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ABSTRACT

Growth hormone (GH) is being used in the treatment of GH deficiency and in the treatment
of other conditions with increasing frequency. Several uncommon potentially adverse events
including idiopathic intracranial hypertension (IlH), slipped capital femoral epiphysis (SCFE),
increase in the number of pigmented nevi, gynecomastia, scoliosis, insulin resistance and a pos-
sible increase in malignancy have been associated with GH treatment. Despite its potential
adverse effects, GH has had a good safety record up to now. This review will focus on the poten-
tial side effects of GH treatment in GH and non-GH deficient conditions.

Conflict of interest: None declared

INTRODUCTION

There has been a dramatic increase in the
use of exogenous growth hormone (GH) for
treatment since biosynthetic recombinant
human GH (thGH) became available in 1985.
At present, besides GH deficiency, children
with a wide variety of growth disorders are
receiving GH treatment. Supraphysiological
doses of GH are being used in non-GH defi-
cient growth disorders.(1) Moreover, the
action of GH via its receptor involves many
organ systems and metabolic pathways and
for this reason, the safety of GH treatment
has become a major concern of issue in
recent years. The aim of this paper is to
review the potential side effects of GH treat-
ment in different disorders treated with GH.

SODIUM AND WATER RETENTION

Side effects of GH treatment like periph-
eral edema and hypertension which may be

seen in adulthood are rarely encountered in
childhood.(2) Fluid retention and carpal
tunnel syndrome are rare in children.

IDIOPATHIC INTRACRANIAL
HYPERTENSION

Idiopathic intracranial hypertension
(ITH) is defined as intracranial hyperten-
sion in the absence of a space occupying
lesion and is characterized by increased
cerebrospinal fluid (CSF) pressure with
normal  CSF
papilledema, visual changes, headache,
nausea and vomiting. The incidence in
childhood is 1/100.000.(3) IIH has been
reported following GH treatment not only

composition,  bilateral

in patients with GH deficiency, but also in
chronic renal insufficiency (CRD), Prader
Willi syndrome (PWS) and Turner syn-
drome (TS).(4, 5, ©) The pathogenesis of
IIH occurring with GH treatment may be
due to its effects on body fluid distribution

© 2009 Journal of Turkish Pediatric Endocrinology and Diabetes Society
Pubbiz/Probiz Ltd. Sti.


http://www.endo.theclinics.com/article/S0889-8529(06)00097-1/fulltext
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WG5-45F4N10-6&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=c4ae994123df11045ec2cfe5a6687811
http://jcn.sagepub.com/cgi/content/abstract/9/2/144
http://jcem.endojournals.org/cgi/content/abstract/81/5/1704
http://www.informaworld.com/smpp/content~content=a713793393~db=all~order=page

Darendeliler F.

and resultant changes in fluid balance.
Alternatively or in addition, GH may cross
the blood brain barrier and increase local
levels of insulin like growth factor-I (IGF-D
which in turn increases CSF production from
the choroid plexus.(2) Large pharmacoepi-
demiological surveys have revealed an
increase in ITH upon GH treatment(t, 7, =)
and reported frequencies ranging from 81 to
120/100,000. It is likely to occur in patients
with CRI, TS, organic GH deficiency and
PWS.(7) IIH has been associated with some
medications (L-thyroxine, glucocorticoid,
vitamin A and D) as well as with obesity,
anemia, uremia and female gender. The
onset of ITH is generally seen within a short
period time (~2-12 weeks) after start of GH
therapy, but it may also be seen months
later. The signs and symptoms of IIH usual-
ly disappear and clinical improvement may
occur within weeks or months after discon-
tinuation of GH therapy. Symptoms usually
do not reappear after reinitiating GH in low
doses, probably due to homeostatic adjust-
ment.(5) Loss of visual acuity or visual fields
is a serious permanent complication of ITH.

ORTHOPEDIC PROBLEMS

Slipped capital femoral epiphysis (SCFE)
is a disorder of the femoral head growth
plate leading to a displacement of the
femoral head epiphysis from its normal
alignment. The incidence ranges from 2 to
13/100,000 individuals between 7 and 17
years of age.(10, 11) It may be associated
rapid  growth,
endocrine disturbances including hypothy-

with  obesity, trauma,
roidism, hypogonadism and GH deficien-
cy.(12) In GH deficiency, the growth plates
are wide and this may result in weakness
even without GH treatment. GH contributes
to the widening of the weakest zone of the
epiphyseal plate and thus may increase the
risk of SCFE in GH deficient children treated
with GH.(12) Pain in the hip or knee and
limp are the major symptoms of SCFE and X-
ray of the hip is the best diagnostic tool.
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Treatment consists of correcting the dis-
placement of the epiphysis with continua-
tion of GH therapy recommended after
orthopedic evaluation.(14)

The incidence of SCFE on GH treatment
in pharmacoepidemiological surveys and
national databases varies between 4 to 272
/100,000 and is higher than the incidence in
the general population.(7, 15, 1¢, 17, 1&, 19)
However, it is difficult to assess the risk of
SCFE in the general population because it
varies with age, sex, race, geographical loca-
tion and season. GH deficiency itself may
cause SCFE and there may be other risk fac-
tors such as obesity, delayed skeletal matu-
ration or other hormone deficiencies.
Children with organic GH deficiency, TS and
CRI are more prone to SCFE.(7) Obesity is a
risk factor in these diagnostic groups.

The incidence of Perthe’s disease on GH
treatment which may occur in GH deficient
children independently of GH therapy does
not seem to be increased on GH treatment
compared to the general population (~5-7/
100,000).(2)

Idiopathic scoliosis is most often seen in
early adolescence and is more frequent in
girls. Scoliosis is seen in ~4% of healthy
school children. The frequency of scoliosis
on GH treatment does not seem to be
increased,(20, 21) but progression of scolio-
sis may be rapid.(2, 20) Some diagnostic
groups like TS and PWS are prone to scolio-
sis.(17, 21, 22) Tt is increased during any peri-
od of rapid linear growth and is not inde-
pendently correlated with GH therapy.(17,
20) Follow up is needed in risk groups.

CARBOHYDRATE METABOLISM

There has been a concern for the potential
for induction of glucose intolerance or type 2
diabetes regarding GH treatment especially in
children with disorders such as TS, CRI and
low birth weight (children born small for ges-
tation age-SGA). All of these disorders are
known to be associated with abnormalities in

carbohydrate metabolism. GH acts as an
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insulin antagonist. Nearly all studies of GH
therapy in children show an increase in
insulin levels but normal glucose toler-
ance.(23, 24) One pharmacoepidemiological
study demonstrated an increased frequency of
type 2 diabetes in children receiving GH
approximately six-fold higher than previously
reported incidence figures.(25) However,
other long term databases have been reassur-
ing.(24, 26, 27, 2&) A large multicenter GH-
postmarketing surveillance study reported dia-
betes or impaired glucose tolerance in
approximately 1% of GH treated patients with
CRI.(1&) SGA born short children show insulin
resistance on GH treatment which resolves
after discontinuation of GH therapy.(29)
Although published data form large postmar-
keting databases for GH treated children born
SGA do not report adverse events,(5, 17, 21,
30) more long term follow up of carbohydrate
metabolism is needed in these groups of chil-
dren.(31) The long term consequences for
prolonged hyperinsulinemia remain unclear.

MALIGNANCY

GH has been shown to increase the risk of
malignancy in in vitro and animal studies(32)
and it may increase the risk of cancer in
humans.(33, 34) Thus, another concern has
been the malignant transformation on GH
treatment. In initial reports, increased inci-
dence of leukemia in GH recipients has been
reported.(35, 36) However, careful evaluation
of national and multinational databases has
not shown a significant increase in the risk of
leukemia associated with GH therapy unless
risk factors such as cytotoxic chemotherapy,
genetic or hematological conditions or radio-
therapy are present.(5, 1&, 37, 3&) Relapse of
leukemia has not been increased in database
analyses.(5, 3¢, 37, 3&, 39, 40, 41) There is no
increase in risk of developing a new extracra-
nial nonleukemic neoplasm in GH recipients
either.(42, 42) Regarding tumor recurrences in
GH treated patients with brain tumors, data
from single and multicenter studies(39, 44, 45,
46, 47, 48, 49, 50) have shown no increased

risk of tumor recurrence. Risk of second neo-
plasm in survivors of childhood cancer treat-
ed with GH analyzed in a report from the
Childhood Cancer Survivor Study (CCSS)
group, has revealed a small but significant
increased risk of developing secondary neo-
plasm but the numbers are small and the ele-
vation of risk due to GH use appears to dimin-
ish with increasing length of follow up(51);
therefore continuing surveillance is mandato-
ry.(52, 53, 54, 55, 5€, 57, 5&, 59, 50) A higher
than expected incidence of and mortality from
colonic cancer and Hodgkin’s disease has
been reported in GH deficiency treated with
hGH.(61) However, the relatively small cohort
and small number of cases argue for caution.
Furthermore in the old days hGH was given
twice or three times weekly which probably
resulted in unphysiological high IGF-I levels.
Available data in international databases do
not support for excess malignancy in children
treated with GH.(562) There is no evidence of
an increase in the incidence of de novo
intracranial tumours in childhood.(49)

ENDOCRINE PROBLEMS

GH therapy does not cause a significant
change in thyroid function. However, thyroid
function should be evaluated prior to initiat-
ing therapy in GH deficiency.(03) GH can
modulate the activity of the enzyme 11 (-
hydroxysteroid dehydrogenase type 1 which
is responsible for the conversion of cortisone
to cortisol and prednisone to prednisolone.
An increase in GH leads to a reduction in
production.(54) This
needs to be considered in patients receiving

cortisol interaction

glucocorticoid replacement therapy.

OTHER UNDESIRABLE EFFECTS

Although in vitro and in vivo studies
have shown that GH and IGF-I affect numer-
ous immune functions,(65) these abnormali-
ties do not appear to be reflected in the clin-
ical findings. Reports of anti GH antibodies
in patients receiving GH have been few with
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no adverse net result on growth response.

‘The potential adverse effect of GH on the number
and size of nevi has been controversial but recent studies
show no such effect(60)

There is no increase in seizures on GH
therapy.(2)

With respect to gonadal axis, there is no
adverse affect on spermatogenesis, testicular
volume and morphology in animal stud-
ies(57) and in databases of GH use in
humans.(21) Gynoecomastia has been
reported as an adverse event with an inci-
dence of 0.32/1000.(68) GH does not seem
to have an effect on pubertal timing.(2)
Although initial reports have stated that GH
may accelerate bone age maturation,(59) this
effect has remained as a controversial issue
for years. However, it has been shown in
some studies that when used in supraphysi-
ological doses GH may accelerate bone age
in idiopathic short stature (ISS).(70)

Acute pancreatitis is another possible
rare complication of GH therapy.

POTENTIAL ADVERSE EFFECTS IN
SPECIFIC DIAGNOSTIC GROUPS

There is no deterioration of renal function
in patients with CRI on GH treatment.(71) An
increase in the rate of graft rejection in GH
treated children has been reported especially
in those with a history of previous rejection
episodes.(72) However, GH is used with suc-
cess in children with CRI after renal trans-
plantation. Careful monitoring of renal func-
tion is mandatory in patients after renal trans-
plantation. Available data do not consistently
show a significant risk for renal carcinoma in
CRI after renal transplantation,(73) but in
such patients routine ultrasound should be
done to facilitate early tumor detection.

There is no increase in the frequency of
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otitis media in TS patients receiving GH.(74)
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the risk factors in the natural history of the dis-
ease to be able to evaluate the potential
adverse events. In this study, the incidence of
certain events known to be associated with
GH, including IIH, SCFE, scoliosis and pancre-
atitis, were increased compared to other non-
TS cases in the survey. Type 1 diabetes was
also increased. The aortic dissection/rupture
incidence, the authors concluded, reflects the
higher baseline risk for these events in TS.
The ratio for de novo malignancies in the TS
cohort seems to be increased compared to the
rate in the general population although statis-
tical significance was lacking.

The reported adverse events during GH
treatment in patients with PWS are similar to
those observed in other diagnostic groups.
Low insulin levels prior to GH therapy
increase during GH treatment. Glucose levels
remain unchanged.(75) However, close follow
up is mandatory.(7¢) Some children with PWS
suffer from respiratory disturbances with
chronic hypoventilation. There have been
some reports of sudden death in patients with
PWS upon GH therapy.(77) However the
causality is still not clear. Furthermore GH
therapy has a beneficial effect on ventilation
and respiratory functions.(7¢, 79) However,
prior to GH treatment patients with PWS
should undergo polysomnography and tonsil-
lectomy may be performed if needed. Children
with upper respiratory tract infections should
be monitored for sleep apnea.(79, 30)

In conclusion, the use of rhGH has a
good safety record. However, some disorders
that are already prone to certain complica-
tions such as TS, PWS and SGA should be
carefully monitored for certain side effects.
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