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Abstract

Growth hormone (GH) is an important driver for somatic growth and increase in height in children. The development of
recombinant human GH has greatly increased its availability, and hence the potential for its use and abuse. GH therapy should
only be offered to patients with established and approved indications. Common pediatric indications for treatment include
growth hormone deficiency, Turner syndrome, Prader—Willi syndrome, small for gestational age, chronic renal insufficiency,
and idiopathic short stature. Before initiating treatment, the family should be counseled about the treatment goals, costs,
and possible adverse effects from the treatment. It is important for patients to have realistic expectations from the treatment.
The dose of GH should be individualized for the indication and will require titration in each patient based on response to the
treatment and the adverse effects. Overall, GH has a good safety record. However, GH treatment has many potential and real
adverse effects that need to be considered and monitored during treatment. Recently, safety concerns regarding the long-term
effect of GH therapy on cardiovascular morbidity have come under scrutiny.
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Introduction (Table 1), including dosing, contraindications, and adverse
effects.

Growth Hormone (GH) is a peptide hormone secreted by
the anterior pituitary gland. As its name suggests, it is an
important driver of somatic growth in children. Deficiency
of GH results in short stature. The use of GH therapy for

short stature was introduced in the 1950s with the use of

Principles of Growth Hormone Therapy

It is believed that tall stature is a socially and cosmetically

cadaveric GH derived from postmortem human pituitary
glands [1]. The source of the hormone greatly limited its
availability till the 1980s, when recombinant human GH
(rhGH) was approved for clinical use. This availability has
increased potential for the use and the abuse of GH. Potential
adverse effects and very high cost limit its use.

The authors briefly discuss below the basic principles
involved in the use of GH for common pediatric indications
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desirable quality. GH, as its name implies, may seem like an
attractive option to enhance statural growth. However, GH
has the potential to cause serious adverse effects and should
only be used after weighing the pros and cons.

1. The goal of GH therapy is to increase growth velocity
to achieve final adult height appropriate for the child’s
genetic potential and to a physically and socially accept-
able range.

2. The indication to initiate GH therapy should be based on
accepted and established clinical and laboratory criteria
and not just on demand.

3. The lowest possible dose of GH that can attain optimum
growth velocity should be used.

4. The patients and their family should be counseled
regarding the adverse effects that may arise during treat-
ment.
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Table 1 Current US Food and Drug Administration (FDA) approved
indications for GH therapy

o Children and adults with GH deficiency

o Turner syndrome (TS)

e Noonan syndrome (NS)

o Chronic renal insufficiency (CRI)

o Small for gestational age (SGA)

o Idiopathic short stature (ISS)

e SHOX gene mutations and Leri—Weill dyschondrosteosis
o Prader—Willi syndrome

e Acquired immune deficiency syndrome (catabolic state secondary
to AIDS)

e Short bowel syndrome

Specific Indications for Growth Hormone
Therapy

Growth Hormone Deficiency

Growth hormone deficiency (GHD) is the most obvious
and accepted indication for GH therapy. GHD is primar-
ily a clinical and auxologic diagnosis and a single iso-
lated nonstimulated low serum GH value should not be
used to establish a diagnosis of GHD. It may be difficult
to accurately establish a diagnosis of GHD, especially in
patients with partial GH deficiency. In all cases, the diag-
nosis should be established as per appropriate guidelines
[2]. Tt is also important to recognize concomitant deficien-
cies of other pituitary (in particular, anterior pituitary)
hormones. Children with GHD can have deficiency of one
or more of the following hormones—adrenocorticotrophic
hormone (ACTH) resulting in decreased levels of serum
cortisol, thyroid stimulating hormone (TSH) resulting in
decreased circulating levels of thyroxine, and deficiency
of luteinizing hormone (LH) and follicle stimulating hor-
mone (FSH) resulting in delayed or stalled pubertal devel-
opment. Whereas deficiency of FSH and LH may only
become apparent in the peripubertal age, cortisol and thy-
roxine deficiency should be investigated before starting
GH treatment. If there is cortisol or thyroxine deficiency
along with GHD, they should be treated in the following
order—cortisol replacement, followed a few days later by
thyroxine replacement, and last should be GH replacement
after stabilization of cortisol and thyroxine levels.

GH therapy will induce a rapid catch-up increase in
the growth velocity in these children during the initial
two to three years of treatment. There will be a subse-
quent decline in the growth velocity. The Pediatric Endo-
crine Society (PES) recommends a starting at a dose of

22-35 pg/kg/d [2]. For most preparations of rhGH, the
conversion formula from units to mg is 3.0 IU=1 mg
(for some, it is 2.5 IU =1 mg). Subsequent dose schedule
should be individualized to maintain growth velocity and
IGF1 levels in the normal range. Once growth velocity
has decreased to less than 2 cm per year, GH treatment
at the pediatric doses should be discontinued and the
patient reassessed for adult GHD, if indicated. The thy-
roid axis should be reassessed after initiating GH therapy
for acquired tertiary/secondary hypothyroidism that can
develop as a side effect of GH treatment.

A study from India of patients with GHD has shown
that the maximum height gain is during the first year. The
response to treatment was similar in both genders. The
response to treatment negatively correlated with the chron-
ological age, bone age, and height age at presentation [3].
Long-term follow-up of patients treated for idiopathic GHD
has shown that the final height of these children is in the
midparental height range but the absolute height outcome
remains in the lower part of the normal range [4].

Turner Syndrome

Turner syndrome (TS) has a prevalence of 25 to 50 per
100,000 females and nearly all patients have short stature. A
multinational survey reported that the mean adult height of
women with TS was 144.3 +6.7 cm compared to the popula-
tion mean height in non-TS women of 160.2+6.3 cm [5].
GH therapy is recommended in children with TS starting
around 4 to 6 y of age (or earlier if there is decrease in
growth velocity), if the child has evidence of growth failure
i.e., the child has short stature, has a short predicted adult
height, or the height velocity observed over a 6 mo period
is less than the 50" centile [6]. The recommended dose of
GH is 45-50 pg/kg/d or 1.3—-1.5 mg/m?/d (4.0-4.5 IU/m?/d).
The dose may be increased up to 68 pg/kg/d (2.0 mg/m?/d)
if the predicted adult height potential is substantially com-
promised. The average height gain compared to the baseline
predicted, or historical controls is 5 to 8 cm when treated for
a period exceeding 5-6 y. The outcome is better in children
with taller parents, younger age at initiation of treatment,
and a longer duration between initiation of GH treatment and
puberty. The treatment should be discontinued once bone
age is 14 y. Children with TS are at greater risk of adverse
effects such as scoliosis, raised intracranial pressure, and
slipped capital femoral epiphysis while on treatment with
GH than other children [7, 8]. If a late diagnosis is made
and the predicted adult height is unsatisfactory, oxandrolone
(0.03 mg/kg/d) may be added after 10 y of age. Oxandrolone
is an anabolic steroid, and the patient must be monitored for
virilizing adverse effects.
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Noonan Syndrome

Noonan syndrome (NS) is an autosomal dominant condi-
tion occurring in approximately 1:2000 births. The pheno-
type varies but can include short stature, dysmorphic facies
(hypertelorism, down-slanting palpebral fissures, ptosis, and
low-set posteriorly rotated ears), neck webbing, increased
carrying angle, developmental delay, cardiac abnormali-
ties, cryptorchidism, and/or hypogonadism, and coagulation
abnormalities.

In NS there appear to be abnormalities with the
GH-IGF1 axis including a degree of GH resistance. Stud-
ies indicate that GH can improve final adult height to a
variable degree (0.6-2.0 SDS, or approximately 4—13 cm)
in these children. As for most indications for GH treat-
ment, the greatest benefits are seen when treatment is
started at an early age. GH doses of between 0.23 mg/kg/
wk and 0.46 mg/kg/wk have been used for treatment of
short stature associated with NS.

Chronic Renal Insufficiency

Children with chronic renal insufficiency (CRI) may exhibit
short stature and reduced adult height due to malnutrition,
dyselectrolytemia, metabolic disturbances, anemia, bone
disorders, and underlying comorbidities. These children also
develop GH insensitivity. Hence, GH therapy is recommended
for children with CRI stage 3 to 5, if they exhibit growth failure
defined as height below the 3" centile, growth velocity below
the 25" centile over a period of 3 mo in infants and 6 mo in
children and other treatable causes of growth failure have been
excluded or treated [9]. GH therapy should not be initiated if
the epiphyses have fused. In post-transplant patients, GH ther-
apy is indicated only if there is no catch-up growth after 1 y of
transplant. Contraindications to GH include severe secondary
hyperparathyroidism (parathyroid hormone levels > 500 pg/
mL), proliferative or severe nonproliferative diabetic retinopa-
thy, acute critical illness, or active malignancy.

Studies have shown that children on conservative treat-
ment respond better to GH therapy than those receiving dial-
ysis [10]. The recommended dose of GH in CRI patients is
0.045-0.05 mg/kg/d. The dose should be adjusted according
to body weight at regular intervals. A Cochrane review esti-
mated that 28 IU/m?/wk of GH in children with CRI resulted
in an increase in height velocity of 3.8 cm/y as compared to
untreated patients [11].

Treatment with GH should be stopped once the epiphy-
ses fuse, at the time of kidney transplantation, if the patient
develops severe secondary hyperparathyroidism, slipped
capital femoral epiphyses, intracranial hypertension, or in

the event of an unexplained decrease in estimated glomeru-
lar filtration rate. Before initiating treatment, the cost and
the burden of care in these children should be discussed
with the family.

Small for Gestational Age

Small for Gestational Age (SGA) is defined as birth weight
less than —2 SD below the mean. Most of these children have
catch-up growth and reach a height above —2 SD for their age
by the time they are 2-3 y old. Children who do not achieve
this catch-up growth are at risk of being short adults. Stud-
ies have shown that GH therapy is effective in normalizing
height in short, non-GH deficient SGA children [12]. In
2001, GH was approved by the FDA for SGA children who
failed to exhibit catch up. It is indicated for SGA children
who at 2-3 y of age, do not achieve catch-up growth, con-
tinue to have a height below —2 SD for their age, and have an
average or subnormal growth velocity, provided other causes
of short stature have been excluded [13]. The recommended
doses are between 0.24 to 0.48 mg/kg/wk (0.1-0.2 IU/kg/d).
Studies report that the height gain as adults in SGA chil-
dren treated with GH is 0.9 SDS more than untreated control
patients [14]. These children should be regularly monitored
for effects of GH on glucose and lipid metabolism and blood
pressure during and after treatment with GH.

Prader-Willi Syndrome

Prader—Willi syndrome (PWS) is a complex genetic syndrome
characterized by obesity, hypothalamic-pituitary dysfunction,
short stature, intellectual disability, and obstructive or central
sleep apnea. GH treatment is approved in PWS after 2 y of
age [15]. Testing for GH deficiency is not routinely indicated
in children with PWS. GH treatment leads to improvement
in lean body mass, motor development, and normalization of
body habitus. Some cases of sudden death have been reported
in children with PWS on GH treatment, although the role of GH
treatment in the mortality is not clear. Before initiating treat-
ment, a basic metabolic profile, radiograph for bone age, Serum
IGF1 and IGFBP3 levels, and thyroid function tests should be
obtained. Serum IGF1 level should be measured at least twice
a year to maintain it in the physiologic range. Polysomnography
should be done at the start of the treatment, 6 to 10 wk after ini-
tiation of therapy, and repeated on an annual basis or if there are
new symptoms. Head circumference should also be monitored
at every visit as GH is known to cause abnormal head growth
in young children.
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Idiopathic Short Stature

Idiopathic short stature (ISS) refers to a condition where a
child is short, but no cause can be identified, and the child
is not GH deficient. GH therapy may be started in these
children with height SDS <—2.25 on a case-by-case basis
after discussing the risks and benefits of GH treatment [2].
The group of children with ISS is very heterogenous and
there is marked variation in the response. GH therapy can
be started at a dose of 0.24 mg/kg/wk. The dose should not
exceed 0.47 mg/kg/wk. A close follow-up is required for
ongoing dose optimization.

SHOX Gene Mutations

SHOX gene function is dose-dependent, with haploinsuf-
ficiency (loss of function of one allele) resulting in SHOX
deficiency and short stature, and loss of both SHOX alleles
causing the more extreme phenotype of Langer syndrome
osteodysplasia (extreme short stature, mesomelia, and limb
deformity). SHOX deletions also cause the Leri—Weill syn-
drome (LWS). With haploinsufficiency, the phenotype pre-
sents a variable spectrum from isolated short stature with no
obvious skeletal phenotype, often diagnosed as ISS, to the
more classic phenotype seen in LWS or TS.

Children with SHOX mutations have been shown to
respond to GH, with very similar outcomes to that seen in
TS. Short stature due to SHOX mutation is an FDA approved
indication for the use of GH. GH doses similar to that for TS
are appropriate, and the outcome is influenced by many of
the patient-specific variables listed above for GHD and TS.

GH Initiation and Administration

GH is available only as an injectable preparation. There are
no oral formulations. It is available as a solution in prefilled
pen injectable devices or as a dry powder form that must
be reconstituted prior to administration. The drug must be

Table 2 Monitoring patients on GH treatment

injected subcutaneously daily. Administration in the even-
ing is recommended. Longer acting (e.g., weekly) prepara-
tions are currently under clinical trials. The dose of GH is
measured in IU as well as milligrams. For most preparations
3.0IU=1 mg.

Prior to initiating GH therapy other potentially treat-
able causes of GHD should be identified and addressed.
The cost-benefit ratio and potential side effects should be
discussed with the family. It is strongly recommended to
collect accurate anthropometric data over a period of 6 mo
before initiating treatment so that response to treatment can
be adequately assessed (except in GH-deficient infants pre-
senting with hypoglycemia where treatment must be initiated
urgently.)

Safety and Adverse Effects

Recombinant GH therapy in its present form has been in
use since 1985 for GHD with several newer indications
being added over time. Overall, the drug has a good safety
record. However, GH treatment has many potential and real
adverse effects that need to be considered and monitored
during treatment (Table 2).

Malignancy

GH, primarily via its action of increasing IGF1 levels, pro-
motes mitogenic activity and tissue growth, hence, the con-
cern regarding its ability to increase risk of various malig-
nancies in children treated with GH. Initial reports raised an
alarm on the possibility of increased incidence of hemato-
logic malignancies in children treated with GH. However,
two reports from large-scale databases have concluded that
the risk of leukemia in GH-treated patients is comparable
to the general population [16] and increased occurrence
of leukemia is seen only in GH-treated patients who have
underlying risk factors for malignancy such as Fanconi
anemia, previous radiation, or chemotherapy [17]. There
is no association between GH therapy and the recurrence

Parameter Frequency of monitoring

Height 3 monthly

Puberty Age-appropriate evaluation at every visit

Bone age Yearly

Serum IGF1 6 monthly—try to ensure that the levels do not exceed upper normal range for age

Blood glucose, HbAlc
Fundus examination for intracranial hypertension
Free thyroxine (FT4)

6 to 12 monthly or whenever symptoms are seen
Whenever symptomatic. Be more vigilant while initiating treatment or increasing the dose

6 to 12 monthly. Normal thyroid function is required for optimal response to GH treatment
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or occurrence of a brain tumor [18]. It is recommended
that GH treatment be initiated only after a minimum of 1-y
malignancy-free period with the recognition that GH ther-
apy may increase chances of a second malignancy [19]. For
children with genetic syndromes that can increase risk of
hematologic malignancies, appropriate counseling should
be instituted [2].

Intracranial Hypertension

Intracranial hypertension (pseudotumor cerebri) is a known
complication of GH therapy. It is mostly seen at the initia-
tion of treatment or with an increase in the dose. GH treat-
ment must be stopped immediately as continued treatment
can lead to blindness and even death. In a prospective study
it was observed that GH-deficient patients with hypotha-
lamic—pituitary anomalies or genetic or chromosomal dis-
eases are at higher risk for pseudotumor cerebri [20]. The
KIGS (Pfizer International Growth Study) database has
shown that the incidence intracranial hypertension was 27.7
per 100,000 treatment years. The incidence is higher in chil-
dren with TS, PWS, CRI, and congenital GHD [7].

Slipped Capital Femoral Epiphyses

Slipped Capital Femoral Epiphyses (SCFE) is a condition
where there is a displacement of the femoral head epiphy-
sis from its usual alignment. SCFE presents with hip joint
pain with a limping gait. SCFE has an incidence of 73.4 per
100,000 treatment years. The median duration of onset of
SCEFE after initiation of GH therapy was 0.4 to 2.5y [7]. In
all suspected cases radiograph of the hip joint must be done
with appropriate orthopedic evaluation and treatment.

Scoliosis

Scoliosis may develop or be accentuated during GH ther-
apy. It is more commonly seen in patients with TS or PWS.
Evaluation for presence and progression of scoliosis should
be done in children receiving GH therapy [2].

Hypothyroidism

Initiation of GH therapy may lead to secondary/tertiary
hypothyroidism which, if left untreated, may lead to a sub-
optimal response to GH therapy. Hence, thyroid function
should be monitored periodically in all children on GH
therapy.

Long-Term Deleterious Cardiovascular Effects

Recently, studies predominantly from Europe, have raised
concerns about the long-term deleterious cardiovascular
effects of GH treatment [21, 22]. However, conclusions of
causality are still limited and the absolute risk remains low.
Further long-term robust studies will be needed to make
definite statements on this matter.

Adjuvants to Growth Hormone Therapy

The use of agents, such as gonadotropin-releasing hormone
analogs and aromatase inhibitors, to augment GH-induced
growth is discussed in the review article by Saroufim and
Eugster in this issue of the Journal [23].
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