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Objective: To assess hypothalamic-pituitary dysfunction in childhood brain tumor survivors in Prasat
Neurological Institute.

Material and Method: Between October 2007 and September 2008, 19 brain tumor survivor children in
Prasat Neurological Institute without recurrence at least 2 years after complete treatment were included
in the present study. The patients were categorized according to brain tumor location into directly (DHPA)
(9 cases) and indirectly (IDHPA) (10 cases) involving hypothalamic-pituitary axis. All patients were treated
by surgery. Furthermore, six cases were combined with radiation and chemotherapy and 10 cases were
combined with radiation therapy only. Growth Hormone (GH) stimulation test by clonidine and/or L-Dopa,
ACTH stimulation test and thyroid function test (TFT) were done.

Results: The mean age at diagnosis was 9.9 + 4.6 years old and the interval from diagnosis to study was 5.8 +
2.2 years. Seven DHPA (77%) and seven IDHPA patients (70%) had low peak GH with significant lower level
in the former group (p < 0.05). Six of seven DHPA (85%) and one IDHPA patients (10%) had low response to
ACTH stimulation test. All DHPA (100%) and 10% IDHPA patients had central hypothyroidism. By ACTH
stimulation test in DHPA patients, hypocortisolism was detected in five and excluded in one who later stopped
prednisolone after prolonged continuation. The central hypothyroidism was newly detected in two DHPA
patients and replacement therapy was initiated. GH deficiency (GHD) was detected by GH stimulation test in
73% of overall brain tumors. Growth hormone therapy would be considered in the appropriate GHD patients.
Conclusion: With effective therapy and improving survival rates of brain tumor children, hypothalamic-
pituitary dysfunction in either DHPA or IDHPA group should be regularly monitored to prevent further
morbidity and improve quality of life.
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Brain tumors, the second most frequent
childhood cancers, constitute about 25% of all types
of cancers in children and are the most common solid
tumors in children". Survival after diagnosis of brain
tumors has improved substantially over the last few
decades. Five-year relative survival probability for
all childhood brain malignancies is approximately
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65%7%. Neurosurgery is the main treatment for most
childhood brain tumors, followed by RT about 55%,
while the role of chemotherapy remains unsettled®.
Endocrine disorders are prominent among the spectrum
of long-term conditions that may afflict brain tumor
survivors; in one survey, 43% had a self-reported
endocrine condition®. These may affect growth, body
composition, fertility, quality of life, morbidity, and
mortality. Long-term follow-up programs and services
are essential in order to address the unique needs of
the growing population of childhood cancer survivors
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as they navigate the challenges of today’s healthcare
system. Prevention and/or early identification of
complications is crucial in order to decrease the long-
term health risks associated with curative treatment for
childhood cancer. The objective of the present study
was to assess the hypothalamic-pituitary dysfunction
in childhood brain tumor survivors, which is one of
the parts for developing the long-term follow-up
service in our hospital.

Hypothalamic-pituitary dysfunction can
occur by tumor itself, by cranial radiation therapy, by
chemotherapy, or by any surgery to remove a tumor in
the hypothalamic-pituitary region if it is not already
present®. The radiation required to cure the child’s
tumor may damage normal surrounding tissue. When
hypopituitarism ensues in this situation, it is usually
the result of radiation-induced damage to the hypo-
thalamus, as the pituitary gland is relatively resistant
to radiation. Different hypothalamic-pituitary axes
have different sensitivities to radiation. These patients
were compared with regard to the growth hormone,
thyroid, and adrenal axes because these axes had been
tested in all of them.

Serum GH levels is one of the data to diagnosis
GH deficiency that must be integrated with clinical,
auxological (growth), and biochemical data. Because
most of the body’s GH is made during sleep, with several
significant peaks linked to deep sleep (stage III-IV EEG),
the first cycle usually occurs at approximately 60 to 90
minutes after falling sleep. Random GH measurements
during the day, even in tall individuals, are frequently
low and thus potentially misleading®. Several physio-
logic and pharmacologic methods are used to test GH.
The more common approach is stimulation testing (also
referred to as provocative testing) with medications
known to activate the physiologic regulation of GH
secretion, notably the a-adrenergic pathway (e.g.,
Clonidine), the dopaminergic system (e.g., L-dopa
combined with Inderal (propranolol)) and hypoglycemic
stimulus to GH secretion by using glucagon or insulin
(insulin tolerance test (ITT))!'%'?). These stimulation
tests must be performed in the fasting state (early in
the morning), because glucose intake suppresses GH
secretion. Hypoglycemia results in uncomfortable
adrenergic manifestations such as sweatiness, excessive
hunger, and shakiness, and may cause neuroglycopenic
manifestations such as loss of consciousness or
seizures. Seizure is common in brain tumor and may be
easily induced by hypoglycemia from ITT/glucagon
test in these patients. The present study chose
clonidine and L-dopa for GH stimulation tests to avoid
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seizure although ITT/glucagon tests can also be used
to assess cortisol production, thus eliminating the
need for an additional stimulation test either on the
same day or on a different day!'®.

The mode of assessment of the HPA axis
remains controversial'*'9. Insulin tolerance test (ITT)
has been considered the golden standard when
assessing the HPA axis"'®. Blood glucose level of
2.2 mmol/liter or less results in neuroglycopenia,
which activates the hypothalamus with secretion of
CRH, resulting in secretion of ACTH from the pituitary
gland. The ITT in adults is regarded as a safe test
in experienced hands"*??, however case reports
have demonstrated potential risks in children®"?2.
Therefore, in children and in patients with cardiac
disease or epilepsy, ACTH test is safer. The present
study chose the low dose ACTH test using synthetic
corticotropin to assess the function of the adrenal
cortex.

Material and Method

A prospective study was conducted at the
Pediatric Neurology clinic of Prasat Neurological
Institute between October 2007 and September 2008.
Nineteen patients, 14 boys and five girls with diagnosis
of brain tumors under 15 years of age were included
in the present study. All patients were treated with
surgery. Some patients followed by cranial or cranio-
spinal RT and some patients also received chemo-
therapy. These patients were in remission more than
2 years from the end of treatment. The patients were
divided into two groups based on tumor location with
directly or indirectly involving the hypothalamic-
pituitary axis (DHPA vs. IDHPA). The DHPA group
consisted of nine patients including two cranio-
pharyngioma, three germ cell tumor (1 suprasellar and
pineal, 2 suprasellar), one parasellar meningioma,
one suprasellar ganglioglioma, one hypothalamic
harmatoma, and one clivus chordoma (some part of the
tumor invading into sellar region). The IDHPA group
consisted of 10 patients including three supratentorial
tumors (germ cell tumor at 2 pineal and 1 thalamus) and
seven posterior fossa tumors (5 medulloblastoma,
1 ependymoma and 1 brain stem astrocytoma) (Table 1).
The mean age of the patients at the time of diagnosis
was 11.5 + 3.65 years old for the DHPA group and 8.4 +
5.06 years old for the IDHPA group (Table 2). The
treatment in the DHPA group consisted of surgery
only (n = 3) and surgery and cranial irradiation (n = 6).
The treatment in the IDHPA group consisted of
surgery and cranial irradiation (n = 5) and surgery,
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Table 1. Brain tumor diagnosis

—
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Brain tumor (cases)

Direct involving HP axis (DHPA)
Germinoma/suprasellar
Craniopharygioma
Hypothalamic harmatoma
Meningioma/parasellar
Ganglioglioma
Chordoma/clival

Indirect involving HP axis (IDHPA) 1
Posterior fossa tumors

Medulloblastoma

Astrocytoma/brainstem

Ependymoma/4™ ventricle
Supratentorial tumors

Immature teratoma/pineal

Mixed germ cell tumor/thalamus

Table 2. General data of patients in both DHPA and IDHPA

groups

DHPA IDHPA
Patients (n) 9 10
Radiation therapy (n) 6 10
Chemotherapy (n) 0 6
Age at onset (mean + SD) (y) 11.5+3.65 8.4 +5.06
Age at assessment 16.6 +3.21 149+45
(mean + SD) (y)
Interval from diagnosis to 42+1.96 5.6+2.23
study (y)

cranial and spinal irradiation (n = 5). The range of
cranial/craniospinal irradiation dose was 24 to 60 Gy
for 28 to 60 days. For those children with medullo-
blastomas and ependymoma, the cranial radiation was
directed to the whole brain as well as_a posterior
fossa boost of radiation and for all other tumors, was
localized to the area of the tumor. Six patients in
IDHPA group received combined chemotherapy.
History reviewing, physical examination, and
informed consent were performed in all patients at the
time of the present study by pediatric neurologists in
the clinic. Height was measured and pubertal status
assessed clinically by the method of Tanner. Patients
were considered postpubertal if they had mature
secondary sexual characteristics (Tanner stage 5). In
prepubertal children aged more than 10 years old,
estrogen was prescribed with the dosage of 0.3 mg
twice daily for three days before growth hormone
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stimulation test. If steroid was maintained previously
without definite abnormal basal cortisol level
before, steroid was stopped 2-4 weeks before ACTH
stimulation test. In case of previous thyroid hormone
replacement therapy with borderline low level of
thyroid function, thyroid hormone was withheld 2-4
weeks before test. They were appointed to admit to
Pediatric Neurology ward one day before or early
in the morning of study. Venous blood samples were
obtained after an over-night fast (12 hours), at 9 AM
for GH, basal cortisol and thyroid function test at
the first time of study. Serum concentration of GH was
measured after stimulation with clonidine (4 ug/kg)
at 60, 90 and 120 minutes. Value above 7.0 ng/ml was
considered normal response. When value was below
7.0 ng/ml, second GH stimulation test was performed
on the next day with L-dopa (Sinemet® (250/25) at the
following dosage according to body weight: ¥4 tablet
for body weight less than 15 kg, % tablets for 15.1 to
30 kg, 1 tablet for more than 30 kg) combined with
propanolol 1 mg/kg (maximum of 40 mg). Blood samples
were drawn in the time intervals as clonidine stimulation
test. The diagnosis of GH deficiency was made
based on serum GH value less than 7.0 ng/ml on both
pharmacologic tests. Following GH stimulation test
with clonidine, ACTH stimulation test was performed
by using intravenous ACTH (Cortrosyn®) in a dosage
of 0.5 pug/1.73 m? on the same day. Blood samples
were drawn at 30 and 60 minutes after ACTH injection.
A peak cortisol response of 18 pg/dl or more was
considered adequate response in the ACTH test. The
normal values of thyroid function were as follow: T4:
6.09-12.23 ug/dL, FT4: 0.58-1.64 ng/dL, TSH: 0.34-5.6
[U/ml. When serum T4 and free T4 level were below
normal values while TSH was not elevated, central
hypothyroidism was diagnosed.

The statistical analysis used in the present
study included calculation of the mean, standard
deviation (SD) and percentage. Height was expressed
as a standard deviation score (SDS) according to
the method of Tanner et al® to compare heights at
different ages and gender as well as the HV (height
velocity) in centimeters per year. Height SDS, height
velocity, and peak GH of growth hormone deficient
patients were compared between DHPA and IDHPA
group by using Mann Whitney U-Test. The significance
level was setat 0.05.

Results

The mean time of hormonal study after
diagnosis of brain tumor for the total study group of
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19 children was 5.8 + 2.16 years. The mean age of
diagnosis was 9.9 + 4.6 years old.

Table 3 summarizes detailed data of all 19-
brain tumor patients.

GH stimulation test

GH stimulation test with clonidine were done
in all 19 patients, while 16 patients had additional
L-dopa stimulation. As regards GH, seven patients in
both the DHPA and IDHPA group (77% vs. 70%) had
GH deficiency. The mean peak GH level of GHD
patients in both groups were 0.5 +1.19 and 2.79 + 1.55
ng/ml respectively. There was no difference in height
SDS at assessment and height velocity but significant
difference in peak GH of GHD patients between groups
(Table 4).

One patient with premature puberty (Pt 13)
and high height velocity (6.6cm/year) was found to
have GH deficiency as well. One craniopharyngioma
(Pt 2) with height SDS -1.7 and age of 11.9 years old at
study was considered to receive growth hormone
therapy.

ACTH stimulation test

ACTH stimulation tests were done in all
patients except two patients in the DHPA group who
already had definite low basal cortisol level and had
been taking prednisolone since diagnosis. Four
patients in the DHPA group had no definite abnormal
basal cortisol level before the present study but
received prednisolone since diagnosis, so prednisolone
was stopped 2 weeks before ACTH test. No patients in
IDHPA group had been tested for cortisol level before
the present study. Peak cortisol was lower than 18 pg/
dl in five and one patients in DHPA and IDHPA group
respectively. The mean peak cortisol levels were 10.32
+5.54 and 16.71 pug/d in abnormal ACTH test patients
of the DHPA and IDHPA group respectively (Table 5).

After study, in the DHPA group, the diagnoses
of cortisol deficiency were confirmed in three patients,
newly detected in one patient (Pt 3). Replacement
therapy with prednisolone in all of them was done.
However, this condition was excluded by ACTH test in
one patient (Pt 8) who could later stop the drug. Subtle
abnormal ACTH stimulation test was found in two cases
(one in each group: Pt5 and 10 respectively), yearly
monitoring of cortisol and ACTH test is considered.

Thyroid function test

Eight of nine patients in the DHPA group had
ever been tested before for thyroid function and
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Table 4. Height SDS, Height velocity and peak GH in
GHD patients

Parameter GHD patients p-value
DHPA IDHPA

Height SDS
Mean + SD -1.48+0.7 -1.05+1.46
Median -1.48 -1.43 0.949
Range -2-0 -3-1

HV (cm/y)
Mean + SD 245+190 4.03+2.02
Median 3.00 4.50 0.125
Range 0.25-4.67 1.3-6.6

Peak GH (ng/ml)
Mean + SD 0.50+1.19 2.79+1.55
Median 0.00 2.70 0.08%*
Range 0.00-3.20 0.60-5.10

Table 5. Peak cortisol after ACTH stimulation test

ACTH stimulation Abnormal (n) Normal (n)

n=17)

Peak cortisol <18 ug/dl >18 ug/dl
DHPA 10.32 + 5.54 (5) 23.03 +3.35(2)
(mean + SD) (n=7)

IDHPA 16.71 (1) 23.44 +2.60 (9)

(mean + SD) (n = 10)

having definite abnormal, borderline abnormal, and
normal in four, three, and one patients respectively.
Three patients of borderline abnormal thyroid function
had stopped eltroxin 2-4 weeks before repeating test.
One patient in the IDHPA group had definite central
hypothyroid. Fourteen patients (5 of DHPA group and
9 in IDHPA) group were tested for thyroid function.
Central hypothyroidism was newly detected and
confirmed in two and three patients in DHPA group
respectively.

In conclusion, all patients in the DHPA group
(100%) were found to have central hypothyroidism.
The mean value of T4, free T4 and TSH were 3.56 +0.73
ug/dL, 0.49 + 0.15 ng/dL and 2.59 + 2.09 1U/ml
respectively. No patient in the IDHPA group was
additionally detected with abnormal thyroid function.

After study, eltroxin for replacement therapy
was given in 10 patients (9 in DHPA, 1 in IDHPA).
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Sexual development

In the DHPA group, five patients had delayed
secondary sex characteristics, and one had secondary
amenorrhea after treatment of craniopharygioma (Pt8).
In the IDHPA group, three patients had delayed
puberty and one patient had premature puberty.

Diabetes insipidus

Five patients in the DHPA group previously
had diabetes insipidus (2 craniopharygiomas, 3 supra-
sellar germinomas). Three of these patients are still on
ADH (Minirin®) for symptomatic treatment of diabetes
inspidus.

Discussion

Nineteen brain tumor survivors who were
diagnosed since aged under 15 years old were recruited.
Mean follow-up time was 5.8 + 2.16 years. To avoid
recurrence of tumor during the present study, the
authors chose patients who were free of tumor
recurrence for more than 2 years because several
studies in brain tumor found that the recurrence rate
for many tumors decreases significantly at 2 years from
completion of therapy®**>. The patients were divided
into two groups according to whether brain tumor
location involved hypothalamic-pituitary axis. Brain
tumors in each group can cause HP axis dysfunction
by different pathophysiology. The directly involving
HPA group may have direct effect to HPA by tumor
invasion or surgical removal while the other group
may cause hormonal dysfunction by radiation or
chemotherapy.

It is common in brain tumors directly involving
the hypothalamic-pituitary axis (DHPA) to have
abnormal pituitary hormones. All patients in the
present study also had at least two hormones, which
were lower than normal level. Cortisol insufficiency
is the most important parameter to consider in view of
its role in regulating vital functions during stressful
situations in every patient with tumors in this region.
Interestingly, hypocortisolism were later detected in two
patients in this group (Pt 3 and 5), on the other hand,
one patient (Pt 8) diagnosed with craniopharyngioma
had normal ACTH stimulation test and could later stop
medication. Moreover, two patients (Pt 6 and 7) had
been confirmed abnormal reserved adrenal function
by ACTH stimulation test. This implied that ACTH
stimulation test is useful and should be routinely set to
detect, confirm, and exclude cortisol insufficiency in
any patient with tumor in this region that had normal
basal cortisol level before prescribing lifelong steroid
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replacement therapy for this condition. The benign
brain tumors in this group with total surgical removal
without radiation therapy could also have normal GH
function as shown in two patients (Pt 5 and 7) with
normal GH peak. This implies that patients with this
condition should be screened for GHD by stimulation
test only once, if GH function is normal. Serially GH
stimulation test is not necessary. Serially neurological,
physical examination and neuroimaging after surgery
for tumor recurrence are reasonable practice. All
patients in this group had central hypothyroidism and
two were detected later in the present study, so serially
monitoring of thyroid function is recommended for a
brain tumor in this region in spite of previously being
normal.

In the IDHPA group, all patients who had the
primary brain tumor not directly involving the HP axis,
were treated with surgery and cranial/craniospinal
irradiation with 60% combined chemotherapy and mean
follow-up time interval of 5.6 +2.23 years. Endocrine
dysfunctions after cranial irradiation have been
documented in many studies. The pituitary gland was
considered to be resistant to the effects of external
irradiation®®, while it was speculated that the hypo-
thalamus was more sensitive to irradiation®”. In the
1970s it was suggested that patients were at risk of
developing anterior pituitary hormone deficiencies if
the HP region was within the treatment field, and that
the damage of irradiation was of hypothalamic origin®®
with growth hormone deficiency (GHD) as the first
and frequently the only manifestation of radiation-
induced hypopituitarism during childhood®*2%39.
The difference in the development of anterior pituitary
hormone deficiencies, with growth hormone (GH)
being most frequently affected, suggests that selective
hypothalamic neuronal and pituitary cell damage by
direct radiation occurs.

Current evidence suggests that nearly 100%
of children treated with radiation dosage more than
30 Gy will have blunted GH responses to an insulin
tolerance test (ITT), whilst 35% of those receiving less
than 30Gry still show a normal peak GH response to
the ITT between 2 and 5 years after radiotherapy®?.
Prospective studies also suggest that impaired GH
responses to provocative tests can occur as early as
3 months and certainly in the first 12 months post-
irradiation for brain tumors®**». When the RT consists
of one set of fields covering the whole brain, the HP
region lies within these fields and thus receives the
full-prescribed dose. If the RT consists of two sets of
fields, a primary set covering the whole brain and a set
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of boost fields covering for instance the posterior
fossa, the total dose to the HP region depends on
whether this region is totally or partially included in
the boost fields. Since the delimitation of the HP region
is difficult to delineate it was not apparent how much
of the volume of the HP model would provide the best
description of the dose received by the HP region.
All patients in the IDHPA group had received cranial
irradiation/cranial-spinal irradiation ranged from 24 to
60 Gy, whilst the average risk medulloblastoma patients
in the present study received dosage radiation of HP
region lower than other type of brain tumor, which
received at least 36 Gy. However, it has been claimed
that irradiation of the hypothalamus with focal RT of the
posterior fossa, e.g. in children with medulloblastoma
cannot be avoided due to the very close relation of
the anterior limit of the posterior fossa radiation
field extending to the posterior clinoid, and hence
encompassing the posterior part of the hypo-
thalamus®**¥, Therefore, this can be explained for the
medulloblastoma patients who received lower dosage
of RT but still had GHD. However, one medulloblastoma
(Pt 10) who had an average risk and received cranial
spinal irradiation of 24 Gy with posterior fossa boost of
55 Gy still had normal GH after clonidine test which
might be explained by interindividual differences in the
degree of irradiation to the HP region, and the fact that
there is a steep dose gradient on the border of the
radiation field underlines the necessity of very precise
planning of the treatment fields as in the study of
Schmiegelow M which observed huge interindividual
differences in time to onset of GHD in children pre-
sumably equally treated®. Moreover, one brain stem
glioma (Pt 11) and one mixed germ cell tumor of
thalamus (Pt 7) still had normal GH even 4.5-5.4 years
after completion of high dosage local brain irradiation
(60, 50 Gy respectively), this could be explained by
effectively avoiding the HP region from radiation in
both cases. Consequently, while GHD is prevalent in
brain tumor survivors, other pituitary hormone deficits
occurred in only 2-6% after almost 10 years following
40-50 Gy®-.

Clinical observations revealed that GH is the
most radiosensitive followed by gonadotrophin,
adrenocorticotrophin (ACTH) and thyrotrophin (TSH)
the last hormone to be affected, although variations
in this order can occur. Compared to the present
study, GHD was found in 70% of the patients in the
IDHPA group while cortisol deficiency and central
hypothyroidism were found in only 10% of each.
Schmiegelow et al (2006) found central hypothyroidism

44

in 6% and primary hypothyroidism in 24% of the
cohort (73% mild or compensated hypothyroidism
27% overt primary hypothyroidism) with a median
length of follow-up of 12 years (range: 2-28 years)®.
In contrast to previous study, the authors found
only 10% of central hypothyroidism without primary
hypothyroidism with a median time interval of follow-
up of 5 years (range: 3.3-11.3 years). Previous studies
of Livesey et al (1990), Constine et al (1993), Oberfield
et al (1997) and Spoudeas et al (2003) based on less
than 12 years follow-up demonstrated only subtle
abnormalities of ACTH insufficiency suggesting that
the hypothalamic-pituitary-adrenal axis might be
affected relatively late by irradiation®**?. Schmiegelow
etal (2003) found dysfunction of the HPA axis in 19%,
who demonstrated insufficiency of their HPA axis with
basal cortisol levels below 500 nmol/liter and which did
not respond with a peak cortisol above the cut-off level
to neither an ACTH test (30 or 60 min.) nor an ITT®,
The present study demonstrated 10% of IDHPA group
(Pt10) with a subtle low response to ACTH stimulation
test with peak cortisol less than 18 pg/ml at 30 and 60
minutes (16.7 and 13.7 ug /ml respectively).

Endocrinological late effects of chemotherapy
in the treatment of brain tumors have only been
investigated in a few studies®®. The effect of
chemotherapy on growth has been suggested to
potentiate the deleterious effects of RT. In the cohort
study, Schmiegelow et al (2000) investigated the
possible influence of chemotherapy on peak GH by
an ITT/arginine stimulation test in 73 children who
were treated with CIR or CSI and 29 children were
treated pre- and/or postoperatively with adjuvant
chemotherapy in addition to RT, and concluded that
chemotherapy did not have a significant impact on GH
secretion®”. Because of the limited number of patients
in the present study, the authors could not conclude
whether chemotherapy potentiated the RT effects or
not. Hypothalamic-pituitary dysfunction secondary to
radiation is also time dependent. There is an increase
in the frequency and severity of hormonal deficits
with a longer time interval after radiotherapy. The
progressive nature of the hormonal deficits following
radiation damage to the hypothalamic-pituitary
axis can be attributed to the delayed effects of
radiotherapy on the axis or the development of
secondary pituitary atrophy following previous
hypothalamic damage®***4". This necessitates
prolonged follow-up with serially testing of pituitary
function in patients treated with cranial irradiation for
brain tumors.
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Conclusion

As the overall cure rate of children treated
for a brain tumor has increased during the last three
decades, the number of long-term survivors is increas-
ing. The improvement in prognosis has been achieved
at the expense of serious late effects, including
endocrine problems. The recognition and prompt
management of these are essential to prevent further
morbidity and impairment of quality of life. From the
present study, the authors will further develop
endocrinological monitoring protocol for childhood
brain tumor survivors in our hospital. Future research
for endocrinological problems in the brain tumor
patients should be designed to direct the better
method of treatment that can reduce these problems in
childhood brain tumor survivors.
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