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Growth is a complex and dynamic process, unique to pediatric medicine, that is
influenced not only by growth hormone (GH) but by many intrinsic and extrinsic
factors. Growth is the product of a complex interaction of nutrient supply and
hormones acting on the growth plates, with surplus energy being converted to
muscle or deposited as fat [1]. For bone lengthening to occur the growth plate must
be normal, but endocrine factors, such as insulin-like growth factor 1 (IGF-1),
thyroxine, sex steroids, but also nutritional factors, such as protein and phosphorus
are needed for normal epiphyseal cell division and differentiation. The growth
promoting actions of GH thus require adequate nutrition, normal endocrine
function and a normal skeleton. The process is easily disrupted and can serve as a
marker for pathologies in any system and in the social environment [1].

GH is a single-chain amino acid polypeptide produced by the anterior pituitary. GH
release is stimulated by GH releasing hormone, while somatotropin release
inhibitory hormone counter-regulates GH release by affecting the timing and
amplitude of the GH pulses. Both are neuropeptides produced in the
hypothalamus. In the circulation, GH is either free or bound to GH-binding proteins
(GHBP). Due to a relatively low binding capacity of GHBP only about 45% of the
circulating GH is bound. When bound, it prolongs the half-life of GH and facilitates
binding to the GH receptor, which leads to production of IGF-1 in GH sensitive
tissues. In the circulation the majority of IGF-1 comes from the liver and circulates
as a ternary complex with IGFBP-3 and another protein, acid labile subunit (ALS)
that transports IGF-1 in the blood and extents its half-life. IGF-1 binds to the IGF-1
receptor at the growth plate which causes cell division and maturation leading to
bone lengthening. Various tissues (e.g. growth plates) express GH receptors,
allowing GH to have an effect on growth independent of the hepatic production of
IGF-1. Also local production of IGF-1 at the growth plate causes bone lengthening
[1, 2].

Bone growth is also regulated by the expression of many genes acting locally in the
growth plate. The most recent genome wide association analysis shows more than
400 height associated loci with the growth cartilage being the most strongly
implicated tissue [3].
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The pubertal growth spurt is caused by gonadal steroids that increase GH secretion
two- to threefold and also stimulate IGF-1 production at the growth plate. The
production of testosterone and estrogen from the gonads boosts growth of the
spine in particular. Estrogen in both sexes matures the epiphyses towards eventual
bone fusion after which growth ceases [1, 2]. After reaching adult height, GH
production does not cease, however the amplitude of the GH pulses gradually
decreases with age [2].

Human pituitary-derived GH has been used for more than 25 years to promote
growth in short children with GH deficiency (GHD), until it was halted in 1985 due
to recognition of the association with Creutzfeldt-Jakob disease [4]. From 1985,
recombinant human (rh) GH was available and approved for clinical use and also its
therapeutic application was expanded, especially in the pediatric population, due
to the large availability. Not only GH deficient children, but also children born small
for gestational age (SGA), children with idiopathic short stature (not in Europe), and
children with growth delay due to chronic renal insufficiency, Turner syndrome,
Prader—Willi syndrome, Noonan syndrome and SHOX gene haplo-insufficiency can
be treated nowadays with GH [5]. GHD and SGA are the most common indications
for GH treatment. Next-generation sequencing has shown that genetic disorders
labelled as skeletal dysplasia are also present in patients with a diagnosis of
idiopathic short stature. These include, for example, abnormalities in the ACAN
gene coding for the growth plate extracellular matrix proteoglycan aggrecan, and
the natriuretic peptide receptor-B gene NPR2 [6]. GH treatment is not only given
for its growth-promoting effect: in Prader Willi syndrome it is mainly given for its
metabolic effects on body composition and muscle strength [7-9]. The starting dose
of GH depends on the diagnosis of the condition and is usually calculated according
to body weight or body surface area. Some differences in dosing as well as dose
adaptations during treatment exist between countries and centers.
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The aim of GH treatment in the patient’s perspective is mainly a rapid and sufficient
catch-up growth within the normal reference range, the achievement of an adult
height close to the genetic target height based on parental heights and preferably
within the normal range, and normalization of body composition, with minimal
risks of therapy. GH treatment must also be as patient-friendly as possible, with
appropriate injection devices since, up to now, daily subcutaneous injections are
required. From the society’s perspective, GH treatment should be cost-effective,
providing optimal efficacy with the lowest dose. From an ethical and patient quality
of life perspective, it is important to avoid a burdensome treatment in children who
don’t benefit from it.

The growth promoting effect of GH depends on the underlying condition and GH
dose. GH replacement in GHD children is started at an average height of -3.1 to -
3.5 SD, at a mean age of 7.2 to 7.8 years, with a mean dose of 31-33 mcg/kg*day.
The mean height gain (AHt) after the first GH treatment year varies from 8.4 to 10
cm/year and from 0.72 to 1.04 standard deviation score (SDS), depending on the
severity of GHD [10]. In short SGA children, GH treatment is started in a higher dose
(mean 44 mcg/kg*day), at an average height of -3.5 SD, at an average age of 6.9
years. They have a mean height velocity (HV) of 8.6 cm/year and a mean AHt of
0.79 SDS during the first GH treatment year [10]. Many investigators have studied
the adult height outcome of GH treatment in GHD children [11-22]: the average
(near) adult height is -1.2 SDS, this is 0.35 SDS below the target height; mean total
AHt is 2.5 SDS after an average duration of 7 years of GH treatment. In SGA children,
GH has been shown to improve adult height by 1.6 SDS, reaching a mean (near)
adult height of -1.6 SDS, this is 0.6 SDS below the target height [23-30].

Beside its growth promoting effect, GH has many specific metabolic effects as well,
including (1) increased mobilization of fatty acids from adipose tissue and increased
use of fatty acids for energy, (2) increased rate of protein synthesis in most cells of
the body, and (3) increase in fasting and glucose stimulated insulin levels (decrease
in insulin sensitivity) mostly without adverse effects on glucose levels [31]. The
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effect of these changes in metabolism is reflected in a decrease in fat mass and an
increase in fat free mass [32-40]. GH therapy can also increase the basal metabolic
rate and total energy expenditure in short time experiments [34].

There is a large inter individual growth response to GH treatment [22, 41] due to
differences in sensitivity to GH or its mediator IGF-1 [42]. Some polymorphisms
that alter the function of the genes in pathways have shown to affect growth
response to GH therapy. An example is the GH receptor polymorphism, in which
exon 3 is either present or absent, and has shown to influence GH signal
transduction in vitro and growth response to GH in vivo [43]. However, meta-
analyses demonstrate significant variation between reports, highlighting the
limitations of studying the effect of a single gene on a complex trait, such as growth
[44, 45].

The PREDICT long-term follow-up study used a pharmacogenomic approach and
demonstrated that a broad range of growth and metabolism related genes, related
in particular to cell signaling, are associated with high or low first-year growth
responses to GH treatment in children with GHD [46]. In GHD, 11 genes were
significantly associated with the first-year growth response. For example, GRB10
was associated with high response while SOS2 was associated with low response.
For each polymorphism, the difference in growth between alleles or genotypes was
>1 cm over the first year, representing = 20% of first-year increment in growth.

The PREDICT validation study supports, in an independent cohort, the association
of four of 48 genetic markers with growth response to GH treatment after
controlling for clinical/auxological covariates [47]. However, genetic data do not
appear to be powerful enough on their own to be used in prediction and clinical
management and therefore have limited utility.

Beside intrinsic factors, poor adherence [48, 49], concomitant morbidity (such as
mild bone dysplasia) or use of some medications (such as chronic glucocorticoid
treatment, dexamphetamine) may also impair the growth response to GH
treatment.
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Several auxological changes are being used to assess the first-year growth
response, such as the AHt standard deviation score (SDS), the observed HV
expressed in cm/year or in SDS, or the increase in HV compared to the pre-
treatment year [10]. A number of definitions of poor first-year growth response
have been proposed in clinical trials and consensus statements, such as a AHt SDS
<0.3SDor<0.5SD, afirst-year HV < +0.5 SD or < +1.0 SD for age and gender, or an
increase in HV < 3 cm/year compared to the pretreatment year [50]. These arbitrary
cut-off values and the assumption of one size fits all, does not take patient specific
parameters into account such as diagnosis or age.

a. Prediction of growth response in clinical practice by single parameters

Several efforts have been made to predict the growth response to first-year GH
treatment from short term changes in auxological, biochemical and energy
expenditure parameters.

1. Auxological changes

Chronological age, pretreatment HV, parental heights and weight status
(weight SDS and weight for height SDS) are related to the first year growth
response in GHD as well as in short SGA children [51]. However, these
individual parameters predict only 22% of the variability in the growth
response. Hermanussen et al. showed that 38% of the variability in the first
year growth response in children with short stature (mainly with GHD)
could be predicted by the change in lower leg length after 8 weeks of
treatment [52].

2. Changes in GH related biomarkers
Serum IGF-1
Despite the shortcomings of IGF-1 assays, IGF-I values provide information
about the severity of GHD and are universally used to monitor GH
treatment, both for its efficacy and for its safety [53]. A significant inverse
correlation exists between pretreatment IGF-1 levels and the height gain
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during GH treatment. However, a cut-off for pretreatment IGF-1 levels to
identify poor responders cannot be established [54]. During the first
treatment year serum IGF-1 is usually measured in clinical practice at the
start and 2-4 months later. A lack of increase in IGF-I usually indicates
insensitivity to GH or poor treatment adherence. However, there is a poor
correlation between the early changes in serum IGF-I levels and growth
rate or treatment outcome [42, 55, 56]. Cohen et al. found a wide range of
GH doses required to obtain an average or high normal level of IGF-I,
illustrating the difference in sensitivity to GH among patients. Moreover,
they showed that even with the same serum IGF-I concentration, patients
had very different growth responses, suggesting that there is also a
difference in sensitivity to IGF-I. In conclusion, the correlation between
serum IGF-1 and clinical outcome has been disappointing, highlighting the
need for other biomarkers to predict efficacy in individual patients.

Serum bone turnover markers

In clinical studies, serum markers of bone turnover such as bone alkaline
phosphatase, osteocalcin, carboxy terminal propeptide of type 1 collagen
and urinary pyridinoline and deoxypyridinoline [57-59] have been shown
to increase during GH treatment, but are not used in daily clinical practice.
The GH Research Society concluded that there is insufficient data to
support the use of bone markers in monitoring GH therapy [60].

Other biomarkers

The influence of IGFBP-3 on growth response appears to be disease
dependent [46]. In a study assessing parameters that determine growth
response to GH treatment, IGFBP-3 SDS had a positive relationship with
AHt SDS in GHD [61]. In SGA, van der Kaay et al. showed an association
between the first-year AHt SDS and the increase in IGFBP-3 SDS [62],
however, another study reports no correlation [63]. Additional serum
analytes such as ALS, Klotho, and fibroblast growth factor 23 have been
shown to change with GH treatment in children, but are not used in daily
clinical practice [64, 65].



3. Changes in body composition and energy expenditure

Vaisman et al. [32] showed an increase in basal metabolic rate after 2
months of GH treatment in 10 prepubertal boys. In 1991, Gregory et al. [34]
demonstrated a significant increase in basal metabolic rate and total
energy expenditure after 6 weeks of GH treatment in 15 children (GHD or
idiopathic short stature). Hoos et al. [66] showed that change in total body
water/height? after 6 weeks of GH treatment was valuable in identifying
good first-year growth responders. The experience with GH induced
changes in body composition and energy expenditure as predictors of poor
growth response is however very limited and difficult to incorporate in
clinical practice.

4. Genetic, maternal or environmental risk factors for being born SGA (e.g.
Silver-Russell syndrome, congenital heart defects, maternal infections or
smoking during pregnancy) did not explain variances in growth response in
SGA children treated with GH [67].

The identification of genetic factors contributing to the variability in growth
response can be used to promote individualization of GH treatment for
best patient outcome.

b. Prediction of growth response in clinical practice by multiple parameters

Because growth is so complex and influenced by many factors, single auxological
criteria and biomarkers are poor outcome predictors. Therefore, a large number of
multiparameter prediction models for first-year growth response have been
developed and published [10, 68-79]. The most commonly used prediction models
are those developed by Ranke et al. based on data from the Kabi/Pfizer
International Growth Study known as KIGS and use readily available clinical
parameters. The included factors for the first developed model (GHD) are age,
height SDS minus target height SDS, body weight SDS, GH dose, maximum
stimulated GH peak, and birth weight SDS [69, 70]. First-year prediction models
have also been developed for other indications: SGA [71], Turner syndrome [72],
idiopathic short stature [73], chronic kidney disease [74], and recently also Noonan
syndrome [75]. These prediction models contain more or less the same parameters,
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explaining 61% (GHD), 52% (SGA), 46% (Turner syndrome), 39% (ISS), 37% (chronic
kidney disease), and 36% (Noonan syndrome) of the variability of the first-year
growth response. Other models have been developed including beside auxological
parameters, also biochemical measurements [78, 79]. More recently, combining
transcriptomic markers with the clinical phenotype has shown to significantly
reduce the predictive error [80]. A disadvantage of these prediction models is that
all parameters must be available in order to calculate the predicted growth
response.

A simple method to assess the responsiveness (=ability of an individual patient to
respond to GH) is the comparison of the patient's observed height velocity during
the first year of GH treatment with the published “first-year height velocity for age”
curves based on large data registers of patients undergoing GH treatment, such as
The Genentech Cooperative Study [81], and KIGS [10]. A height velocity below -1.0
SD on the growth response curve has been considered as a poor response. This
method addresses the effect of age, diagnosis, and sometimes gender (with a
separate curve for each diagnosis) but ignores the known important influence of,
for example, the degree of GHD in idiopathic GHD (iGHD), the height of the parents,
and the GH dose. The above-mentioned prediction models for first year height gain
do include these parameters and therefore assess responsiveness more accurately.

The ultimate goal of predictive models should be an estimation of the long-term
growth response [82, 83]. Despite the wealth of knowledge gained through these
population and indication specific multiparameter growth prediction models, the
challenge remains to interpret these growth predictions in terms of final response.
No study has yet investigated this relationship. Early detection of a poor final
responder provides the opportunity to optimize management by assessing possible
causes of inadequate growth and/or GH insensitivity. Cessation of GH treatment
could be considered to avoid a burdensome and costly treatment in children who
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don’t benefit from it. Up to now, these multiparameter growth prediction models
have remained in clinical research and academic settings.

Despite more than 35 years of experience with recombinant human GH treatment,
it is still a challenge to predict which children will ultimately have little or no benefit
from their GH treatment. This thesis aims to gain more insight in the evaluation of
poor growth response to GH treatment in short prepubertal children with GHD and
SGA and its ability to predict a poor adult height outcome in children with GHD.

In chapter 2, we determine the proportion of poor growth responders after first-
year GH treatment identified by different auxological criteria in children with GHD
and born SGA and compared these different criteria. In chapter 3, we ask the
question whether the change in energy expenditure immediately after the start of
GH treatment is a predictor of the growth response to GH in GHD and SGA children.
In Chapter 4, we generate a first-year growth response reference curve for
prepubertal Belgian children with iGHD treated with a standard weight-adjusted
GH dose and compare this national reference with previously published KIGS
growth targets, based on European children [10]. In Chapter 5, we validate the KIGS
prediction models [82] for near final adult height in children with iGHD after first-
year GH treatment with an independent cohort from the Belgian Registry. In
Chapter 6, we explore the value of different criteria for first-year growth response
to GH treatment as predictors of a poor final height outcome after GH treatment in
prepubertal children with GHD. In Chapter 7, we investigate if lengthening the
observation period from one to two years improves the prediction of poor adult
height outcome in prepubertal children with non-acquired GHD. In chapter 8, we
discuss the results of our findings in relation to the most recent literature and
propose a practical GH therapy approach after one year of treatment incorporating
the first-year growth response and responsiveness. Chapter 9 consists of a
summary of the studies included in this thesis. In chapter 10 we reflect on the
scientific impact of the results of our research. The addendum contains the Dutch
summary as well as acknowledgements, curriculum vitae, a list of publications, and
a list of abbreviations.
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Abstract

Background: There is.no consensus on the definition of poor growth response after the first year of growth
hormene (GH) treatment. We determined the propartion of poor respanders identified by different criteria in
children with GH deficiency (GHD) and bom small for gestational age (SGA). The sacond alm was to analyze the
IGF-1 respanse In poor-growth responders,

Methods: First-year haight data of 171 SGA and 122 GHD children who remained prepubertal during the first GH
treatment year were retriegved from the BESPEED database and analyzed: Critena for poor first-year response/
responsiveness were: change In helght (AHE) SOS<03 or<@.5, height velocity (HV) SDS<0.5 or <1 based on the
population reference, HY SCS<—1 based on the KIGS expected HY curve (HY Ranke SDS), studentized residual {SH)
<— | in the KKQS first-year prediction model,

Results: AHt SDS<05 gave the highest percentage poor responders (37% SGA, 26% GHD). Although % poor
responders were comparable for AHE SD5<0.3, HV SD5<+ D5, HV SDS<+ 1, SR<— 1, and HV Ranke SD%<— |, these
critena did not always sdentdy the same patients as poor responders. Among the poor growth responders 24% SGA
and 14% GHD patients had an IGF-| increase < 400,

Conclusions: The different responise criteris yield high but comparable parcentages poor responders, but identify
different patents. This study does not provide evidence that one critérion i bettar than another, A limited |GF-1
generation is not the magor reason for a peor growth response in the first year of GH treatment in 5GA and GHD
children,

Trial registration: Retrospectively registeéred,

Keywords: Growth hormane treatment, Growth hormone deficiency, Small for gestationat age, First-year 1esponse;
Childrery
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Background

Growth hormone (GH) deficiency (GHD) and short stat-
ure as a consequence of a small size at birth (SGA) are
the most frequent indications for GH therapy in children
in Europe. Although in general a substantial fraction of
the height deficit is already recovered during the first
year of GH treatment in these growth disorders, a high
proportion has a poor growth response in the first year
of GH therapy [1]. This first year growth response is
paramount since it is the major determinant of the gain
during the subsequent treatment years and correlates
with the final height outcome [2-12}.

Traditionally the growth response during the first year
of GH treatment is evaluated by auxological parameters,
such as the gain in height SDS (AHt SDS), the observed
height velocity (HV) expressed in cm/year or in SDS, or
the increase in HV (AHV) compared to the pre-treatment
year [I13]. A number of definitions of poor first-year
growth response have been proposed in clinical trials and
consensus statements, such as a gain in height <0.3 SD or
<0.5 SD, a first-year HV <+0.5 SD or <+ 1.0 SD for age
and gender, or an increase in HV <3 cm/year ¢ d to
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axis will limit a sufficient generation of IGF-1 during
GH administration. Different patterns of IGF-1 increase
during GH treatment between children with GHD, SGA
children and other disorders have been described previ-
ously [21, 22]. However, up to now, there have been no
previous reports comparing the commonly used mea-
sures of poor growth response with measures of poor re-
sponsiveness from prediction models and only limited
data are available on the IGF-1 increase during GH
treatment in relation to the growth response in short
GHD and SGA children.

We therefore compared the first year growth response
and responsiveness criteria in prepubertal children with
SGA and GHD, regi d in the database of the BElgian
Society for PEdiatric Endocrinology and Diabetology
(BESPEED). We expected a lower percentage of poor re-
sponders using more individualized growth response tar-
gets, especially in the SGA group, where GH sensitivity
and treatment modalities are more variable. In addition,
we evaluated the IGF-1 response during the first year of
GH treatment in those children with a poor growth

the pretreatment year [14].

Another more recent method to evaluate the growth
promoting efficacy of GH treatment in short children is to
compare the observed to the expected growth response
defined by certain patient and treatment characteristics,
which has been defined as responsiveness, reflecting the
ability of an individual person to respond to GH [11, 12,
15]. First year height velocity response curves, determined
by age, treatment indication and sometimes gender (Bak-
ker et al. [16], Ranke et al. [13], and Straetemans et al.
[17]) have been published. A height velocity below - 1.0
SD on the growth response curve has been considered as
a poor response.

In an attempt to include even more parameters to de-
termine the responsiveness to GH, Ranke et al. have de-
rived prediction models for the first year response to
GH in various treatment indications. They include
among other factors birth weight, GH dose and parental
heights [18-20]. Responsiveness is expressed as a stu-
dentized residual [SR = (observed HV — predicted HV)/
SD of the predicted HV] and a SR <- 1 has been consid-
ered a poor response [12]. This implies that 16.5% of the
patients are poor responders. Although these multivari-
ate prediction models provide a more individualized
response target, some patients meet their very poor pre-
diction and are therefore not considered poor re-
sponders despite their poor absolute response.

Several conditions might explain a poor growth re-
sponse to GH administration. With the exception of a
poorly responsive growth plate, most conditions such as
poor compliance, a hidden chronic disease or a partial
GH insensitivity due to abnormalities in the GH-IGF-1
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Methods

Subjects

The auxological data and first year treatment character-
istics of prepubertal children diagnosed with SGA and
non-acquired GHD, who had been treated exclusively
with recombinant human GH on a daily basis, were re-
trieved from the Belgian Registry of children treated
with GH (BELGROW), which is administrated by
BESPEED since 1985, The Registry stores coded data
and informed consent was secured prior to data entry.
Data of patients who started GH treatment between
January 2003 and May 2010 were analyzed.

Diagnosis of SGA or GHD was made by the treating
physician after peer-review by the other BESPEED mem-
bers. All GHD patients had a peak GH concentration <

10 pg/L in two provocation tests (glucagon and insulin
test). Priming before testing with respectively estrogen
and testosterone was done routinely in girls >8 years old
and boys 29 years old. GHD patients with and without de-
velopmental anatomical anomalies of the pituitary were
included. Patients with acquired GHD were excluded.
Severe GHD was defined as a peak GH response less than
5 pg/L in both provocation tests. Included SGA children
had a birth weight and/or birth length < - 2 SD [23] and a
height < — 2.5 SD at the age of 4 years and at onset of ther-
apy. Prepuberty was defined as having a testicular volume
less than 4 ml for boys and Tanner breast stage 1 for girls.

In the GHD group, patients born SGA were excluded.
In the SGA group, patients with severe GHD (peak GH
<5 pg/L) were also excluded. Additional exclusion cri-
teria for all groups were: age >10 years for girls and
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212 years for boys at the end of the first year of GH
treatment, gestational age <30 weeks, any chronic dis-
ease or genetic syndrome interfering with a normal
growth potential, a known poor adherence to GH treat-
ment, concomitant treatment with steroids >12 mg/
m”day (hydrocortisone equivalent), additional previous
or current growth promoting therapy such as sex ste-
roids, oxandrolone or at inhibi Only pa-
tients who remained prepubertal during the first
treatment year were considered for analysis.

Methods

Variables retrieved from the register were (a) status at
birth: gender, birth weight and length; (b) genetic back-
ground: mother’s height (Ht), father's Ht; (¢) patient vari-
ables at the start of the treatment period: chronological
age, Ht, weight (W), the highest peak GH concentration
in GH provocation tests; (d) first year GH treatment mo-
dality: average GH dose (pg/kg.day) during the first year
of GH treatment; (e) Ht, Wt after 1 year of GH treat-
ment. IGF-1 values (ng/ml) before the start and during
the first year GH treatment were retrieved from the
medical files.

Birth weight for gestational age was transformed into
SDS, based on the standards of Niklasson et al. [23]. The
midparental height (MPH) was calculated as follows: [fa-
ther’s Ht (cm) + mother’s Ht (cm} + 13 for boys/- 13 for
girls]/2 [24]. Height, weight, body mass index (BMI),
HV, and MPH were converted to SDS using Belgian ref-
erence data by Roelants et al. [25].

First-year gain in height (AHt) SDS and first-year
height velocity (HV) (cm/year), were calculated as the
increment in height between start of treatment and a
measurement made after minimum 9 months and max-
imum 15 months of GH treatment, subsequently scaled
to 12 months.

The observed first-year HV (cm/yr) was expressed as
SDS, either using the Flemish HV reference curve [25]
or using the reference curves for GH treated prepubertal
GHD and SGA children developed by Ranke et al. based
on the KIGS database [13]. The latter was calculated as
follows: the HV of the child in cm/year minus the mean
HV for age and diagnosis divided by the SD for age and
diagnosis.

Predicted first-year HV (cm/year) was calculated with
the KIGS first-year prediction models for GHD (GH
peak included) (18, 19] and SGA [20], provided that all
parameters required for the mathematical algorithm
were available. These prediction models are available on
the Prediction Models Web [26] and on the iGRO web-
site [27]. Differences between observed and predicted
HVs were expressed as studentized residuals (SR). SRs
were calculated as the observed HV minus the predicted
HV, divided by the SD of the predicted HV of the child.
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SR is the index of responsiveness (loR), thus the index
of an individual’s actual growth versus its unique pre-
dicted growth.

The criteria used to define a poor first-year growth re-
sponse were: (a) A Ht<03 SD [28], (b) A Ht<05 SD
[13], () HV <+ 0.5 SD on the population HV reference
curves [25], (d) HV < + 1.0 SD on the population HV ref-
erence curves [25], (e} observed first-year HV more than 1
SD below the patient’s predicted first-year height velocity
(SR<~1) [12], and (f) HV<-10 SD for expected
first-year height velocity based on diagnosis specific refer-
ence data developed by Ranke et al. (HV Ranke SDS) [13].

The patients were divided into three response groups:
poor response to all criteria, questionable response (poor
response to at least 1 criterion), and good response to all
criteria.

The percentage increase in IGF-1 was calculated using
the IGF-1 value before the start of GH treatment and
the highest 1GF-1 value during the first year of GH treat-
ment. A poor IGF-1 response during the first year of
GH treatment was defined as an increase of less than
40% after at least 3 months of GH therapy. This cutoff
value corresponds to the 10th percentile of IGF-1 in-
crease in GHD patients [29).

Statistical analysis

The variables were tested for normality with the one-sample
Kolmogorov-Smirnov test and are reported as medians (25~
75 percentile) or means (+ SD). Student’s t test, one-way
ANOVA and Bonferroni correction were used to test for dif-
ferences between groups when the distribution of data was
normal. Otherwise Mann-Whitney-U and Kruskal-Wallis
tests were applied. Simple linear correlation analysis was
conducted using the Spearman formula. Statistical signifi-
cance was set at the 5% level (p < 0.05). IBM SPSS statistics
21" software was used for all statistical analyses. The patient
population was of sufficient size to detect a 50% lower per-
centage poor responders for the criterion SR < ~ 1 compared
to the criterion HV < + 1.0 SD (a = 005 and 1- = 0.8).

Results

Baseline characteristics

In total, 171 SGA patients and 122 GHD patients met
the inclusion and exclusion criteria. Sixty six children
were diagnosed with severe GHD (peak GH < 5 pg/L).
Baseline auxological characteristics at the start of GH
treatment are listed in Table 1. For both groups there
was a predominance of males (64-66%). Boys started
GH treatment at a significantly older age than girls (7.5
vs. 6.6 years, respectively; p =0.01); 26 (=15%) SGA and
19 (=16%) GHD boys were older than 10 vears at the
start of treatment. At baseline, there was no significant
difference in median Ht SDS between SGA and GHD
patients (SGA: -3.06 SD, GHD: -3.20 SD). The mean
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average GH dose during the first year of GH treatment
for patients with GHD was 26.9 pg/kg*day, which was
significantly lower than the dose for patients with SGA
(38.1 pglkg“day; p <0.001). Children born SGA had a
lower weight and BMI at start than children with GHD
(p <0.001). Children with GHD had the largest differ-
ence between height SDS at start and MPH SDS.

and

P ponsi after the first year of GH
treatment

As shown in Table 2, children with GHD had a signifi-
cantly greater increase in Ht SDS and HV than children
with SGA (p <0.001). In the SGA group the mean ob-
served HV is close to the expected HV. In contrast,
GHD responded slightly worse than predicted (SR -
0.35 + 1.13; p = 0.05).

Children with severe GHD (max. GH peak <5 pg/l)
had a greater increase in Ht SDS (0.97 + 0.65 vs 0.62 +
0.42; p=0.001), and a greater HV (cm/yr) (10.1 +2.8 vs.
84+ 1.9; p < 0.001) than the group with less-severe GHD.

There was no significant difference in AHt SDS, nor in
HV (em/yr) between SGA children with only a low birth
weight (n=24) and SGA children with only a low birth

length (7 = 38).

Comparison of poor resp and poor responsiveness
criteria

One hundred and six (106) patients (=36%) met at least
one of the proposed criteria for poor response. Figure 1
shows the percentage of patients labeled as poor re-
sponders according to the different criteria. AHt < 0.5
SD gave the highest proportion of poor responders (37%
in SGA, 26% in GHD). AHt <03 SD generated 15%
poor responders in SGA and 12% in GHD. HV < 0.5 SD
was seen in 17% of SGA and in 11% of GHD patients.
HV < 1.0 SD was observed in 25% of SGA and 19% of
GHD subjects. Eighteen percent of patients with SGA
and 20% of patients with GHD had an observed
first-year HV more than 1 SD below the predicted
first-year height velocity (SR < - 1). Fourteen percent of
patients with SGA and 12% of patients with GHD had a
HV < - 1.0 SD for expected first-year HV based on diag-
nosis specific reference data developed by Ranke et al.
(HV Ranke SDS < - 1).

Between the SGA and GHD group there were no sig-
nificant differences in percentages of poor responders.
In the SGA group, the percentage of poor responders
for the AHt < 0.5 SD criterion was significantly different
from those for the AHt <0.3 SD, HV <+ 0.5 SD, SR < - 1
and HV Ranke <-1 SD criteria (p <0.01), In the GHD
group, the percentage of poor responders for the AHt <
0.5 SD criterion was significantly different from those
for the AHt <0.3 SD, HV < + 0.5 SD and HV Ranke <- 1
SD criteria (p <0.05).
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Although the percentages of poor responders were
comparable for the criteria AHt <0.3 SD, HV <+ 0.5 SD,
HV <+1 SD, SR<-1, and HV Ranke <-1 SD in the
SGA and GHD group, these specific criteria did not al-
ways identify the same patients as poor responders, as
shown in Fig. 2. For example, for the criteria AHt <03
SD, HV <+ 1 SD and SR < - 1, only 17/45 SGA patients
and 7/30 GHD patients were identified as poor re-
sponders by all three criteria. For the criteria HV <+ 1
SD and SR < - 1, respectively 22/45 and 11/30 patients
in the SGA and GHD group were identified by both cri-
teria as poor responders.

Poor response to all criteria was observed in 16 (10%)
SGA and 7 (7%) GHD patients, questionable response
(poor response to at least one criterion) in 49 (30%)
SGA and 34 (32%) GHD patients, and good response to
all criteria in 96 (60%) SGA and 64 (61%) GHD patients.
In the SGA group, age was significantly older in the
group with questionable response compared to the
group with good response (data not shown). There were
no other significant differences between the responder
groups in the SGA group. In the GHD group, father
height SDS was significantly lower and A BMI SDS was
significantly higher in the group with questionable re-
sponse compared to the group with good response.
There were no other significant differences between the
responder groups. IGF-1 could not be compared because
this parameter was available in only a minority of the pa-
tients (data not shown).

IGF-1 response of poor growth responders

Out of the 106 patients who showed a poor growth re-
sponse for at least one criterion, 70 patients had results
of at least two IGF-1 determinations available. There
were no significant differences in the growth responses
between poor responders with and without available
IGF-1 values. For SGA (n=41) and GHD (» =29) pa-
tients with a poor first year growth response, the mean
increase in IGF-1 was 126% (+126) and 176% (£193),
respectively.

Ten (24%) SGA and 4 (14%) GHD patients had less than
40% increase in IGF-1 during the first year of GH treat-
ment. GHD patients with blunted IGF-1 increase had a
significantly lower BMI SDS at start compared to those
with a normal increase (- 1.35 SD vs - 021 SD; p<0.01)
and had mothers with a taller height (0.66 SD vs - 1.02
SD; p <0.01), while no differences in the available auxolo-
gical parameters were found between SGA children with a
poor and a normal IGF-1 increase.

Discussion

Depending on the criteria used, between 11 and 26% of
short prepubertal GHD children, treated with a mean
GH dose of 27 mcg/kg'd and between 14 and 37% of
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shore prepubertal SGA children, treated with 2 mean
GH dose of 38 meg/kg'd, were found to be poor re-
spanders. AHt > 0.5 SD was the most stringent criterion:
26% of GHD and 37% of SGA patients trested in
Eelgium did not meet this response criterion, whereas
the HY Ranke G505 < — 1 gave the lawest percentages (12
and 14%),

Our prevalence results are comparable to the findings
of Bany et al [1] who also assessed the criteria foc pour
growth response in a group of 173 GHD and 54 SGA
short prepubertal children from the Nordic countries.
Beside the inclusion of SGA bom children within the
GHD group, the In- and exclusion criterla of this Nordic
study are comparable to the data in our Belgian registry

study, explaining to a great extend the similar propor-
tlon of poor responders.

Bang ct al [30] have argued that the response to GH
should be clinically meaningful, implicating that treatment
should diminish rapidly the height difference with peers,
implicating # gain in height 5D3 of at least 0.5 S0 during
the first year. This criterion is based on the observation
that the year to year change in height SDS in normal
growing children can go up to 0.3 SD [31], Se to atiribute
the growth response w0 GH. the change in height SDS
should be at least higher than 0.3 SD. However, since the
gain In height SDS is age and diagnosis dependent [1, 16],
a fixed cutoff will favora better reéponse in younger chil-
dren and in severe GHD.

BHT SDS <0,3

HV5DS<0,5  AHTSDS<0,3

SRe-1

SR<-1

Fig. 2 Numbet uf pexa fesponders for SOA petiencs (okd) and GHD patienn §e3ck 30GA = ungll o1 gestzimna! 292 GHD =gl owth ha mdie
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Comparing the annualized HV during the first year on
GH with the HV of the pre-treatment year (AHV, cm/
year) might give an approximation of the GH induced
HV, except in case a severely HV declining in the pre-
treatment year is present, as often seen in severe GHD.
Theoretically, AHV (¢cm/year) may be the best response
parameter to evaluate, however reliable pretreatment
height measurements are often unavailable, as was the
case in our database.

HV (cm/year) during the first year on GH treatment is
highly age dependent [1, 16). To express HV independ-
ent of age and in relation to normal gender related refer-
ence values, an SDS for age can be calculated. However,
references are usually based on longitudinal studies with
relatively small sample sizes or on cross-sectional data.

The ability of an individual patient to respond to GH
(the responsiveness) should always be determined in
order to evaluate the growth response correctly. For ex-
ample, a patient with a first-year AHt of 0.7 SD would
be considered a good responder, but with a SR of, for ex-
ample, - 1.2 this patient proves to have an inadequate
response. A weakness of prediction models may be the
lack of available patient characteristics needed to calcu-
late responsiveness.

We hypothesized that a more individualized respon-
siveness criterion would yield 50% less poor responders
than the more general response criteria. This hypothesis
must be rejected because AHt < 0.3 SD, HV < + 0.5 SD,
HV < +1 SD, SR< -1 and HV Ranke SDS < -1 SD gave
the same proportion of poor responders in both treat-
ment indications, although the GH doses are signifi-
cantly different in both diagnostic groups. This supports
the notion that there exists a continuum and overlap be-
tween partial GHD and SGA children without a postna-
tal catch up growth [32].

Although most criteria resulted in the same proportion
of poor responders they did not identify the same patients.
For example, HV <+ 1 SD, the reimbur resp
criterion of the European Medicines Agency (EMA) for
GH treatment in short SGA children, generated a compar-
able amount of poor responders as the criterion SR< -1
(respectively 25 and 18%). However, only 17 out of 45 of
these poor responders fulfilled both criteria. Hence, these
parameters cannot be used interchangeably. The fact that
there is no concordance between the groups defined by
the different criteria is interesting, but not surprising,
since the response variables are principally different from
the responsiveness parameters .

The long-term evaluation of response to GH has been
validated for the KIGS prediction models by showing that
SR is the second most important predictor of adult height
after GH treatment. All the other proposed criteria for a
poor first-year response have not been evaluated for their
ability to predict a poor adult height outcome,
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In our study, respectively 24 and 14% of the poor re-
sponders in the SGA and GHD group were found to
have an insufficient IGF-1 increase in the first year. GH
insensitivity is hence not a major reason for poor growth
response in these children. GHD patients with low
IGF-1 increase had a significantly lower BMI SDS at
start compared to those with a normal increase. Nutri-
tional constraints are possibly an important cause for
the poor IGF-1 response. These children do not have
sufficient calories to be able to grow, which may explain
the poor growth response, Poor compliance is another
possible reason for the poor IGF-1 response and growth
response. Because 1GF-1 rises within days after GH ad-
ministration, a normal IGF-1 measurement cannot rule
out poor adherence up to a week before the blood
collection.

A weakness of this study is the limited amount of
available IGF-1 values. However, no significant differ-
ences in the growth responses between poor responders
with and without available IGF-1 values were observed.

IGF-1 levels after GH might fluctuate with the duration
of GH therapy [1). We therefore have chosen to take the
maximum level into account and not a level at fixed dur-
ation. To circumvent the problem of non-centralized deter-
mination of IGF-1, the percentage increase was calculated
on IGF-I levels determined in the same laboratory.

Conclusions

In conclusion, with the exception of the AHt < 0.5 SD cut-
off, the tested criteria resulted in the same proportion of
poor growth responders in GH treated SGA and GHD pa-
tients, but did not always identify the same patients as
poor responders. This study does not provide evidence
that one criterion is better than another. A critical evalu-
ation of these response parameters and their cutoff values
with respect to their capacity to detect a poor final adult
height outcome is needed to define the best poor response
parameter. A limited capacity in IGF-1 generation did not
appear to be a major reason for a poor growth response in
both GHD as SGA children.
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Abstract

Purpose The effects of growth hormone (GH) reatment on linear growth and body composiuon have been studied
extensively. Little is known about the GH effect on energy expenditure (EE), The uim of this study was to investigate
the effects of GH treatment on EE in children, and to study whether the changes in EE ¢an predict the height gain after
| year.

Methods Total EE (TEE), basal metabolic rate (BMR), and physical activity level (PAL) measurements before and after

-6 weeks of GH treatment were performed in 18 prepubertal children (S girls, 13 boys) born small for gestational age
(n=14) or with growth hormone deficicacy (n=4) who were eligible for GH reatment, TEE was measured with the
doubly lubelled water method, BMR was measured with an open-circuit ventiluted bood system, PAL wis ussessed using
an accelerometer for movement registration and calculated (PAL=TEE/BMR), activity related EE (AEE) was calculated
[AEE= (0.9 x TEE) - BMR]. Height measurements at stare and after | year of GH treatment were analysed. Thisis a |-year
longitudinal intervention study, without a control group for comparison.

Results BMR und TEE increased significantly (resp. 5% und 7%). Physical activity (counts/duy), PAL, and AEE did not
change. 11 out of 13 paticnts (85%) with an increased TEE after 6 weeks of GH treatment had a good first-year growth
response (Abeight SDS=>(.5).

Conclusions GH treatment showed & positive effect on EE in prepubertal children after 6 weeks. No effect on physical
activity was observed, The increase in TEE appeared (o be valuzble for the prediction of good first-year growth responders
10 GH trearment.

Keywords Energy expenditure - Body composition - Metubolism « Growth hormone treatment - Children - First-year
growth response

Commumicated by Phillip P Chilibeck.

1 Saunje Stmesemans * Dep of Pucdiatric End dogy, Amtwerp Univessity
suantje. al umpnnL Wilnjkstrant 10, 2650 Edegem, Belgiom
| of Paediarrie End M A * D of Endocrinology, Disbetology nnid Metabali

Unlvmily Medical Cepter, P, Deb)vlnun 25
6229 HX Maastricht, The Netherlands

< NUTRIM Schoot of Nutrition wod Translutional Resesrch
i Metabotism, Mazstricht University, Maasirich

The Nethedands

- of Pacdiatri Jerfand Medical Cenler,
Henrt Dununtslrast S, wolvcnmimmuamm

*  Depurtment of Human Biclogy. Maastricht University,
Minderbroedersheng 4-6, 6211 LK Masstricht,
The Nethedunds

Dlsum-. Antwerp University Hospital, Wilrjkstrut 10,
2630 Edegem. Eklgnm

L ol I 1 Medicine and Psodiatri
Faculy of Medicine and Health Sciences, University

of Antwerp, Univessiteitsplein |, 2610 Astwerp, Belgium

Pacdiatricy Department, Masstricht University

Madical Cester, P Debyclaan 25, 6229 HX Maastrichi,
The Neberlamis

) Springer

43



European Journal of Applied Physiology (2019) 119:409-418

410

Abbreviations

AEE  Activity related energy expenditure
BMR  Basal metabolic rate

Cnts/d  Counts per day

DIT Diet-induced thermogenesis

DLW  Doubly labelled water

GH Growth hormone

GHD  Growth hormone deficiency

HV Height velocity

AHI1 Increase in height
MPH  Midparental height
PAL  Physical activity level

RQ Respiratory quotient
SD Standard deviation

SDS  Standard deviation score
SGA  Small for gestational age
TBW  Total body water

TEE  Total energy expenditure
Introduction

Already for many years, short children with growth hormone
(GH) deficiency (GDH) andfor born small for gestational
age (SGA) have been treated with recombinant human GH
to promote their linear growth. Beside its growth-promot-
ing effect, GH has many specific metabolic effects as well,
including (1) increased mobilization of fatty acids from
adipose tissue and increased use of fatty acids for energy,
(2) increased rate of protein synthesis in most cells of the
body, and (3) decreased rate of glucose utilization through-
out the body. The effect of these changes in metabolism is
reflected in a decrease in fat mass and an increase in fat
free mass, as shown in several studies (Vaisman et al. 1994,
1992; Gregory et al. 1991, 1993; Ernst et al. 2012; Khadilkar
et al. 2014; Walker et al. 1990; Boot et al. 1997; Hassan
etal. 1996).

Beside a change in body composition, it is reasonable
to assume that also energy expenditure will be influenced
by GH treatment. Total daily energy expenditure (TEE)
can be divided into 3 components: (1) basal metabolic rate
(BMR), the amount of energy required to maintain all vital
body functions at rest with no additional activity; (2) diet-
induced thermogenesis (10%) (Westerterp 2004); (3) activ-
ity related energy expenditure (AEE). However, very little
research has been done on changes in energy expenditure
caused by GH treatment in children. Vaisman et al. (1994)
showed an increase in BMR after 2 months of GH treat-
ment in 10 prepubertal boys. Gregory et al. (1991) were
the first and up to now the only who studied GH effects on
BMR as well as TEE in 15 children. They demonstrated
a significant increase in BMR and TEE after 6 weeks of
GH treatment.
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It has been shown that changes in body composition
can predict the growth response after the first year of GH
treatment. Hoos et al. (2003b) showed a strong relation-
ship between the GH induced first-year growth response
and the increase in total body water (TBW height® after
6 weeks in 28 prepubertal children suspected of being GH
deficient. Eighty percent of the children with a good growth
response (increase in height SDS > 0.7) had a change in
TBW/height” exceeding the 2 SD reference line of the con-
trol group. Additionally, Ernst et al. (2012) showed that the
change in TBW after 6 weeks of GH treatment correctly
predicted the growth response after the first year in 75% of
GHD patients (n=88). For children born SGA (n=99), a
change in TBW of >0.7 L/m® was strongly predictive for
a good growth response, but the negative predictive value
was low (30%). Gregory et al. (1993) showed in 15 children
that not only body composition but also 6 weeks changes
in energy expenditure were correlated with height velocity
increases at 6 months of GH treatment.

The first aim of this study is to investigate the effects
of GH on energy expenditure (BMR, TEE and AEE) and
body composition in prepubertal children. Our hypothesis is
that the changes in body composition are related to changes
in energy expenditure after 6 weeks of GH (reatment in
children. The second aim of this study is to investigate the
relation of the GH induced ch in energy expendi
and the height gain after 1 year. We hypothesize that the
increased energy expenditure after 6 weeks of GH treat-
ment can predict the height gain after the first year of GH
treatment,

Subjects and methods

Study design

This was a prospective study, approved by the Medical Eth-
ical Research Committee of the University of Maastricht
and the Antwerp University Hospital. Informed consent is
secured prior to entry in the study. This is a 1-year lon-
gitudinal intervention study, without a control group for
comparison.

Patients

Children visiting the outpatient clinic at the Maastricht Uni-
versity Medical Center and the Antwerp University Hospital
were screened by paediatric endocrinologists for participa-
tion in the study. Children aged >4 years with GHD and/or
born SGA without catch-up growth and who were sched-
uled for treatment with recombinant human GH on a daily
regimen for at least 1 year, were eligible for participation.
The diagnosis of GHD was made by the treating paediatric
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endocrinologist according to international guidelines,
including a height velocity (HV) below the 25th percentile, a
low IGF-I concentration, a delayed bone age and a peak GH
concentration below 20 mIU/L in 2 GH provocation tests
(glucagon, arginine and/or insulin test). Children born SGA
without catch-up growth had to meet the following inclusion
criteria: (1) a birth length and/or weight < - 2.0 standard
deviation (SD); (2) height at start of GH treatment <-2.5
SD; (3) height at start of GH treatment > 1.0 SD below target
height SD score (SDS). Exclusion criteria were: (1) chrono-
logical or bone age greater than 8 years for girls and 9 years
for boys; (2) puberty during first year of GH treatment (girls
Tanner breast stage = 2, boys testicular volume >4 mL); (3)
syndromes or diseases that influence growth other than GDH
or SGA; (4) concomitant treatment with glucocorticosteroids
(> 12 mg/m*day hydrocortisone equivalent) in preceding
year or during first-year GH treatment; (5) previous or cur-
rent treatment with other growth stimulating medications
(c.g., sex steroids, oxandrolone, letrozole); (6) other pituitary
hormone deficiencies present at start or during first-year GH
therapy. If a patient met the inclusion and exclusion crite-
ria, the study was explained to the patients/parents and they
were asked whether they were interested in taking part in
the study. During the enroliment period only 2 patients did
not participate because the parents did not have time for the
ventilated hood measurements. Patients were treated with
subcutancous injections of recombinant human GH at a dose
of 35 pg/kg day for children born SGA, and 25 pg/kg day for
children with GHD.

Methods

Auxological parameters (height and weight) were measured
at start, after 6 weeks, and after 1 year of GH treatment.
A stadiometer accurate to (.1 cm was used for all height
measurements. Weight was measured using an electric scale
accurate to 0.1 kg with the patient only wearing underwear.

Birth weight for gestational age was transformed into
SDS, based on the standards of Niklasson et al. (1991). The
midparental height (MPH) (cm) was calculated as (father’s
height + mother's height + 13)/2 for boys and (father's
height + mother's height — 13)/2 for girls (Cole 1996).
Height, weight, body mass index (BMI), MPH and HV were
converted to SDS [(patient parameter — mean of the refer-
ence population)/SD of the reference population| using the
Belgian reference data by Roelants et al. (2009). An increase
in height SDS < 0.5 was defined as a poor first-year growth
response (Bang et al. 2012).

Total energy expenditure (TEE) and total body water (TBW)

The doubly labelled water (DLW) method, according to the
Maastricht protocol was used for the measurement of body

composition and TEE before and 6 weeks after start of GH
treatment. This isotope technique is validated by comparing
measurements with results from alternative techniques, and
by analysis of the reproducibility within subjects and within
observations (Westerterp et al. 1995; Westerterp 1999a), It
is the golden standard method. A baseline urine sample was
collected. Then, a weighed isotope dose of DLW, a mixture
of 10% "0 and 5% *H in water, was orally administered.
Children drank the water straight from the bottle (~70 mL)
after which the bottle was partly refilled with tap water
which was also consumed, to be sure the complete dose of
DLW was ingested. The children drank the water in the even-
ing before they went to bed. The next morning, when equi-
libration of the isotope with the body water had occurred,
a urine sample was collected from the second voiding. The
DLW and urine samples were stored in air-tight, screw-
capped glass containers. TEE was measured over a 2-week
period, thus collection of urine samples were repeated at day
8 and 14. Sample analysis requires a sophisticated labora-
tory with an isotope-ratio mass spectrometer and a sample
preparation system. The department of human biology at the
Maastricht University in Maastricht, The Netherlands fulfils
these requirements and analysed all samples. The samples
were analysed in duplicate with an isotope-ratio mass spec-
trometer (Optima, VG Isogas, Cheshire, UK).

CO, production was calculated from the difference in
disappearance rates of both isotopes, as calculated from the
slope of the elimination curves.

Oxygen consumption was then calculated from meas-
ured CO, production by assuming an average RQ of (.85,
representative of a normal mixed diet (Black et al. 1986).
Energy expenditure was then calculated using Weir’s for-
mula (1949),

Fat free body mass was calculated from TBW using the
age-specific fat-free mass hydration constants for children
by Lohman (1989).

Basal metabolic rate (BMR) and physical activity level (PAL)

Basal metabolic rate was measured with an open-circuit,
ventilated hood system before and 6 weeks after GH treat-
ment (Adriaens et al. 2003). It was measured in the morn-
ing after an overnight fast to avoid diet-induced thermo-
genesis being included in the measurement. The subjects
were asked to lie in supine position for 30 min. Oxygen
consumption and carbon dioxide production were calculated
using the flow through the hood and the oxygen and carbon
dioxide concentrations in the incoming and outcoming air
using the Omnical system at the Maastricht University, The
Netherlands and the CareFusion, Respiratory Diagnostics,
SensorMedics Vmax Encore at the Antwerp University
Hospital, Belgium. The Omnical was calibrated daily and
validated weekly using methanol burns. The CareFusion was
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calibrated before every measurement. BMR was calculated
from oxygen consumption and carbon dioxide production
using Weir’s equation (Weir 1949). Once TEE and BMR
were known, PAL was calculated as TEE/BMR (Human
energy requirements. Scientific background papers from the
Joint FAO/WHO/UNU Expert Consultation. October 17-24
2001. Rome, Italy 2005).

Physical activity was also assessed using a Direct Life tri-
axial accelerometer for movement registration (Tracmor™)
(Philips New Wellness Solutions; hitp:/www.directlife
.philips.com) (Bonomi et al. 2010; Hoos et al. 20032). The
Tracmor has been developed at the department of Human
Biology at the University of Maastricht. It has proved to
be an objective and reliable tool for assessing activity lev-
els in free-living subjects (Westerterp 1999b). In contrast
to other accelerometers, Tracmor was miniaturized to a
small (3.2x3.2x0.5 cm) and light (13 g) device, which is
important for the subject’s comfort (Westerterp 2001). The
Tracmor® was placed at the lower back of the child using
an elastic belt. The child was instructed to wear the acceler-
ometer during daytime. At the end of the monitoring period
the Tracmor™ was connected 1o a personal computer and the
recorded data were downloaded using dedicated software.
Tracmor® output was expressed as activity counts/minute.
The Tracmor™ activity counts/minute were summed over
the entire monitoring period and divided by the number of
monitoring days to determine the average Tracmor® counts
per day (Cnis/d).

Activity related energy expenditure (AEE) was calculated
as (0.9xXTEE)—BMR, assuming a diet-induced thermogen-
esis (DIT) of 10% (Westerterp 2004).

Statistical analysis

The variables are reported as the mean +SD. A Shap-
iro-Wilk test was used to test for the normal distribution.
Difterences between groups were tested with a 7 test when
the distribution of data was normal, and with a Mann—Whit-
ney U test otherwise. Significance is considered at the 5%
level (p <0.05). IBM SPSS statistics® (version 21) was used
for all statistical analyses,

Results

Eighteen subjects were enrolled. The ventilated hood method
was used in all subjects for BMR measurements. The dou-
bly labelled water method was used in all subjects for TEE
and body composition measurements. Unfortunately, due to
technical problems, the ventilated hood results of 6 subjects
were unusable. Therefore, we have BMR results of 12 sub-
jects and TEE and body composition results of 18 subjects.
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Background and baseline characteristics

The background and baseline auxological characteristics of
18 children (5 girls, 13 boys) born SGA (n=14) or with
idiopathic GHD (n=4) who started GH treatment are listed
in Table 1.

The children started GH treatment at a mean age of
6.4 years and a mean height of —2.92 SD. They were short
for their parents (height SDS minus MPH SDS ~2.00).
There was no significant difference between girls and boys.

Body composition

The body composition of 18 children before and after 6
weeks of GH treatment is given in Table 2. There was a sig-
nificant increase in body weight after 6 weeks of GH treat-
ment. The increase in TBW (0.7 0.4 L; 95% CI 0.45-0.86;
p <0.001) and FFM (0.9 +0.5 kg; 95% CI 0.6-1.1;
p <0.001) after 6 weeks of GH treatment was significant.
There was no significant difference between girls and boys.
Figure | illustrates the changes in TBW and FFM for each
individual subject,

Table 1 Subject characteristics

n Mean SD
Gestational age, weeks 17 36.5 32
Birth weight, SDS 17 -2.02 .22
Birth length, SDS 15 -2.18 1.30
Father height, SDS I8 -0.9 1.20
Moather height, SDS 18 ~0.86 1.06
MPH. SDS 18 -0.92 0.82
At start GH treatment
Age, years 18 6.4 1.5
Height, SDS 18 -292 0.85
Height SDS minus MPH SDS 18 -2.00 0.81
Weight, SDS 18 -2.51 1.07
BMI, SDS 18 -0.52 0.89
Pretreatment HV, SDS? 4 -09 0.7
Bone age delay, years® 4 1.7 1.1
IGF-1, SDs* 4 =21 0.3
Maximum GH peak, mlU/L* 4 16.6 0.3
GH dose, ugfkg day 18 355 4.4
After first-year GH treatment
Height, SDS 18 ~2.15 0.81
A height, SDS 18 0.73 0.37

MPH midparental height. GH growth hormone. BM/ body mass
index, HV hcight velocity, /GF-1 insulin like growth factor 1, A
heighst SDS increase in height SDS during first-year GH treatment

“Data only of GHD paticnts
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Table2 Body composition : :
i b syt M #  BeforeGHreut- After weks  Deles # valuo
beforo wenl GH 1reatment
heatment
Mz SD Mew SD Mew SD os% 1

Body weight. kg 18 167 34 [ AN 035 05  02w0B <005
BML SDS 18 -052 089 043 08 048 036 -0I0w027 A
TBW.L B9 L8 106 1Y 07 04 0509 <ol
FIM, by 18129 24 137 28 0y 08 06wl <ol
FIM. B 777 51 WS 54 28 43 06049 <05
FM, kg ) R < U 34 1d —0d4 08 —0M e
FM, % B 23 1 195 54 28 43 —40w-06 <008

GH growth hormane, BMI body mass index, TBW total bocy waer, FFM e free mass. FM fut mass, .
ot sigmbicant, delta value of parameter ofter 6 weeks of GH irsstment minw value of peramcter hefore
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Fig, 1 Chunges in 1ol hody wates (TBW) it free muss U’FM]. Pasal metabolic wie (BMR, and tetal energy cxpenditune (TIEE) ofter 6 weeks
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Energy expenditure

Energy expenditure before and 6 weeks alter GH treat-
mwent is piven in Table 3. After 6 weeks of GH weut-
ment there was a significant mean increase of 5% in
BMR [mean increase (18 4023 MIday (43 & 55 keal/
day): 95% C10.03-032 MIfday (7-76 keallday); p <0.05;
a=12]. There was na significant difference between girls
and boys.

TEE also increased significantly (74) after 6 weeks of GH
treatment [mean incresse 0.33 £0.52 MIfday (79+ 124 keal/

day): 95% C1 0L07-059 MJ/day (17-141 keal/day);
p<NOS]

The increase i BMR was not significantly different
from the increase in TEE [difference =0.24 =0.67 M)/day
(57160 kealiday), p=11.249, n=12].

Figure | illustrates the Qunges in BMR and TEE (U exch
individual subject.

The BMR, estimated by the Oxford formula (Henry
2005) was not significantly ditferent from the observed
BMR measurcd by the ventilaed hood method before
start of GH treatment,
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Table 3 Energy expenditure hefore and afier 6 wesks of G H tresiment

£ Before GH tcatment  After 6 weeks GH Dela p valuc
LeEaauent
Mean sD Mean sp Mean  SD a1
BMR. Miiday hoolfday) 12 36572 0500122) 3829120 0570136} 018 (43) 023 (5S)  A03 100327 0 76) <005
THE, Miday (realfdiyy 18 507 (1235) 0984238 551 (1316) 102 244} 033 (79)  052¢12%) 00710059170 141) <005

AEE, MVdwy Qediday) 12 087 (208)

PAL 12 137 (N} 143

Physical activity, moga- 12 270% RN | 2503
counis/day

045 (107) 1,07 (256) 066 (138) (119 45)

020 18 AL
a5 —265240 563400

062 (148) —0.20100.59 (- 48 w A
(E34]

=007 0 017 s
= 736,253 w 208,778 ns

GH growth hormone, BME basal mefobalic rote, TEE 1otal evargy expenditure, AEE octivity encrgy expenditure, PAL physicol activity leved, nr.
bhefore GH

et vignikicomi, delne value of prmmeter after f weeks of GH weatment miss valie of p

There was no significant increase in AEE, PAL and
Tracmor counts per day.

The mean respiratory quotient (RQ) hefare GH ireat-
ment was 0 82;  weeks after GH meatmment 0,84 This was
not significantly different.

Energy expenditure in relation to body composition

BMR was strongly retited m FEM hefoee start of GH treal-
ment (=092, R =0.84, lincar cquation” y=1.21 40.21).
After fi weeks of GH treatment this relation was similar
(r=0.76, R*=0,58, linear equation. y=1.49+0,18xx).

The changs in TBW, FEM and FM was not related (o the
change in BMR and TEE (#<0.1, B <0.011.

Energy expenditure in relation to first-year growth
response

After the first year of GH treatment méan height was =215
SD, The mean increase in height (AHt) SDS was 0,73
SD. Fourteen out of 18 pattenss (78%) had & good growth
response (AHt SDS> 0.5).

Thirteen out of 18 p 5 had an i d TEE after
6 weeks of GH teextment. Figure 2 shows that |1 out of
these 13 patients (85% ) hid 3 good growth response afier
1 year of GH reatment. For BMR and AEE this was 7 out
of 9 putients und § out of 9 patients, respectively tn=12)
(Figs. 2, 4).

The children with no increase in TEE had varying
growth responses and the few patients with poor growth
response (4/18) showed varying responses in TEE,

Flg.2 Fffect of growih hor- al =G =
more treatment o otal encrgy bl | ) ;
expendiiture (TEE) i relation 10 L ] :mf&ﬁng;
Nt yeur Chinges i bielgn SDS °
{AHSDS) ]
s ‘nl o " & °
3 e
E .
< | -
¢
°
Y =
ey 1
x x 100 = n
A height (SDS)
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GH dose was 0ot related 1o ATEE (1=0,19, R*=0.04)
und Aheight SDS (r=0.12, R*=0.02).

Discussion

This study shows that 6 weeks of GH treatment hus a posi-
tive effect on energy expenditure and body composition
in children. Body composition changed by an [ncrease in
FFM as was demoasurated before in several studies (Eenst
etal. 2012; Vaisman et al. 1942, 1901; Gregory et al. 1991,
1993, Walker eg 41, 1991 Khadiikur et al, 2014; Boot et al,
1007; Hassan eral, 1996). Al the same ime, (otal energy

expenditure, measuted by the DLW techuiyue and energy
expenditure at rest, measured by the ventilated hood
method, showed an increase by 7% and 5% respectively.
These results are comparable with the few other studicy
performed. Vaisman et al, (1994) showed a 13% increase
in BMR after 2 months of GH treatment in 10 prepuber-
1l boys with subnormal spontancous GH secretion, and
remained stable thereafler, Grepory et al. {1991} demon-
strated] a significant increase in BMR (12%) and TEE (7%)
afier only 6 weeks of GH treatment in 13 children (GHD,
idiopathic shoet stajure, Turner syndrome).

No retation between AFFM or AFM and ABMR or ATEE
was Observed. This is probably doe (o the relagively small
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cohort size and the dispersion of the data. Another explana-
tion might be the relatively long observation period of 6
weeks, since the anabolic effect of GH, indicated by nitro-
gen retention increases within 24 h and reaches a maximum
less than 2 weeks after initiation of treatment, followed by
a gradual return of nitrogen excretion toward control levels
after 2-3 weeks (Henneman and Henneman 1960). Gregory
et al. (1991) found that the increase in BMR was signifi-
cantly associated only with fat mass and not with fat free
mass.

The RQ did not significantly change during GH treat-
ment. However, based on the knowledge that GH increases
lipid oxidation and decreases glucose oxidation, and based
on the few available literature a decrease of the RQ would
have been expected. Acute suppression of RQ during GH
infusion has been reported (Jorgensen et al. 1993; Moller
et al. 1990) and an increase in RQ following successful
transsphenoidal surgery in acromegalic patients has been
described (Moller et al. 1992b). Additionally, a more pro-
longed subcutancous GH administration caused a decreased
RQ in adults (Jorgensen et al. 1994; Moller et al. 1992a).
To our knowledge, only one report described the effect of
subcutaneously administered GH on RQ in children (Carrel
et al. 1999). In 35 children with Prader Willi syndrome the
RQ decreased after 12 months of GH treatment. We have no
clear explanation why the RQ in our cohort did not decrease
after 6 weeks of GH treatment.

Hoos et al. (2004) found that children who respond well
to GH therapy (AHt SDS > 0.7) showed increased physi-
cal activity after 2 weeks of therapy as assessed with a tri-
axial accelerometer. In contrast, in our study we observed
no increase in PAL, Tracmor counts/day, nor in AEE after
6 weeks of GH treatment. Gregory et al. (1991) also con-
cluded that GH has no discernible effect on activity levels.
Therefore, it is reasonable (o assume that GH has no effect
on activity levels in children and that the increased energy
expenditure is mainly used to increase metabolism in favour
of growth.

We observed that 11 out of 13 children with an increased
TEE had a good first-year growth response. On the other
hand, good and poor first-year growth responders were indis-
tinguishable from each other when TEE did not increase.
Based on these results, the increase in TEE is not a tool to
detect poor growth responders, but is very predictive for
a good first-year growth response to GH treatment (AHt
SDS>0.5).

GH dose could be a possible cause for the differences
in growth response, since it has been proven that GH dose
affects height velocity during the first treatment year (Ranke
2003). However, GH dose does not explain the variations
in first-year growth and ATEE in our cohort because our
patients received the same dose throughout the whole first
treatment year (SGA 35 meg/kg/day and GHD 25 meg/kg/
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day, according to the guidelines), except for 2 patients. As
far as we know, the patients were compliant to the GH treat-
ment. Other parameters known to be predictive for first-year
height velocity such as age and weight at start of GH treat-
ment, midparental height SDS, and birth weight SDS (Ranke
2009) were not significantly different between our good and
poor growth responders.

The actual cause-effect relationship between TEE and
growth can not be proven from this data. However, the most
prominent metabolic effect of GH is a marked increase in
lipolysis with mobilization of large quantities of free fatty
acids from the adipose tissue. In addition, in the tissues
throughout the body GH enhances the conversion of these
fatty acids to acetylcoenzyme A which is used to supply
most of the energy for the body cells, thus acting as a potent
“protein sparer”. Some research workers have considered the
protein-sparing effect to be a major factor that promotes pro-
tein deposition and growth (Black et al. 1986). Therefore, it
is plausible to assume that an increased TEE leads to growth.

In conclusion, GH treatment showed a positive effect on
body composition and energy expenditure in prepubertal
children after 6 weeks of treatment. Despite these positive
changes we were nol able to demonstrate a relation between
the increases in both effects of GH. No effect on physical
activity was observed. Increase in TEE appeared to be valu-
able for the prediction of good growth responders to GH
treatment.
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Abstract

Background: Comparing observed and expected growth af-
ter first-year growth hormone (GH) therapy is useful for iden-
tifying a poor growth response to GH. Aim: To generate a
first-year, age-specific growth response reference curve for
prepubertal Belgian children with idiopathic growth hor-
mone deficiency (iGHD) treated with a standard weight-ad-
justed GH dose and to compare this national reference with
the response references derived from KIGS. Subjects and
Methods: First-year height data of 357 prepubertal children
(240 males) with iIGHD were analyzed. Smooth reference
curves of first-year height velocity (HV) in relation to age were
created, Differences with the KIGS targets were evaluated af-
ter z-score transformation. Results: The observed first-year

HVs were log-normal distributed by age and decreased sig-
nificantly with age (p < 0.001). No GH dose or gender effect
was observed (p = 0.5). Distance to target height, severity of
GHD and occurrence of multiple pituitary hormone deficien-
cies had a positive effect (p < 0.01) on the calculated HV SDS.
When applying the KIGS targets for severe iGHD, mean HV
SDS was close to zero (-0.09 + 0.84). Conclusion: The devel-
oped age-specific growth response curves enablerapid iden-
tification of poor response to first-year GH treatment in pre-
pubertal iGHD children. Our results validate the published
growth targets derived from the KIGS database.

©2014 5. Karges AG, Basel

Introduction
Growth hormone deficiency (GHD) is found in 1/3,000

to 1/10,000 children [1]. In Belgium, about 30 patients
with GHD are diagnosed yearly. As in other countries, in
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the majority of patients there is no specific cause so they
are classified as idiopathic GHD (iGHD) (2, 3]. Since
1986, iGHD children have been treated in most European
countries with biosynthetic growth hormone (GH), albe-
it with different dosing regimens. In Belgium the standard
treatment consists of a daily GH dose of 25 pg/kg body
weight.

The growth response during the first year of GH treat-
ment is highly important, since it is the major determi-
nant of the height gain during the subsequent years and
it correlates with the adult height achieved [2-8]. From
the early years of GH therapy, a significant variability in
the early growth response between iGHD subjects was
observed, even when the biosynthetic form of GH was
administered by daily subcutaneous injections with a pen
device. Several factors were found to predict the early
growth response to GH. Most of these parameters are al-
ready known at the start of GH therapy, such as age at
start of treatment, the severity of GHD (maximum GH
serum levels in stimulation tests and/or serum levels of
insulin-like growth factors (IGF) and their binding pro-
teins (IGFBP)), birth weight, weight at start of treatment,
GH dose, midparental height and bone age retardation.
Markers of bone resorption (e.g. urinary levels of de-
oxypyridinoline) and serum IGF-1 concentration during
the first months of GH therapy are also of predictive val-
ue. Based on these specific patient characteristics and
treatment modalities, mathematical models for predict-
ing the short-term response have been developed, ex-
plaining 61-89% of the variability in observed first-year
growth response [9-13]. However, prediction models, in-
cluding the most widely known KIGS models, may suffer
from overfitting, which results in predictions that are too
low or too high [14, 15].

Furthermore, these mathematical models are rarely
used in clinical practice because often not all of the vari-
ous parameters needed for the calculation are available
and calculation software programs are not easily acces-
sible. In addition, its utility can be questioned for the
management of children with GHD, given the limitation
of GH dose adaptation in this specific indication (GH is
given as a stable weight-adjusted hormonal substitution
therapy) and the specific therapeutic aims of GH in this
particular growth disorder (correction of a disturbed
body composition and metabolic disturbances). Howev-
er,a comparison of observed growth and expected growth
after the first year of GH therapy is useful for rapid iden-
tification of a suboptimal growth response, possibly
caused by poor compliance, improper administration of
GH, additional health problems, poor nutrition, impaired
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GH sensitivity due to mutations in the GH-IGF-1 axis
genes, or incorrect diagnosis.

Recently, growth response targets, based on the per-
centile distribution of height velocity during the first year
of GH therapy, have been developed from height data in
large post-marketing surveillance databases (respectively
the NCGS and KIGS database) of prepubertal children
with different growth disorders, including iGHD [16, 17].
In Europe, the NCGS targets are of limited value in the
evaluation of iGHD children since GH doses prescribed
in the United States are up to 50% higher than in Europe.
Furthermore, up to now, the KIGS growth targets have
not been validated in European countries.

Therefore, the aim of the present study was to generate
a country-specific reference curve for prepubertal chil-
dren with iGHD treated with a standard weight-adjusted
GH dose and to compare these with the published KIGS
growth targets [17].

Patients and Methods

Patients

The relevant logical data and tr characteristics of
prepubertal children diagnosed with iIGHD, who were enrolled in
the Belgian Register for the Study of Growth and Puberty Problems
since 1986, were retrieved. Informed consent is secured prior to
entry in the Register and anonymous use of the data complies with
rigorous privacy guidelines. Only prepubertal patients, who had
been treated exclusively with recombinant human GH on a daily
regimen for at least 1 year and remained prepubertal, defined as
testicular volumes <4 ml for boys and Tanner breast stage 1 for
girls, during the whole observation year, were included. The diag-
nosis of IGHD was made by the treating physician according to the
KIC 9 cuok)xy claﬁslﬁcauon system [18]. Pahcnls with and without

ical lies of the pituitary were includ-

od Al patients had a peak GH concentration of <10 pg/l. In total,
358 patients with iIGHD met the inclusion and exclusion criteria,
Only 1 patient was excluded for outlying growth data.

Methods

First-year height velocity (HV) (cm/year) was calculated as the
increment in height between start and after minimum 9 months
and maximum 15 months of GH therapy and subsequently scaled
to a whole year. Smooth reference curves for the first-year HV
were constructed with the LMS method with penalized likelihood
[19]. The LMS method removes skewness from the data with a
power transformation and summarizes the distribution of HV by
age in three smooth curves, the power transform to remove skew-
ness (L), the median (M) and the coefficient of variation (S). The
degree of smoothing was determined by the deviance criterion,
worm plot and Q-tests [20]. For each subject an age-related HV
SDS was calculated as observed value minus median value of the
study population divided by standard deviation value of the study
population to study the effect of gender, type and severity of GHD.
For the validation of the KIGS first-year growth response curve,

Straetemans/Roelants/Thomas/Rooman/
De Schepper



Table 1. Characteristics: background, at GH start, after | year

iGHD
n mean sSD median pio po0
Background
Birth weight, SDS 342 -0.75 1.20 -0.70 -2.22 0.70
Father height, SDS 344 -1.10 1.21 -1.17 -2.55 0.49
Mother height, SDS 346 -0.98 1.24 -0.97 -2.63 0.57
MPH, SDS 344 ~-1.29 1.24 -1.33 -2.84 0.22
Maximum GH peak, pg/l 357 49 265 48 1.2 85
Atstart GH treatment
Age, years 357 6.6 3.0 6.4 23 10.7
Height, SDS 357 ~3.45 0.99 -3.36 -4.71 ~2.46
Height SDS-MPH SDS 344 -2.15 1.47 ~2.06 -3.95 -0.49
Weight, SDS 347 -2.80 144 -2.65 -4.64 -1.29
BMI, SDS 347 -0.32 117 -0.35 -1.82 L1
GH dose, pg/kg-day 345 276 5.1 265 24 149
After 1 year GH treatment
Height, SDS 357 -254 0.88 -2.45 -3.58 -154
Height-MPH SDS 344 -1.24 1.28 -1.18 -2.69 0.22

HV SDS of the subjects was calculated using the KIGS reference
data [17].

The other variables retrieved from the registry were (a) status
at birth: sex, birth weight and length SDS; (b) genetic background:
midparental height (MPH) SDS; (¢) patient variables at the start of
the tr period: ch logical age, height (Ht) SDS, weight
(Wt) SDS, body mass index (BMI) SDS, the highest peak GH con-
centration of two provocation tests, the presence of other pituitary
hormone deficiencies, and (d) ti modality: average GH
dose (pg/kg-day) during the first year of GH treatment.

GHD was defined as isolated if no other pituitary hormone de-
ficiencies and multiple if other deficiencies were present at start or
during the first year of GH therapy. For defining severe or less se-
vere GHD, a cut-off value of 5 pg/] of the peak GH at provocation
was used.

Birth weight for gestational age was formed into SDS,
based on the standards of Niklasson et al. [21]. The MPH SDS was
calculated as follows: (father’s HL SDS + mother’s Ht SDS)/1.61
[22, 23]. Height, weight and BMI were converted to SDS using
Belgian reference data by Roelants et al. [24].

Statistical Analysis

The variables are reported as the median (10-90th percentile)
and mean (£5SD). A one-sample Kolmogorov-Smirnov test was
used to test for the normal distribution. Differences between
groups were tested with a t test when the distribution of data was
normal, and with a Mann-Whitney U test otherwise. Whenever
adjustment for other factors was required, group means were
compared with a general linear model. Results of simple and
multiple linear regression analysis are expressed as unadjusted
and adjusted regression coefficients (B) with the standard error
of the estimate. Significance was considered at the 5% level (p <
0.05). IBM SPSS Statistics 19% software was used for all statistical
analyses.

First-Year Growth Response to Growth
Hormone Treatment

Table 2. Observed growth changes after first-year GH treatment

IGHD

n mean SD  median pl0 p%
AHt SDS! 357 091 059 076 0.33 1.64
HV, cm/year 357 98 25 94 6.8 13.2

! Gain in height SDS after first-year GH treatment,

Results

Background and auxological characteristics of the 357
included children (240 males, 117 females) at start of GH
treatment are listed in table 1. Their age ranged from 1.2
to 14 years. 66 (19%) of the 347 patients with available
birth data were small for gestational age (SGA) (birth
weight and/or length <-2 SDS) and 1 was large for gesta-
tional age (>2 SDS). In total, 68 (20%) of the fathers and
59 (17%) of the mothers with available height data had a
stature <-2 SD. The median GH peak concentration after
provocation was 4.8 pg/l and ranged between 0.2 and
10 pg/l. The median first-year GH dose for the whole
group was 27.1 pg/kg-day, the 10th and 90th percentiles
were 22.7 and 34.3 pg/kg-day, respectively.

Observed growth changes after the first year of GH
treatment are shown in table 2. The HVs were found to
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Fig. 1. Comparison of HV (em/year) in prepubertal children with :GHD during the first-year GH treatment as a function of fhe age it
staet of GH treatment with HV b the Belgiun ‘pormal” population (), and with te KIGS geowth tegets lor less severe GHD (b) and

seveee GHID ()

be log-normal distributed by age. Smooth reference
curyes of the HY after the first year of GH Lreatment [
relation to age at start of treatment are shown in figure la
and the corresponding age-specific growth targers are
listed in table 3.

The mean HV SDS was not significantly different be-
wween bays (0,01 £ 0,98) and girls (~0.08 £ 1.31) (p = 0.5,
Mean HV [cmvyear) decreased significantly with age
from 12.1 con/year at 2 years:to §.3 cm(year a1 12 years
(p <0.001). The distance between the median and the +1
and -1 SD kines (around 2.5 and 2 am respectively) de-
creased with <(.Z em hetween the ages of 2 and 12 years.
Asshown in figure Ia, the < LSDline of HY of iGHT chil-
dren after first-year GH treatment was around the +1 SD
line 0f HV of the Belglan reference growth curve.

Whenapplying the KIGS targets for severe IGHD (GH
peak <5 pg/l) on our populadon of severe GHD (n =177,
the mean HY SDS was significantly higher than zero
(0,22 & 11.86; 95% C1 0.09 to 0.35). No.significant differ-
ence was nated for the mean HY SDS {014 + 0.98; 95% C|
=001 to (.29) when applying the KIGS targets for less se-
vere IGHD (GH peak 5-10 pg/l; n = 169). There was no
age dependence. The distribution of SD scores according
10 the KIGS targets shows some positive skewness, which
confirms the log-normal model used by us. When apply-
ng the KIGS response targets for severe i1GHD on oor
whole study population, mean HY SDS was 0,09 + 0,84,
While using the KIGS targets for less severe IGHD, mean

346 Horm Res Puedsalt 2014 41 343-149
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Table 3, HV (cm/pear) during the first vear of GH treatment in
prepubertal children with IGHD according to age at onset of GH
tre=atment

Age L M § -25D -|SD Mew +1SD 28D
years

L2 4 1424 OI55 104 122 142 165 194
15 0 1330 0165 %6 113 133 1587 1&S
100 1214 0177 &5 102 131 WS 173
MO0 1074 019 T3 AR 107 130 159
40 0 1007 0208 6 41 104 25 153
50 0 944 G216 63 T8 96 LD 149
&0 0 928 0222 39 T4 93 16 WS
U0 897 022 ST T4 90 L2
8D O 870 0230 55 4% &7 (10 138
90 0 8351 0232 53 67 85 07 135
00 0 &¥ 0234 53 66 64 W06 134
1 0 831 0235 52 66 83 05 133
120 0 825 0257 &| 65 83 WS 133
120 0 320 a8 5| 63 B2 104 182
10 0 316 0239 51 64 2 4 132

HV SDS$ was 0.61 + 119, In flgure 1b and ¢, the KIGS tar-
gets foriGHD are superimposed on our calculated targets.

Linear regression analysis shows that age, sex, and GH
dose have no significant effect on the first-year HV SDS,
while distance to target height {<-0.8 SD), severe GHD,
and multiple pituitary hormone deficiency (MPHD) cach

St
DeSchepper




Table 4. Predictors of growth response to treatment with GH according to the Belgi P targets: dj 1 simple linear regres-

sion and adjusted multiple regression analysis'
Unadjusted univariate regression Adjusted regression coefficients
coefficients (B) of multiple regression (B)
(standard error of the estimate) (standard error of the estimate)

Height SDS at start ~0.23 (0.05)*** ~0.17 (0.05)***

Distance to target height <-0.8 SDS? 0.63 (0.15)*** 0.37 (0.14)**

MPHD 0.57 (0.12)*** 0.35 (0.11)**

Severe GHD (GH peak <5 pg/l) 0.74 (0.10)*** 0.54 (0.10)***

SGA® ~0.35 (0.14)*** -0.33 (0.13)*

! Age at start, sex and GH dose were also included in the analysis, but were not found to be significant (p > 0,05) and were removed

from the model with backward selection,
2 Height SDS at start-MPH SDS <-0.8.

* Ten subjects with insufficient data were included as a separate category, but were not significantly different from children without

SGA.
**p<0.01;*** p <0.001.

have a positive effect (p < 0.01), and SGA and height SDS
at start have a negative effect (p <0.01) on HV SDS in both
simple and multiple linear regression analysis (table 4).

Children with MPHD (n = 83; 23% of total) showed a
significantly higher mean growth response than children
with isolated GHD (n = 274) (HV SDS: 0.44 + 1.04 vs.
-0.13 + 0.95; p < 0.0001). Children with severe GHD
(peak GH =5 pg/l; n = 188) had a higher mean growth
response than children with less severe GHD (peak GH
>5pg/lin=169) (HVSDS0.34 £ 0.98 vs. -0.38 £ 0.88; p <
0.0001). There was no significant difference in age at start,
sex and GH dose. The differences persisted after correc-
tion for height at start, distance to target height, SGA and
severity of GHD (p < 0.01).

Discussion

We constructed a smooth curve for the first-year
growth response to GH (mean, +1 and +2 SD) as a func-
tion of the age at start of GH therapy from the data of
prepubertal children with iGHD retrieved from the Bel-
gian Registry, Bakker etal. [16] and Ranke et al. [17] were
the first to develop first-year expected HV targets for
GHD and other growth disorders treated with GH. Ranke
et al. used the data available in the KIGS database from
European countries, combined data from males and fe-
males and differentiated for severe and less severe iGHD,
whereas Bakker et al. used the NCGS data from North
America and differentiated for gender and for organic

First-Year Growth Response to Growth
Hormone Treatment

GHD and iGHD. The higher HV reference curves found
in the NCGS study for GHD patients can be explained by
the 28% higher GH doses used in the USA (mean GH
dose 43 vs. 31 pglkg-day). Our data do not differ much
from the published KIGS targets for less severe GHD, de-
spite the use of different cohorts and smoothing algo-
rithms applied. For severe GHD, our targets are statisti-
cally significantly higher (p < 0.05), but the clinical effect
is rather small (mean HV of 0.22 SDS instead of the ex-
pected 0 SDS).

In accordance with most studies evaluating the early
growth response to GH in iGHD, gender did not influ-
ence the prepubertal growth response to the standard GH
therapy [10-13, 17]. Therefore, the same curve can be
used for both boys and girls.

We did observe a greater first-year GH response in
children with MPHD compared to isolated GHD. This
difference persisted after correction for the severity of
GHD, age, height at start, MPHD, distance to target
height and SGA. This finding is in contrast to the few
other studies that have compared the growth response
during the first year of GH treatment in prepubertal chil-
dren with MPHD and isolated GHD., Lee et al. [3] found
a comparable growth response in prepubertal children
with MPHD and isolated GHD when studying the auxo-
logical data of two ongoing prospective worldwide obser-
vational studies, including 1,120 and 165 children with
respectively isolated GHD and MPHD. A study of the
KIGS database by Ranke et al. [25] showed a similar
height gain in prepubertal children with idiopathic
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MPHD and isolated iGHD after first-year GH treatment.
We cannot explain the greater response in our MPHD
group, which persisted after corrections for differences in
height at start and distance to target height. Concordant
with our study, Darendeliler et al. [26] found a signifi-
cantly (p < 0.001) higher growth response in prepubertal
children with MPHD (n = 554) compared to isolated
GHD (n = 1,619). The children with MPHD in that study
were significantly younger and shorter at start of GH
treatment compared to those with isolated GHD. We do
not know if the difference in growth response persisted
after correction for influencing factors.

Additionally, we found that the first-year growth re-
sponse to GH was higher in children with a more severe
form of GHD, as reflected by the peak GH response after
pharmacological stimulation. Because of the known great
variability in GH responses to GH stimulation tests and
the variation in GH results with different assays, we pre-
ferred to develop growth targets combining both severe
and less severe GHD. These combined targets are slightly
below the KIGS targets for severe iGHD. This can be ex-
plained by several factors: (1) the Belgian population also
contains patients with less severe GHD, who in general
have a poorer response to GH treatment, and (2) the
mean GH dose at the start used in the Ranke study is
higher (31.4 vs. 27.6 ug/kg-day, on average 12% higher).
Compared to the KIGS targets for less severe iGHD, the
response is higher in the Belgian data and the distribution
is wider. This is more the case above the median than be-
low, which confirms the log-normal distribution ob-
served in the Belgian data.

The first-year growth response to GH was higher in
children with a smaller stature at start, and a history of
non-familial short stature, as previously observed by oth-
ers[11,12].

Our data also confirmed the observation by others [11,
27] that the growth response to GH islower in iGHD chil-
dren born SGA. Tt was therefore suggested to treat SGA-
iGHD children with a higher dose than non-SGA-iGHD
children. The SGA status therefore predominates over
the GHD to predict the growth response.

The data from the BSGPE registry are not suitable to
study the effect of the GH dose because the dose range that
was used in the patients is very narrow due to a strict com-
pliance with the BSGPE treatment protocols and reim-
bursement regulations in Belgium. Therefore, GH dose is
a less important contributor for the prediction of growth
response in children with iGHD in Belgium. It is therefore
acceptable to compare a patient’s growth response to ref-
erences that do not take the GH dose into account.
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Bakker et al. [16] and Ranke et al. [17] showed that the
mean pretreatment HV curve approximates the mean -2
SD curve for the first-year HV. Thus, the -2 SD curve
represents very little or no gain in HV, and the mean -1
SD curve has been proposed as a reasonable cut-off for
defining a poor response. In our opinion, to guarantee
catch-up growth toward target height, the growth re-
sponse should be at least 1 SD above the mean HV for
normal growing children, which also corresponds to the
-1 SD curve for first-year HV (fig. 1a). We assume that
the wider variation in HV observed in GH-treated chil-
dren when compared to normal growing children is due
to relatively large individual differences in response to
GH therapy.

Our study has some limitations. Some children with a
transient form of GHD may have been included in our
analysis, since no systematic retesting was performed at
the end of therapy. On the other hand, at the start of ther-
apy all patients responded to strict criteria of GHD. Also
no data on compliance are available in our study cohort.
In general, compliance with GH injection is rather ac-
ceptable during the first years of therapy, especially in
prepubertal children [28]. Finally, growth targets could
not be established for children below the age of 1.2 years,
but this population accounts for less than 2% of treated
iGHD patients in Belgium.

In summary, the developed age-specific GH response
curves can be used to evaluate the first-year growth re-
sponse to GH treatment in prepubertal children with
iGHD in Belgium. This growth response curve is easy to
use in clinical practice, and enables the rapid identifica-
tion of poor responders to GH treatment, defined by a
growth response below -1 SD. The observed growth re-
sponses in Belgian children validate the published KIGS
targets for first-year growth response in children with
iGHD.
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Abstract

Background/Alm: Ta validate prediction models for near fl-
nal adult height (nFAH} by Ranke &t al. [Horm Res Paediatr
2013;79:51-67], Methods: Height data of |27 {82 male) idio-
pathic growth hormone (GH)-deficient children, treated
with GH until nFAH, were retrieved from the database of the
Belglan Saciety for Pediatric Endocrinalogy and Diabetology
(BESPEED). nFAH was predicted after first-year GH treat-
ment, applying prediction modets by Ranke et al, Bland-Alt-
man plots and Clarke error grid analyses were performed to
assess clinical significance of the differences between ob-
served and predicted nFAH, Results: In males, the predicted
nFAH was higher than the observed nFAH (difference: 0.2 +
0.7 50; p < 0.01). In females, there was no significant differ-
ence. Bland-Altman analyses showed that the means of the
differences between observed and predicted nFAH were
close but not equal to zero, with overprediction for smaller
helghts and underprediction for taller heights, Clarke error
grid analysis: in males, 59-61% of the predicted nFAH were
within 0.5 SDS and 88% within 1.0 5DS from the observed

oqy, University Huspital Ghent, Ghent, Belgium

nFAH; In females, 40-44% of the predicted nFAH were with-
in 0.5 SD5 and 76-78% within 1.0 SOS from the observed
nFAH. Conclusion: Ranke's models accurately predicted
nFAH in females and overpredicted nFAH in males by about
1.5 cm. In most individuals, the predicted nFAH was within |
SDSof observed nFAH, These models can be of help In giving
realistic expectations of adult height,

©2018 The Authoris)
Pubiched by S Kaeges MG Bar|

Introduction

Children with a short stature and their parents have in
general great expectations about the eftect of growth hor-
mone (GH) therapy on final height. In a Belgian study,
76% of parents of short small for gestational age children
expected & gain in adult height of 210 cm when starting
GH treatment [1]. A long-term negative impact on psy-
chosocial functioning has been described in children
when these high expectations are not met [2].

An accurate prediction of the trestment effect on final
height at anset or within the first years of GH treatment
may help clinicians to give parents and children more re-
alistic expectations. A model that can predict the effect of
GH treatment at the onset of therapy would be ideal in
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clinical practice. However, adult height outcome is
strongly influenced by the first-year response to GH [3].
Therefore, adult height prediction becomes more accu-
rate if this first-year response is included in the model.
Furthermore, a clinically relevant prediction model
should be preferentially based on readily available and
standardized variables. It should not only explain a large
fraction of the variability in treatment response, but must
also be easy to use in clinical practice [3]. Lastly, the pre-
diction model must have been validated in the cohort of
interest [4, 5].

Ranke et al. [6] developed 2 prediction models for near
final adult height (nFAH) in GH-deficient (GHD) pa-
tients after 1 year of GH treatment, based on the KIGS
data, including, among other variables, the prediction of
first-year growth (index of responsiveness).

We here describe the validation of Ranke et al.’s [6]
final height prediction models with an independent co-
hort from the Belgian Registry.

Patients and Methods

Patients

The auxological data and GH treatment characteristics of chil-
dren diagnosed with idiopathic GHD (iGHD) between 1987 and
2005, and who had attained nFAH, were retrieved from the Belgian
Registry of GH-treated patients, which is administrated by the Bel-
gian Society for Pediatric Endocrinology and Diabetology (BE-
SPEED), formerly known as the Belgian Study Group for Pediatric
Endocrinology (BSGPE). The Registry stores only coded data, and
informed consent was secured prior to emry of data in the registry.

nFAH was considered as the height obtained after uninterrupt-
ed GH treatment when height velocnty (HV) was <2 cm/year, cal-
culated over a period of mini with a chronol
age>17 yearsinboysand >15 )cars in girls or skeletal age >16 years
in boys and > 14 years in girls. The diagnosis of iIGHD was made by
the treating physician according to national guidelines and the
KIGS Aetiology Classification System [7], including a HV below
the 25th percentile, a low to low-normal IGF-1 concentration, a
delayed bone age, and a peak GH concentration <20 mU/lin 2 GH
pmvocanon tests ( glucagon and insulin test). GHD was defined as

lated if no other pituitary hormone deficiencies were present at
the start or during GH therapy. A peak GH response <10 mU/lin
both GH provocation tests was considered severe GHD. Bolh pa-
tients with and without devel tal al of
the pituitary were included. Inclusion criteria were chosen to re-
flect the criteria used for the Ranke prediction model: (1) treat-
ment with recombinant human GH on a daily, or 6 days a week,
regimen for at least 4 consecutive years, and (2) a prepubertal sta-
tus during the first year of treatment. Exclusion criteria were: (1)
any medication or medical condition other than GHD that could
interfere with the growth response to GH. In total, 127 patients (82
males and 45 females) with iGHD (90 with isolated GHD and 37
with multiple pituitary hormone deficiency, MPHD} met all the
inclusion and exclusion criteria.

ical
b
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Methods

Variables retrieved from the register were (a) status at birth:
gender, birth weight, and length; (b) midparental height (MPH);
(c) patient variables at the start of the treatment period: chrono-
logical age, height, weight, body mass index (BMI), the highest
peak GH concentration of two provocation tests, the presence of
other pituitary hormone deficiencies; (d) treatment modality: av-
erage GH dose (pg/kg/day) during the first year of GH treatment,
and (e) outcome parameters: the nFAH, in centimeters and ex-
pressed as height SDS (Ht SDS), the total AHt SDS, calculated as
the nFAH SDS minus Ht SDS at the start of GH therapy, and the
final heightrelative to MPH as an index of achieving genetic height
potential, calculated as nFAH SDS minus MPH SDS.

Birth weight for gestational age was transformed into SDS,
based on the standards of Niklasson et al. [8]. Height, weight, BMI,
and HV were converted to SDS using the Belgian reference data by
Roelants et al. [9]. The MPH (SDS) was calculated as follows: (fa-
ther’s Ht SDS + mother’s Ht SDS)/1.61 [10, 11]. For the validation
of the prediction models, height at the start of GH treatment, fa-
ther’s height, and mother’s height were converted to SDS using
reference data by Prader [12].

Observed first-year HV (cm/year) was calculated as the incre-
ment in height between the start of treatment and a measurement
made after 9 hs and 15 months of GH
therapy, subsequently scaled to 12 months. Predicted first-year
HV (cm/year) was calculated using the tool that can be found at
WWW,| gmwthpredlcnons org, whlch uses the KIGS first-year pre-
diction models [13]. Stud d residuals (SR) were calculated as
follows: SR with GH peak: [observed HV (cm/year) - predicted
HV (cm/year)}/1.46,and SR without GH peak: [observed HV (cm/
year) - predicted HV (cm/year)]/1.72.

Predicted nFAH was calculated according to the Ranke model
derived from the KIGS database [6]. There are 2 prediction for-
mulas, as follows: the first one includes the maximum GH level
during a GH provocation test and uses the following equation:
nFAH SDS = 2.34 + [0.34 x MPH, SDS (Prader)] + [0.18 x birth
weight, SDS] + [0.59 x height at the start of GH treatment, SDS
(Prader)] + [0.29 x first-year SR with maximum GH] + [1.28 x
mean GH dose, mg/kg/week] + [-0.37 x In maximum GH level to
provocation test, In pg/l] + [-0.10 x age at the start of GH treat-
ment, years]). The second prediction equation does not take the
results of the GH provocation test into account: nFAH SDS =
1.76 + [0.40 x MPH, SDS (Prader)] + [0.21 x birth weight, SDS] +
[0.53 x height at the start of GH treatment, SDS (Prader)] + [0.37 x
first-year SR without maximum GH] + [1.15 x mean GH dose,
mg/kg/week] + [-0.11 x age at the start of GH treatment, years].

Statistical Analysis

The variables are reported as the median (10th-90th percen-
tile) and mean (+SD). A one-sample Kolmogorov-Smirnov test
was used to test for normal distribution. Differences between
groups were tested with a t test when the distribution of data was
normal, and with a Mann-Whitney U test otherwise.

Bland-Altman plots were constructed to assess agreement be-
tween the observed and predicted nFAH and to look for propor-
tional bias [ 14, 15].

Clarke error grid analysis was performed to assess the clinical
significance of the differences found between the observed and
predicted nFAH. Zone A (= no fault) was arbitrarily defined as a
difference between observed and predicted nFAH SDS of <0.5SD,
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zone B (= acceptable fault) was defined as a difference between
observed and predicted nFAH SDS between 0.5 and | SD, and zone
C (= unacceptable fault) was defined as a difference between ob-
served and predicted nFAH SDS of >1 SD. The height SD for adults
was taken from the Prader curve of 20-year olds: for adult men, 1
SD is 6.9 cm, and for adult females, 1 SD is 5.9 cm.

Significance was considered at the 5% level (p < 0.05). The IBM
SPSS Statistics 21® software was used for all statistical analyses.

Results

Background and Baseline Characteristics

The background and baseline auxological characteris-
tics are listed in table 1, with data of isolated GHD (n =
90) and MPHD (n = 37) given separately. Children with
MPHD started GH therapy at a younger age (p < 0.05),
were shorter (p < 0.05), and had taller parents (p < 0.05)
than children with isolated GHD.

Final Height Outcome Data

The near adult height data are listed in table 1. The
mean duration of GH therapy was 9.6 years, with a mean
duration before pubertal onset of 5.4 years. Children with
MPHD had a significantly longer mean duration of GH
therapy than those with isolated GHD (10.9 vs. 9.0 years;
p < 0.01) due to a younger mean age at the start of GH
therapy (5.9 vs. 7.5 years; p < 0.05). Girls reached nFAH
earlier than boys (16.5 vs. 17.8 years; p < 0.001). The mean
nFAH for boys was 169.5+ 6.7 cm (-1.70 + 1.01 SDS), and
the mean nFAH for girls was 157.8 + 6.8 cm (-1.49 + 1.15
SDS). The median total increase in Ht SDS was 1.79, and
the mean nFAH SDS minus MPH SDS was -0.43. On ay-
erage, children with MPHD had a greater median total
AHt SDS and a greater mean nFAH than children with
isolated GHD, but there was no difference in nFAH cor-
rected for MPH.

Validation of the Ranke Prediction Models for nFAH

The Ranke nFAH predictions with both formulas
(with and without maximum GH) were not significantly
different from the observed nFAH in females. In contrast,
the predicted nFAH was significantly higher than the ob-
served nFAH in males (model with GH peak: difference:
0.20 £ 0.67; 95% CI 0.06-0.35; p < 0.01; model without
GH peak: difference: 0.22 + 0.66; 95% CI 0.07-0.36; p <
0.01).

The Bland- Altman analyses show that the means of the
differences between the observed and predicted nFAH
are close but not equal to zero; on average, the predicted
nFAH is higher than the observed nFAH in males and
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lower in females (fig. 1). For both formulas, the Bland-
Altman analyses also show a proportional bias in both
genders, with an overprediction for the smaller adult
heights and an underprediction for the taller individuals.
This proportional bias falls within the CI for the mean
difference for observed nFAH values between -4.0 and
+1.5 SDS (fig. 1).

The Clarke error grid analyses are shown in figure 2.
In males, 59% of the predicted nFAH values (model with
GH peak) and 61% (model without GH peak) are in zone
A (<0.5 SD difference from observed nFAH), 29% (mod-
el with GH peak) and 27% (model without GH peak) of
the predictions are in zone B (0.5-1 SD difference from
observed nFAH), and 12% (model with and without GH
peak) of the values are in zone C (>1 SD difference from
observed nFAH). In females, 40% (model with GH peak)
and 44% (model without GH peak) of the predicted nFAH
arein zone A, 38% (model with GH peak) and 31% (mod-
el without GH peak) are in zone B, and 22% (model
with GH peak) and 24% (model without GH peak) are in
zone C.

Discussion

We found that in Belgium, children with iGHD, either
isolated or part of a MPHD, when treated with a mean
GH dose of 28.7 pg/kg/day and at least 1 year before pu-
bertal onset gained around 1.8 SDS in height. Although
these children were treated before pubertal onset, they
remained short compared to their peers (N\FAH SDS: -1.6
on Belgian references), but they almost reached their
MPH (nFAH minus MPH SDS: -0.4). The final adult
height outcome of the studied cohort was higher in
MPHD than in isolated iGHD. Although we used quite
strict criteria for near final height, some patients may
have gained some height afterwards and their ultimate
final height outcome may be better.

In the last decades, several prediction models for
nFAH in GHD patients treated with GH have been devel-
oped [6, 16-21]. Thomas et al. [16] developed a model
based on a rather small cohort (n = 61) of Belgian GHD
children. Carel et al. [17] developed a model based on a
cohort (n = 1,885) of the French National database that
contains 10 parameters. De Ridder et al. [18] analyzed the
data of the Dutch growth database and described models
for prepubertal and pubertal children at the start and after
the first year of GH treatment. Carrascosa et al. [19] re-
trieved data from 184 Spanish children from different
medical centers and described a model at the end of the

Straetemans et al.
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second treatment year as well as a model at the onset of
the pubertal growth spurt, predicting the Ht SDS gain to
be uchieved at adult height age. Blethen et al. [20] de-
scribed a model derived from the Genentech study (n =
121). Cutfield et al. [21] developed models for children
with isolated GHD (n = 1,091) and MPHD (n = 604)
based on the KIGS database. These madels could not be

Validation of nFAH Prediction Models
GH - Treated GHI Children

validated in our Belgian cohort because they did not in-
dude the first-year response |12, 17-21], they used sev-
eral parameters that were not always available in the Bel-
giun Begistry (e.g. bone age within 3 months of GH stant
[181, BM1, und height at the anset of the pubertal growth
spurt [19]), and/or because they included patients treated
with only 3 doses of GH per week [ 17, 20], and/or because
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they contain parameters not usible to predict adult height
-at 1 year of GH treatment, such as the total duration of
GH treatment |20, 21 ) and the 2-year growth response to
GH [19].

We validated bath dinically and statistically the Ranke
prediction model for adult height in this Belgian cohort. A
climenlly validated model is likely to he more useful than a
statistically validated one | 5|, Statistical analysts of our out-
come data showed no significant difference between ob-
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served and predicted nFAH for females. For males, the pre-
dicted nFAH ix0.20-0.228D(1.4-1.5 cm) higher than the
observed nFAH. This difference is statistically significant,
but the absolute error does not make the method invalid
for clinical practice, Altemnatively, one may choose 1o sub-
tract 0.2 SD from the helght predictions in males. How-
ever, this does not reduce the number of unacceptable
(rone C) predictians in the Clarke error grid analysis, since
it creates more underpredictions (data not shown).

Stracternins et zl.



The Bland-Altman analysis shows a proportional bias
for both genders and both formulas (with and without
GH peak in the stimulation test). This bias is rather mild
and falls within the confidence limits for the mean differ-
ence between the predicted and the observed nFAH, at
least for the range of final height data that are mostly en-
countered in clinical practice (i.e. -4.0 to +1.5 SDS).
Therefore, it is not necessary to correct for this bias [15].

For the Clarke error grid analysis, we arbitrarily deter-
mined the zone A as a difference between predicted and
observed nFAH <0.5 SDS. Prediction errors of <1 SD are
still acceptable if compared to other methods for final
height prediction, such as the Tanner and Whitehouse
and the Greulich-Pyle Bayley-Pinneau prediction models
[22,23].

The Clarke error grid analyses show that 59-61% of
males and 40-44% of females have a predicted nFAH
which deviates from the initially predicted nFAH by <0.5
SD (about 3-3.5 cm). In males, 88% of the predictions fall
within 1 SD of the observed nFAH (error grid zones A
and B). The prediction error is larger for females than for
males; 76-78% of the predictions fall within 1.0 SD of the
observed nFAH in females. In our opinion, Ranke's pre-
diction models for both genders are clinically valid, since
only 12% of males and 22-24% of females in the Belgian
Registry cohort have an observed nFAH which deviates
>1SD (6.9 ¢m for males and 5.9 ¢cm for females) from the
predicted nFAH.

In conclusion, children with iGHD, when treated at
least for 4 years with GH and 1 year before pubertal onset,
had a significant median total height gain of 1.8 SD. Their
final height was still relatively short compared to their
peers (mean nFAH -1.6 SD) but only slightly below their
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They Predict Poor Adult Height
Outcome?

Saartjs Straetemans "**, Jean De Schepper* ‘", Muriel Thomas*, Syivie Tenoutasss®*,
Véroniquo Beauloye®” and Raouf Rooman **

Dyt o Presaié favmermabogy WAl Ly Moo Cantgr Masbnst, ANhosrsts, | MU M Keronlof
Marton an v Fisaacrch o) Mt Mamtrod Lrwerady, Mandtacht Antharandy, * I SEisan Socedy for
it Grehorrrevogy wid Cutstiogy FESFEED, frueat (sgeon ? Cepatoper 4 of Pecfars Ginsernuigy, ety
1 Aol Do, Friaeoks (agnany * Oeputrivme ¢ of Neviors: Tnokervwiigy, (il s (et evil, B,

 Degrvtiven! of Pasa'so Fromomology. el Lo vdavr Ses Crmn Meve Fohicte Oiwenie ll.'-a- Do,
Seson: Hagum, "L o e Zwnguew Sont L L 8 Lacsan
frLesurs Dagaom * Pordtalen, Iith, Muv-

Objective: Suveal critera for first- yoar gromth resporss (FYGR} o growth homone (GH
treatment have hean proposed. We explored whish FYGR ontenia predicied best the final
helght outcoms @ter GH trealment in prapubertal children with GH deficlency (GHDI.

Design and methods: Height daia of 129 GHD chédren (B3 bays) who attaned adult
helaht -and had been treatad with GH for a1 jezst 4 consecutive years with at least |
year bexre pubertal anset, wers fetneven from the Baigian GH Registry. The FYGR
paameters wate! 1) increase N heght (AM) SOS, (2) heiaht valclty (HV) SDS, (3) aHY
{omyears, [4) indax of resporaveness oH) in KIGS prediation modals, (5) first-yesr HY
SDS based on the KIGS expected HV cuve (HY KIGS 308!, (0) near firal adull balght
IrFAH) prediction afier fires-year GH treotmant, Poar find helght outoome (PFHO) oresrin
wizrs: (1] total AHL 8D3 = 1.0, |2) nFAH 8BS =—2.0, {3) nFAH mirus midparsntal haight
808 «-1.3, ROC curva analyaes warg parfermes to dgafing 1o optimal cut-off for FYGR
parameters 10 predict PRFHD, Only RDC curves with an ares under the curve (ALIC) of
minre than 7C% werg futhar analyzext,

Resultss Tueive, 22 ard 10% of the chidren had respecively 2 folal AHE SDS
<1. TFAH SDS «—2, and nFAH mnus midparania heght SDS <-1.3. Tha AUCH
ranged) between 73 -and 85%. The highest AUC was found for frstsyear AHR
8DS o prediot total AHt SDS <1, and pradicted nFAH SDS to predict nFAH
808 <=2 The cunenlly used FYGR cilera mard low specdicnes and sarsiwilies
1o detost PFHO. To obtaln @ S5% specficity, the cutoff veke (and. sensitiviiy)
of FYGR parameters wee: At SDS <035 (40%), HV SDS <-085 (43%)
AHV =13 onuyear 36%), IR <—1.57 (17%), HY KIGS SDS =-083 (40%) 0
rredict totel AHt SDS <1) predicted aFAH SDS [with GH peak) <=1.94 [25%),

v 1 Py 4 Yo 0
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predicted nFAH SDS (without GH peak) <—2.02 (25%) to predict nFAH SDS <-2.
At these cut-offs, the amount of correctly diagnosed peor final responders equals the

Conclusion: First-year growth response criteria periorm peorly as predictors of poor
final height outcome after long-term GH treatment in prepubertal GHD children.

Stroetemana of o
amount of false positives.
Y growth
adult height outcome
INTRODUCTION

Growth hormone deficiency (GHD) in children is mostly
idiopathic and is treated with daily growth hormone (GH)
injections for a mean duration of 4 to 11 years (1-8). GH
treatment is therefore not only burdensome for the patients and
their families, it is also costly. In addition, not every child benefits
from GH treatment and the poor responder rate in GHD has
been found to be between 10 and 30% (9, 10). It is therefore
common practice to evaluate the response to GH therapy after 1
year to detect poor responders in order to reassess the diagnosis,
adapt the GH dose or stop the treatment lo avoid unnecessary
daily injections and expenses. The evaluation is usually done
after I year of treatment because it is known that the first year
response is an important determinant of the total treatment
height outcome (11).

Several methods exist to evaluate this first year response such
as increase in height (AHt) SDS, A height velocity (HV), HV
SDS on the population HV reference curve, and HV SDS on the
predicted HV for idiopathic GHD curve (12, 13). A parameter
(index of responsiveness, loR) has been introduced that compares
the observed first year HV to a predicted HV derived from
prediction models (14, 15). More recently, models have been
proposed that predict the near final height outcome after the
first treatment year (16). All these methods for evaluation of
first-year growth response use arbitrary decision values that are
not based on their ability to predict a final height outcome.
Up to now, the value of these first-year growth response and
responsiveness parameters as predictors of a poor final height
outcome after long-term GH t tin GHD p has not
been analyzed.

We therefore set out to determine the sensitivity and
specificity of these first year growth response (FYGR) criteria
at their proposed threshold levels to detect a poor final height
outcome (PFHO), defined by different criteria. In addition, we
performed ROC analyses to calculate the decision levels at a
desired 95% specificity.

MATERIALS AND METHODS
Materials

The auxological data and GH treatment characteristics of
prepubertal children diagnosed with GHD, who were enrolled in
the Registry of the BElgian Society for PEdiatric Endocrinology
and Diabetology (BESPEED) since 1986, were retrieved. This
registry was approved by the ethical committee of the Brussels
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80

growth h first-year growth response criteria,

University and the University Hospital Brussels in Belgium.
The legal representatives of all subjects gave written informed
consent to have their data registered in a national registry
and to use their data for scientific purposes in accordance
with the Declaration of Helsinki. All data are pseudonymised
to comply with rigorous privacy guideli Only pati
who had been treated with recombinant human GH on a
daily regimen for at least 4 consecutive years and at least
1 year before pubertal onset and who had attained final
adult height were included. Growth hormone was only of
recombinant origin in all cases, GHD patients with and
without developmental anatomical anomalies of the pituitary
were included, but those with acquired GHD were excluded.
Other exclusion criteria were any medication or medical
condition other than GHD that can affect growth, interruption
of GH treatment for more than 6 months, and smallness
for gestational age. In total, 129 patients (83 males and 46
females) with GHD (81 with isolated GHD and 48 with
multiple pituitary hormone deficiency) met the indusion and
exclusion criteria.

Methods

The diagnosis of GHD was made by the treating physician and
peer-reviewed at the monthly meeting of BESPEED, according
to the KIGS etiology classification system (17). All patients had
a peak GH concentration of < 10 pg/l after glucagon and/or
insulin stimulation. Pubertal onset was defined as testicular
volumes > 4 ml for boys and Tanner breast stage = 2 in girls.

Variables retrieved from the registry were (a) status at birth:
sex, birth weight and length; (b) fathers and mother’s height
(HU); (¢) pre-treatment Ht when measured between 6 and 18
months before GH treatment; (d) patient variables at the start of
the treatment period: chronological age, Ht, weight (Wt), body
mass index (BMI), the highest peak GH concentration during
a provocation lest, the presence of other pituitary hormone
deficiencies, and (e) treatment modality: average GH dose
(ngikg.day) during the first year of GH treatment.

Birth weight for gestational age was transformed into SDS,
based on the standards of Niklasson et al. (1%). Midparental
height (MPH) was calculated as follows: (father’s Ht + mother’s
Ht + 13 for boys/—13 for girls)/2 (19). Height, weight, BMI,
MPH, and HV were converted to SDS using Flemish reference
data by Roelants et al. (20).

Near (n) FAH was defined as the height attained when
HV was less than 2 cm/year, calculated over a period of
minimum 9 months, and when the child had a chronological
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TABLE 1 | Characterstics: background, at GH start, after finst year, at nFAH.

TABLE 1 | Continued

n Median  p25 P75  Mean SD n Madian p25 p75 Mean SD
Background nFAH minusMPH, SDS 124 -038 096 023 -039 084
Gestationsl age, weeks 123 400 380 400 867 28 a21)
Blth weight, SOS 122 ~020 -086 034 -0.20 083 NFAH minus MPH, SDS 124 -017 —0.70 045 -016 0.94
Birth length, 806 10 -038 -102 o046 -025 o095 OV
Father height, SDS 124 —120 —170 -019 —108  1.17 ['::’)‘ helght, SDS* SV AL RS T
Mother haight, SDS 126 078 162 -027 081 13 Lo 0 BiE AEE  BEP W3 16
MPH, SDS 124 110 -170 -041 -098 083  gnorcyy
medrumGHposk, | 128, 1407 &1 BB 44 27 BMI, SDS A21) 110 -055 147 029 -049 136
AR atact OH rastmant B, SDS (CA) 190 -015 -105 081 -019 127
Ags, yoars 120 66 47 B7 688 26 AN S
Height, SDS 129 -331 -389 -273 -33% 085 G’_""""""'""”’W‘T"B'M' pibbdartresoryinios M"?”‘”‘;m"v""m""mm: i)
Hoightmnus MPH, SDS 124 —234 289 —1.71 —238 107 corusiodatage2fyears: CA SOS - Schange i B 505
B, SDS 128 ~042 -120 034 ~036 111 sfter frst-pasr GH restment; Ygan o height 05 after est-year GH tréstinent; Sgrowth
GH dose, pg/kg.day 120 270 245 814 280 54 targets fov frst-yeww GH ruspare by Ravike el al; “prediction moce) v nAH by Ranker
at al: "gavt o0 heght SOS from start of GH traatment wnt nFAH
HV durng pretreatment 107 50 38 80 52 20
yRer, cVyser
After first-year GH treatment A 3
Haight, SDS 129 234 -280 -190 -239 o0sa  Age =17 years in bt?ys and =15 years in girls. nFAH S'DS
Mot mius MPH, SOS 124 129 -188 -074 -138 084 was ca!culawd in 2 different ways: (1) using the chronological
A BMI $De 150 -021 054 DOF -027 oSy 98 (::\Az)].) (2) using the growth reference data at age 21
Growth respones yeas ]
A height, SDS® 120 099 057 188 100 052 The FYGR parameters were: (1) i in height (AHY)
SDS, (2) height velocity (HV) (cm/year), (3) HV SDS, (4) AHV
A HY, cnvyear 107 48 31 7.0 5.1 33 3 2 4 o i
e 5 404" B B9 s o (cm/year), (5) index of responsiveness (IoR) in KIGS prediction
e e 5 GaE B el T SRS models, (6) first-year HV SDS based on the KIGS expected
sns ; : * ; HV curve (HV KIGS SDS), (7) near final adult height (nFAH)
A prediction after first-year GH treatment.
H for fist-year GH 129 026 -031 0O 031 088 First-year gain in height (Al:ll) SDS and ﬁ':sl-ycar HV
troatment®, SDS (cm/year), were calculated as the inc in height bety
Index of responsveness 123 002 -059 071 007 1.13 start and after minimum 9 months and maximum 15 months
{with GH peak) of GH therapy and subsequently scaled to 12 months. AHV
Index of responsveness 123 013 -051 D8O 021 143 (cm/year) was calculated as the HV during the first year of
(without GH pesk) GH treatment minus the HV during the pretreatment year. The
Precichon of nFAH HV during the first year of GH treatment was plotted on the
Predicted nFAH (with 123 -087 -137 -036 -084 087 Flemish HV curve (20), and on the reference curve for the
GH paeky? HV during the first year of GH treatment developed by Ranke
Pooicted nFAH (without 123 086 141 -0.37 086 087 ¢ al. (15), and its SDS value was calculated. Predicted HV
CH poekf® was calculated using the KIGS prediction models for idiopathic
st GHD (14, 15), if all parameters required for the mathematical
Age, yeams (ore) Bma e e ame 28 algorithm were available. Differences between observed and
Ade. years (gifs) A8 187 i8S ATAs WEE 7 predicted HVs were exp d as index of responsiveness (IoR),
:3::;’;2;' weament; A% 1087 iS4 ARec 184 18 calculated as the observed HV minus the predicted HV, divided
Agostop GH freatment, 46 153 147 164 158 13 by the SD of the predicted HV of the child. The predicted
yoars (girs) nFAH was calculated after the first year of GH treatment, using
Growth since stop GH 129 06 00 1.1 13 24 the prediction models by Ranke et al. (16). For the prediction
treatment, cm models, observed heights (height at start, height after first year,
Durstion GH theragy, 129 88 75 17 a7 28 parental heights, and nFAH) were converted to SDS using
e reference data by Prader et al. (21) and the MPH SDS was
Duration GH therapy 122 55 32 78 58 27 calculated with the Cole formula: (father height SDS + mother
ostore pubarial et height SDS)/161.
yesrs
nFAH, S0S A1) 128 —146 -202 -067 —140 1.10 The long-term growth response to GH was evaluated
nFAH, SDS CA) 120 119 181 —041 —147 108 by three different, but complementary methods: (1) nFAH,
expressed as a height SDS; (2) total AHt SDS, calculated as
©Contined)  the nFAH SDS minus height SDS at start of GH treatment;
Frontizrs n Endocrinciogy | www rcatiarsin.og 3 Novemnber 2018 | Volume 10 | Article 702
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(35 nFAH SDS minus MPH SDS, an (index of achieving genetic
height potential.

A poor nwar fual heigh oucome 1o GH mainment was defined
i A1) rondl AHESDS < 1, 2) nFAH <=2 SD of the papulation
mean, or () nEAH SDS minus MPH SDS <— 1.3

»Stntlstleal Analysis

fubles are reported as the median (23-75th percentilc)
md mean (£SD). A Shopiro-Wilk test was wsed 10 test
for tbe pormal distribution. Diffisences betwesn groaps were
feated) with a t-teat when the distribution of data was nonmal,
and with @ Mann-Whitney  P-test athenwise. HOKD curve
unulyses were parforned to examing the relationship between
sensitivity and specificity for the different FYGR patameters
and PPHO eriteria omd o o ne the test cut-oll values

that bad u Y5% specificity, The minimum AUC was st at
07, Significance was considered at the 5% levdl (p < 0.03),
ModCICE und IBM SPSS Stathtics 352 software was used for
ull statistical wnalyses

Sl vear Geosatt: FEanoran st frus Oueormr

RESULTS

Background Characteristics

The background and ausplogical charcteristics of 128 mcluded
GHD chiildren (33 mmles, §6 lanales) ace Ested [ Table 1. GH
therapy was imitiated at o mean age of 6.8 years, x median height
SIS of =331 and a median height minws MPH SDS of =234,
‘Tha mean GH dose at start was 28 ug/kpday.

First-Year Response and Responsiveness
to GH Treatment (Table 1)

Aller the fist year of GH therapy, the median AHtSDS was
0.99, the mean (£ 5D first-year HY was 10,2 covfyear {£2.5) or
191 5D (£2.23), and the mean AHY was 5,1 emyjyear (£2.3),
The mean HV SDS on the fist-pear GH treatment resporise
curye by Ranke of 2l was (031 (£048) The mean |oR was
respoctively 0,07 (41,13 and 021 (£ 1.13), for the formula with
and withott max. GH peak, The mean predicted nFAH SDS wwas
—0.84 (=087 with, and —0.85 (:0.47) without the maximum
GH peakiindoded.

n : 3 wwd md T
e Fenr St
o e
@ = 5 ild
Bl 1
¢ iﬁ_:ﬁ'f.;‘i:l | r.;;m

FRIURE 1 | (A] 400 cunve aroivee for fred Wuw—ndmmwmmhmtw aposteity 2 prodat ot AN BCOY L1IOA). UA

S08 cakailie s o ehnchogel nge S06. o0y, 6, sentey

W, hisald seicty: G, greeatt) hosmone 168, ndas of iesponsvaness, MIC,

o wnddor the FIOC e Agan o haght S06 | oo staet of (1 imetmoct untd noer tnal acudt haicht; * gein i hognt SCE attey tkntead Bl treatiront 'V durrg
Aead yrn Gt Dot ddtain 1N dharng poied ool Yo ominthh bngots fon e yeer CTH waeotnise Dy Ploriho ol o (8) 550 Conm stimbssn e Sl ytunt rocniim
o S A s |V, AR b sty 0 sooclllty 1 ook ot AN BN AR YL AZY GG raulied al age i SE sbodn cevieion
Stnie, 1Tk ot Y T vty TS, el Dot et AUC b e b s RO ok vl "y 40 Db SIS | ras ) of GH Pattisd Leed piis S st sty
gt g 1) 1 S after B pee SR st n 1 i) By S Dmaiel 1is HV Oy peeaesinet s e tages (o S g GH
rabrte Dy TR0 e (O] PO Carve sy 100 Fadcta £ TR Sla THse a5 Pt 1 sty B Sar sty oo spmeiely 1 etk IFSHE0S « -2
{PYance, G AR row trod adunt pelgrt, GH, ot hommuney 806 ston dort dadmky aeee. A ECE chtuting of atrunolgos sge AUC, aral uide the

MO et “pacheion mscsl 1 or nFAH SR st puor Gb Instent by fanbn ot of, [0) 700 EURE TN for precioni (T Al Redk et GH featrentt, Wi i

=ty shil speoioty 1o prodet 1 AH E05 « & Proder, AZ1L 1A naoe Snol ek heght: G gressty 808, A2, 805
sxiodolod o oo 21 mAUO.w under chwm"mmdﬂu ummtnwauwmm»nm«uu
1 imtarn o Lo e UGy | www ol ang 4 Moo 2070 Vaume 101 e (8
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TABLE 2A | ROC curve analyss: cut-off values for first-year respanse and responsiveness with its ity and fcity to predict fotal AHt SDS < 1
(CA.
AHt®, SDS Sensitivity Specificity HV, cm/year Sensitivity Specificity HV for age Sensitivity Specificity

(%) %) (%) %) and sex, SDS %) (%)
020 20 100 59 13 100 -183 14 100
028 33 28 8.5 a3 =) -1.00 29 o7
0.35 “0 a5 6.6 A0 97 -0.85 43 95
0.50 60 86 68 47 95 -0.38 57 -3
057 73 82 T4 €0 S0 009 71 an
061 80 79 8.0 67 a5 1.00 78 67
1.00 87 54 89 80 €8 122 85 &
103 83 50 1008 « a9 248 «a 45
1.14 100 43 "o 100 a5 256 100 43

ALC: 85% {85% Gl: 77-00%) AUC: 85% {95% C1: 77-91%) ALIC: 83% (a5% CI: 75-89%)
AHVE, Sansitivity Spacificity HV for Sensitivity Specificity loR (without Sensitivity
cmiyear (%) (%) first-year GH (%) %) GH peak) (%) (%)
treatment?,
sSDs
—23 27 100 -157 13 100 -2.24 0 100
12 a6 ar =114 20 o8 -1.82 B o7
1.3 36 a5 -1.00 33 97 -1.57 7 95
16 45 92 -0.83 40 85 -1.28 17 92
32 45 74 -0g8 53 0 -087 58 20
38 72 69 -0.19 73 73 -0.40 67 7%
49 82 49 043 a7 48 043 a 40
5.1 100 49 1.03 «K 24 089 =74 32
146 100 12 1.16 100 21

AUC: T9% (85% Cl: 70~ B6%)

AIC: T8% (85% Cl: 70-85%)

ALIC: 73% (25%: Cl: 64-81%}

CA, S0S carwated st chronobogieal ager SOS, standard daviaton scorm; am. cantmetsn HY, heght valocky; GH. growth honmons; bR, ngax of rasponsivanass; AUC, area under the
ROC cwrve; O confidence ntenvel, *gain in hagiht SDS tram starm of GH treatment unth nser final st heghit; Pgain in haight 806 after trst-year GH treatrment, °HY diwing trst-yaar
GH treatrnent minus HV during pretreatrment yaar; “arewth: targels lor fest-yaar GH response by Ranke ef al bl curnently used FYGR calevie dade, FYGR enferis 81 85% speciaity

Final Height Outcome After GH Treatment
Near FAH after GH treatment is listed in Table 1. The mean
duration of GH therapy was 9.7 years, with a mean duration
before pubertal onset of 5.6 years. nFAH was atlained at a mean
age of 16.7 years in girls and 18.9 years in boys. For girls, mean
nFAH was 157.6 cm 4 7.0 (=1.52SD + 1.19, and = 1.34 & 115,
resp. for A21 and CA). For boys, mean nFAH was 172.1 cm £ 7.1
(=1.33SD % 1.06, and ~1.08 SD & 1.04, resp. for A21 and CA).
Twenty six and 22% of patients had a nFAH < —2.0 SD, resp. for
A2l and CA. Mean nFAH SDS minus MPH SDS was —0.39 (A21)
and —0.16 (CA). Twelve and 10% of patients had a nFAH SDS
minus MPH SDS <~ 1.3, resp. for A21 and CA. The median total
increase in height SDS was 1.99 (A21) and 2.23 (CA). Median
total AHtSDS was comparable in girls and boys [mean difference
0.13 SD (A21) and 0.22 SD (CA); p = 0.5]. Sixteen and 12% of
patients had a total AHtSDS < 1, resp. for A21 and CA.

Logistic Regression Analysis

ROC curve analysis was performed for all first-year response
and responsiveness parameters [AHt SDS, HV for age and sex
(cm/year and SDS), AHV (cm/year), HV SDS for first-year GH

Frontiers n Endocnnology | www. frontiersin.org

treatment, IoR, predicted nFAH SDS] in relation to the studied
poor final outcome parameters (total AHt SDS < 1, nFAH SDS <
—2, and nFAH SDS—MPH SDS < —1.3) (Figures 1A-D). Only
ROC-curves with an AUC =70% were further analyzed.

Tables 2A-D show the thresholds with their sensitivity and
specificity of the different tests vs. the different outcomes. The
thresholds for the tests currently proposed in the literature are
set in bold.

Tables 2A,B show cut-off values for first-year response and
responsi p s, with its ivity and specificity
to predict total AHt SDS <1 (CA and A21). The first-year
response criterion AHt SDS <0.5 had a relatively low specificity
(86%) to predict a total AHt SDS <1. The corresponding
sensitivity was 60%. The other proposed first-year response
and responsiveness criteria had a specificity of 67-97%, with
corresponding sensitivities of 17-78%.

To predict a total AHt SDS <1 (CA) with a 95% specificity
(in italic) the following threshold levels were found: AHt <
0.35 SD; HV < 6.8 cml/year; HV < —0.85 SD for age and
sex; AHV < 1.3 cm/year; HV < —0.83 SD for first-year
GH treatment by Ranke et al; ToR (without GH peak) <
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TABLE 2B | ROC curve analysis: cut-off values for first-yes responss and with its Aty and specificity to predict totd AHLSDS <1*
(A21).
AHt, SDs® Sensitivity Specificity HV, em/year Sensitivity Specificity HV for age Sensitivity Specificity

(%) (%) %) (%) and sex, SDS (%) (%)
020 14 100 59 10 100 -1.5G 10 100
030 20 as 86 28 o8 ~0.94 35 e
0.37 43 95 6.7 33 95 -0.60 40 95
0.50 48 86 76 52 80 -022 50 86
080 &2 B 83 62 80 011 6o a0
089 7 73 89 B7 70 0.60 85 73
080 81 ES] 89 81 &1 1.00 70 68
106 858 51 10.8 a6 50 1.48 80 €0
1.4 0 a4 1.0 90 2.56 90 43
122 9% 3 1.1 95 42 263 9% 40
156 100 16 129 100 17 350 100 29

AUC: 79% (35% Cl: 71-86%) AUC: 78% 196% Cl: 70-85%) AUC: 78% (86% Cl: 89-85%)

AHVE, Sensitivity Specificity HV for first-year §

(%} %) GH treatment?, (%) (%)

SDS

-2.4 18 100 -157 10 100
1.4 29 85 -1.00 29 9%
18 35 20 -0.83 Ex) 95
30 a1 79 ~0.59 52 89
34 a7 74 -032 57 81
39 6 67 -0.19 62 73
44 7 & 014 m 60
6.1 a2 50 043 a1 46
80 a8 40 103 90 24
69 @ 30 146 95 12
3 100 27 186 100 4

AUC: 73% (86% CI: 83-81%)

AUC: 72% (86% CI: 83-79%)

AZ1, SDS cakculated st ape 21 yeers; SDS, stenciard cenation scare, HV, haight veloolty, om, cevitimetern, GH, growth harmone; ALC, arse under the ROC curve; O, confdence
tenvay, gain v haight SDS from start of GH raatment unli ey final achalt hesghit, ©gain in height SOS after (vst-yaar GH traatmant; © HV dunng frst-yes: GH treatment s HV duing
prafreatmant yeor: growth targeds for frst yoor GH respanse by Ranke of o, bald, curantly used FYGR cateni; dakic, FYGR crtona at 85% spocifcity:

~1.57. The corresponding sensitivities were respectively 40,
47, 43, 36, 40, and 17%. The total AHt SDS of the good
final responders who were wrongly diagnosed as poor final
responders (according to the above criteria) varied between 1.08
and 2.57.

Tables 2C,D show cut-off values for predicted nFAH after
first-year GH treatment, with its sensitivity and specificity to
predict nFAH SDS <=2.0 (Prader, CA and A20). A predicted
nFAH after first-year GH treatment < —1.94 5D (model with
GH peak) and < —2.02 (model without GH peak) predicted
nFAH SDS <—2 (CA) with 95% specificity and 25% sensitivity.
The nFAH SDS of the good final responders who were wrongly
diagnosed as poor final responders (according to the above
criteria) varied between —1.98 and —1.28.

For all FYGR parameters in relation to nFAH minus
MPH SDS < —1.3, the AUC’s were <70% and therefore not
further analyzed.

Fromtiors n Endocrinciogy | www frantiersin org

84

Comparison of the Good and the Poor

Final Height Responders
The patients having a total AHtSDS in the highest quartile had a
significantly lower height SDS at start of GH treatment compared
with the patients in the lowest AHt SDS quartile (—3.78 SD vs.
—3.03 SD; p < 0.001) (Table 3). They also had a significantly
higher first-year AHt SDS (1.50 SD vs. 0.61 SD; p < 0.001).
Therefore, they reached a comparable height SDS after the first
year of GH treatment (=2.28 SD vs. —<2.41 SD; p = 0.5). The
total AHt was 3.71 SD for the good (highest quartile) and 0.98
SD for the poor (lowest quartile) total AHt responders. The poor
total AHt SDS responders had a significantly lower birth weight,
shorter parents, and a less severe GHD. They started GH at an
older age, with a taller height, and lower BMI, and received GH
for a shorter period than the good total AHt SDS responders.
The patients in the highest quartile nFAH SDS had a
significantly higher height SDS at start compared to the patients
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TABLE 2C | ROC curve analysis: cut-off valuas for pradicted nFAH aftar fret-yoar

aH °. weh its lulty endt specificty to pradict nFAH SDS «~2
{Prader, CA).

Predicted  Sensitivity Specificity Predicted Sensitivity Specificity
nFAH SDS (%) (%) nFAH SDS (%) (%)
(with GH {without

poak)® GH peak)®

—262 19 100 -253 25 100
—1.94 25 95 202 25 95
-1.74 44 a1 -1.77 44 af
-165 & 80 -1.70 83 )
—128 75 79 ~1.51 60 &
147 81 74 —121 81 76
~104 B8 68 -120 Ba 74
-087 84 56 -0.78 04 52
-060 100 ar -064 100 a4

ALC: 85% {35% Cl: 77-90%) AUGC: 84% (35% Ct: 77-90%)
AFAH, noar final adkt hoghit; GiH, growth harmane: SDS, standard devaton scom; CA
80§ cakudatad at chronalogival age; AUC, ares undsr the ROC-cunv: G conficance
xarval dpredicton moos for iFAH after fest-yaar GH Yreatment by Rarse e of. lale,
FYGR crideria at 95% specifcity:

TABLE 2D | ROC curve analysis: cut-off values for predicted nFAM after frst-year

GH . wih its ivity and 10 prodict nFAH SDS <—2
Predicted  Sensitivity Specificity Predicted Sensitivity Specificity
nFAH SDS %) (%)  nFAHSDS (%) (%)
(with GH (without

peak)® GH peak)®

-262 16 100 -253 21 100
-1685 21 a5 -1.91 26 a5
-167 & 91 -1.70 ;] a1
-150 68 88 -1.51 88 85
-128 74 80 -125 74 v
-1.04 B4 [t -120 84 75
-087 80 56 -0.78 89 5
-069 25 a7 -064 95 44
-081 100 a9 ~0.48 100 38

ALC: 84% §35% Cl: 76-80%) AUGC: 84% {35% CL: 76-90°%)

AWFAH, naar firsf st heght: GH growth harmane: SUS, standard desaaton scom: A27,
SDS calcutatad at age 21 yeers: AUC, area wxder the ROC-curva: CJ, confidance ntenal
praciciian moakd for nFAH after frst-year GH traatment by Ranfe st af. talc, FYGR cntens
ar 85% specifioly.

in the lowest quartile nFAH SDS (=3.10 5D vs. —3.88 SD; p <
0.01) (Table 3). Delta height SDS after the first year, at onset
of puberty and at nFAH was significantly higher in the good
responders. They had also taller parents and more severe GHD.

DISCUSSION

In this study of a cohort of GHD patients treated with GH
extracted from the Belgian Registry we found that the mean
nFAH was still below average and 10-22% of the patients
had a poor final height outcome. ROC-analysis showed that

Fronters in Endocanaiogy | weew. frontiersin org
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the currently used FYGR criteria had low specificities and
sensitivities to detect PFHO.

Our final height outcome data in Belgian patients are
comparable with the results of a Swedish (2) and Canadian (4)
study, using the same criteria for nFAH, where idiopathic GHD
children were treated with a similar GH dose for a mean period
of 8.6 and 5.4 years, respectively: up to 84 and 90% obtained a
nFAH SDS = —2. We previously reported in a smaller group of

ian idiopathic GHD pati a comparable nFAH (170.4cm
in malcs and 158 cm in fcmalcs afler a mean treatment duration
of 5.2 years) and a similar response rate (84% had a nFAH within
normal limits) (22

Near FAH was taken as a proxy of FAH as an outcome
parameter, as many patients usually stop GH treatment and
disappear from follow-up when growth slows down to less
than 2em per year and before adult height is reached (23).
To overcome this problem, nFAH SDS could be calculated at
a reference age of 21 years instead of the actual chronological
age. This underestimates the real Ht SDS since most adolescents
will still gain a few centimeters. On the other hand, since the
mean height of the reference population also increases between
16 and 21 years, nFAH SDS at the actual chronological age will
overestimate the real Ht SDS. We therefore calculated nFAH
SDS both with age set at 21 years (worst case scenario) and at
chronological age (best case scenario), accepting that the first
method will underestimate and the second will averestimate the
actual FAH SDS.

This ROC-analysis showed that the classically proposed
threshold levels for first-year growth response and
responsiveness parameters had a low sensitivity and specificity
to predict a poor near final height outcome. For example,
first-year AHt SDS <0.5 had a sensitivity of 60%. This means
that 60% of the poor final responders (total AHt SDS < 1.0) had
a poor first-year response (first-year AHt SDS < 0.5), and 40%
(100-sensitivity) of the poor final responders had a good first-
year response (first-year AHt SDS > 0.5). The corresponding
specificity was 86%, meaning 86% of the good final responders
had a good first-year response, and 14% (100-specificity) of
the good final responders had a poor first-year response. Thus,
first-year AHt SDS < 0.5 correctly identified 60% of the poor
final responders, but misdiagnosed 14% of the good final
responders as poor responders. In order to misdiagnose good
final responders as few as possible (5%), we decided to set the
specificity of the FYGR parameters at 95% and determined the
test cut-off values. At these newly defined threshold values,
the sensitivity to detect poor final height responders decreased
considerably. Of course, every physician can chose the specificity
required by the local circumstances. The FYGR threshold values
that best predicted total AHt SDS < 1 with a 95% specificity
were: A Ht SDS < 0.35; HV SDS < —0.85, HV for first-year
GH treatment SDS < 0.83, and A HV < 1.3 cm/year. On the
other hand, predicted nFAH SDS (with GH peak) < —1.94, and
predicted nFAH SDS (without GH peak) < —2.02 performed
best to detect nFAH < —2 SD (Prader) with a 95% specificity.
These criteria only correctly identify 25-43% (=sensitivity) of
the patients with a poor final outcome (= 3.8-5.2% of the total
population). At a specificity of 95%, 5% of good final responders
is wrongly diagnosed as poor final responder {=4.2-4.4% of
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TABLE 3 | Cornparisca of poor and good flinel responders.

25% poorest total 25% best total p-value 25% poorest nFAH 25% best nFAH prvalue
AHt SDS! AHt SDS' Sps*™ Spst-

Background n Mean  SD n Mean sD n Mean  SD n Mean sSD
Birth weght, SOS 28 -053 073 3 -005 083 <005
Father height, SDS 28 -143 14 30 -041 199 <001 20 165 121 30 035 101 <0.001
Mother height, SDS 29 -142 099 30 054 105 <001 29 —-167 104 30 017 Q.80 <0.001
MPH, DS 29 -143 089 0 -050 092 <0001 20 -165 09 30 024 0.80 <0.001
Maximum GH peak. ug/l 32 6.4 24 2 27 16 <0001 32 48 29 32 30 19 <001
At start GH treatment
Age, yours 32 7.2 24 2 58 23 <006
Height, S0S 32 =308 07t % =378 08 <001 32 -388 089 a2 =310 08 <001
Height mhus MPH, SDS 29 -154 083 3 =325 087 <0001 29 225 133 30 =319 081 <001
BM|, SDS 32 -068 098 32 -007 108 <005
HV during pratreatrment 27 &7 21 25 48 22 0z 27 5.2 a1 28 48 22 23]
year, cmiyear
After first-yoar GH treatment
Haight, SDS 2 -241 063 2 -2.28 083 [eX3 32 -298 080 32 -165 Q72 <0.0M
Height mhus MPH, SDS 29 -081 079 30 -178 106 <001
Growth response
A height. SDSP a2 061 038 2 150 044 <0001 32 090 047 32 145 047 <0001
A HV, cnv/yesr 27 29 30 25 78 31 <0001 27 a6 3.4 25 78 33 <0.01
HV, cvyear 32 83 1.8 32 126 19 <0001 32 94 23 32 127 20 <0.00
HV for age and sex, SDS Al 035 1.60 26 420 173 <DOO1 3t 124 203 26 436 156 <0001
Respansveness
HV for first-year GH 32 -016 087 e 088 080 <0001 32 002 084 32 101 08 <0001
treatment®, S0S
Studsntized residal (wth 20 -024 07 30 073 124 <001 20 -0 116 30 078 126 <001
GH peak)
Studantized reswdual 29 -034 093 30 0.99 108 <0OO1 29 —0.01 109 30 1.00 1.19 <0.01
(without GH peak]
Frechction of nFAH
Predicted nFAH (with GH 29 -120 057 30 -037 077 <0001 29 -15 077 30 038 064 <0.001
Prdicied nFAH (withcut GH 29 -121 057 0 -039 078 <0001 29 -157 079 30 036 a6 <0001
pack)?
At puberty onset
Duration GH therapy before 31 49 25 32 687 25  <0M
puberty, years
Height, SOS 3 -2140 D67 31 -084 100 <DODY 81 -240 086 31 -031 0BS <0001
A height. SDS AN 0.94 0.46 3 29 096 <0001 3t 1.48 079 31 287 1.18 <0.001
At nFAH
Duration GH thorapy, years 32 89 25 2 10 22 <001
nFAH, SDS* 32 -231 om ?  -030 085 <0001 32 -234% 049 32 080% 049 <0001
nFAH, SDS? 32 206 O71 ® -011 083 <00D1 32 -226% 050 32 08e% 047 <0001
nFAH minus MPH, SDS* 29 -078 067 30 017 083 <0001 29 -104% 083 28  031% 0% <0001
NFAH mirus MPH, SDS* 29 -0583 D073 30 041 086 <DOO) 29 -086% 091 28 040% 082 <0001
Total A height®. SDS* 32 071 047 a2 348 085 <0001 82 176% 087 32 4aa2% 116 <0.001
total A height®, SDS* a2 098 0.42 a2 37 071 <0001 32 1.84% 084 a2 420% 114 <0.001
BMI, SDS™ 26 -099 1.6 28 005 147 <001
BMI, SDS* 26 -083 1.0 2 021 134 <001

Cravactenstics: background, at GH start, after first year, apransa alrf AN GH, mwmoﬂnom 1FAH, newr fned adult hasgit, SO, standard davietion scove, MPH, midparental
haight: B, body mess tndex; HY, haight valocity; SOS, standsrd devistion scar; ont, * 808 cakutated at 21 yeers; F SOS icalage; ¥ DS

With Fracisr refsrancas; ’mnwsosmhr-ywwvss&m"gwmw:rsosmwsfmGHmm‘amwm&mwmovmr-mGHmpomcbymxat;
Apredicton model for AR by Ranke of &6.; "gan in haight SDS frorn start of GH treetment untd nFAH.
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the tatal popalation). Ar these cut-offs: the amount of correctly
diagnased poor responclers equals the amount of false positives
due w the eelutvely luw prevalence of poor respondets,

Several parametess, such as hirth weight, nudparental beaght,
age ot start, max, GH peak in provecation test, height at start,
and leld after the tirst vear of GH treatment were found to differ
between patients with & good or & poor final helght cutcome
Not surprisingly, these parsmeters are also used In prediction
models toe nFALL suchy ax m the model by Ranke et al. {16)

mms rilnrennckgy | www imiemae g

Pt Wt Lot Peuponan snd Hinil Ouieors

However, these parameters weve foungd fo only explam 60'% of
e varjability, An lncorrect diognosts of GHID or the presence of
angiher growih Hmicing condivion ut stactof GH ac well 35 seversd
conditiuns durlog the GH course, such ax GH doses ackuptations
during the first year, poor compliance after the first year of GH
treatment as well as yariability in pubersal nnset, pubertal growth
and bone age progression may all explain the poor predictability
of the FAH oulcome in GH treated childeen.

This is the fiat study cvaluating the final height predictability
Of the currently waed fisst year growth fesponse parameters,
putting them in a pew fong-lerm perspective. However, this
study [ias also several shortcomings, Treatoent adl ol
the persistence of the GHI were not asseased rootindy in the
Mtudicd cohort. Secondly, the size of the cohort was rather small,

-despite 1he national rectuliment oF patients.

Despite FYGR crilerda were found not 10 be suilable for
detecting poor or yood final rexpondens withoat too many
misdingases. it i shill important to evalaate st year response
o GH to identify poor compliance. improper sdministration
of GH, additional health problems, poor nutrition, umpalred
GH sensitivity due to mutations in the GH-TGE-1 axis genes,
iworreet it diagnoas, efe

In conclusion, the currently used first-vear growth response
and responsiveniess parameters perfoom poatly as predictors
al a poot final height ontcome after [ong-teem GH - trea iment
wn prepabertal GHD childeen, due 1o low sensitivitios and/jor
gpecificitios and the low prevalence of poor responders o this
group, The FYGR parameters may perform beiter (n indications
Wit more poor responders of whied more stingent criteis for
poor pear funal height ostcome (eg, AHESDS 5 15) ae ased
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Is a Two-Year Growth Response to
Growth Hormone Treatment a Better
Predictor of Poor Adult Height
Outcome Than a First-Year Growth
Response in Prepubertal Children
With Growth Hormone Deficiency?

Saartje Straeterans ", Raoul Rooman ™ and Jean De Schepper™*®"
on behalf of BESPEED®

* Depsrtiment of Pecin 0o Encocrmungy, Massirieht Covvenniy (dasion Corvir, Madntrerd, Nehertwvats, < MITTOM Sehoo) of
AIton are? Pravshnonn’ Mssr) £ Msabosm, Absasint Liversity, A fte, Mathassas, * Mhw SEGSn Sooaty oy
Pl Eromoroinpy and Devietcagy (BESPEEDL Bnmerss, Sty * PedioCon t, Putte. Seipim, * Copmvrment af
Feciaing Enuocrinongy, Lty Hosoinl Brussets, Siusiai’ Seigon. " Dadarmeny of FRedianic Envboriooegy. Lhwevsty
Himpsay Ghand, Gheny, Bataan

Objective: Tha (irst year rasponse 1o growth hoemona (GH) traatment s related 1o the
tatal height gain in GH treated childran, but an mdividual poor first year response s aweak
predictor of a poor total GH effect in GH daficient (GHDY) children, We investgated wheather
an underwhelming growth response after 2 yeara might be a better predictor of poor adult
hieaght (AH) outcome after GH freatment in GHD childran.

Design and methods: Height data of GHD chidren treated with GH for &l kast 4
consacutive years of which at least two prepubertal and who sttaired {near) (MAH were
retneved from the Belgian Regster for GH treated chikiren {n = 110, 63% boys). In ROC
analyses, tha chanrga in haight [AHY SDS after the first and second GH treatment years
were (ested as pradiclons of pooe AH outcome defined as: (1) nAH SDS <-2.0, or (2) nAH
SDS minus med-parantal haight SDS <-1.3, or (3] 1otal AHt SDS <1.0. The cut-offs for AHL
SD8 and its senstivity at a 85% specdicity leved to detect poor AH outcoma ware
datarmined,

Results: Biever percent of the cotion had & tatal AHIL SDS <1.0, ROC curve testmg of first
end second years AHt SOS as & predictor for total AHE SDS < 1.0 had an AUC >70%. First-
year AHt SDS <0.41 correctly idertified 42% of the patients vath poor AH outooms &l &
95% specificity leves, resulling In respectively 5/12 (4,6%) correatly dentifiea poor fnal
rasponders and 588 (4,5%) misclassifisd good final responders (ratio 1.0). AHt SOS after
2 prepuberntal yaars had a cut-of kevel of 0.65 and a-sensitivity of 50% at a 85% speciliaty
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level, resulting in respectively 6/12 (5.5%) correctly identified poor final responders and 5/
98 (4.5%) misclassified good final responders (ratio 1.2).

Conclusion: In GHD children the growth response after 2 prepubertal years of GH
treatment did not meaningfully improve the prediction of poor AH outcome after GH
treatment compared to first-year growth response parameters. Therefore, the decision to
re-evaluate the diagnosis or adapt the GH dose in case of poor response after 1 year
should not be postponed for another year.

Y growth h growth growth poor adult
height outcome
INTRODUCTION MATERIALS AND METHODS
The goal of growth hormone (GH) treatment in a GH deficient ~ Materials

(GHD) child is to attain a true catch-up growth, resulting in an
adult height (AH) close to target height (1). The pattern of GH
induced growth consists of a first phase of accelerated growth,
which allows the child to approach its target height in a number
of years and is followed by a phase of maintenance growth where
height velocity (HV) is normal. Several studies have evidenced
that this GH induced growth acceleration diminishes rapidly,
which is called the waning effect (2, 3). This waning has been
explained by a GH receptor desensitization, but its determinants
have been poorly studied in children with GHD.

In clinical practice, the first-year growth response is most often used
to evaluate the individual response to GH treatment (4, 5), allowing the
carly identification of GHD patients who may not respond to a
physiological GH' replacement and/or are not GHD. However, we
recently showed that the currently used first-year growth response and
responsiveness parameters have a Jow sensitivity and/or specificity to
predict a suboptimal adult height outcome after long-term GH
treatment in prepubertal GHD children (6).

Many issues may negatively influence the first year response
to GH treatment, including GH injection problems, an
inappropriate GH starting dose, a hidden growth limiting
disease, or additional hormonal deficiencies appearing during
GH therapy (eg. central hypothyroidism) (7). Correction of
these conditions in the second year may result in an improved
linear growth during the second year. In addition, a less
pronounced waning effect in the second year of GH treatment
might also explain why some children with an inadequate first-
year growth response do have an adequate AH outcome.

We therefore investigated in prepubertal children with a non-
organic GHD: 1) the contribution of the first 2 years of GH
therapy to the total height increase, 2) the magnitude and
of the ing of the growth response during the
second year, and 3) the eventual improvement of poor adult
height prediction after two years of GH therapy in comparison
with the prediction after one year of GH treatment. We
hypothesized that the growth response after 2 years of GH
treatment may be a better predictor of poor adult height
outcome than the first year response, as in some patients a less
pronounced waning in the second year might compensate a
failing first year growth response to GH therapy.

deter

The auxological data and GH treatment characteristics of children
diagnosed with GHD, collected by the members of the BEigian
Society for PEdiatric Endocrinology and Diabetology (BESPEED) in
a national database, called Belgrow, since 1986 were retrieved. This
study was approved by the ethical committee of Brussels Free
University and the University Hospital Brussels in Belgium. All
subjects gave written informed consent in accordance with the
Declaration of Helsinki. In the registry, all data are pseudonymized
to comply with rigorous privacy guidelines. Only patients who had
been treated exclusively with daily recombinant human GH for at
least 4 consecutive years of which at least two were prepubertal and
who had attained (near) AH (nAH) were included. The patients
were mostly treated in a time period when the dose for GHD in
Belgium was fixed to 25 meg/kg * day. GHD patients with central
malfor (eg 3 lies of the pituitary and/or stalk) and
patients with idiopathic GHD as well as patients with congenital
GHD related to genetic alterations (e.g. GH gene mutations) were
induded, but those with acquired GHD of known cause (related to
eg. a brain tumor, brain irradiation, brain trauma) were excluded.
Other exclusion criteria were any medication or known medical
condition other than GHD that could affect growth, interruption of
GH treatment for more than 6 months, and a birth weight and/or
birth length below ~2 SD. Girls aged =12 years and boys aged 213
years at the end of the second GH treatment year were excluded. In
total, 110 patients (69 males and 41 females) with non-acquired
GHD (66 with isolated GHD and 44 with multiple pituitary
hormone deficiency) met the inclusion and exclusion criteria.

Methods

The diagnosis of GHD was made by the treating physician and
peer-reviewed by BESPEED members (8). All patients had a peak
GH concentration of <10 pg/L after both glucagon and insulin
stimulation. Pubertal onset was defined as testicular volumes =4ml
for boys and Tanner breast stage =2 in girls.

Birth weight for gestational age was transformed into SDS,
based on the standards of Niklasson et al. (9). The MPH was
calculated according to Tanner et al. as follows: (father’s height +
mother’s height + 13 for boys/-13 for girls)/2 (10). Height,
weight, BMI, and MPH were converted to SDS using Flemish
reference data {11).
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nAH was defined as the height attained when HV was less
than 2 cm/year, calculated over a period of minimum 9 months,
and chronological age >17 years in boys and >15 years in girls.
nAH SDS was calculated in two different ways, using the Flemish
reference data: (1) for the chronological age (CA), (2) for an age
of 21 years (A21).

The change in height (AHt) SDS was calculated after the first
and second prepubertal year of GH therapy, provided that the
height data were available within a 9-15 month interval for that
year and scaled to respectively 12 and 24 months.

The final outcome of the GH treatment was evaluated by
three different methods: (1) nAH, expressed as a height SDS; (2)
total AHt SDS, calculated as the nAH SDS minus height SDS at
start of GH treatment; (3) nAH SDS minus midparental height
(MPH) SDS, an index of achieving the genetic height potential. A
poor final treatment outcome was defined as total AHt SDS <1.0,
nAH SDS — MPH SDS <-1.3, and nAH SDS <-2.0

Receiver operating characteristic (ROC) curve analyses were
performed for AHt SDS after the first and second prepubertal
years as a predictor for the defined poor adult height outcome
parameters. We have previously published the results of ROC
analyses of the first year only, in a cohort overlapping the cohort
of this study (6).

Statistical Analysis

The variables are reported as the median (25-75th percentiles)
and mean (+ SD). A Shapiro-Wilk test was used to test for the
normal distribution, ROC curve analyses were performed to
examine the relationship between sensitivity and specificity for
the different test parameters and the different outcome
parameters. Only pairs with an area under the ROC-curve
(AUC) 270% were further analyzed. In order to misdiagnose
only 5% of good responders, a specificity level of 95% was chosen
to calculate the corresponding cut-off values for AHt SDS. Linear
regression analyses were performed to study the relationship
between the growth responses and possible explanatory
variables. Significance was considered at the 5% level (p <
0.05). MedCalc™ and IBM SPSS Statistics 25% software was
used for all statistical analyses,

RESULTS

Clinical Characteristics

The background and auxological characteristics of 110 included
GHD children (69 males, 41 females) are listed in Table 1. GH
therapy was initiated at a mean age of 6.2 years and at a median
height SDS of —3.47, which was 2.47 SDS below the MPH SDS.
The mean GH dose at start was 28 ug/kg.day. The mean duration
of GH therapy was 10.2 years, with a mean duration before
pubertal onset of 6.2 years. Gitls entered puberty spontaneously
at a mean age of 11.3 years (n = 35), boys at a mean age of 12.5
years (n = 45). Puberty was hormonally induced at a mean age of
12.9 years in girls (n = 5) and 13.9 years in boys {n = 20). nAH
was attained at a mean age of 16.7 vears in girls and 18.7 years
in boys.

Second-Yedr Responga and Fingl Outcome

Response to GH Treatment During the
First Two Years of Treatment

The median AHt SDS after the first treatment year was 1.03,
while the median AHtL SDS during the second year was 0.43
(Table 1). Figure 1 shows the individual data and the correlation
between A height SDS during the first and sccond GH treatment
years. The AHt SDS during the second year correlated
moderately (r = 0.553; p < 0.001) with the first year height
increase. Patients with a lower than median AHt SDS (<1.03 SD)
during the first treatment year had a median second year AHt
SDS of 0.29 SD, which was 0.33 SD lower than the first year; their
median AHt SDS after 2 years was 0.95. In contrast, patients with
a higher than median first-year AHt SDS (>1.03) had a median
second year AHt SDS of 0.57 SD, which was 0.77 SD lower than
the first year; their median AHt SDS after 2 years was 2.01. Of the
55 patients with a higher than median first-year AHt SDS, 19 had
a lower than median second-year response (shown in quadrant D
in Figure 1), while 17/55 patients with a lower than median first-
year AHt SDS had a higher than median second year increase
(shown in quadrant A). Only 4/110 patients had a second
year AHt SDS that was higher than the first year AHt SDS.

Determinants of the Waning Effect During
the Second Year

The first year AHt SDS correlated negatively with maximum
GH peak in the GH stimulation tests, age at start, height
minus MPH SDS at start, height SDS at start, and correlated
positively with BMI SDS at start, mid parental height SDS and
GH dose at start (Table 2). Whereas the height SDS increase
in the second year correlated positively with first-year AHt
SDS and negatively with maximum GH peak, height minus
MPH SDS at start, height SDS at start, and age at start. The
waning cffect, calculated by the difference between AHt SDS in
the second year and AHt SDS in the first year, was positively
correlated with first-year AHt SDS, height SDS after the first
and second years, BMI SDS at start, and correlated negatively
with age at start, height minus MPH at start, maximum GH
peak, and height SDS at start.

Response to GH Treatment During the
Whole Treatment Period

Figure 2 compares the height SDS at start of GH treatment, after
the first and second GH treatment years, at pubertal onset and at
near AH. After one and two years of GH therapy, the median
AHt SDS was respectively 1.03 and 1.44. At onset of puberty,
median AHt SDS was 1.80. The median AHt SDS at nAH was
2.09 for chronological age (CA), but 1.86 when extrapolated to
the age of 21 years (A21). The 2 year AHt SDS accounted thus for
69% (CA)-77% (A21) of the total increase in height SDS. Twenty
five percent of the patients had a AHt SDS <1.0 at 2 years, 20% at
pubertal onset, and 11% (CA)-16% (A21) at nAH.

After two years 46% of the patients had a height SDS <-2.0
and 35% at pubertal onset, whereas at the moment of nAH, 25%
(CA) and 28% (A21) of the patients had a height SDS <-2.0. The
median difference of the height SDS with the MPH SDS
gradually diminished over time after the first and second
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TABLE 1 | Characteristics: background, at GH start, after 1% year. after 2™ year, at pubertal onset, at nAH,

n median P25 P75 mean sD
Background
gestational 608, weeks 104 400 380 0.0 38.5 29
bt weight, SDS 106 -027 077 0.25 -0.18 0.89
bt length, SDS 23 -027 0.7 0.25 -0.24 0.5
tather haight, SOS W08 -120 -1.80 -0.15 -1.08 117
mother height, SDS 106 -0.78 -1.62 -0.27 -0 116
MPH, SO8 108 1.05 -1 ~0.45 -0.99 0.95
maemum GH peak. pgil 1o 39 2.1 687 43 27
at start GH treatment
age, years 110 6.1 46 82 6.2 23
height, SOS 10 -344 -3.99 -2.80 -3.47 0.86
haight minus MPH, SDS 105 -244 -3.10 -1.76 -2.47 1.1
BMI, SDS 10 -04z -120 0.41 -033 m
GH dose, pakg.day 10 270 245 i 28.0 55
after first year GH treatment
height, 806 10 -235 -2 -1.89 -2.42 0.83
A height, S08* 10 1.03 065 1.40 1.06 050
A helght velocity, cm/year a5 48 a 72 52 32
haight mnus MPH, S0& 08 1.3 -2.08 -0.73 -1.41 0.98
after second year GH treatment
height, SOS 10 -1.92 -2.52 147 -1.95 088
A height, SDS” 110 1.44 005 a0 1.82 ar2
A haight velocity, cm/yesir 110 -25 -36 -13 -25 19
haight minus MPH, S06 106 0.94 -1.62 0.28 094 097
at puberty onset
200 onsel Spontanecys puberty (lamaks), yaxs 35 1.4 106 121 1.3 10
2cm puberty nduction (females), years 5 130 ns 139 129 1.0
age onset spontanéous pubery (males), years 45 127 120 131 126 1.0
age puberty nauction (Mmaes), years 20 140 133 14.2 139 12
duration GH therapy before pubesty, years 105 6.3 a4 82 6.2 24
heignt, S0S 04 -1.52 -2.29 087 -1.52 1.09
A heift, SOS° 104 1.80 1.14 285 1.84 1.03
haight minus MPH, S0& 29 -0.49 -1.27 0.06 052 E AL
at nAH
age, years 110 179 189 189 18.0 22
age, years (emaks) a1 165 152 17.8 16.7 18
age, years (maes] i) 183 171 192 187 22
age stop GH treatment, years 10 165 154 174 16.4 15
age stop GH treatment. years (fermaeas) 41 182 145 165 155 1.4
0 stop GH treatment, years (maks) 89 168 16.1 178 169 1.3
growth since stap GH treatment, om 106 05 a0 1.2 13 25
duration GH theragry, years 10 102 6.2 12.0 10.2 24
NAH CA, S0S 10 .21 187 033 -1.21 112
nAH AZ1, SDS 10 -1.53 222 067 -1.44 114
nAH CA minus MPH, SDS 106 -0.20 -0.72 0.46 0.19 0.8
nAH AZ1 micus MPH, SD6 106 -0.42 -0.99 0.22 043 098
A height (onest puberty until nAH CA), SDS 0o 026 -0.18 0.81 028 0.26
A haignt (onsat pubeety until nAH A21), SCS 104 002 -0.56 0.7 0.06 0.84
total A haght CA, SDS” 10 20 1.56 3.00 227 1
total A haight A21, SDS 10 1.86 118 274 2.08 116
BMI CA, SDS a5 -0 -1.12 0.65 016 1.33
BMI A21, 806 95 0.60 .53 033 046 142

GH, growth hormons: MPH, midnanantal haight: B, body mass ncax; ndH, assr solat haght; SO6, standard deuaton scove; om, centmetarn A21, S80S calculated ataps 21 yaars, CA,
SOS catulied at chvonological age; *gsv in hegnt SOS from start wunts affer fvst-year GH traatment: “gavt in hesght SIS fom start uni affer second year of GH fraatment: “pain in haght
S0 from skt of GH frestment it ansed pubedy; Ygain 1 haight SOS fom start of GH frestment Lot adk

prepubertal years of GH treatment until pubertal onset,
respectively 1.34, 0.94, and 0.49 SDS. At start, 87% of the
patients had a height — MPH SDS <-1.3, after two years this
percentage decreased to 35%, and at pubertal onset it was 23% of
the patients. Finally, 12% (CA) and 14% (A21) of the patients
had a nAH — MPH SDS <-1.3.
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Response to GH Treatment in Isolated
GHD Versus MPHD

Of 110 patients, 44 had multiple pituitary hormone deficiencies
that were supplemented. AHt SDS after 1 year, AHt SDS after 2
years, and total AHt SDS were comparable between the group
with isolated GHD and MPHD (Table 3).

Juni 2021 | Volume 12 | Artics 878004



Cliseserrons o 4 Dot Ve Hoetones ano | ing Ousoree

e 1 ., . RN
i n » ‘ : A -
. . 00..' - '. .
i l’ " . % ‘u.
! -
8 % ” o B
p P LEENCT Y T
», - -
- - .
; ..60 4
@ - .'. W :
. -
» ~ 0 tew 51 50004 (C2) s . f O 1otal 0§06 93 |EIT €91
& ® tow 3500 4 () s = C @1 O ST AL e L
- - .- - 3 ) - - = tm i = = =
SHESOS during 15t year AMESDS Guring tetyent

Legend: 47t SUSH goin in haight SDS; total AHE SUSe gainin height SOS from star of GH traatment until near sdult neight; Can SOS
calculated ot chrorological sge; A1+ SDS calculoted at ege 21 years. mmlwnmuhnmﬂklmﬂmuwwm
treotment (1.03 &0); the horizcaral lines are zet at the med an A2 505 diring second vear GH teatment (0.4350)

FIGURE 1 | Comuiston betauon A rakgt S0S cumg he st 570 tooond Uik Deaman yeans with INAoaiern of puor 1 Seporiaens, & Ewer san madan A1
BLS oung 1ot yaor 30 hignar than macien 34t SUE durra 2na vaon B Ngnat fnan masian 8HE 8CS dung 191 yaar and highar than medion AHE 808 aurng 20
year, G bower than medan &1 506 dunirg 19t yoor avdt owed then mecian 8¢ GG aureg &l wear; O migher than mestmn A1t GG durng ot yoar a0 lower
1o ki AV K BO8 g 2y

TABLE 2 | Li et reegrssiior | arediness Jor | e et of fra wnd s e A Z00 s s wes g =fiect ourrng e secood O sl iisrd s 1 prisiuberis
CHTInnbes

progictors w pvake comelatcn posmeg
e GH pesk 08X su0o .
apactn a21g 00 -

hoght ronas M G086 ot o 02y <0001

Feghit B05 st start 024 000 -

BSOS et aory «D0 “

Sl negnd 508 oas o +
WSS Q0% nY '

<4 01003 o st oo @0 '

AL DS during second yead

femt v A SO0 Qax wst ’
i GH oesd aan: <0001 -

P s MPH SOS al wint LRI «0 051 -

Foach| 508 at st 01 noos -

03 X 2t a0y «@n =

woning effscr

ot pode 411 S0 uety <000t '

) & ot asat Qon -

bt 05 sher it yeur aors «209 +

P s M SOS a0 ame <01 -
praxim (34 poah ao 001 -

hagn! SES atar oo year nas Lot} .

noght SUS 31 ftant ag3 <0 .

BNt own a3y Q% '
000> fropftd S stor | yomrut G awatvent Apan o 1ANE ES aftr A yte 9f G ISEIMGRt W) oL, Wl codrnt 205 Mees A E08 Surrp 00N Juse G, Foat
| bomoey, TAD, LR o R, POSTUE COPSREON, 1, (WERG SOTERON, WP Iy (UTRAY NACNE B DO (s o

Fromters 0 Tredixrocioge | s sotbmeeong | A P00 1 Vinewes 13 | Aetie V055

97




untoroe ot e

Toood T FEXTETNG Uno e e

b i
=
=
= o e s
H e -t
Y
P
.
. -
Lo L
) -
-
O %1 e " e B et
g'-v!'ﬂuﬁ L arvat (R mlr.'.‘d
. v el .
e of P rimved e O )\
Apasl dgdjads 31 yoens v
Leight 100 s ki g (A2 e

FIGURE 2 | ot 505 o glont of G iesaimend, ator $1kd ant sucont yuars of Gie et al tutari orset ied hear scluf it

Prediction of a Poor Adult Height Outcome
ROC curye analysiv wav performed for AHUSDS after the fine
dnd sevond prepubertal vears of GH treataient in celation fo the
studied poor hinal outcome panameters [totsl AHESDS <1, aAH
SDS <=2, and nAH SDS - MPH SDS < 1.3), Only ROC-curves
related 1o total AHL SDS <10 bad an AUC 270% (varyving
between 78 and 82%) und were further analyzed (Figure 33
Tables 4A. B show the cot-olt values for AHESDS after | and
2 prepubertal years of GH freatment. with thel seasitivity and
specificity: to prodict total AHE SDS <10 (CA and A21), The
sensitiviey o predict ot AHUSDS <1.0 (CA) wlthoa specificley of
G5 wars 42 and 0%, resulting in respectively 512 (46%) and 6/
12:455%) correctly idenfified poor final responders. At a 95%
specificity level, 5798 (4.5%) of the goed finel responders were
mulsclussified 3¢ poue responders. I the SDS was calculatad on age
21, the comespunding sensitivities were 3%, after the fiost year
and 44% after two years of GH frealment, giving respectively if
1B (54% and 8/18 (7.2%) correctly diagnosed poor final
responders, At a 95% specifiairy level, 582 (4.2%) of the good
fistal responders were misclussified a8 poor fesponders. The ratio

final respimders (1.0 at ane vear and 1.2t two years) did oot
improve after tua years of GH traatment

As shown in Figure 1, cight of 12 patients with & total height
increase of <1 (CAY had both a below median AHt SDS ufter one
and at twi vears of treatment.

DISCUSSION

The first year response to. GH. in general represented as AHL
SDS, I8 used by muany cinkins w ientfy those childsen who
may or may nof benelil from ling-term GH treaiment. The first
yeur respanse s alwo aften used as a past toc diwgnastic enterion
of GHD, especially in children with an idiopathic form of GHD.
Although the st penr response could be wed o guide GH
dasiny, the current practice is 1o keep GH dosage staliie over time
ana hody weight or body surdace bists (in generl between (125
and 35 pg/kgdayl in GHD patients, at lesst (n Belgium and
several other Eoropean countries {1 2~ 14). While the feit year
growtl response to GH le highly assockeed with the adult height
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in relation to their parental height. These results are consistent
with previous studies in prepubertal patients with GHD (15, 16),
with the exception of the absent association with the first year
GH dose. The absent association with the GH dose in our study
can be explained by the uniform dosing around 25 pg/kg.day.
However, previous attempts trying to overcome this waning
effect in GHD patients by modifying the dose or the frequency
of the GH regimen have not been very efficacious, as the dose
response relationship diminishes during the second year (17, 18).

We confirmed that the majority of the height gain in GH treated
GHD children occurs during the first 2 years of treatment (19). In our
study, 69% (CA) — 77% (A21) of the total height gain was obtained in
the first 2 years. We showed that there was still some improvement in
the perc of children obtaining a normal height or a height
within the expected target range after two years of treatment.

Despite its important contribution to the total height gain, the
height increase after two years of treatment did not greatly
improve the sensitivity to predict a poor growth outcome at
the end of treatment: the sensitivity to detect with 95% specificity
a poor total height increase at the end of treatment increased
from 42% after one year to only 50% after two years of treatment.
This finding can be explained by our observation that the waning
effect observed during the second treatment year is in general
lower in patients with a below average first-year response than in
patients with an above average first-year response, explaining the
only moderate correlation between the first year growth response
and second year growth response. In most studies, the best
predictor of the second year growth response was the first year
response (16, 20). However, we observed that about a third of the
above median first year growth responders grow slower than the
median during the second treatment year. This might be
explained among other factors by a declining adherence (21).

Despite the 8% (CA) - 12% (A21) increase in sensitivity for the
second-year AHt SDS compared to first-year AHt SDS, the ratio
correctly diagnosed poor final responders/misclassified good final
responders did not change with a longer treatment duration due to
the low (11-16%) prevalence of poor final responders. We
hypothesize that predictability of poor final outcome will be better
in a cohort with a higher prevalence of poor growth response, e.g.
children born small for gestational age without catch-up growth or
Turner syndrome. To illustrate this arg t, if the poor resp
rate would have been 30% in this cohort (33 poor responders and 77
good responders) we would have identified 16 poor responders
(13.6%) correctly and misclassified four good responders (3.6%)(at
CA), a much better risk benefit ratio.

The pati remained short d to their peers (mean
nFAH SDS: -1.21 (CA) and —1.44 (A21) on Belgian references),
but they almost reached their target height [nFAH minus MPH
SDS: ~0.19 (CA) and -0.43 (A21)]. This is consistent with other
reports studying final height after GH treatment (19, 22-24).

This is the first study to evaluate the predictability of poor adult
height outcome after two prepubertal GH treatment years in GHD
children. This study has some shortcomings. Firstly, neither
treatment adherence nor persistence of GHD was assessed
routinely in the studied cohort. Secondly, the size of the cohort
was rather small despite the national recrui of pati Near
AH was taken as a proxy of AH as many patients usually stop GH
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t and disappear from follow-up when growth slows down
to less than 2 cm per year and before AH is reached (25). To
overcome this problem, nAH SDS could be calculated at a reference
age of 21 years instead of the actual chronological age. This
underestimates the real height SDS since most adolescents will
still gain a few centimeters, On the other hand, since the mean
height of the reference population also increases between 16 and 21
years, nAH SDS at the actual chronological age will overestimate the
real height SDS. We therefore calculated nAH SDS both with age set
at 21 years (worst case scenario) and at chronological age (best case
scenario), accepting that the first method will underestimate and the
second will overestimate the actual AH SDS.

In conclusion, the growth response after two prepubertal
years of GH treatment did not meaningfully improve the
prediction of poor near adult height outcome compared to the
one year response. The decision to re-evaluate the diagnosis of
GHD or adapt the GH dose in case of poor height response after
1 year should not be postponed for another year, as the
prediction after two years has no added value in GHD children,
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Recombinant human growth hormone (GH) was first administered to children
more than 35 years ago. Since then, more than 150000 children have been
treated worldwide. In recent decades a lot of knowledge has thus been gathered
about the effects and outcome of GH treatment. However, despite its frequent
use, we still cannot properly predict which children will ultimately have an
excellent or poor growth response to GH. There are still gaps in our knowledge
and new questions have emerged. This thesis aims to add new insights to the
existing knowledge on the growth response to GH treatment. We initially
compared the predictive power of different poor-first-year-response criteria and
used the longitudinal growth data from the Belgian Registry to develop national
reference curves for first-year growth response to GH treatment. We also
explored the possibility that changes in energy expenditure after the start of GH
treatment can predict the first-year growth response in children. Subsequently,
we validated one of the most frequently used prediction models for near adult
height (the KIGS model) and focused on the relation between early and late
response to GH treatment: do growth response criteria during the early years
predict poor adult height outcome in children with GH deficiency (GHD)? An
insight in the predictors of the growth response to GH is needed as the strategy of
GH therapy using standard doses has evolved to individualized GH dosing,
depending on a more detailed diagnosis and validated predictors of the growth
response to GH.

There is a great variability not only in the endogenous production of GH, but also
in the sensitivity to GH. This results in a highly variable growth response, both
among as between diagnostic groups qualifying for GH therapy [1-3]. So there is a
continuum where on one side the production of GH is high but the sensitivity is
low (GH resistance) and on the other side the production is low and the sensitivity
is high (GHD).

In clinical practice the growth response to GH treatment is assessed after the first
year of treatment to detect poor responders in order to reassess the diagnosis,
adapt the GH dose or stop the treatment to avoid unnecessary daily injections
and expenses. There is however no general consensus on the definition of a poor
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first-year growth response. Several criteria have been proposed by several
investigators. Ranke et al. [4] proposed a first-year increase in height (AHt) standard
deviation score (SDS) < 0.3 (for less severe GHD and small for gestational age (SGA)) and
AHt SDS < 0.4 (for severe GHD) as criteria for poor response. Bang et al. [5] have argued
that the response to GH should be clinically meaningful. The year to year change in height
SDS in normal growing children can go up to 0.3 SD [6], so to attribute the growth
response to GH, the increase in height SDS should be at least higher than 0.3 SD.
Therefore, Bang et al. proposed AHt SDS < 0.5 as the poor response criteria for both GHD
and SGA. Bakker et al. suggested that patients with a first-year height velocity (HV) SDS < -
1.0 observed during GH treatment for a specific diagnosis, age and gender should be
labelled as poor responders [7]. An advisory board held in Dubai in 2017 proposed to
compare the height gain with the individualized prediction; alternatively, they suggested
to consider AHt SDS < 0.3 or < 0.5 as the lower limit of an acceptable catch-up growth in
children with GHD and SGA [8]. The European Medicines Agency uses first-year HV SDS >
+1 for age and gender as the response criterion to continue GH treatment in SGA children.
Our comparative study in both GHD and SGA children showed that AHt SDS < 0.5 is the
most stringent criterion, giving the highest proportion of poor responders (26% in GHD
and 37% in SGA) compared to other most commonly used poor first-year response criteria
(HV SDS < 0.5 or <1), which resulted in a much lower amount of poor growth responders
(11-19% in GHD, 17-25% in SGA). We also showed in this study for the first time that the
different response criteria do not always identify the same patients as poor responders.
We however could not provide evidence that one criterion might be better than another
since the adult height outcome was not available. The most commonly used first-year
response criteria in clinical practice, an increase in height SDS and height velocity SDS
during the first year of treatment are not adapted to specific patient characteristics (e.g.
parental heights), nor do they give any information about whether or not the observed
response is sufficient for a specific patient, in other words whether the observed response
is in line with the expected response. In order to be able to make a statement on eventual
GH (in)sensitivity, resulting in an eventual GH dose adaptation or stop of treatment, the
responsiveness must be taken into account.

Responsiveness is the ability/capacity of an individual patient to respond to GH based on
his/her individual characteristics. A first step to a more individualized GH treatment is to
compare the GH response to the response of children of the same gender, age, and
diagnosis [4, 7]. We therefore developed age-specific height velocity curves for
prepubertal GHD children which are easy to use in clinical practice and enable rapid
identification of poor response to first-year GH treatment, defined by a HV SDS < -1.

A more accurate way to assess responsiveness is the use of prediction models for
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first-year HV [9-12]. The most commonly used models are of KIGS (Kabi/Pfizer
International Growth Study), a registry containing growth data of European
children treated with GH. These models take more individual patient parameters
into account to predict a patient’s response to GH treatment and permit the
calculation of an index of responsiveness (IoR), also called studentized residual
(SR), which is the difference between the predicted and observed height increase.
This IoR allows thus a more individualized interpretation of the growth response
to GH, informing whether the observed response corresponds to the predicted
response. For example, a patient with a first-year AHt SDS of 0.6 would be
considered a good responder based on first-year response criteria (>0.3-0.5), and
with a HV SDS of -0.4 on the Belgian expected first-year HV curve would be
considered an average responder compared to other GHD children of the same
age treated with GH, but with an loR of -2.94 this patient has an inadequate
response (<-1.28) and was expected to grow even more (figure 1).

height velocity (cm/year)

age at start GH treatment (years)

Figure 1. HV of a female GHD patient plotted on the Belgian first-year HV curve for GHD children
treated with GH, and compared with the predicted first-year HV (£ 2 SD) (horizontal error bars)
obtained by the KIGS prediction model (without GH peak). Patient details: age at start GH
treatment, 6.0 years; height at start, -3.32 SD; weight at start, -3.02 SD; birth weight, +0.64 SD; GH
dose, 0.025 mg/kg*day; midparental height, +1.43 SD; HV before treatment, 3.1 cm/year; HV during
first treatment year, 8.3 cm/year (lower dot, before treatment; upper dot, after first-year
treatment).
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On the other hand, these prediction models and IoR have also their limitation for
daily use. A first weakness of these prediction models may be the lack of one or
more patient characteristics needed to calculate the predicted growth response.
Another important weakness is that they can only partially predict the variation in
treatment response, explaining 45-61% of the variability by the KIGS models for
GHD and 52% for SGA. Furthermore, the IoR does not say anything about the
absolute magnitude of the response. A patient that gains only 0.3 SD but is
predicted to have only 0.3 SD of gain will be scored as a good responder but the
real gain of the treatment would still be minimal.

To increase the predictive value of the models, more sophisticated models have
been proposed. Some models incorporated in addition to clinical auxological
characteristics GH induced changes in biochemical parameters after some months
in an attempt to improve the predictability power. One of these combined
auxological and biochemical models is the Cologne model, which also contains
biochemical markers of bone metabolism, before and during the first 3 months of
GH treatment, and was shown to explain up to 89% of the variability [13]. Jung et
al. [6] advised to assess the responsiveness to GH treatment already after 3
months of GH treatment instead of 1 year in order to be able to adjust the GH
dose and optimize the first-year response, at a time when these children are most
sensitive to respond to a higher dose. They predicted first-year HV after 3 months
of GH treatment using this Cologne prediction model [13], and showed that GH
dose increase at 3 months in children born SGA with predicted poor first-year
response (AHt SDS <0.75) maintained a catch-up growth and achieved a first-year
AHt SDS comparable with the group of children who had been predicted good
first-year responders. But even when on a fixed high dose, some patients (16%)
did not achieve a good first-year response. However, the biochemical bone
parameters are not standard determinations and need 24 h urine collections,
limiting their feasibility in clinical practice.

Kristrom et al. [14] have investigated the effect of GH dosing guided by individual
responsiveness. At the start of GH treatment, they predicted the height which
would be achieved after 2 years of GH treatment in a group of 153 short children
(75% GHD, 25% ISS). If the predicted height was lower or higher than the height
goal (=mid parental height (MPH) SDS) then the starting dose was adjusted to
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achieve the height goal (doses 17-100 mcg/kg*day). This caused 32% reduction of
the growth response variability, but the mean GH dose and the mean height
minus MPH SDS was comparable with the fixed GH dose group (43 mcg/kg/d).

Other investigators have studied whether even earlier GH induced metabolic
changes, such as increase in total body water (TBW), basal metabolic rate (BMR),
and total energy expenditure (TEE), which occur already 2-6 weeks after initiation
of GH treatment, might be better as well as earlier predictors than changes in
bone markers, which are classically measured after 3 months [15-17]. Ernst et al.
showed that the change in TBW after 6 weeks of GH treatment correctly
predicted the first-year growth response in 75% of GHD patients (n=88), while a
change in TBW of >0.7 I/m? after 6 weeks of GH treatment was strongly predictive
for a first-year AHt SDS of > 0.7 SDS in SGA children (n=99) [17]. Gregory et al.
demonstrated that 6 week changes in fat mass, BMR, and TEE were significantly
correlated with 6 month increases in height velocity [15]. We also observed in a
study of 13 children with GHD or short stature related to SGA that 11 patients
with an increased TEE, measured after 6 weeks, had a good first-year growth
response (AHt SDS > 0.5). However, good and poor first-year growth responders
were indistinguishable from each other when TEE did not increase. Based on
these initial results, the increase in TEE does not appear to be a promising new
tool for the early detection of poor growth responders.

Another strategy for a more individualized approach in prescribing GH therapy is
an insulin-like growth factor 1 (IGF-1) based dosing of GH treatment, but studies
comparing the effectiveness of IGF-1 based dosing compared with that of
standard weight-based dosing on adult height have not yet been done [18].
Moreover, there is a poor correlation between the early changes in serum IGF-I
levels, GH doses and growth rate [3, 19].

Since parental height is a determinant in the prediction models and height is
largely hereditary, it is plausible that genetic variation could influence the
response to GH. Dauber et al. have completed the largest genetic study to date of
response to GH [20]. They were unable to replicate previous associations, nor did
they identify any new variants that were clearly and robustly associated with GH
response. However, some associations reached genome-wide significance in
secondary analyses and merit further investigation, and their data raised the

109



hypothesis that variation in glycosylation pathways may regulate the response to
GH. Larger sample sizes will be needed to more definitively identify genetic
factors that robustly influence the response to GH.

In conclusion, our studies confirmed the great variability in first-year response
and responsiveness to GH treatment, but could not provide evidence that one
first-year response criterion is better than another. A critical evaluation of these
response parameters and their cutoff values with respect to their capacity to
detect a poor adult height outcome is therefore needed to define the best poor
response parameter.

Although the first-year growth response (FYGR) to GH treatment is one of the
most important determinants of the GH treatment outcome [11, 21-25], it is
unknown which of the proposed first-year response parameters predict a poor
treatment outcome with the highest reliability. Therefore, we searched for the
most suitable poor FYGR criterion, based on a poor final height outcome, in GHD
children. In order to misdiagnose good final responders as few as possible (5%),
we decided to set the specificity of the FYGR parameters at 95% and determined
the test cutoff values. Of course, every physician can choose the specificity
required by the local circumstances. We found that each of the poor FYGR
criteria, i.e. AHt SDS <0.35, HV SDS <-0.85, increase in HV <1.3 cm/year, IoR <-
1.57, HV KIGS SDS <-0.83, gave just as many correctly diagnosed poor final
responders (total AHt SDS <1) as misclassified good final responders (total AHt
SDS >1), due to the low sensitivity (25-43 %) and the relatively low prevalence of
poor responders. Therefore, in children with GHD we cannot use the classically
used first-year response criteria in daily practice to define a poor responder in the
end. We hypothesize that predictability of poor final outcome could be better in a
cohort with a higher prevalence of poor growth response. If the poor response
rate would have been 30% in our cohort (33 poor responders and 77 good
responders) we would have identified 16 poor responders (13.6%) correctly and
misclassified 4 good responders (3.6%), resulting in a much better risk benefit
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ratio. This higher rate of poor response is seen in SGA patients and poor
responders prediction may be more useful in this indication. Unfortunately, the
Belgian Registry did not yet have enough final height data for the SGA indication
to check this hypothesis.

We additionally analyzed whether the prediction of poor final responders might
improve by extending the observation period for height gain to 2 years in children
with GHD. We found that 27% of the patients with a lower than median first-year
AHt SDS had a higher than median second year increase and a good final adult
height outcome. A waning effect was observed in almost all patients in our study
(96%) and was greater in those with a more impressive height gain in the first
year. Those with a poorer first-year height gain showed a lower waning effect in
the second year partly compensating for the lower first-year response. This
observation explains in part the poor predictive value of the first-year growth
response for the long-term outcome.

Kaplowitz et al. [26] concluded that for GHD children the first-year HV SDS was
not a potent predictor of the second year HV SDS to use first-year HV alone to
decide on GH continuation. They observed that 63% of those who grew poorly in
the first year (HV SDS <-1) but who continued treatment grew satisfactorily (-1 <
HV SDS < +1; 91%) or well (HV SDS > 1; 9%) during the second year.

Prediction models for near adult height have also been established for GHD
children after the first year of GH treatment, based on changes in auxological and
biochemical parameters [11, 27]. The parameters used in the KIGS prediction
models for near adult height are the index of responsiveness, midparental height,
birth weight, height and age at start, average GH dose during the first treatment
year, and severity of GHD, explaining 60% of the variability. We validated these
KIGS prediction models using the Belgian registry for GH treated children and
concluded that they accurately predict near adult height in females and
overpredict near adult height in males by about 1.5 cm. Therefore, these
prediction models are useful for predicting near adult height after the first year of
GH treatment in clinical practice.
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The more recent recommendations and guidelines on short stature management
in the context of GH treatment have highlighted the medical need to personalize
and individualize treatment based on an individual patient’s characteristics in order
to optimize treatment outcomes, most importantly, improving height gain [8-11,
18, 28, 29]. Although these recommendations have been published in the last
decade, the individualized approach is still not common practice in Belgium and the
Netherlands.

With the insights gained during our studies, we propose an optimized strategy for
an individualized approach for identification and management of poor first-year
response in GHD children, as presented in table 1.

In GHD children, the recommended starting GH dose is 22-35 pg/kg*day [18]. At
the start of GH treatment, the first-year growth response should be predicted,
using the KIGS prediction model [11]. Certain growth curve software (e.g. Growth
Analyser) have a tool that predicts the height after the first year of GH treatment
using the KIGS prediction models. The predicted height with its standard deviations
appears readily on the growth curve (e.g. figure 2). If the predicted increase in
height SDS (predicted height SDS minus height SDS at start) is poor (AHt SDS < 0.4*)
the starting GH dose can be increased to achieve a more satisfactory predicted first-
year height gain. On the other hand, if the predicted height increase is more than
satisfactory (AHt SDS > +1.4**), it is cost effective to choose the lowest GH dose at
which a satisfactory predicted first-year HV is achieved.

During the first year, besides determining the height, sitting height and weight, the
treatment adherence should be evaluated (history taking, IGF-1 measurement).

After the first year of GH treatment, both the magnitude of the growth response
and responsiveness should be assessed. A poor response is considered as a AHt SDS
< 0.4* and poor responsiveness is considered an IoR < -1.57*. If 1 or more
parameters of the prediction model are unavailable, the responsiveness can be
determined by plotting the observed HV on the Ranke expected HV curve and
comparing the observed HV with the predicted HV, based on age and diagnosis. A
HV SDS < -0.83* on the Ranke expected HV curve is considered a poor

112



responsiveness. The response should then be evaluated in function of the patient’s
responsiveness and action should be taken upon findings (see table 1).

After the second GH treatment year the growth response of the poor first-year
responders needs to be re-evaluated. If the AHt SDS after 2 years of GH treatment
is < 0.6* then cessation of GH treatment needs to be considered.
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Figure 2. Height for age growth curve of a female GHD patient treated with GH since the age of 6
years. The mean predicted height after the first treatment year (open circle) and + 2 SD (horizontal
error bars are plotted on the curve. Patient details: height at start, -3.32 SD; weight at start, -3.02
SD; birth weight, +0.64 SD; GH dose, 0.025 mg/kg*day; midparental height, +1.43 SD; HV before

treatment, 3.1 cm/year; HV during first treatment year, 8.3 cm/year; first-year AHt SDS 0.6; IoR -
2.94.
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Table 1. Proposal for optimized management of GH treatment in GHD

At start of GH treatment

Predict first-year growth response using 25 pg/kg*day

prediction model (KIGS [30]):

first-year HV (cm/year) = 12.41 + (—0.36 x age at onset, years) + (0.47 x birth
weight, SDS) + (1.45 x In(GH dose), IU/kg*week) + (—0.6 x [height, SDS — MPH,
SDS]) + (0.28 x weight, SDS) (error SD 1.72 cm/year)

or use tool (e.g. Growth Analyser®)

Adjust GH dose to obtain a predicted A height SDS within the normal range

Predicted AHt SDS <0.4: increase the GH dose until predicted AHt SDS > 0.4
Predicted AHt SDS >1.4: decrease the GH dose to achieve predicted AHt SDS +1.4

During first-year GH treatment

Evaluate adherence (history taking, IGF-1)

After first-year GH treatment

Evaluate first-year response
Poor response = AHt SDS < 0.4

Evaluate first-year responsiveness

Poor responsiveness = [oR <-1.57
HV SDS < -0.83 on Ranke expected HV curve

Predict adult height in poor responders with a poor responsiveness

prediction model (KIGS [11]):

near adult height SDS (Prader)= 2.34 + [0.34 x MPH, SDS (Prader)] + [0.18 x birth
weight, SDS] + [0.59 x height at start of GH treatment, SDS (Prader)] + [0.29 x first-
year studentized residual with max. GH] + [1.28 x mean GH dose, mg/kg*week] +
[-0.37 x In max GH level to provocation test, In pug/L] + [-0.10 x age at start of GH
treatment, years]).

Short predicted adult height = < -2 SDS* (Prader references [31])
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Evaluate response in function of responsiveness

Responsiveness

good

poor

Response

good

good growth, as expected

no further evaluation
necessary

continue GH in similar dose if
serum IGF-1 allows

good growth, but less than
expected

evaluate possible causes of
inadequate growth (e.g. poor
compliance, co-morbidity,
psychosocial well-being, use
of growth limiting
medication,...) and act upon
findings

continue GH in similar dose if
serum IGF-1 allows

poor

poor growth, but as expected

patient has an intrinsic poor
sensitivity to GH

increase GH dose if serum
IGF-1 allows

poor growth and less than
expected

evaluate possible causes of
(severe) insensitivity to GH
(e.g. IGF1R-mutation, skeletal
disease,...) and inadequate
growth (e.g. poor compliance,
co-morbidity, psychosocial
well-being, use of growth
limiting medication,...) and
act upon findings

consider stop GH treatment if
no treatable cause is found
and/or short predicted adult
height
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After second-year GH treatment

Re-evaluate growth response for first-year poor responders

AHt SDS after 2 years <0.6: consider stop GH treatment if no treatable cause of
poor response is found

* The cutoff values are based on the results of our research, taking the final outcome into
account [32-34].** The cutoff value is based on the results of our research: first-year AHt
SDS >1.4 is 1 SDS above the mean in GHD children [first-year AHt SDS (mean + 1 SD) = 0.83
+0.59] [35].

First-year growth response and responsiveness to GH treatment are highly variable,
both between and within diagnostic groups. Although the first-year growth
response is an important determinant of the ultimate height gain, in GHD children
a poor first-year response is not a reliable predictor of poor final height outcome
and extending the prediction period to 2 years improves the predictive value
marginally. The identification of poor responders during the first years, and possibly
earlier, remains important, both to discover eventual underlying causes of poor
response and to adjust the GH treatment if necessary, in a period when patients
are most sensitive to GH. A poor first-year growth response in combination with a
poor responsiveness, might be a reason for stopping GH treatment if no underlying
cause is found to avoid a costly useless treatment with potential adverse effects.
Future studies investigating the causes of the variability in response and
responsiveness and the effect of the individualized approach on adult height will
provide more realistic expectations in short children starting a GH treatment.
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In the physiology of normal growth, which is a very complex process
unique to pediatrics is described. The history, indications, and goals of growth
hormone (GH) treatment are discussed and the different ways in which the
growth response to GH treatment can be assessed is introduced, with their
advantages and disadvantages. Finally, the objectives of our studies evaluating
the growth response to GH treatment in short children with GH deficiency (GHD)
and smallness for gestational age (SGA) are discussed.

describes the growth response to first-year GH treatment in short
prepubertal children with GHD (n=122) and born SGA (n=171). Since there is no
consensus on the definition of poor growth response we compared the
proportion of poor responders identified by different criteria: change in height
(AHt) standard deviation score (SDS) <0.3 or <0.5, height velocity (HV) SDS <0.5 or
<1 based on the population reference, HV SDS <-1 based on the expected HV
curve derived from KIGS, a registry containing growth data of European children
with iGHD and SGA (HV Ranke SDS), studentized residual (SR) <-1 in the KIGS first-
year prediction model. AHt SDS <0.5 gave the highest percentage poor responders
(37% SGA, 26% GHD). Although % poor responders were comparable for AHt SDS
<0.3, HV SDS <+0.5, HV SDS <+1, SR <-1, and HV Ranke SDS <-1, these criteria did
not always identify the same patients as poor responders. Among the poor
growth responders 24% SGA and 14% GHD patients had an insulin-like growth
factor 1 (IGF-1) increase <40%. We concluded that the different response criteria
yield high but comparable percentages poor responders, but identify different
patients. This study does not provide evidence that one criterion is better than
another. A limited IGF-1 generation is not the major reason for a poor growth
response in the first year of GH treatment in SGA and GHD children.

contains a 1 year intervention study, without a control group for
comparison, investigating the effect of GH treatment on energy expenditure (EE)
and its relation to first-year growth response in children. Total EE (TEE), basal
metabolic rate (BMR), and physical activity level (PAL) measurements before and
after 6 weeks of GH treatment were performed in 18 short prepubertal children
(5 girls, 13 boys) born SGA (n=14) or with GHD (n=4) who were eligible for GH
treatment. TEE was measured with the doubly labelled water method, BMR was
measured with an open-circuit ventilated hood system, PAL was assessed using an

123



accelerometer for movement registration and calculated (PAL= TEE/BMR), activity
related EE (AEE) was calculated (AEE= (0.9*TEE)-BMR). GH treatment showed a
positive effect on BMR and TEE in prepubertal children after 6 weeks. No effect on
physical activity was observed. We concluded that increase in TEE appeared to be
valuable for the prediction of good first-year growth responders (AHt SDS > 0.5) to
GH treatment, but might be of less value in detecting poor growth responders.

shows the created smoothed reference curves of first-year HV in
relation to age for prepubertal Belgian children with idiopathic (i) GHD treated
with a standard weight-adjusted GH dose. This national reference was compared
with the response references derived from KIGS, a registry containing growth data
of European children with iGHD. The observed first year HVs of 357 prepubertal
children (240 males) with iGHD were log-normal distributed by age and decreased
significantly with age. No GH dose or gender effect was observed. Distance to
target height, severity of GHD and occurrence of multiple pituitary hormone
deficiencies had a positive effect on the observed HV SDS. The developed age-
specific growth response curves enable rapid identification of poor response to
first-year GH treatment in prepubertal iGHD children. Our results also validated
the published growth targets derived from the KIGS database.

In prediction models for near adult height (nAH) by Ranke et al. were
validated. These prediction models enable the prediction of final height after the
first year of GH treatment in children with GHD. We retrieved height data of 127
(82 male) iGHD children, treated with GH until nAH from the Belgian national GH
treatment database. Bland Altman plots and Clarke error grid analyses were
performed to assess clinical significance of the differences between observed and
predicted nAH. In males, predicted nAH was higher than observed nAH
(difference: 0.2 SD * 0.7; p <0.01). In females, there was no significant difference.
Bland Altman analyses showed that the means of the differences between
observed and predicted nAH were close, but not equal to zero with
overprediction for smaller heights and underprediction for taller heights. Clarke
error grid analysis showed that in males 59-61% of predicted nAH were within 0.5
SDS and 88% within 1.0 SDS from observed nAH; in females, 40-44% of predicted
nAH were within 0.5 SDS and 76-78% within 1.0 SDS from observed nAH. In
conclusion, Ranke’s models accurately predicted nAH in females and
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overpredicted nAH in males by about 1.5 cm. In most individuals, predicted nAH
was within 1 SDS of observed nAH.

In we further explored which first-year growth response (FYGR) criteria
predicted best the final height outcome after GH treatment in prepubertal
children with GHD. Therefore, height data of 129 GHD children (83 boys) who
attained adult height and had been treated with GH for at least 4 consecutive
years with at least one year before pubertal onset were retrieved from the
Belgian GH Registry to determine the sensitivity and specificity of these FYGR
criteria at their proposed threshold levels to detect a poor final height outcome
(PFHO). The studied FYGR parameters were: (1) AHt SDS, (2) HV SDS, (3) AHV
(cm/year), (4) index of responsiveness (IoR) in KIGS prediction models, (5) first-
year HV SDS based on the KIGS expected HV curve (HV KIGS SDS), (6) nAH
prediction after first-year GH treatment. Twelve, 22 and 10% of the children had a
PFHO defined respectively as a total AHt SDS <1, nAH SDS <-2, and nAH minus
midparental height SDS <-1.3. ROC curve analyses showed that the currently used
FYGR criteria had low specificities and sensitivities to detect PFHO. To obtain a
95% specificity, the cut-off value (and sensitivity) of FYGR parameters were: AHt
SDS <0.35 (40%), HV SDS <-0.85 (43%), AHV <1.3 cm/year (36%), IoR <-1.57 (17%),
HV KIGS SDS <-0.83 (40%) to predict total AHt SDS <1; predicted nAH SDS (with GH
peak) <-1.94 (25%), predicted nAH SDS (without GH peak) <-2.02 (25%) to predict
nAH SDS <-2. At these cut-offs, the amount of correctly diagnosed poor final
responders equals the amount of false positives. We concluded that FYGR criteria
perform poorly as predictors of PFHO after long-term GH treatment in
prepubertal GHD children.

In , our research on the prediction of poor adult height outcome after
GH treatment in GHD children is continued by an evaluation after two years of
treatment. Height data of GHD children treated with GH for at least 4 consecutive
years of which at least 2 were prepubertal and who had attained nAH (n=110)
were retrieved from the Belgian Register for GH treated children. In ROC analyses,
the first and second year AHt SDS as a predictor for total AHt SDS <1.0 had an area
under the curve >70 % and were further analyzed. First-year AHt SDS <0.41
correctly identified 42% of the patients with a poor AH outcome at a 95%
specificity level, resulting in respectively 5/12 (4.6%) correctly identified poor final
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responders and 5/98 (4.5%) misclassified good final responders (ratio 1.0). AHt
SDS after 2 prepubertal years had a cut-off level of 0.65 and a sensitivity of 50% at
a 95% specificity level, resulting in respectively 6/12 (5.5%) correctly identified
poor final responders and 5/98 (4.5%) misclassified good final responders (ratio
1.2). We concluded that the growth response after 2 prepubertal years of GH
treatment did not meaningfully improve the prediction of poor adult height
outcome after GH treatment compared to first-year growth response parameters
in prepubertal GH treated children with non-acquired GHD.

discusses the most important findings of our studies in view of current
literature. We emphasize the clinical implications of the evaluation of the first-
year response to GH therapy and propose an optimized integrated management
for the first and second year GH treatment in GHD children, based on the growth
response, the responsiveness and expected adult height outcome.
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It is common practice to evaluate the growth response to growth hormone (GH)
treatment in children after the first year to detect poor responders in order to
reassess the diagnosis, adapt the GH dose or stop the treatment to avoid
unnecessary daily injections and expenses. While for the physician the purpose of
assessing the growth response is multifold, for the patient/caregivers the most
important question is whether the patient has grown "well". However, there is no
agreement as to which criterion is most appropriate for this purpose.
Consequently, different physicians use different criteria, or sometimes none at all.
In this thesis we compared the different criteria for growth response after the first
year of GH treatment and concluded that these criteria gave high and comparable
percentages poor responders but may identify different patients. This study does
not provide evidence that one criterion is better than another. Thus, a patient
may be labeled a poor responder by a physician using criterion A, while not being
considered a poor responder by a physician using criterion B. In addition, a good
response for one patient may be different from a good response for another
patient. This depends on the responsiveness (= the ability of a person to respond
to GH) and is determined by, among other things, the age and the indication for
GH treatment. We developed age-specific growth response curves for prepubertal
idiopathic GH deficient (GHD) children which correspond to the published growth
targets derived from the KIGS database. These curves can be used by physicians
to rapidly identify patients with poor response to first-year GH treatment.
However, until now these curves have not been used frequently because they are
not integrated into existing growth curve software programs. Implementing this
would increase ease of use and consequently its use.

In order to identify poor growth responders much earlier than after the first
treatment year, we tried to find GH induced metabolic changes which predict the
first-year growth response. We showed that GH treatment had a positive effect
on basal metabolic rate and total energy expenditure (TEE) in prepubertal
children after 6 weeks. The increase in TEE appeared to be valuable for the
prediction of good first-year growth responders but not for poor responders to
GH treatment. Therefore, these metabolic criteria cannot be used as predictors
for poor response.
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Another question that patients and/or their care givers often ask is whether the
patient will have a normal final height and preferably also what the final height
will be. We validated Ranke’s prediction models predicting the near adult height
(nAH). Ranke’s models accurately predicted nAH in females and overpredicted
nAH in males by about 1.5 cm. In most individuals, predicted nAH was within 6.8
cm (= 1 SDS) of observed nAH. These models can be of help in giving realistic
expectations of adult height.

The diagnosis "poor responder" may result in discontinuation of GH treatment
after the first year. However, current criteria do not take into account the
ultimate growth response after years of GH treatment. We were the first to
investigate the value of the different first-year growth response (FYGR) criteria as
predictors of a poor final height outcome after long-term GH treatment in GHD
patients. We showed that the amount of correctly diagnosed poor final
responders (=poor responder after first year AND poor final responder) equals the
amount of falsely diagnosed poor final responders (=poor responder after first
year BUT good final responder). Therefore, FYGR criteria perform poorly as
predictors of poor final height outcome after long-term GH treatment in
prepubertal GHD children and alone should not be used to decide to discontinue
treatment. We hypothesized that a lower waning effect in the second year might
compensate for a lower first year response, translating in a better predictability of
a poor total height gain after two years of GH treatment. However, we found that
the growth response after 2 prepubertal years of GH treatment did not
meaningfully improve the prediction of poor adult height outcome after GH
treatment compared to first-year growth response parameters. We concluded
that the evaluation of the growth response should not be postponed for another
year, as the prediction after 2 years has no added value in GHD children.

With the insights obtained from the results of these studies, we have drawn up an
advice for an optimized strategy for an individualized approach for identification
and management of poor first-year response in GHD children. Responsiveness
(using prediction models or our developed expected height velocity curves)
should play a prominent role in the assessment of first-year growth response,
which has rarely been the case in clinical practice until now. This way, the first-
year growth response will be interpreted more correctly, resulting in more
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adequate management as suggested in our advice. After the second treatment
year, reevaluation of the growth of poor responders who had a treatment
adjustment after the first year should take place and action taken upon findings.
This could lead to a better cost effectiveness of this yet expensive GH treatment
and less burden for the patient and his family.

These new insights were shared with other healthcare professionals through the
published articles, several presentations at (inter)national conferences and this
thesis. However, an update of the (inter)national guidelines regarding the
interpretation of the first-year growth response would only really lead to a change
in mindset and treatment behavior of health care professionals.

Furthermore, it would be worth re-evaluating the indications for GH treatment.
Since response and responsiveness are highly variable, even within diagnostic
groups, decisions about GH treatment could also be made on the likelihood of
benefit, depending not only on diagnosis and sufficiency of GH secretion, but also
on the responsiveness to GH. This way children with idiopathic short stature with
a good predicted first-year height velocity could benefit from GH treatment. In
our new proposal for management of poor responders we suggest that
discontinuation of GH treatment in children with poor growth response and poor
responsiveness should be considered. This way an expensive treatment with
marginal or no benefit will be avoided in poor responders while short children
with expected good response, who currently have no access to GH treatment,
could benefit from it.
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In wordt de fysiologie van normale groei beschreven, dat een zeer
complex proces is, uniek voor kindergeneeskunde. De geschiedenis, indicaties en
doelen van groeihormoon (GH) behandeling worden besproken en de
verschillende manieren voor beoordelen van de groeirespons worden
geintroduceerd, met de voor- en nadelen. Ten slotte worden de doelstellingen
van de studies besproken.

beschrijft de groeirespons na eerstejaars GH-behandeling bij kleine
prepuberale kinderen met groeihormoondeficiéntie (GHD) (n = 122) en dysmatuur
geboren zonder inhaalgroei (SGA) (n = 171). Aangezien er geen consensus is over
de definitie van een slechte groeirespons, werden de proporties slechte
groeiresponders, geidentificeerd aan de hand van verschillende criteria,
vergeleken: toename in lengte (AHt) standaard deviatie score (SDS) <0.3 of <0.5,
lengtegroeisnelheid (HV) SDS <0.5 of <1 gebaseerd op de populatie-referentie, HV
SDS <-1 gebaseerd op de HV-referentiecurve verworven uit de KIGS-database, een
database die groeigegevens van Europese kinderen met GHD en SGA bevat (HV
Ranke SDS), “studentized residual” (SR) <-1 in het KIGS eerstejaars
predictiemodel. AHt SDS <0.5 gaf het hoogste percentage slechte responders
(37% SGA, 26% GHD). Hoewel het percentage slechte responders vergelijkbaar
was voor AHt SDS <0.3, HV SDS <+0.5, HV SDS <+1 SR <-1 en HV Ranke SDS <-1,
identificeerden deze criteria niet altijd dezelfde patiénten als slechte responders.
Onder de slechte groeiresponders had 24% van de SGA en 14% van de GHD-
patiénten een insulin-like growth factor 1 (IGF-1) toename <40%. We
concludeerden dat de verschillende responscriteria hoge maar vergelijkbare
percentages slechte responders opleveren, maar verschillende patiénten
identificeren. Dit onderzoek levert geen bewijs dat het ene criterium beter is dan
het andere. Een beperkte toename van de IGF-1-waarde is niet de belangrijkste
reden voor een slechte groeirespons in het eerste jaar van GH-behandeling bij
SGA- en GHD-kinderen.

beschrijft een 1-jaar durende longitudinale interventiestudie, zonder
vergelijkingsgroep, waarin het effect van groeihormoonbehandeling op het
energiegebruik en de relatie met de eerstejaars groeirespons bij kinderen wordt
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onderzocht. Totaal energiegebruik (TEE), basaal metabolisme (BMR) en fysiek
activiteitsniveau (PAL) metingen voor en na 6 weken GH-behandeling werden
uitgevoerd bij 18 prepuberale dysmature (n=14) of groeihormoondeficiénte (n=4)
kinderen (5 meisjes, 13 jongens) die in aanmerking kwamen voor GH-behandeling.
TEE werd gemeten met de dubbel gelabeld watermethode, BMR werd gemeten
met een open circuit geventileerde kap, PAL werd beoordeeld met behulp van
een accelerometer voor bewegingsregistratie en berekend (PAL = TEE/BMR),
activiteit gerelateerd energiegebruik (AEE) werd berekend (AEE = (0.9 * TEE) -
BMR). GH-behandeling toonde een positief effect op BMR en TEE bij prepuberale
kinderen na 6 weken. Er werd geen effect op fysieke activiteit waargenomen. De
toename in TEE bleek waardevol te zijn voor de voorspelling van goede
eerstejaars groeiresponders (AHt SDS> 0.5) op GH-behandeling.

toont de gecreéerde referentiecurves van de lengtegroeisnelheid
tijdens het eerste jaar GH-behandeling in relatie tot de leeftijd voor Belgische
prepuberale kinderen met idiopathische (i) GHD die werden behandeld met een
standaard, voor gewicht gecorrigeerde, GH-dosis. Tevens werden deze nationale
referentiecurves vergeleken met de gepubliceerde referentiecurves verworven uit
de KIGS-database. De waargenomen eerste jaars groeisnelheden van 357
prepuberale kinderen (240 jongens) met iGHD waren log-normaal verdeeld naar
leeftijd en namen significant af met de leeftijd. Er werd geen GH-dosis of
geslachtseffect waargenomen. De afstand tot doellengte, de ernst van GHD en het
optreden van meervoudige hypofysehormoondeficiénties hadden een positief
effect op de geobserveerde lengtegroeisnelheid SDS. De ontwikkelde
leeftijdsspecifieke groeiresponscurves maken een snelle identificatie mogelijk van
GHD-kinderen met een slechte respons na eerstejaars GH-behandeling. Onze
resultaten valideren de gepubliceerde groeiresponscurves die zijn ontwikkeld uit
de KIGS-database.

In worden predictiemodellen voor eindlengte, ontwikkeld door
Ranke et al., gevalideerd. Deze predictiemodellen maken het mogelijk de
uiteindelijke lengte te voorspellen na het eerste jaar GH-behandeling bij kinderen
met GHD. Met lengtegegevens uit de Belgische database (BESPEED) van 127
kinderen (82 jongens) met idiopathisch GHD, behandeld met GH tot eindlengte,
werd na het eerste jaar GH-behandeling de eindlengte voorspeld met behulp van
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de predictiemodellen van Ranke et al. Bland Altman plots en Clarke error grid
analyses werden uitgevoerd om de klinische significantie van de verschillen tussen
waargenomen en voorspelde eindlengte te beoordelen. Bij mannen was de
voorspelde eindlengte hoger dan de waargenomen eindlengte (verschil: 0.2 SD +
0.7; p <0.01). Bij vrouwen was er geen significant verschil. Bland Altman analyses
toonden aan dat de gemiddelden van de verschillen tussen waargenomen en
voorspelde eindlengte dichtbij nul, maar niet gelijk aan nul waren, met
overschatting voor kleinere lengtes en onderschatting voor grotere lengtes. Clarke
error grid analyses toonden aan dat bij mannen 59-61% van de voorspelde
eindlengte binnen 0.5 SDS lag en 88% binnen 1.0 SDS van de waargenomen
eindlengte; bij vrouwen lag 40-44% van de voorspelde eindlengte binnen 0.5 SDS
en 76-78% binnen 1.0 SDS van de waargenomen eindlengte. Concluderend kan
gesteld worden dat Ranke's predictiemodellen nauwkeurig de eindlengte bij
vrouwen voorspellen en bij mannen de eindlengte overschatten met ongeveer 1.5
cm. Bij de meeste patiénten lag de voorspelde eindlengte binnen 1 SDS van de
waargenomen eindlengte. Deze modellen kunnen behulpzaam zijn bij het geven
van realistische verwachtingen van eindlengte.

onderzoekt welke criteria voor de eerstejaars groeirespons het beste
de uiteindelijke lengte na GH-behandeling voorspelden bij prepuberale kinderen
met GHD. Tot nu toe zijn verschillende criteria voor de eerstejaars groeirespons
op GH-behandeling voorgesteld, maar hun waarde als voorspellers van een
slechte uiteindelijke lengte-uitkomst na langdurige GH-behandeling bij GHD-
patiénten is nog niet geanalyseerd. Hiertoe werden lengtegegevens opgehaald uit
het Belgische GH-register van 129 GHD-kinderen (83 jongens) die volwassen
lengte bereikten en gedurende ten minste 4 opeenvolgende jaren met GH waren
behandeld met ten minste één jaar voor de puberteit. De sensitiviteit en
specificiteit van de eerstejaars groeirespons criteria werd bepaald bij hun
vooropgestelde afkapwaarden om een slechte uiteindelijke lengte-uitkomst te
detecteren. De eerstejaars groeirespons parameters waren: (1) AHt SDS, (2) HV
SDS, (3) AHV (cm/jaar), (4) “index of responsiveness” (IoR) in KIGS-
voorspellingsmodellen, (5) eerstejaars HV SDS gebaseerd op de KIGS verwachte-
HV-curve (HV KIGS SDS), (6) voorspelling van de bijna uiteindelijke volwassen
lengte (NAH) na eerstejaars GH-behandeling. Twaalf, 22 en 10% van de kinderen
hadden een slechte uiteindelijke lengte-uitkomst, respectievelijk gedefinieerd als
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een totale AHt SDS <1, nAH SDS <-2, en nAH minus midparentale lengte SDS <-1.3.
ROC-curve analyses lieten zien dat de momenteel gebruikte eerstejaars
groeiresponscriteria lage specificiteiten en sensitiviteiten hadden om slechte
uiteindelijke lengte-uitkomst te detecteren. Om een specificiteit van 95% te
verkrijgen, waren de afkapwaarde (en sensitiviteit) van de eerstejaars
groeiresponsparameters: AHt SDS <0.35 (40%), HV SDS <-0.85 (43%), AHV <1.3 cm
/ jaar (36 %), IoR <-1.57 (17%), HV KIGS SDS <-0.83 (40%) om totale AHt SDS <1 te
voorspellen; voorspelde nAH SDS (met GH-piek) <-1.94 (25%), voorspelde nAH
SDS (zonder GH-piek) <-2.02 (25%) om nAH SDS <-2 te voorspellen. Bij deze
afkapwaarden is het aantal correct gediagnosticeerde slechte eindresponders
gelijk aan het aantal valse positieven. Daarom presteren de eerstejaars
groeiresponscriteria slecht als voorspellers van slechte uiteindelijke lengte-
uitkomst na langdurige GH-behandeling bij prepuberale GHD-kinderen.

In werd het onderzoek naar de voorspelling van een slechte
uiteindelijke lengtewinst na GH-behandeling bij GHD-kinderen voortgezet. Er
werd onderzocht of de groeirespons na 2 jaar GH-behandeling een betere
voorspeller zou zijn dan de eerstejaars respons. Lengtegegevens van GHD-
kinderen behandeld met GH gedurende minstens 4 opeenvolgende jaren,
waarvan minstens 2 prepuberaal, en die (bijna) de eindlengte hadden bereikt,
werden opgehaald uit het Belgisch register voor met GH behandelde kinderen. In
ROC-analyses hadden de lengtewinst (AHt-SDS) van het eerste en tweede jaar als
voorspeller voor totale lengtewinst <1.0 een gebied onder de curve (AUC) > 70%
en werden deze verder geanalyseerd. Eerstejaars AHt SDS <0.41 identificeerde
42% van de patiénten met een slechte uiteindelijke lengtewinst correct, met een
specificiteit van 95%, resulterend in respectievelijk 5/12 (4.6%) correct
geidentificeerde slechte eindrespondenten en 5/98 (4.5%) verkeerd
geclassificeerde goede eindrespondenten (ratio 1.0). AHt SDS na 2 prepuberale
jaren had een afkapwaarde van 0.65 en een sensitiviteit van 50% bij een
specificiteit van 95%, resulterend in respectievelijk 6/12 (5.5%) correct
geidentificeerde slechte eindrespondenten en 5/98 (4.5%) verkeerd
geclassificeerde goede eindrespondenten (ratio 1.2). We concludeerden dat de
groeirespons na 2 prepuberale jaren GH-behandeling de voorspelling van een
slechte uiteindelijke lengtewinst na GH-behandeling niet significant verbeterde in
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vergelijking met eerstejaars groeiresponsparameters bij prepuberale GH-
behandelde kinderen met niet-verworven GHD.

Ten slotte worden in de belangrijkste bevindingen van dit
proefschrift besproken en bediscussieerd. De klinische implicaties van de
evaluatie van de eerstejaars groeirespons op GH worden benadrukt en een
geoptimaliseerd geintegreerd beleid voor het eerste en tweede jaar GH-
behandeling bij GHD-kinderen wordt voorgesteld op basis van de groeirespons, de
responsiviteit en de verwachte uiteindelijke lengte uitkomst.
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Eindelijk is het zover, mijn proefschrift is afgerond! ©

De laatste pagina’s van dit proefschrift wil ik graag wijden aan de mensen zonder
wie dit werk niet zou zijn wat het nu is. Ik wil iedereen die de afgelopen jaren
betrokken is geweest heel hartelijk bedanken. Zonder jullie hulp, steun,
inspirerende en motiverende bijdragen had ik hier niet kunnen staan. Graag wil ik
een aantal mensen in het bijzonder bedanken.

In de eerste plaats, mijn promotoren en copromotoren. Professor dr. J. De
Schepper, beste Jean. Het is nu 13 jaar geleden dat we de start van mijn
fellowship tijdens een lunch met een broodje in het cafetaria van het UZ Brussel
bespraken en je aangaf dat ik ook onderzoek bij BESPEED zou kunnen doen.

Onder jouw hoede heb ik mijn eerste stappen binnen de kinderendocrinologie
gezet en is mijn onderzoekje uitgegroeid tot een doctoraat. Ik heb veel van je
geleerd en met hulp van jouw kennis en immer kritische blik is dit doctoraat
geworden wat het nu is. Dank je wel voor je steun en je geloof in mij! Professor
dr. R. Rooman, beste Raoul. Wat ben ik je dankbaar voor je subtiele zetjes in de
rug, je positiviteit, je kalmte en je perfect invoelend vermogen. Door jou heb ik
een enorme groei kunnen doormaken als onderzoeker, als dokter, maar ook als
persoon. Je hebt er altijd in geloofd, ook als ik dat zelf even niet deed. De gezellige
babbels, over vanalles en nog wat, met een koffietje in je tuin zal ik nooit
vergeten. Professor dr. LIl Zimmerman, beste Luc. Als enthousiaste volger vanaf
de zijlijn heb je me het vertrouwen gegeven dat ik dit kon. Bedankt voor je
constructieve bijdrage aan dit proefschrift. Dr. WJM Gerver, beste Willem-Jan. Jij
hebt me vanaf mijn eerste dag in het Maastricht UMC+ onder je hoede genomen
en niet meer losgelaten. Ik ben je ontzettend dankbaar voor het vertrouwen dat
je me altijd gaf. Mede door jouw grenzeloze enthousiasme, positiviteit, liefdevolle
steun en daardoor een zeer prettige werksfeer ben ik kunnen uitgroeien tot de
kinderendocrinoloog die ik nu ben. Samenwerken met jou was altijd een feestje,
maar ook naast het werk hebben we vele leuke momenten gedeeld en ontzettend
veel gelachen. Dank jullie wel voor alles wat jullie de afgelopen jaren voor mij
hebben gedaan.
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In de loop van de jaren zijn veel mensen betrokken geweest bij de totstandkoming
van de artikelen in dit proefschrift. Ik heb veel aan hen te danken. Mathieu
Roelants, ik heb bewondering voor je uitgebreide epidemiologische kennis.
Zonder jouw expertise had hoofdstuk 4 (referentiecurven) niet in dit proefschrift
gestaan. Bedankt voor je ondersteuning en de antwoorden op mijn vele vragen.
Muriel Thomas, ik heb je interesse en ondersteuning altijd erg gewaardeerd.
Bedankt daarvoor. Christine Derycke, Franciska Verlinde en alle leden van
BESPEED, dank voor de vele uren die jullie spendeerden aan datacollectie, zonder
deze data hadden we deze onderzoeken nooit kunnen verrichten. Nina Schott, jij
hebt de opzet gemaakt voor hoofdstuk 3, dank daarvoor. Het is erg prettig om
met je samen te werken, je bent altijd bereid om de endodiensten voor het
MUMC+ te doen tijdens mijn vakanties. Guy Plasqui, bedankt voor je enorme hulp
bij de interpretatie van de resultaten van hoofdstuk 3. Loek Wouters, bedankt
voor de analyses van de ventilated hood en dubbel gelabeld water metingen.
Angele Gerver, jij verrichtte een heel aantal ventilated hood metingen en zorgde
er steeds voor dat alles netjes geregeld was voor de patiénten, dank je wel. An
Verrijken, dank voor de korte maar enthousiaste samenwerking bij de ventilated
hood metingen bij de Antwerpse patiénten, je stond altijd klaar om me te helpen.
Professor dr. L. van Gaal, dank voor het ter beschikking stellen van de ventilated
hood apparatuur op de metabole eenheid van de dienst Endocrinologie,
Diabetologie en Metabole ziekten in het Universitair ziekenhuis Antwerpen.
Marieke den Brinker, Hilde Dotremont en Annick France, dank jullie wel voor de
inclusie van de Antwerpse patiénten en jullie enthousiasme. Mijn dank gaat
uiteraard ook uit naar alle patiénten en hun ouders voor de trouwe deelname aan
dit onderzoek, hun inzet en vertrouwen.

Graag dank ik ook van harte de leden van de leescommissie, prof. dr. G. Driessen,
prof. dr. A. Vreugdenhil, prof. dr. H. Claahsen-van der Grinten, prof. dr. |. Gies, dr.
B. Bakker voor het lezen en beoordelen van mijn manuscript.

Hoewel ik in Maastricht de afgelopen 11 jaar de enige kinderarts-endocrinoloog
was, heb ik toch het geluk om binnen een heel fijn en enthousiast
kinderendocrinologisch team Zuid-Oost Nederland te mogen werken. De collega’s
uit het Radboud, Hedi Claahsen-van der Grinten, Janielle van der Velden, Petra
van Setten, jullie zeggen altijd “je bent 1 van ons” en zo voelt het ook! Dank jullie
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wel voor jullie hartelijkheid en vertrouwen. |k kan steeds bij jullie terecht om even
te sparren of een ingewikkelde patiént te bespreken. Ook de samenwerking met
de andere kinderendocrinologen Nina Schott, Vera van Tellingen, Karijn
Pijnenburg-Kleizen, Paul Voorhoeve, Edgar van Mill, Mirjam Scheffer en
Annelieke Vanderlinde; de klinisch chemici, Judith Bons en Teun van
Herwaarden; en de aandachtsvelders kinderendocrinologie in de regio Zuid-Oost
Nederland is voor mij van grote waarde. Ik leer altijd veel van jullie input tijdens
onze besprekingen. Lizanne Berkenbosch, mijn eerste fellow. Wat is het fijn om
met je samen te werken, je enthousiasme en je humor brengen nog meer kleur
aan mijn dag. Yvonne van der Zwam en Manouk van der Steen, ook jullie zijn op
weg om geweldige kinderendocrinologen te worden, veel succes. Alle
kinderendocrinologen in Nederland, een groep met stuk voor stuk fantastische
dokters, maar bovenal ook geweldige mensen. Het is een plezier om met jullie
samen te werken in de verschillende werk/adviesgroepen en de SEK. Ook tijdens
de jaarlijkse ESPE-congressen hebben we al veel leuke momenten beleefd en veel
gelachen.

De kinderartsen en (oud)arts-assistenten in het Maastricht UMC+ wil ik van harte
bedanken voor de prettige samenwerking elke dag weer. Het secretariaat
kindergeneeskunde, de polikliniekmedewerkers en verpleegkundigen wil ik
bedanken voor hun inzet en de fijne werksfeer. In het bijzonder wil ik Heidi
Motzheim (zo jammer dat je niet meer bij ons werkt), Natascha Vrijhoeven-
Pieters en Robin Kerkemeijer bedanken, jullie zijn onmisbaar!

Het diabetesteam van het Zuyderland ziekenhuis wil ik bedanken voor alle goede
zorgen die ze ook aan onze Maastrichtse diabetes patiénten geven. Tijdens mijn
diabetes tijdperk was het ontzettend fijn samenwerken met jullie.

Mijn kinderendocrinologische carriére ben ik begonnen in het Universitair
ziekenhuis Gent. Met veel plezier denk ik terug aan mijn fellowperiode daar. Dank
je wel Jean de Schepper, Martine Cools, Sara van Aken, Rita Craen, Kathleen de
Waele en alle diabeteseducatoren voor de leerzame en fijne tijd. In het bijzonder
Kathleen, ik bewonder je enorme inzet voor al je patiénten en je uitgebreide all-
round kennis van de kinderendocrinologie, je droge humor bracht steeds een lach
op mijn gezicht. Fijn dat we elkaar de afgelopen jaren ook zijn blijven zien op
allerlei congressen en cursussen around the globe.
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Els Duval en Mark Wojciechowski, jullie waren mijn grote voorbeeld tijdens mijn
assistententijd. Ik heb veel van jullie geleerd. Jullie hebben een belangrijke invioed
gehad op hoe ik mij heb ontwikkeld. Jullie zijn TOPdokters!

Lieve familie en vrienden, jullie wil ik bedanken voor alle liefde en vriendschap die
jullie mij geven.

Mama en papa, ik ben echt met mijn gat in de boter gevallen, lievere en
liefhebbendere ouders dan jullie kan ik me niet voorstellen. Jullie hebben mij
altijd gestimuleerd om het beste uit mezelf te halen en om mijn eigen keuzes te
maken. Het is zo fijn dat jullie elke fase van mijn leven meebeleven, trots op me
zijn, genieten van de mooie momenten en me steunen op moeilijke momenten.
Jullie zijn er altijd voor Maarten en mij. Ontzettend bedankt lieve mama en papa.

Maarten, je bent een geweldige broer en man. |k ben trots op je!

Lieve vrienden, An, Carmen, Sophie, Michelle, Greet, Lies, Elke M, Elke V, Dirk, Els
en Maartje. Wat kennen we elkaar intussen al lang. Ik heb zoveel mooie
herinneringen aan tijden die ik samen met jullie heb beleefd. Claudia, Carlos,
Sylvie, An vM, Hilde en Isis, fijn om jullie ontmoet te hebben. Hoop nog vele
speeltuinen, parken, theaters en avonturen samen met de kids te beleven.
Bedankt allemaal voor de nodige ontspanning van tijd tot tijd.

Inez, je bent een prachtige jonge vrouw, klaar om de wereld te ontdekken. Timon
is dol op zijn grote zus. Zo fijn dat je in ons leven bent.

Alejandro, we hadden onze ups en downs. Ik weet dat je me steunt in alles wat ik
doe. Samen zijn we de ouders van een prachtig kereltje.

Yann, wat ben ik zo ontzettend gelukkig met jou! x-x-x-x

Timon, jouw komst heeft alles nog mooier gemaakt. Je bent zo een vrolijk, lief
jongetje. Ik geniet elke dag van je. Jij bent mijn grootste schat op deze wereld!
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Saartje Straetemans werd op 27 mei 1977 geboren in Bree, Belgié. Daar groeide
ze op met haar ouders en broer. In 1995 behaalde ze haar diploma secundair
onderwijs aan het Koninklijk Atheneum te Maaseik. Van 1995 tot 1998 studeerde
ze geneeskunde aan het Limburgs Universitair Centrum en van 1998 tot 2003 aan
de Universiteit Antwerpen. Ze behaalde haar diploma arts cum laude.

Van 2003 tot 2005 werkte zij als arts-assistent niet in opleiding op de afdeling
kindergeneeskunde van het Viecuri Medisch Centrum te Venlo en het Onze Lieve
Vrouwe Gasthuis te Amsterdam. Van 2005 tot 2010 specialiseerde zij zich tot
kinderarts in het Jeroen Bosch ziekenhuis in ’s Hertogenbosch (opleider: wijlen dr.
Hans Hoekstra), het Koningin Paola kinderziekenhuis en het Universitair
ziekenhuis Antwerpen (opleider: wijlen prof. dr. José Ramet). In 2010 begon ze
met haar fellowship kinderendocrinologie in het Universitair ziekenhuis Gent
(opleider: prof. dr. J. De Schepper). Tijdens dit fellowship startte ze haar
onderzoek binnen de kinderendocrinologie, in samenwerking met de Belgian
Society for Pediatric Endocrinology and Diabetology (BESPEED, toen nog BSGPE),
onder supervisie van prof. dr. Raoul Rooman en prof. dr. Jean De Schepper.

In 2012 startte ze haar carriéere als kinderendocrinoloog in het Maastricht
Universitair Medisch Centrum (de eerste 6 maanden als fellow). In 2014 en 2015
was ze tevens 1 dag per week consulent kinderendocrinologie in het Universitair
ziekenhuis Antwerpen en in 2015-2016 in het Radboud UMCN. Ze zette haar
onderzoek voort, dit groeide uit tot een promotietraject. Ze presenteerde haar
onderzoek op verschillende nationale en internationale congressen.

In 2017 werd haar zoon Timon geboren.
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A
A21
AEE
AH
ALS
AUC
BESPEED
BMI
BMR
CA
DLW
EE
FFM
FM
FYGR
GH
GHBP
GHD
Ht
HV

i
IGF-1
IoR
KIGS
MPH
nAH
nFAH
PAL
PFHO
RQ
SGA
SDS

increase in

age 21 years

activity related energy expenditure
adult height

Acid label subunit

area under the curve

Belgian Society for Pediatric Endocrinology and Diabetology
body mass index

basal metabolic rate
chronological age

doubly labelled water

energy expenditure

fat free mass

fat mass

first-year growth response
growth hormone

growth hormone binding protein
growth hormone deficiency
height

height velocity

idiopathic

insulin-like growth factor

index of responsiveness
Kabi/Pfizer International Growth Study
midparental height

near adult height

near final adult height

physical activity level

poor final height outcome
respiratory quotient

small for gestational age
standard deviation score

155



SR studentized residual

TBW total body water
TEE total energy expenditure
Wt weight
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