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Growth and endocrine disorders in optic glioma
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Abstract. Hypothalamo-pituitary function in children with
optic glioma may be impaired by the tumour itself and
by the high cranial radiation doses used in treatment.
This study evaluates the effect of optic glioma and its
treatment on patient growth and pubertal development.
Twenty-one patients (13 boys, 8 girls), treated for optic
glioma by cranial irradiation (45-55 Grays) at a mean
age of 5.4 years, were evaluated before (n = 10) and/or
after (n=21) irradiation. Growth hormone (GH) defi-
ciency was present in only 1 patient tested before irradia-
tion and in all patients after irradiation. Precocious pu-
berty occurred in 7/21 cases, before irradiation in 5 pa-
tients and after irradiation in 2 patients. The cumulative
height loss during the 2 years after irradiation was 0.2 +
0.2SD (m = SEM) in 7 patients with precocious puberty
and 1.1+ 0.2SD in 14 prepubertal patients (P <0.01).
The corresponding bone age advance over chronological
age, evaluated 1-3 years after irradiation, was 1.1 +0.5
and —0.7 £0.3 year in the two groups (P <0.01). The
mean height loss between time of irradiation and the
final height was 2.3 £0.6SD (n=6). Primary amenor-
rhoea, associated with low oestradiol levels, occurred in
two of the three girls of pubertal age. These data indi-
cate that the high dose of cranial radiation used to treat
optic glioma invariably results in GH deficiency within 2
years and that hGH therapy is required when GH defi-
ciency is documented. Precocious puberty, resulting in
apparently normal growth velocity in spite of GH defi-
ciency, should be treated with luteinizing hormone-releas-
ing hormone analogues because of the risk of acceler-
ated bone maturation and reduced final height.
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Introduction

Children with optic glioma frequently exhibit a preco-
cious puberty (PP) in association with growth hormone
(GH) deficiency. The optic glioma itself may be associ-
ated with the development of PP, which appears to be
gonadotropin-dependent [8], while the irradiation de-
livered to the hypothalamo-pituitary area during treat-
ment causes GH deficiency [16]. The combination of
these two endocrine abnormalities may result in reduced
final stature [1].

The present study examines the growth and the course
of endocrine disturbances in patients with optic glioma
in order to provide an improved rationale for endocrine
treatment following radiation therapy. The results show
that the optic glioma itself is rarely responsible for endo-
crine disorders, except for inducing PP, and that the
radiation dose used in its treatment invariably produces
GH deficiency.

Patients

Twenty-one children (13 boys, 8 girls) treated for optic glioma
were evaluated at the Paediatric Endocrinology unit, Hopital
Malades, Paris, between 1971 and 1987. Informed consent had
been obtained from patients and their parents. Eleven children
had cutaneous neurofibromatosis lesions. The optic glioma was
detected by the presence of visual (13 patients) or neurological
(6 patients) abnormalities or PP. Diagnosis of optic glioma was
made on the basis of the neuroradiological characteristics of the tu-
mour [6] and confirmed histologically in six cases (biopsy in one
patient and partial surgical removal of the optic tumour in five pa-
tients). All patients were irradiated with fractionated doses of 45—
55 Grays (1 Gray = 100 rad) delivered over 5-6 weeks. The mean
age at irradiation was 5.4 = 0.7 years (m = SEM, range 1.5 to 10.3
years). No patient received chemotherapy.

In ten patients, endocrine evaluation was performed just be-
fore irradiation. Two of them who underwent surgery were evalu-
ated immediately after surgery and before irradiation. All 21
patients, including the 10 evaluated before irradiation, also under-
went endocrine evaluation after irradiation. The mean time be-
tween irradiation and the last clinical evaluation was 5.1+0.8
years (1 to 14.3 years). Final height was achieved in six patients.
Five of them received human growth hormone (hGH) treatment.
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Methods

The diagnostic criteria for true PP were: in girls, breast and pubic
hair development before the age of 8 years and, in boys, an
increase in testicular volume and testosterone secretion (plasma
testosterone > 3.5 nmol/l) before the age of 10 years [18]. Height
changes were expressed as standard deviation score (SDS) based
on chronological age. Heights were compared to the French
national standards [15]. Bone age was assessed by the Greulich
and Pyle method [5]. Pubertal stages were rated according to
Tanner [19]. Final height was considered to be reached when the
height gain during the preceding year was below 2 cm at bone age
greater than 14 years in girls and 16 years in boys.

Spontaneous growth was studied during the 2 years following
irradiation. At least 2 yearly growth measurements were made.
This longitudinal growth study was performed according to puber-
tal development: 14 patients remained prepubertal and 7 patients
had PP with plasma testosterone > 3.5 nmol/l in boys or oestradiol
> 92 pmol/l in girls over the 2 years following irradiation.

GH secretion was evaluated by the GH peak response to the
arginine-insulin tolerance test (AITT, [10]). Diagnosis of GH de-
ficiency was based on a GH peak response to AITT below 8 ng/l
and was confirmed by a second test. The hypothalamo-pituitary-
gonadal axis was investigated by measuring the basal plasma levels
and luteinizing hormone-releasing hormone (LHRH, 100 pg/m?
i.v.)-stimulated plasma levels of luteinizing hormone (LH) and
follicle-stimulating hormone (FSH), and by determining plasma
testosterone in boys and oestradiol in girls. Other pituitary func-
tions were evaluated as previously described [3]. The plasma free
thyroxine, basal and stimulated cortisol levels were normal in all
ten patients evaluated before irradiation. The thyroid stimulating
hormone (TSH) response to thyrotropin-releasing hormone, which
was evaluated in two patients, was also normal. The post-irradia-
tion TSH response to thyrotropin-releasing hormone was low
(<10mU/1) in 11 out of 21 patients. Plasma free thyroxine was
normal. These 11 patients were given L-thyroxine replacement
therapy (100 pg/m® per day). The concomitant plasma and urine
osmolalities indicated a normal urinary kidney concentrating
capacity in all 21 patients tested after irradiation. The only patient
with corticotropin deficiency was given replacement therapy (hydro-
cortisone 15 mg/m? per day). Human GH treatment was at a dose
between 0.3 and 0.4IU/kg per week given twice a week. The inter-
val between irradiation and the onset of hGH treatment was greater
than 2 years in all cases.

Results are expressed as mean £ SEM and statistical compari-
sons were made by Student’s #test.

Results

Growth changes in relation to pubertal development

Height changes during the first 2 years after irradia-
tion were expressed according to pubertal development
(Fig.1). The mean height SDS did not change in the
patients with PP (0.7 £ 0.5SD, before; 0.7 £0.1SD at
lyear; 0.5+0.5SD at 2 years, NS). In contrast, the
mean height SDS decreased significantly in the pre-
pubertal patients (—0.1 £ 0.4SD before, —0.7 £0.4SD
at 1 year, P<0.01; —1.2 £ 0.4 at 2 years, P<0.01 com-
pared to 1 year). The cumulative height changes over 2
years were —0.2+0.2SD (0.2 to —1SD) in the group
with PP and —1.1 £ 0.2SD (0.2 to —~2 SD) in the prepub-
ertal group (P < 0.01). Only one patient in the prepuber-
tal group showed no reduction in height gain over the
2 years. Mean bone age advancement over chronological
age, evaluated 1-3 years after radiation, was 1.1+ 0.5
years in the group with PP and —0.7 +0.3 years in the
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Fig. 1. Height changes (m = SEM) in children treated by cranial
irradiation for optic glioma, according to their pubertal develop-
ment. The mean height SDS over 2 years did not change in the
patients with precocious puberty and decreased significantly in the
prepubertal patients (** P <0.01 compared to time 0). The bone
age advancement over chronological age (BA-CA) was evaluated
1 to 3 years after irradiation

prepubertal group (P < 0.01). This corresponded to mean
bone age progression of 3.5 = 0.7 and 1.7 + 0.4 years
(P<0.01), respectively.

Growth hormone secretion

Growth hormone secretion was normal before irradia-
tion in all but one patient who had a large optic tumour.
The mean GH peak response to AITT was 21.0 £ 4.1 ng/
ml (8.4 to 40ng/ml) in the other nine patients. All pa-
tients had GH deficiency after irradiation. The mean
GH peak response to AITT was 4.2 + 0.4ng/ml (0.9 to
7ng/ml). Patients were tested at different intervals after
radiation, with a mean post-irradiation interval of 2.5
0.6 years (1-9 years). In the group having a normal peak
GH response to AITT just before irradiation, the mean
interval between irradiation and the first test showing
GH deficiency was 1.5 = 0.2 years (1-2.3 years).

Pubertal changes

Seven patients had a history of PP (Table 1). This PP
was recognized prior to radiation in five patients (cases
1, 2, 5-7) and after radiation in two (cases 3, 4). Their
plasma testosterone and oestradiol levels were in the pu-
bertal range (plasma testosterone between 5.5 and 26.3
nmol/l in boys and plasma oestradiol at 220 pmol/l in the
girl). The LHRH-stimulated LH peak values were higher
than the FSH peak values in three out of seven patients.

The evolution of pubertal development after irradia-
tion was different in boys and girls. Pubertal age boys
(n = 6) had plasma testosterone levels which remained in
the normal pubertal range (8.5 to 25.5nmol/l) over an
interval of 4-14.3 years after irradiation. In contrast two
out of three girls aged over 15 years had primary amen-
orrhoea. The plasma oestradiol levels of these two girls
were low (37 and 55 pmol/l), with normal plasma pro-
lactin values, and their response to LHRH stimulation
indicated gonadotropin deficiency (plasma peak LH
values of 0.7 and 3.2 units/l respectively).
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Table 1. Endocrine evaluation in patients with precocious puberty secondary to optic glioma

Patients Sex Time since CA Pubertal stage Testosterone  Oestradiol LH peak FSH peak
irradiation (nmol/l) (pmol/1) (units/l) (units/1)
(years)

1 M 1.4 82 P235%20 73 9.0 5.1

2 M 1.5 11.8 P450%30 11.7 7.7 8.6

3 M 1.4 11.0 P240x20 17.3 4.3 7.1

4 M 22 7.0 P245%25 26.3 79 7.6

5 M 2.0 12.0 P240x20 11.7 9.0 4.2

6 M 2.1 9.8 P330x15 5.5 - -

7 F 2.2 8.5 P1B2 220 7.1 20.0

CA = chronological age at time of evaluation; LH and FSH peak after LHRH; pubertal stage according to Tanner [19] with B breast and

P pubic hair development, testicular dimensions in mm

Final height

Final height was achieved in seven cases, one had PP.
All received hGH therapy for more than 2 years. Mean
height loss between the time of irradiation and final
height was 2.3 £ 0.6 SD (range 1.5 to 6 SD).

Discussion

Growth is a major problem in children irradiated for
optic glioma because of the combination of central PP
secondary to the tumour itself and radiation-induced
GH deficiency. Premature secretion of steroids in these
patients, which maintains a normal growth velocity de-
spite the GH deficiency and excessive bone maturation,
may lead to ultimate short stature.

Optic glioma is a tumour frequently associated with
neurofibromatosis [9]. It is the most frequent cause of
organic PP [18]. This PP is not accompanied by other
hypothalamo-pituitary dysfunction. The present data
show that, with the exception of PP, all pituitary func-
tions were normal in the majority of patients prior to ir-
radiation. The sole patient with GH deficiency prior to
irradiation had a large tumour. PP has been reported in
neurofibromatosis with and without optic glioma [4, 7,
17]. Other lesions associated with neurofibromatosis, in-
cluding hypothalamic hamartoma and hydrocephalus,
may be associated with central PP. None of the patients
in this study presented with these lesions. Likewise none
of them had vertebral lesions, which can also impair
growth [14]. The way in which optic glioma causes PP is
not known, but it appears to be gonadotropin dependent
{8]. The mean peak LH response to the LHRH test was
clevated (36 units/l) in the seven cases described by Laue
et al. [8]. This differs from our findings and may perhaps
be explained by the fact that only four of the seven cases
in that study were irradiated, two of them very shortly
before testing. The relatively low peaks of LH observed
in the present study may be partly due to the high dose
of radiation used, which can itself induced gonadotropin
deficiency [12].

Optic glioma is currently treated with high doses of
conventional voltage cranial radiation. Endocrine disor-
ders secondary to such irradiation have been extensively

described [11, 16]. It was previously shown that high
doses of cranial irradiation resulted in GH deficiency in
almost all patients, and, less frequently, in TSH defi-
ciency and gonadotropin deficiencies. Adrenocortico-
tropin deficiency rarely occurs and no posterior pituitary
deficiency has resulted from cranial irradiation. In the
present study, GH deficiency occurred within 2 years
after the radiation. The high frequency of GH deficiency
observed in the present study after such a short interval
is greater than we reported previously with doses of
31-42 Grays [2]. This difference is probably due to the
high radiation dose delivered to the hypothalamo-pitui-
tary area. A comparison of these data with those previ-
ously reported after lower cranial doses suggests that the
frequency of GH deficiency and the speed of its onset
are related to the hypothalamo-pituitary radiation dose
[11]. The decrease in growth rate induced by GH defi-
ciency in children irradiated for optic glioma was also
more rapid than previously reported [2], suggesting that
high doses of radiation induce more severe GH defi-
ciency than do low doses. The growth velocity of the
GH-deficient patients is determined by their pubertal
development. Growth retardation occurred during the
2 years following radiation in all but one of the pre-
pubertal cases. Growth velocity remained normal for
chronological age when precocious puberty was present,
but significant bone age acceleration occurred in this
group, indicating that growth was not appropriate for
the advancement of bone maturation. In spite of the pre-
cocious secretion of sex steroids, growth velocity re-
mained in the prepubertal range because of the associ-
ated GH deficiency [13].

This study provides useful guidelines for the manage-
ment of children irradiated for optic glioma. The mainte-
nance of a normal-for-age growth rate should not be
considered to be a sufficient index for normal GH secre-
tion after cranial irradiation. It may be obtained at the
cost of accelerated bone maturation secondary to pre-
cocious puberty. Therefore, as almost all children ir-
radiated for optic glioma are likely to develop GH defi-
ciency, their GH secretion should be evaluated every 6
or 12 months. In children with precocious puberty, a
decreased reponse to a stimulation test requires hGH
replacement therapy even if the growth velocity is at a
normal prepubertal level. LHRH analogue therapy



828

might also be considered, depending on the age of the
patients, to avoid the risk of reduced final height second-
ary to precocious puberty. Because of the possibility of
gonadotropin deficiency in this group of patients having
received high cranial radiation dose, the need for sex
steroid replacement therapy should also be considered
according to the clinical status. This type of carefull fol-
low up and treatment of patients irradiated for optic
glioma should result in an improved final stature.

Acknowledgements. We thank C.Chamot for preparing of the
manuscript and the nurses of the Paediatric Endocrinology Investi-
gation Unit: L.Thomas, F.Petrine, M.H. Charmois. This work
was presented in part at the European Society for Paediatric Endo-
crinology, Toulouse, 1987.

References

1. Brauner R, Czernichow P, Rappaport R (1984) Precocious
puberty after hypothalamic and pituitary irradiation in young
children. N Engl J Med 311:920

2. Brauner R, Rappaport R, Prévot C, Czernichow P, Zucker
JM, Bataini P, Lederle J, Sarrazin D, Guyda HJ (1989) A
prospective study of the development of GH deficiency in chil-
dren given cranial irradiation and its relation to statural
growth. J Clin Endocrinol Metab 68:346-351

3. Czernichow P, Pomarede R, Basmaciogullari A, Brauner R,
Rappaport R (1985) Diabetes insipidus in children. III. Ante-
rior pituitary dysfunction in idiopathic types. J Pediatr 106:41-

4

4. Fienman NL, Yakovac WC (1970) Neurofibromatosis in child-
hood. J Pediatr 76:339-346

5. Greulich WW, Pyle SI (1959) Radiographic atlas of skeletal
development of the hand and wrist, 2nd edn. Stanford Univer-
sity Press, California

6. Grosvalet A, Ernest C, Diebler C, Sauvegrain J (1981) Com-
puted tomography in precocious puberty of central origin. Ann
Radiol 24:32-36

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

. Iraci G, Gerosa M, Scanarini M, Tomazzoli L, Fiore DL, Par-

datscher K, Rigobello L, Secchi AG (1980) Anterior optic
gliomas with precocious or pseudoprecocious puberty. Child’s
Brain 7:314-324

. Laue L, Comite F, Hench K, Loriaux L, Cutler GB Jr, Pes-

covitz OH (1985) Precocious puberty associated with neuro-
fibromatosis and optic glioma. Am J Dis Child 139:1097-1100

. Listernick R, Charrow J, Greenwald MJ, Esterly NB (1989)

Optic gliomas in children with neurofibromatosis type 1. J
Pediatr 114:788-792

Penny R, Blizzard RM, Davis MT (1969) Sequential arginine
and insulin tolerance tests on the same day. J Clin Endocrinol
Metab 29:1499-1501

Rappaport R, Brauner R (1989) Growth and endocrine disor-
ders secondary to cranial irradiation. Pediatr Res 25:561-567
Rappaport R, Brauner R, Czernichow P, Thibaud E, Renier
D, Zucker JM, Lederle J (1982) Effect of hypothalamic and
pituitary irradiation on pubertal development in children with
cranial tumors. J Clin Endocrinol Metab 54:1164-1168
Rappaport R, Prévot C, Brauner R (1987) Somatomedin C
and growth in children with precocious puberty: a study of the
effect of the level of GH secretion. J Clin Endocrinol Metab
65:1112-1117

Saxena KM (1970) Endocrine manifestations of neurofibro-
matosis in children. Am J Dis Child 120:265-271

Sempé P, Pedron G, Roy-Pernot MP (1979) Auxologie, méthode
et séquences. Theraplix, Paris

Shalet SM (1983) Disorders of the endocrine system due to radi-
ation and cytotoxic chemotherapy. Clin Endocrinol 18:637-
659

Sigurjonsdottir TJ, Hayles AB (1968) Precocious puberty. Am
J Dis Child 115:309-321

Sizonenko PC (1982) Précocités et retards pubertaires. In:
Bertrand J, Rappaport R, Sizonenko PC (eds) Endocrinologie
pédiatrique. Payot, Lausanne, pp 335-360

Tanner JM (1962) Growth at adolescence. Blackwell, Oxford



