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Summary

OBJECTIVE With the availability of recombinant insulin-
like growth factor-l (reclGF-I), it was possible to study
whether this peptide could promote growth without notice-
able side-effects in patients with growth hormone insen-
sitivity syndrome (Laron syndrome). We report data
obtained before and during 17 months treatment using
reclGF-1, 40 ug/kg s.c. twice a day, in two Lebanese
siblings.

PATIENTS The boy and tht=T girl showed very short stature
(—6-8 and —6-1 SDS), high GH (79 and 147 1U/l), low
plasma IGF-I (0-12 and 0-18 U/ml) and undetectable GH-
binding protein. Height velocities were 4-3 and 3-8 cm/year
before treatment which started at 8-4 and 6-8 years of age,
respectively.

RESULTS After 1-8 weeks of therapy, biological evidence
of IGF-I effect was obtained from reduction in serum GH
and increase in procollagen-1. During the first 6 months of
treatment, height velocity increased to 7-8 and 8-4 cm/year
without any clinical evidence of side-effects. Between
6 and 12 months, growth response decreased to 6-6 and
63 cm/year. Between 12 and 17 months, growth rate
returned to pretreatment values. Changes in bone mineral
density paralleled growth response and bone maturation
increased by 1-5 and 2:0 years during the first 12 months of
treatment. Daily assessment of blood sugar showed
asymptomatic low values (< 2-8 mm/l) in 11/730 and 22/730
measurements in the boy and the girl, respectively.
CONCLUSIONS Treatment of two patients with growth
hormone insensitivity syndrome using 40 ug/kg of IGF-I
Correspondence: Dr C. Heinrichs, Developmental Endocrinology
Branch, National Institute of Child Health and Human

Development, National Institutes of Health, Building 10, Room
10N262, Bethesda, Maryland 20892, USA.

twice a day resulted in increased linear bone growth and
bone mineralization as well as increased bone maturation
without remarkable adverse events. After 1 year of
therapy, growth response could no longer be observed in
these two patients.

In patients with Laron type of growth hormone insensitivity
syndrome (GHIS), severe growth retardation results from
abnormal or deficient GH receptors (Laron ef al., 1966;
Eshet et al., 1984). GH-binding protein (GHBP) which is
consistent with the extracellular domain of the GH receptor
(Baumann et al., 1986) was shown to be undetectable in the
majority of patients with GHIS (Daughaday & Trivedi,
1987; Baumann et al., 1987). These patients were character-
ized by low IGF-I and high GH concentrations in serum. In
short-term studies of the effects of recombinant IGF-I
(recIGF-I) administration to patients with GHIS, it was
suggested that such treatment could be considered for
growth promotion on a long-term basis (Laron et al., 1988,
1991; Walker et al., 1991). More recently, growth velocity
was shown to incréase by 1:5-2-5 times during 9-10 months
therapy in two patients studied by Laron et al. (1992) and one
patient studied by Walker et al. (1992). Here, we report on
the effects of treatment for 17 months in two siblings with
GHIS.

Patients and methods
Patients

An 8.4-year old boy and his 6.8-year old sister from Lebanon
were studied. Their parents were first cousins. Both children
were born full term after normal pregnancy and delivery with
birth weight of 3-5 kg. There was no history of hypo-
glycaemia. The boy had micropenis and bilateral cryptor-
chidism treated surgically at 4 years of age. The patients
arrived in Belgium when they were 7-2 and 5-6 years old,
respectively. The two patients were referred for short stature.
They had clinical features consistent with severe GH defi-
ciency or insensitivity. In the boy and the girl, GH concentra-
tions were high (79 and 147 TU/l) with low plasma IGF-I
concentrations (0-12 and 0-18 U/ml, respectively).
Diagnosis was confirmed by undetectable GHBP (cour-
tesy of Dr M. C. Postel-Vinay, Paris, France). Both patients
were included in a multicentre trial set up by Kabi Pharma-
cia, Stockholm, Sweden. At onset of IGF-I therapy, the
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patients were respectively 8-4 and 6-8 years. Height was 88-9
(—6-8 SDS) and 85-7 cm (—6-1 SD), weight 12:8 (96% of
ideal body weight, IBW) and 11-6 kg (94% of IBW) and bone
age 5.1 and 3.4 years. Written informed consent of the
parents was obtained. This study was approved by the local
hospital ethical committee, University of Brussels.

Methods

IGF-I therapy was initiated during a 1-week period of in-
patient monitoring of clinical and biochemical parameters.
The patients were then seen regularly at 1-week to 3-month
intervals. Height was measured using a Harpenden stadi-
ometer. Subscapular skinfold was estimated by a single
trained observer. Using height and weight, the body mass
index (BMI) was calculated (Rolland-Cachera et al., 1982).
Morning blood samples were obtained in fasting conditions
for measurements of serum glucose, triglycerides, total
cholesterol, urea, creatinine, potassium and insulin. Serum
concentrations of the C-terminal propeptide of GH and
IGF-I (acid—ethanol extracts of serum) were measured in our
laboratory. Serum concentrations of procollagen-I were
determined using a highly specific radioimmunoassay (Far-
mos Diagnostica, Turku, Finland). Bone age radiographs
. were obtained every 6 months and bone maturation was
estimated according to Tanner et al. (1983). Before therapy
and after 3, 6 and 12 months of recIGF-1 administration,
bone mineral density (BMD) of lumbar spine was studied by
dual photon absorptiometry using a Hologic QDR 1000
densitometer (Hologic Inc., Waltham, USA). Results were
expressed in g/cm? and calculated as a percentage relative to
pretreatment data. In our hands, the in-vitro coefficient of
variation was 0-4% while others reported an in-vivo reprodu-
cibility of 1% in adults (Pacifici et al., 1988). The presence of
anti-IGF-I antibodies was investigated using a two-step
radioimmunoprecipitation assay (Kabi Pharmacia, Stock-
holm, Sweden).

Therapy using recIGF-1 (Kabi Pharmacia) was given as
two daily subcutaneous injections initiated during a 1-week
hospital stay. Capillary blood glucose levels were measured
twice a day before injections of IGF-I which were performed
before breakfast and supper. During the first week, glucose
levels were measured every hour during a 5-hour period after
each s.c. recIGF-I injection. In addition, after 9 months of
therapy, glucose as well as electrolytes were measured 2, 4
and 8 hours after recIGF-I injection. The family was
educated about signs of low blood sugar and correction with
oral sugar or glucagon injection (Novo-Nordisk, Copenha-
gen, Denmark). In addition, snacks were given between the
main meals.
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Results

In the boy and the girl, height velocity was 4-3 and 3-8 cm/
year before therapy and it showed a 1-8-2-2-fold increase
during the first 6 months of recIGF-I therapy (Table 1).
Between 6 and 12 months of therapy, height velocity was less
rapid while no difference vs pretreatment height velocity was
seen between 12 and 17 months. As shown in Fig. 1, no

Table 1 Height velocity in two patients with GH insensitivity
syndrome before and during treatment wusing recIGF-1

(80 pg/kg/day)

Time during therapy (months)

Pretreatment  0-6 6-12 12-17
Boy (cm/year) 43 7-8 6:6 36
Girl (cm/year) 3-8 84 63 43
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Fig. 1 Height SDS for chronological age, body mass index,
subscapular skinfold, serum concentrations of procollagen-1 and
change in bone mineral density (percentage of initial value) in
relation to time before and during 1 year of reclGF-1 therapy
(hatched bar 40 pg/kg s.c., b.i.d.) in two patients with GH
insensitivity syndrome.
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Table 2 Biochemical features in two patients with GH insensitivity syndrome treated using recIGF-I 40 pg/kg bid for a year

Time during therapy (months)

Patient 1 (M)

Patient 2 (F)

—12 0 1 3 6

9 12 —12 0 1 3 6 9 12

Fasting glucose (3-8-6:1 mm/l) 37 35 5-4 4-0 46

Insulin (0-144 pm/l) 38 18 31 20 19
Triglycerides (0-17-1-78 mm/1) 069 077 068 077
Total cholesterol (<5-17mm/l) 595 548 556 525 522
Urea (1-8-8-9 mm/l) 132 10-0 111 7-5
Creatinine (27-80 um/1) 53 35 42 35
K* (3:5-4-8 mm/]) 41 4-1 43 46 41

39 47 39 3-8 47 51 3-8 34 39
17 17 13 21 17 19 17 20 12

1:34  0-81 091 077 091 077 123 091
561 509 494 520 512 465 497 517 432
68 107 10-7 89 107 107 79 9-6
53 42 53 42 42 35 42 27
41 44 40 45 47 45 48 46

Normal range is given between parentheses.

significant growth response was observed after the initial 3
months of therapy though this could have resulted from
measurement error. As a consequence of the changes in
growth rate, height SDS for chronological age increased
prominently during the first 6 months of therapy (Fig. 1).
During therapy, some reduction in BMI and subscapular
skinfold was seen, particularly between month 3 and 9 of
therapy (Fig. 1). N

Evidence of an early IGF-I effect was obtained through
increase in serum concentrations of procollagen-I in both
patients (Fig. 1). Pretreatment serum concentrations of GH
were 79 and 147 IU/l in the boy and the girl, respectively and
they decreased to a mean of 32 and 80 TU/1 during the first 5
days of therapy. Subsequently, these biological parameters
remained ata plateau level. In the boy and the girl, velocity in
bone maturation was 0.3 and 0.7 years/year of chronological
age before therapy and increased to 1.5 and 2.0 during
therapy, respectively. Pretreatment bone mineral density
(BMD) was low in the boy and the girl (0-409 and 0-412 g/
. cm?, respectively). After 3, 6 and 12 months of IGF-I
therapy, BMD increased respectively by 4-2, 8-1 and 12:5%
in the boy and 0-2, 5-1 and 8-:3% in the girl (Fig. 1).

As shown in Table 2, no significant changes in fasting
serum concentrations of glucose, insulin, triglycerides, chol-
esterol, urea, creatinine or potassium were observed during
therapy in either patient. During the first week of therapy as
well as after 9 months, no hypoglycaemia was found during
the 4-hour period following recIGF-I injection, except one
single value at 2-5 mM 3 h after recIGF-I injection in the girl.
Daily records of preinjection blood sugar showed values less
than 2-8 mm/lin 11 out of 730 measurements in the boy and
22 out of 730 measurements in the girl. These episodes were
asymptomatic and appropriately corrected with oral sugar

supplementation. After correction of low blood sugar or at
evening control in non-fasting conditions, some high values
(> 10 mm/l, max 16 mm/l) were noted on two and eight
occasions, respectively. Injections were reported to be toler-
able and without any local sign of reaction. Compliance with
treatment and blood glucose monitoring was excellent. Up to
9 months of therapy, no antibodies against IGF-I could be
detected in the serum of either patient.

Discussion

In this paper, we provide further evidence that long-term
administration of recIGF-I to patients with GHIS results in
significant growth-promoting effects without major side-
effects. This indicates that recIGF-1 can stimulate growth
through an endocrine mechanism and that this pepbtide is of
potential therapeutic interest to increase growth rate in
patients with insensitivity to GH, as recently proposed by
others (Laron et al., 1992; Walker et al., 1992; Wilton, 1992).

Compared to the other studies using daily dosages of 150~
240 pg/kg of recIGF-I (Laron et al., 1992; Walker et al.,
1992), we used a lower dose of 80 ug/kg/day. Our data
provide evidence of maximal growth and bone response to
recIGF-I during the initial 6 months of therapy, this
increased growth rate being seen prominently between
months 3 and 6 of therapy. However, we obtained biological
evidence of early bone effects of recIGF-I and other authors
reported increase in height velocity from the beginning of
recIGF-I therapy (Laron et al., 1992; Walker et al., 1992;
Wilton, 1992). Therefore, it is possible that lack of measure-
ment accuracy accounted for an apparent latency before
increase in growth rate. More importantly, a rapid waning
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effect seemed to occur after 6 months of IGF-I therapy. This
reduction in growth response cannot be explained by
compliance failure or immunization against recIGF-1. A
growth response sustained for 9 months has been reported by
Walker et al. (1992) though this period is too short to draw
conclusions about a waning effect. Based on the preliminary
data in single patients, it seems likely that a dosage of more
than 80 pg/kg/day would be required to maintain significant
growth response after 12 months of therapy.

Our study provides for the first time information on BMD
and bone age velocity during treatment using recIGF-I. This
therapy resulted in a significant increase in BMD and bone
maturation showed a three to five-fold acceleration com-
pared to pretreatment velocity. This raised the question
whether increased sex steroids secondary to a direct gonadal
effect of recIGF-I could account for such an increase in bone
maturation (Adashi er al., 1985; Chatelain ez al., 1991).
However, such an explanation is unlikely since both patients
remained prepubertal throughout the study. The changes in
bone maturation will be important to take into consideration
for IGF-I effects on ultimate height though this issue will
possibly be addressed only with data from a long-term study
of a large cohort of patients.

In our two patients treated using recIGF-1, the insulin-like
effects were minimal as indicated by absence of symptomatic
hypoglycaemia. In addition, during the first week of therapy
as well as after 9 months, assay of blood sugar following
recIGF-I injection showed only one asymptomatic low
value. We cannot exclude asymptomatic hypoglycaemia
since such assays were not performed on a daily basis. In
contrast, fasting blood sugar was monitored daily. Few
symptomless low blood sugar levels were observed. This
could result from the GH-deficient-like status of our patients
more likely than from an insulin-like effect of therapy.
Unfortunately, we did not assess fasting blood glucose
repeatedly before therapy. Other metabolic effects such as
hyperglycaemia or hypokalaemia were minimal or absent
during therapy. In addition, our patients did not complain
about any symptoms. Appetite was unchanged. IGF-I could
mediate the increased nitrogen retention and the reduced
plasma urea nitrogen observed in GH-treated hypopituitary
patients (Dahms ef al., 1989). Such a concept would be
supported by the data of Walker et al. (1992) who found that,
during recIGF-I therapy, serum urea nitrogen showed a
reduction persisting after 71 days. We did not find any
significant change in serum concentrations of urea nitrogen
and creatinine, maybe because we used a lower dosage than
Walker et al. (1992). Our data indicate that our treatment
regimen was safe, though there are some questions about
efficacy of the dosage used since the growth promoting effect
could not be maintained in our study conditions.
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