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RECENT TRENDSIN USE OF GROWTH HORMONE THERAPY

|.P.S. Kochar
Department of Pediatric and Adolescent Endocrinology
Indraprastha Apollo and Fortis Hospitals, New Delhi, India

Abgtract : Until the mid 1980°s,growth hormone(GH) therapy was only prescribed to treat children with severe growth hormone
deficiency(GHD).Today, however, with abundance of recombinant human GH(rhGH) ,it is used to treat a wide range of conditions. rhGH
can be usad to treat short Sature from GH deficiency(GHD),insufficiency and other disorders leading to poor growth. Currently it is also

used for patients with chronic renal failure(CRF), Turner syndrome(TS), Prader Wl Sndrome-(PWS), srall for

gedtational age-SGA

without catch up growth by 2 years, |diopathic short stature-| SSand some Dysmor phic syndromes with short stature. With GH therapy many
children can achieve adult height better than the anticipated based on their pretreatment growth pattern.

Human growth hormone (hGH) or somatotropin is a Sngle chain of
polypeptides comprising of 191 amino acids that circulates either
complexed to abinding protein or inthe unbound (free) state. At al ages,
feta through adult, GH is secreted in an intermittent, pulsatile pattern
largely asaresult of reciprocal interactionsof two hypothaamic peptides
i.e. Growth hormone releasing hormone (GHRH) and sometodtatin or
Somatropin rdease inhibiting factor (SRIF), Fig 1
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Figure 1 Regulation of GH

Growth hormone interacts with its receptor to generate |GF-1(insulin
like growth factor), the main mediator of GH action, in the liver and in
most other tissues, including epiphyses. This receptor (the extra cdlular
domain of which is identicd with the circulating GH binding protein)
must link up with asecond molecule through atwo-ste GH bridge. This
molecular complex comprising of two receptors and one hGH molecule
permits IGF1 generation.

Many of theeffectsof GH aremediated by IGF-1, which circulatesinthe
plasma, bound to one of a series of binding proteins, caled IGFBPs.
Theseproteinscirculateand modify |GF-1 action, either asstimulatorsor
asinhibitors. IGFBP-3isthemgor circulaing form of thebinding protein
This complex system subserves the process of growth. At puberty the
pulsatilerdease of GH isincreased 2-3 fold, predominantly by increased
amountsof GH released at each secretory episode. Alongwithincreesing
amounts of sex steroid hormones, this accounts for most of the puberta
growth spurt following which the secretion of GH returns towards

prepubertal vaues. Secretion of GH may be mediated by input from
higher centers, dlowingfor modification of growth rateby environmental
and emationd factors. The process of growth aso depends on adequate
nutrition, norma bonestructureand biochemistry, normd thyroxinelevels
and other endocrine secretions, as well as generd hedlth. Disruption of
normal growth may therefore be an indication of many pathologies.
After theestablishment of theNationd Fituitary Agency in 1961, pituitary
derived GH was used till mid 80s, when its use was prohibited with the
emergence of Creuzfeldt Jacob disease in 1985. Around the same time
recombinant human GH which was ready for use by the late 80s (1978)
was gpproved by the FDA and introduced for the treetment of GHD in
1985, Subsequently it wasfound to bebendficid in patientswith chronic
rend failure and Turner Syndrome, adecade later (1995) FDA approved
its use for these disorders. Currently GH thergpy has been approved by
FDA for additiond conditions;i.e Prader Willi Syndrome —PWS (2000)
, Smdl for gestation age — SGA without catch up growth by 2 years
(2001), Idiopathic short stature—1SS, (2003) and someof the Dysmorphic
syndromes with short sature.

GROWTH HORMONE DEFICIENCY

Theclassica indication for GH trestment is growth hormone deficiency,
irrepective of theunderlying causewhich leadsto the GH deficient state.
From a clinicd prospective; GHD can be subdivided on the basis of
etiology into 2 categories: organic and isolated idiopathic GHD.
Vaiahility inthediagnosisof GH deficiency remainsaclinica chalenge
and isrelaed to the continuum between severe GHD, insufficiency and
normalcy*. Marked varighility in GH assaysin the tests used, arbitrary
cut offsto define GHD based on stimulation tests have been some of the
problemsin arriving at the diagnosis of GHD. Prior to proceeding with
theinvestigativeevauation, careful clinical history, clinica andauxologic
examination, the relationship among chronologic age, height age, bone
age and height evaludion in relation to the rdevant populaion based
charts and midparent based target height isimportant..
The diagnosis of GHD is a chdlenge in the asence of the classic
phenotype. A sgnificant proportion of short, dowly growing children
havenoovertly obviousdinicd festures A threestep approachtodiagnoss
is
1) Comprehensive clinicd and auxologica assessment to differentiate
non-endocrine and non-GHD gates, and sdlect patients most likely
to have GHD; 2) biochemicd investigations of the HP-GH axisin
carefully sdlected patients and 3) neuroimaging to define pituitary
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morphology*.
Investigations of the HP-GH axis should be undertaken in a centre
with expertise in pediaric endocrinology. There is no Sngle test to
asessthe HP-GH axisbut pesk GH responsesaremorereproducible
with arginine or pyridostigmine which stimulate GH releasing
hormone secretion and control endogenous sometostatin tone. The
agentsmost commonly used for the GH provocationtest areclonidine
and insulin. Insulin is the gold standard for GH provocation test. In
addition to GH levels following provocation, the GH-dependent
peptides| GF1(and | GF-BP3if available) should bemessured because
low levelsof dl strongly support adiagnosisof GHD, dthough normal
levelswould not exdude adiagnosis. Levelsof IGF-1 and IGFBP-3
should beinterpreted against age, gender and pubertal stage matched
norma ranges. Acute and chronic malnutrition, intercurrent iliness
or liver disease may all affect IGF-1 levels and complicate
interpretation in the context of possble GHD.
rhGH in children with GHD provides physiologica replacement®®.
Titrating the dose of rhGH to maintain IGF-1 levels in the normal
range while normalizing growth can be considered to approximate
physiologica replacement. Younger age at the beginning of treatment,
longer duration of treatment, smaller height deficit at start of treatment
and greater catch up in height in the first year of treatment are an
advantage for final height The dosage used for GHD is 23-39ug/kg/
day.or 0.7-1.0mg/m2/day.The height velocity in first year of rhGH is
8-12 cm .Fig 2
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Figure 2. Growth chart of a patient with growth hormone deficiency before and during
treatment with GH.

For childrenwith GHD, whoselinear growth can bewithin thenormal
range (e.g, craniopharyngioma) replacement therapy may be
considered for itsbeneficial action on metabolism, body composition
and pubertal growth.

Puberty should be induced by 12 to 13 years of age in patients who do
not have spontaneous pubertal development owing to gonadotrophin
deficiency. rhGH iscontinued until near find height(HV <2cmiyear) when
GH gtatus should be reassessed to identify patientslikely to benefit from
continuing adult rhGH replacement.

PRADER WILLI SYNDROME (PWS)

Prader Willi Syndrome (PWS) isthecommon genetic causeof progressive
obesity.° A significant proportion of patientsfulfill thebiochemicd criteria
of GHD (low spontaneous and simulated GH secretion taking obesity
into account, with low IGF-1 and IGFBP-3 levels) and have clinica
features consistent with this’. Pitutary hypoplasia and an abnormal
podterior pituitary bright spot are frequently observed on MRI .These
endocrineabnormdlities, inaddition to hypogonadotrophic hypogonadism
and sometypical traits(dysregulated food intake and high painthreshold)
can beattributed to hypotha amic dysfunction. Declining height velocity,
delayed puberty and the absence of puberta growth spurt result in short
gature with patients mean height faling below norma 5" centile by 12-
14 years of age and deficit in adult height of 15-20 cm. In addition to
normdizing linear growth, the aims of rhGH trestment are to improve
body composition by promoting muscle mass, reducing body fat and
increasing bone minerd dendty. Additiona benefits reported include
improvements in respiratory function, physica activity, physical
gppearance, behavior and qudlity of life. It isimportant to have cdorie
consumption under strict control if growth hormonetrestment benifit is
to be regped. The growth response with rhGH in children with PWSis
comparableto that seenin GHD. Respiratory disturbance and disordered
bresthing during deep, including centra deep apnea and obstructive
deep gonea are recognized in PWS. The dosage of GH is 25-35ug/kg/
day.The height velocity infirst year of rhGH is8-12 cm. Before sarting
rhGH, deegp studies should be donein dl children who have PWS or are
obese, and an ENT evduation in those with a history of snoring and
disturbed deep.

TURNER SYNDROME

Turner Syndrome occurs in approximately 1/1500 to 2000 femae
births and is a common pathological cause of short stature. Of the
numerous manifestations recognized, the only consistent ones are
short stature and ovarian failure. Although the stature of girls with
TS varies considerably, the pattern of growth is characteritic. Mild
intrauterine growth results in mean birth weight and length about 1
SD lower than the healthy newborn girls. Thereisagradual decline
in HV (height velocity) throughout childhood, absence of pubertal
growth spurt and adult height deficit of about 20 cm. Girlswith TS
do not have GH or IGF-1deficency but levels of both are relatively
low, particularly during adolescence, and can beattributed to estrogen
deficiency and increased adiposity. A degree of GH and IGF-1
insensitivity is considered to contribute to growth failure and this
formsthe basis of treatment with supraphysiological doses of rhGH.
Unlike GHD and PWS, GH provocation testing is not required in
girls with TS. Much of the defect in height is caused by
haploinsufficency of the short stature homeobox-containing gene
(SHOX) located on the X-chromosome. Although girlswith TS are
not growth hormone deficient, treatment with biosynthetic
recombinant human GH accelerates height velocity and increases
adult height.

In this condition a supraphysiological dose of GH is given. There
are severa factorswhich may influence effect of GH treatment, age
and height at start, GH dose and injection frequency, non —
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compliance, genetic factors, the addition of oxandralone, and the
estrogen dose regimen and the timing of puberty induction The
dosage of rhGH dose used here is 45-50ug/kg/day .The height
velocity in first year is5.5-8 cm. Fig 3

Overall the safety profile of this treatment is good; however long
term follow up of the girls using the supraphysiologica doses of
growth hormone is required.

Although the general experienceisthat most girls seem to be happy
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Fig 3 Typical growth chart for Turner Syndrome

with anormal height after long term treatment. At this moment there
isalack of evidence for the beneficia effect of GH treatment on the
well being of patients with TS. Consequently, clinicians should not
only focus on height improvement, but also consider other health
related problems (including infertility) in the patients.

SHORT CHILDREN BORN SMALL FOR
GESTATIONAL AGE (SGA)

SGA istheterm used to describeinfants with birth weight and /or length
lessthen -2SD for the gestationd age. Up to 90% of children born SGA,
experience catch up in linear growth during infancy, have height above-
23D by the firgt birthday and reech adult height approximately 1 SD
below the norma population. Children born SGA require evauation to
identify theunderlying causeand d soregular growth monitoringtoidentify
the 10% who do not have significant catch up growth and thus remain
exceptiondly short[10]. Thisis more likdly in premature infants, severe
IUGR and recognized syndromes (eg., Slver Russd).Multiple factors
influence growth in this heterogeneous group of children and arelaive
ressanceto GH and IGF1 islikely to contribute.

Assessment of the GH-1GF-1axisisnot routingly recommended but should
be undertaken if an SGA child has growth failure or phenotype festures
of GHD .In addition, subtle changesin the GH-IGF-1 axisand arange of
metabolic changes suggest an underlying reduction in insulin sengitivity.
There is a growing body of evidence that GH therapy improves find
height in short SGA children.

In Europe, SGA children aged 4 years or older, with falure to
catch up height below-2.5 SD ,HV below 0 SD and height SDS
more than 1 SD below midparentd height SDS are digible for
rhGH trestment.™® A wide dose rangeisrecommended and higher

doses may be considered for alimited period initidly in children
with marked growth retardation (height below-3 SD) The positive
effects of GH thergpy extend beyond linear growth and include
potentidly important effects on body composition, muscle mass
and function ,bone mass, metabolism, behavior and cognitive
function. The dosage of rhGH used is 35-70 uglkg/day and the

height velocity inthefirst year of rhGH is8-10cm. Fig4

GH therapy was associated with improvement in quality of life' and
with a small improvement in 1Q compared to historical reference
datat?.

GH therapy has been shown to be a safe and effective treatment for
children born SGA. Remarkably few adverse events have been
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reported; however the effect on glucose metabolism remains a
concern. Recent reports have suggested that an individua response
GH therapy might be affected by a common polymorphism of the
GH receptor and the search for other polymorphisms of growth
regulating genes in SGA children continues. Regarding the use of
GH in Silver Russell Syndrome (SRS) little datais available. Many
studies suggest a good response in younger children. Limited data
suggest that GH does not exaggerate limb asymmetry

CHRONIC RENAL INSUFFICIENCY (CRI)

Impaired growth, short stature, delayed puberty and an attenuated
pubertal growth spurt leading to reduced adult height are common
in children with CRI. Growth failure is worse in younger children
and in those with severeimpairment in renal function. At the time of
diaysisover 70% of patientshaveaheight below 2 SD.They continue
to have growth impairment despitedialysisand kidney transplantation
and ultimately are short as adults.

The factor contributing to growth failure are primary rena disorder,
uremia ,under nutrition, metabolic acidosis and bone disease The
growth outcome, post transplantation is influenced by the dose of
corticosteroid, alograft function, age of the child, pubertal status
and height deficit at the time of transplantation.

Patient with CRF have relative GH insensitivity reflected by raised
GH levelsbut alsoraised or normal |GF-1 and raised IGFBP-3levels,
reducing IGF-1 bioactivity. Thus high doses of rhGH are
recommended to overcome this scenario. Treatment is indicated in
those with significant growth impairment (height<3 or HV<-2SD)
and CRI (GFR<75ml/mtperl.73m? BSA) before or during dialysis
or following rend transplantation. To get the best result treatment
should beinitiated at an earlier age and earlier inthe coursein CRI®.
Before starting growth hormone therapy nutritional and metabolic
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status should be optimized and steroid treatment should be reduced
to minimum. In children with CRI, initial catch-up growth followed
by relatively normal growth and attainment of normal adult height
can be anticipated. .The dosage of rhGH is 45-50 ug/kg/day and the
height velocity in the first year of rhGH is 5.5-8cm.

IDIOPATHIC SHORT STATURE

In the last two decades, growth hormone (GH) therapy has expanded
to include many children with non —GH deficient short stature such
asidiopathic short stature(I SS),skeletal dysplasia,genetic syndromes
and other chronic diseases associated with short stature.* The term
idiopathic short statureis used to describe a child or adolescent with
height more than 2 SD below corresponding mean height for given
age, sex and population group, inwhom with current diagnostic tools,
no etiological diagnosis can be made. 1SS now appears to be the
most commonindicationfor GH treatment. It isdifficult to differentiate
GHD from ISS with conventional growth hormone testing aone.
There are subtle abnormalities of GH secretion and GH sensitivity in
patients of ISS. There is no consensus on which al diseases must be
excluded and how during a diagnostic evauation a child should be
labeled asISSGH inasupraphysiologica dosagegeneraly increases
height velocity in children with 1SS and increases the adult height up
to 7 cm. The average effect on final height is modest; The dosage of
rhGH usedinISSisfrom 0.24t00.37mg/kg/week. Thefina gainvaries
between 5.4cm to 7.2 cm..

It is difficult to predict the height gain for an individua child. GH
injection is well tolerated without significant side effects. However
thetheoretical risk of unwanted long term sequel ae of elevated serum
GH andIGF-1levelshave not been evaluated yet. Large scale use at
present prices would consume an important part of the family
resources. .The psychosocial benefits and cost effectiveness need
meticulous evaluation to justify GH therapy.

SKELETAL DYSPLASIA

It isaheterogeneous group of diseases affecting the skeleton. The
most prevaent isachondroplasiawith incidence of 1in 25,000 births.
Other skeletal dysplasias include hypochondroplasia,
dyschondrosteosis, congenital spondylepiphyseal dysplasia,
pseudoachondroplasia and  many  others, Some
mucopolysaccharidosis like Morquio Syndrome exhibit bone
dysplasia.. Most of the SD cause moderate to severe disproportionate
short stature, most patient with SD have a norma growth hormone
provocative test.

The fina height differs between various disorders but often in the
range of 110-130cm?®. Theresult in skeletal dysplasiawith rhGH has

been less rewarding. GH therapy does not benefit patients with a
chondroplasiabut asubgroup of patient with hypochondroplasiamay
benefit significantly. Other uncommon forms of skeletal dysplasia
have not benefited from GH treatment.

X-linked Hypophosphatemicricketsis characterized by rickets, short
stature, impaired renal phosphate reabsorption and vitamin D
metabolism. It is treated by oral phosphate supplementation with
an activevitamin D analogue; most childrenwith XLHR demonstrate
reduced height .Poorly growing children benefit from GH therapy.
GH aso increases phosphate tubular reabsorption and phosphate
levelsin blood.

GROWTH HORMONE IN ADULTS
The action of growth hormone is not limited to physica growth. It

has an important role to play in many organ systems notably the
cardiovascular system. It is aso required for optimal metabolism of
carbohydrates, fats, proteins, aswell asfor physica performance and
body composition. Apart from various other functions, adequate
evidence of various metabolic abnormalities and CVS dysfunction
have been demonstrated in growth deficient states in adults. Adults
with GH deficiency are amenable to treatment. This indicates the
need for continuation of GH treatment in childrenwith GH deficiency
when they become adults provided the deficient states persist for
indications other than growth. The dosage of rhGH is 0.45-0.9iu/day
or 0.15-0.4 mg/day. The length of therapy to be decided in future.2®
rhGH is given asadaily subcutaneousinjection. A variety of needle
and needle free pen devices are available. Parents and older children
can learn the injection technique. Although the preference is to
administer rhGH in the evening to crudely mimic endogenous GH
secretion the timing can be altered to accommodate family routines.
The dose of rhGH should be cal culated according to the body weight
(in obese children according to body surface area) individualized
according tothegrowth responseandlevel of IGF-I levelsand adjusted
asthe child grows. IGF-I and | GF-BP-3 level s should be maintained
within age dependent normal ranges bearing in mind that the
oncogenic potentia is likely to be greatest with long term supra-
physiologica doses, high|GF-I and low IGFBP-3levels. For patients
who show agood response, rhGH iscontinued until significant further
growth is unlikely (HV <2cm/year indicates near final adult height)
or satisfactory height is attained. Table 1

POOR RESPONSE TO GROWTH
HORMONE TREATMENT

The responseto rhGH in anindividua child isvariable; it can range
fromnodiscernibleeffect todramaticimprovementinHV andisinfluenced
by genetic aswell as non genetic factors. Factors to consider when there
is a poor response (which are amenable to change) include inadequate
dose, problems with an adminigtration device, poor compliance, sub-
clinica hypothyroidism or dternative hormone deficiency and other
pathologies adversdly affecting growth. A poor responseisasolikey ina
GHD patient with previousirradiation damage to epiphyses and those at
an advanced stage of puberty. Anti-GH antibodies and acquired GH
resistance are exceptiondly rare. Re-evauaion and decison to Sop are
critical when poor growth persistsfor 6to 12 months, despitedueattention
to possible contributing factors.

Side Effects of Growth Hormone therapy

Recombinant Human Growth hormone (rhGH) has proved to be a safe
medication and reldively free of untoward side effects. The reported side
effectsoccur with afrequency of about 2-5% per patient year of trestment.
Adverseeffectsaregenerdly seeninlessthen 3% of therecipients. Asthe
use of GH has expanded to include other indications such asidiopathic
short stature, small for gestationd age (SGA) babies and Prader Willi
Syndrome, it becomes even moreimportant to continuoudy monitor the
safety of rhGHY. After the initiation of thergpy with rhGH, trangent
edema due to fluid retention, transient headaches and even benign
intracrania hypertension is reported. BIH is generdly reversible with
discontinuation of GH treatment. Severe edema and carpa tunnel
syndrome arerarein pediatric paients. These effectsare usudly trangent
and reversewhen trestment is stopped for ashort time and generdly does
not recur on re-initiation of therapy. Enhanced risk of leukemiaor brain
neoplasa in children without specific risk factors is not proven. GH
margindly increasestherisk of dipped capita femord epiphysesinchildren
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with GHD, and return of limb edemaand worsening of kypho-scolisoss
in some patientswith Turner syndrome. Thereis some concern about the
effects of growth hormone on carbohydrate metabolismin (SGA) smal
for gestationa age children but frank digbetesisvery rare. Recent studies
have not substantiated incressed risk of trangplant rgection in patients
withrend failure. rhGH/IGF-1 may worsen the probability of degp gonea
in paients with Prader-Willi Syndrome, hence carefully pretreatment
evauaion and monitoring is advocated. Table 1

Evaluation before starting and monitoring during growth hormone treatment

Before staring treatment During rhGH treatment
Previous and baseline growth measurements and | Follow-up 3-6 monthly
parent’s heights plotted on growth chart.

Pubertal status Growth response
» Height, weight and head circumference at
each visit.
» Pubertal status at each visit.
Bone age > Bone age annually.
GH provocation tests (if GHD suspected and in thGh  administration ~ technique ~ dose  and
PWS) compliance at each visit
Baseline serum IGF-1 (and IGFBP-3) levels » Dose modification based on weight, height

growth and IGF-1.Serum IGF-1 annually
for dose optimization and compliance .
Latent hypothyroidism unmasked.

Pituitary hormone defiencies can evolve
BP particularly in patients with ~ectopic
Fasting insulin ,glucose ,lipids(PWS,TS,SGA ,CRI posterior pituitary, septo-optic dysplasia and
and any obese patient) PIT-1..

Sleep studies (PWS and any obese patient) Features of potential side effects

Benign intracranial hypertension (TS and
CRI)

Peripheral edema (TS)

Arthralgia

Slipped capital femoral epiphysis
Worsening scoliosis(PWS,RSS ,TS)
Impaired insulin
sensitivity(PWS,TS,SGA,CRI)

TFT (GHD and TS)

Y v

Y v

YV V VWV

Abbreviations : chronic renal insufficiency(CRL),growth hormone deficiency(GHD),Prader Willi
syndrome(PWS),Russell Silver syndrome(RSS),small for gestational age(SGA), Turner syndrome(TS).

Minor sdeeffectssuch asinjection sitepain, numbness, redness, swelling,
bleading and sweeting at thelocal Steaswell asgenerdized pruritusare
reported. Other report effects include prepubertal gynecomestia and
increased growth rate of cutaneous nevi. There are very few published
studiesdonein Indiareporting the safety and efficacy of rhGH. Theside
effects experienced by Indian children were headaches, urticaria rash
andlocal reectionintheform of itching and erythema. rhGH shoulddso
be usad with caution in fanconi anemia and Bloom syndrome due to
the inherent tendency for maignancy in these conditions.

FUTURE PROSPECTS

GH isrecommended in catabolic westing states such asHIV infections.
Inmany conditions GH thergpy isbeing tried onaninvestigationd basis
such as cydtic fibrosis, steroid dependent states and chronic diseases
which retard growth but where the use of GH proved to be safe.
Pathophysiology of | SSisgradualy being unraveled by the devel opment
of new genetic toals,

GH can be used in Thallesemia with short stature. It is ill in the
experimentd sage.

The anabalic effects of GH have dso led to its use in many catabolic
states like severe burns, HIV induced cachexia, chronic high dose
glucocorticoid trestment, chronic obstructive pulmonary disease, surgery,
trauma, cancer, organ falure etc. In severdly burnt children, GH has
shown to decrease whole body catabolism, increase protein synthesis,

accelerate wound hedling, and reverse growth arest®®. GH is approved
by the food and drug adminigration for administration to adult patients
withHIV associated cachexia The GH trestment inthese patientsresulted
in a positive nitrogen balance, increased lean body mass, decrease in
body fat and improved work output.*®
In the future we anticipate the following things in growth hormone
development
The availability of GH in weekly doses or monthly doses,
instead of daily injections
GH being availablein dermal patches, inhaled and tablet form.
GH combined with LHRH analogues for early puberty with
short stature.
In future the use of GH is likely to include many more conditions
beyond those proven at present. Although generally safe, potential
side effects of GH need to be carefully noted. Children receiving GH
must be monitored closely by Physicianswho are experienced in the
use of this pharmacological agent.
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