.87 (-0.69; 1.51) 0.41 (-0.64; 1.06) 0.52 (-0.93; 1.25) -0.16 (-0.97; 0.87)
IGF-1 (SDS) -1.93 (-2.47; -0.65) 0.93 (-0.78; 2.02) 1.19 (0.45; 2.75) 0.86 (-0.62; 1.78)

CA-BA (years) 1.41 (-0.32; 1.80)

0.22 (-0.13; 1.36)

0.50 (-0.44; 1.15) 0.43 (0.00; 1.14)

BA - bone age, BMI - body mass index, CA - chronological age, SDS - standard deviation score
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Discussion and Conclusion

As described in literature, the most common oncological
disease was central nervous system cancer, mainly medulloblas-
toma.”!'” The management of brain cancers typically involves lo-
cal surgery, chemotherapy and radiotherapy, all contributing to
the injury in the hypothalamic-pituitary region.” Radiotherapy, a
known risk factor for somatotropin deficiency in childhood cancer
survivors,’ was performed on most of the patients. It is important
to note that older therapeutic protocols included higher doses of
radiotherapy and a greater extension of irradiated area.

In our sample, the improvement of linear growth was signifi-
cant, especially in the first year of treatment with somatotropin,
similar to that described by Chae et al/, which included survivors
of medulloblastoma.'? Although our patients improved height with
somatotropin treatment, they did not achieve their genetic potential
for height. These results are similar to those found in literature,” in-
cluding a belgian study with 57 childhood brain cancer survivors."
Besides the loss of opportunity during the disease and others co-
morbidities, one of the reasons that may explain why these patients
do not reach midparental height is the direct effect of radiation on
the spine, especially those who received radiation at a younger age
or had a lower height at the start of somatotropin therapy.'*

The diagnosis of somatotropin deficiency in cancer survi-
vors is challenging, requiring the evaluation of several clinical
elements rather than the use of just one test.” In our group, the
provocative test was performed only in 15 patients but, accord-
ing to the National Commission on Growth Hormone Normaliza-
tion, in cases of children with auxological criteria submitted to
central nervous system or spinal irradiation, it is not necessary to
perform somatotropin provocative tests.” This test was normal in
one patient with auxological criteria compatible with somatotro-
pin deficiency, IGF-1 concentration more than two SDS below
the mean and with height improvement with treatment. Probably
this patient had a condition called growth hormone neurosecretory
dysfunction, a specific form of somatotropin deficiency following
radiation damage, that is characterized by diminished somatotro-
pin secretion yet preserved peak somatotropin response to pro-
vocative testing.>’

Regarding concomitant endocrinopathies, hypothyroidism was
the most frequent one, as expected.® Cancer survivors require close
monitoring of thyroid hormones levels, which are also implicated
in the linear growth process.” We found five cases of adrenocorti-
cotrophic hormone deficiency. Adrenal insufficiency has been as-
sociated, in a nonconsensual way, with somatotropin treatment be-
cause of the physiological effects of somatotropin on glucocorticoid
metabolism, reducing the conversion of inactive cortisone to active
cortisol, making manifested an underlying adrenal insufficiency."”
The endocrine screening is important in these patients and should
be started soon after cancer treatment. Manifestations of an endo-
crine deficiency may be difficult to recognize in the early years of
follow-up, when rehabilitation is the priority.® Many times when
short stature is recognized it is too late to improve.°

These children should be carefully followed since diagno-
sis and somatotropin deficiency should be considered as soon
as growth deceleration or normal growth velocity but with con-
comitant early pubertal signs appear. Pituitary deficiencies are as-
sociated with poor health outcome and somatotropin deficiency
was related with decreased muscle mass, less exercise tolerance,
abdominal obesity, low energy expenditure and muscle weakness
in a group of adult survivors of childhood cancers treated with
cranial radiotherapy.'® The study of Heinks et al. concluded that

somatotropin replacement contributed to ameliorate imminent im-
pairments of quality of life after craniopharyngioma, despite the
lack of improvement of height in this sample."”’

In our study, the duration of somatotropin treatment was vari-
able. Two patients stopped treatment because of cancer relapse,
however available data in children do not indicate an increased
risk of recurrence of primary cancer in survivors.®

Finally, the authors evaluated the possible differences in
height according to gender, cancer type, history of radiotherapy
concomitant endocrinopathies, stage of puberty and age at the be-
ginning of treatment, with no statistical differences between the
groups. Probably, these results are due to the small group of pa-
tients. Radiotherapy is an important risk factor for somatotropin
deficiency.*'® Studies show that the diagnosis of somatotropin de-
ficiency and its treatment should start at the youngest possible age,
being important to maximize height with somatotropin treatment
before the onset of puberty.”'? There is no consensus in relation to
the role of gender.’ In the belgian study previously mentioned, no
differences were found between females and males, between pre-
pubertal and pubertal patients and between those who had other
pituitary hormone deficiency and those with isolate somatotropin
deficiency."

Our study was a long-term retrospective study, which included
a small and heterogeneous group of patients, with a wide vari-
ety of cancer diseases and treatments. In addition, there was not
enough data regarding type and evolution of oncological treat-
ments along time (like type of chemotherapy or surgery). Besides
that, we believe that treatment with somatotropin was started too
late considering the difference between the age at cancer diagno-
sis and at somatotropin treatment start. Also, it was difficult to
confirm if there was a strict compliance of the treatment. Prospec-
tive studies with larger samples of patients are needed.

In the present study, we concluded that, despite the significant
height improvement, especially in the first year of treatment, the
patients did not achieve the midparental height. These results show
how difficult it is to overcome the sequelae in height of the cancer
disease and its treatments. Thus, the physicians must be aware
and search for this endocrinopathy in this group of patients for a
lifetime, with regular clinical evaluations every 6 to 12 months."
If there is a decrease in the growth velocity, the diagnosis of soma-
tropin deficit should be evoked and, if indicated, a provocative test
should be performed. The physicians must be aware of possible
signs of early puberty. Treatment should be started as soon as pos-
sible, in order to improve their quality of life.'
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