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Abstract:

Background: When the hypothalamic-pituitary axis (HPA) is included in the treatment field in children and
adults, a variety of neuroendocrine disturbances are more common especially in children than has been
appreciated in the past. This study was carried out to evaluate growth hormone secretion and the
hypothalamic-pituitary-thyroid axis function in children after cranial radiotherapy.

Subjects and Methodology: Twenty children (12 boys and 8 girls) who received cranial/craniospinal
radiation therapy were included in this study. Their mean age at the time of therapy was 6 1/2 years
(range, 3 to 10 years), and at the time of the study, it was 9 years (range, 5 to 13 years). The mean interval
between therapy and testing was 2 years and 4 months (range,1 to 3 years). All the patients were children
(<16 years) when tested and the dose of radiation ,delivered to the hypothalamic-pituitary region, ranged
from 27 to 45 Gy (1 Gy =100 rads). The serum concentrations of the basal and peak growth hormone, total
and free T4, total T3, and basal and peak TSH were measured by radioimmunoassay. A group of 12 age-
matched healthy children served as control for estimation of the normal range of these hormones.
Results: The mean serum basal and peak GH concentrations after stimulation with clonidine in the
included patients were significantly lower than those in the control group. Forty-five percent and 65% of
the patients had below-normal basal and peak GH secretion respectively. There was a significant inverse
correlation between the serum peak GH concentration and both the dose of radiation and the interval
between therapy and testing. The mean serum total T4, free T4, and total T3 concentrations in the
patients were significantly lower than those in the healthy subjects. Thirty-five percent, 45%, and 25% of
the patients had below-normal serum total T4, free T4, and total T3 respectively. There was no significant
difference between the 2 studied groups as regards the mean serum basal and peak TSH concentrations
in response to stimulation with thyrotropin-releasing hormone. The most common pattern of abnormality
in the hypothalamic-pituitary-thyroid axis function (66.66%) was low serum concentration of free T4 and
normal basal and peak serum TSH concentrations which is suggestive of hypothalamic hypothyroidism.
Negative significant correlations were found between the dose of radiation and serum concentrations of
total T4, free T4, and T3, while inverse significant correlation was observed between the interval between
radiation and testing and serum free T4 concentration only. In addition , an inverse correlation was found
between the age of the patient when treated and both the serum basal and peak TSH concentrations.
Conclusion: A large percentage of children develop growth hormone deficiency (GHD) and
hypothyroidism within 2 years after receiving doses of cranial radiation ranging from 27 to 45 Gy. Higher
doses of radiation and longer interval between therapy and evaluation are associated with higher
incidence of both GHD and hypothyroidism. Younger age children are more susceptible to develop
hypothyroidism when they are exposed to cranial/craniospinal radiation than older children. Routine
testing for possible GHD and thyroid dysfunction should be included in the follow-up procedures of this
population and supplement therapy should start as early as necessary.

Introduction: pituitary axis (HPA) is included in the treatment
field.@ Clinical damage to the pituitary and thyroid
glands usually occur months to years after
treatment and is preceded by a long subclinical
phase.(4 The study of the possible disturbances in
both secretion of growth hormone and the function
of the hypothalamic-pituitary-thyroid axis after
cranial radiotherapy in children and the relation
between these changes , if any, and the age of the
child at treatment, the dose of radiation , and the

Long-term survival in children with cancer has
increased markedly in the past 15 years. Primary
brain tumors represent the largest group of
malignant solid tumors in children. External cranial
and craniospinal radiation has proven to be a major
tool in the treatment of various malignant brain
tumors.(! However, a variety of neuroendocrine
disturbances are observed following treatment with
external radiation therapy when the hypothalamic-
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time elapsed since irradiation were the aim of this
research.

Subjects and Methods:

The study population consisted of two groups. The
first group included 20 children (12 boys and 8 girls)
with history of primary brain tumors anatomically
distant from the hypothalamic-pituitary axis and
treated with cranial/craniospinal irradiation. They
were attending the outpatient oncology clinic in
K.F.C.H., Kingdom of Saudi Arabia for follow up.
The diagnosis was medulloblastoma in 11 children,
astrocytoma in 4, fourth ventricular ependymoma in
3 and glioma in 2 children. Seventeen children
received only cranial radiation and three had also
received radiation to the spinal axis. The calculated
dose of radiation delivered to the hypothalamus and
pituitary ranged from 27 to 45 Gy (1 Gy = 100 rads).
Patients were considered eligible if they had no
evidence of tumor recurrence, had not received
radiation or chemotherapy for at least one year, had
been seizure-free during the last one year, the time
elapsed since irradiation did not exceed 3 years and
age of the children when tested was less than 16
years. Twelve age-matched healthy children were
included as a control group for estimation of the
reference ranges for the studied hormones. The
selected healthy children were attending the
ophthalmology outpatient clinic in K.F.C.H. for
correction of errors of refraction. They had no
history or clinical findings suggestive of any
systemic disease and their weight and height were
compatible with their chronological age. Informed
consent was obtained from the parents of the
patients and the healthy children included in this
study.

Endocrinologic evaluation:

The selected patients and healthy subjects were
investigated after an over-night fast (12 hours).
Venous blood samples were obtained between 8
and 9 AM for estimation of the basal serum
concentrations of growth hormone (GH), total
thyroxin  (T4), free thyroxin (FT4), total
triiodothyronine (T3), and thyrotropin (TSH). After
obtaining the basal samples, all included children
received thyrotropin-releasing hormone (TRH 7
Hg/kg body weight; maximal dose, 200 pg) and an
oral dose of clonidine (0.15 mg/m2). Blood samples
were then drawn every 30 minutes for 2 hr, for
measurement of the peak serum concentration of
thyrotropin  (TSH) and growth hormone (GH)
respectively. The serum was separated from the
formed blood elements by centrifugation and kept
frozen at -20° C untl analyzed by
radioimmunoassay, using commercial kits provided

by Diagnostic Systems Laboratories (DSL), Texas,
USA. The tested hormones were assessed in only
one occasion thus the data were cross sectional.

Statistical Analysis:

The results are expressed as the mean £ SD. The
mean serum concentrations of the basal and peak
GH, basal total and free T4, basal total T3, and
basal and peak TSH were compared in the 2
studied groups using the un-paired t test when the
data were normally distributed and Wilcoxon test
when they were not. Statistical significance was
accepted when P <0.05. A patient's hormonal
secretion was considered abnormal if the basal
serum concentration was low or if the patient had a
blunted response to provocative testing compared
to the control subjects. The relation between the
independent continuous variables (the age at
irradiation, the time elapsed since irradiation, and
the hypothalamic-pituitary axis radiation dose) and
the dependent variables (peak GH, peak TSH,
basal total and free T4, and total T3 serum
concentrations) were analyzed by multiple linear
regression.

Results:

The mean age of the patients included in the study
at the time of radiation therapy was 6 'z years
(range 3 to 10 years), and at the time of the study, it
was 9 years (range 5 to 13 years). The mean
interval between therapy and testing was 2 years
and 4 months (range 1 to 3 years) and all the
patients were children (<16 years of age) when
tested.

Growth hormone secretion study:

The mean serum basal and peak concentrations of
GH secretion after stimulation using clonidine were
significantly lower than those in the control group
(P<0.05 and P<0.001 respectively). Nine (45%) and
13 (65%) of the patients studied had serum basal
and peak GH concentration values less than the
estimated normal range respectively (table 1). There
were significant negative correlations between
serum peak GH concentration and both the dose
of irradiation and the interval between radiation and
testing (P<0.001 and P<0.01 respectively) but not
the age of the child when treated (figures 1,2).
Hypothalamic-pituitary-thyroid axis function:
Table Il portrays the results of the study done to
evaluate the hypothalamic-pituitary-thyroid —axis
function. Five (25%) of the 20 patients had recent
onset of symptoms and signs suggestive of
hypothyroidism like lethargy, intolerance to cold, dry
skin, constipation, or marked weight gain. The mean
serum total T4, free T4, and total T3 concentrations
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in the children who received cranial/craniospinal
radiation therapy were significantly lower than those
in the healthy subjects (P<0.01, P<0.001, and
P<0.002 respectively). Seven (35%), nine (45%),
and five (25%) patients had serum total T4, free T4,
and total T3 concentrations below the estimated
normal range respectively. All the patients with
below-normal serum total T4 concentration had, as
well, below-normal serum free T4 concentration.
The mean basal and peak serum TSH
concentrations in response to stimulation with TRH
in the 20 patients were not significantly different
from those in the control group. However, 2 patients
had below-normal serum peak TSH concentration
and 1 patient had supranormal basal and
supranormal peak serum TSH concentrations in
response to stimulation with TRH (table II). The 3
patients who received craniospinal radiation therapy
had significantly lower mean serum free T4
concentration (P<0.05) and significantly higher
mean serum basal and peak TSH concentrations
(P<0.05 and P<0.01 respectively) compared to the
mean values in the 17 patients who received only
cranial radiation. The nine patients who had below-
normal serum free T4 had variable results
concerning serum basal and peak TSH
concentrations. Six patients (66.66%) had normal
serum basal and peak TSH concentrations in

response to stimulation with TRH which is
suggestive of hypothalamic hypothyroidism, two
patient (22.22%) had normal serum basal and
blunted response of TSH (<5.0 mU/L) to TRH which
suggest either hypothalamic or hypopituitary
hypothyroidism. The last one patient (11.11%) with
below-normal serum free T4 concentration had
supranormal basal and supranormal peak serum
TSH concentrations after stimulation with TRH, a
response reflecting injury to the thyroid gland. It is
worth mentioning that this patient had received
radiation to the spinal axis in addition to the cranial
radiation. There were significant negative
correlations between the dose of radiation and the
serum concentrations of total T4 (P<0.05), free T4
(figure 3, P<0.01), and total T3 (P<0.05). There was
negative significant correlation between the serum
free T4 concentration and the interval between
radiation and testing (figure 4, P<0.01), but not
serum total T4, total T3, and basal and peak TSH
concentrations and this interval. Both the basal and
peak serum TSH concentrations after stimulation
with TRH were negatively correlated with age of the
patient at treatment (P<0.05 and <0.01
respectively). No significant correlations were found
between other thyroid hormones and age in the
patients  treated  with  cranial  radiation.

Table I: Serum basal and peak growth hormone concentrations in the patients who received
Cranial / craniospinal radiation therapy and in healthy subjects.

Number Basal GH Peak GH
(ng/mi) (ng/ml)

Patients: 20

Mean *SD 19+£0.77* 1043 +5.44*

Range 05-40 15-20.8
Control: 12

Mean + SD 3221 184 +£5.0

Range 1.8-6.6 10.2 - 28.1

*P<0.05 , **P<0.001.

Table Il: Hypothalamic-pituitary-thyroid axis function in the patients who
received cranial/craniospinal radiation therapy and in healthy subjects.

Ne, StT4 S.FT4 S.tT3 S.B. TSH S.P.TSH
Ug/dl ng/dl ng/dl miU/L miU/ml

Patients: 20
Mean + SD 526 £ 2.07* 0.92 £0.3* 124.6 £ 25.3# 2.34 + 85% 10.37 56 §
Range 21-96 042-14 78 - 166 12-46 22-254
Control: 12
Mean + SD 71+14 1.18£0.14 151+ 16.6 1.98 £0.94 12138
Range 476-104 0.96 - 1.52 126 — 186 08-34 5-24

S.iT4 : serum total T4, S.FT4: serum free T4, S.tT3: serum total T3, S.B.TSH: serum basal thyrotropin,

S.P.TSH: serum peak thyrotropin.

457

*P<0.01 , **P<0.001, #P<0.002, $: Not significant.
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Figure 1: The relation between serum peak GH concentration in response
to clonidine and the dose of radiation (r=-0.789, P<0.001)
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Figure 2: The relation between serum peak GH concentration in response to stimulation with
clonidine and the interval between radiation and testing (r = -0.678, P<0.01)
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Figure 3: The relation between serum free T4 concentration and the dose of radiation
(r=-0.569, P<0.01).
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Figure 4: The relation between serum free T4 concentration and the interval
between radiation and testing ( r = -0.568, P<0.01)

Discussion:

Unfortunately, the dramatic improvement in the
survival rates of children with cancer which is
attributed, in large part, to the advent of
multimodality therapy is associated with severe
delayed toxicities that generally are more prevalent
and of greater clinical significance when therapy is
administered during childhood. The endocrine

system seems to be particularly susceptible to
damage from radiotherapy. Several retrospective
2358 and prospective 13  studies have
demonstrated that growth hormone deficiency
(GHD) is the first and the most frequent pituitary
deficiency to occur in children who receive cranial
irradiation for tumors distant from the hypothalamus
and pituitary region. Our results are consistent with
these studies. We found that the mean serum basal
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and peak growth hormone concentrations in
response to stimulation using clonidine in the
children who received cranial irradiation were
significantly lower than those in the healthy
subjects. Forty-five percent and 65% of our patients
had below-normal serum basal and peak GH
concentrations respectively. With respect to the
mean interval between therapy and testing and the
range of the radiation dose in our study, our data
suggest that GHD can be diagnosed as early as 2
years after receiving 27 to 45 Gy as cranial
radiotherapy for primary brain tumors. In this study,
the dose of radiation was an important determinant
of the incidence of GHD. This finding is in harmony
with the results of other studies("2913-17) that found
that the total dose of radiation delivered to the
hypothalamic-pituitary ~ region is the major
determinant of the speed of onset as well as the
incidence and severity of anterior pituitary hormone
deficiencies. Similar to other studies, ©¢-10.18-20) the
interval between radiation therapy and testing was
found to be another major factor in the incidence of
GHD as we found a significant negative correlation
between this interval and the serum peak GH
concentration. While some studies (4172") have
demonstrated an age effect on the incidence of
GHD, we did not find this relation which was the
same  conclusion reported by  other
investigators.®20.22 The site of radiation-induced
damage leading to GHD might be either the
hypothalamus or the pituitary gland. However, the
normal serum GH responses to single bolus dose of
GH releasing hormone in those with subnormal
serum GH responses to the administration of
arginine or insulin-induced hypoglycemia, and
reduced spontaneous secretion of GH despite
normal serum GH responses to pharmacologic
stimuli, findings  which are characteristic
hormonal changes of hypothalamic disease.(® In
additon, the  spectrum of  endocrinologic
abnormalities that occur and the fact that
hypothalamus is more radiosensitive than the
anterior pituitary indicate that hypothalamic
dysfunction is more common than pituitary
dysfunction.223  Although the mechanism of
radiation damage to the hypothalamus or pituitary is
not known, it must involve a direct injury to the
stroma or its microvasculature, or an injury to the
vascular channels that transfer the hypothalamic

hormones to the pituitary. The reported frequency of
hypothyroidism in the patients who received
cranial/craniospinal radiation therapy is variable
from one study to another.224 In this study, the
mean serum concentrations of total T4, free T4, and
total T3 were significantly lower than those in the
healthy subjects. The greater percentage of the
patients found to have below-normal free T4 (45%),
as compared with low serum total T4 (35%) or total
T3 (25%) concentrations, presumably reflects the
sensitivity of the free T4 measurement in the
assessment of thyroid function. Unlike another
study in this field, 23 and consistent with others, 2
20 we found a significant negative correlation
between the serum free T4 concentration and the
dose of radiation which confirms that the dose of
radiation is an important factor in the incidence of
hypothyroidism in this population. ~ The most
common pattern of abnormality (66.66%) was low
concentration of free T4 and normal basal and peak
TRH-stimulated serum TSH concentrations, findings
suggestive of TRH deficiency. This finding supports
the findings of others(232829 who reported that
hypothalamic hypothyroidism is the commonest
type of hypothyroidism in such study population.
The occurrence of primary hypothyroidism in one of
the three patients who received craniospinal
radiation was expected and could be due to
radiation damage to the thyroid follicular cells, the
thyroid vasculature or the supporting stroma. The
presence of significant inverse relation between
serum basal and peak TSH concentrations confirm
the conclusion of other investigators that younger
age is an added co-factor which increases the risk
of hypothyroidism.(20.23)

In conclusion, a large percentage of children
develop GHD and hypothyroidism within 2 years
after receiving doses of cranial radiation ranging
from 27 to 45 Gy. Higher doses of radiation and
longer interval between therapy and evaluation are
associated with higher incidence of both GHD and
hypothyroidism. Children of younger age are more
susceptible to develop hypothyroidism when they
are exposed to cranial/craniospinal radiation than
older children. Routine testing for possible GHD and
thyroid dysfunction should be included in the follow-
up procedures and supplement therapy should start
as early as necessary.
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