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MRI of the Hypothalamus and
Pituitary Gland in Patients with Hyper-
prolactinaemia Following Radiotherapy
for Nasopharyngeal Carcinoma

KY Lau,WT Fung,P O Chan,W M Sze, AW M Lee, T KYau

ABSTRACT

Purpose: Neuroendocrine dysfunction is a known
complication of cranial radiation. While growth
hormone deficiency is the most common laboratory
finding, hyperprolactinaemia is one of the most
common symptomatic dysfunction in adult female
patients with nasopharyngeal carcinoma (NPC)
following radiotherapy. This analysis aims to study
the magnetic resonance imaging (MRI) features of
the hypothalamus and the pituitary gland in affected
patients.

Methods: MRI was performed in 24 patients NPC
with hyperprolactinaemia detected 10-52 months
following one course of radical radiotherapy. The
region of study included the nasopharynx, the
hypothalamus and the pituitary gland in 20 patients,
while in the remaining four patients, this was limited
to the pituitary gland. The estimated radiation
dose to the hypothalamus and the pituitary gland
was 66 Gy, and six patients also had adjuvant
chemotherapy. There was no clinical evidence of
tumour recurrence in all 24 patients when hyper-
prolactinaemia was detected.

Results: None of the 24 patients showed any MRI
evidence of structural abnormality in the
hypothalamic-pituitary region.

Conclusion: MRI did not reveal any structural
abnormality in the hypothalamic-pituitary region of
patients who developed hyperprolactinaemia
following radiotherapy for NPC.
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INTRODUCTION

For patients with cranial or head and neck tumours
treated by radical radiotherapy, the hypothalamic
pituitary region may inevitably receive high dose of
radiation. Endocrine dysfunction is thus a known

complication with incidence ranging from 8-50%7.
Growth hormone deficiency is often the first deficiency
to occur both in children®? and adults®®. Impaired
gonadotropin secretion®?b, delayed thyroid stimulating
hormone (TSH) response to thyroid releasing hormone
(TRH)®2 and hyperprolactinaemia®*¥ may also occur
and frequently lead to symptomatic dysfunction.

The exact site of damage remains controversial.
Basing on the pattern of endocrine changes, it has been
suggested that the pituitary failure in patients with
nasopharyngeal carcinoma (NPC) might be secondary
to radiation damage of the hypothalamus and/or the
hypothalamo-portal circulation®1, However, previous
studies using computerised tomography (CT) failed
to show supporting evidence of structural damage in
the corresponding site.

Magnetic resonance imaging (MRI) is more
sensitive than CT in detection of hypothalamic-
pituitary pathology®“®2?, but thus far there is no report
on its value in investigating endocrine dysfunction
induced by radiotherapy for NPC. Following is our
experience in using MR to search for the site of
structural damage in NPC patients who developed
hyperprolactinaemia.

METHODS
From January 1994 to October 1997, 330 adult patients
(250 males and 80 females) with nasopharyngeal
carcinoma (NPC) were treated with radical radiotherapy
in the Department of Clinical Oncology at the Pamela
Youde Nethersole Eastern Hospital (Hong Kong). The
serum prolactin, free thyroxin (T4), thyroid stimulating
hormone (TSH) and spot cortical levels were routinely
checked before commencement of radiotherapy and
then annually during subsequent follow-up.
Hyperprolactinaemia was detected in 24 patients:
18 females and 6 males. Their age ranged from
24-62 years (mean = 41 years). Initial staging of these
affected patients: nine stage Il, seven stage Ill and
eight stage 1V by UICC staging classification®. None
had any magnetic resonance imaging (MRI) or computed
tomography (CT) evidence of pituitary erosion before
radiotherapy, and none had tumour recurrence up
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Table I. Summary of 24 patients with hyperprolactinaemia.

Sex Age Stage Symptoms Serum Latency Interval MRI Chemotherapy
Level to detection To MRI Study
(mlU/L) (months) (months)
F 41 I Amenorrhoea 891 20 30 1
F 48 I 750 22 30 1
M 37 I 652 29 34 1
F 32 I Oligomenorrhoea 1848 33 39 3
F 39 Il Amenorrhoea 933 36 42 3
F 40 I 4310 39 46 2
F 28 I 1027 41 49 2
F 44 I 805 26 34 1
F 41 Il Amenorrhoea 2210 49 51 1
F 52 1] Irregular cycles 1678 24 26 3
F 31 11l Secondary 934 35 40 2 Neoadjuvant
Infertility
F 45 1 985 36 44 1
F 36 1 1081 38 39 1
F 36 1 957 51 53 1
M 51 1 2333 41 47 1
M 43 1 896 43 45 1
M 46 IVa 1818 10 27 2 Concurrent/adjuvant
F 42 IVa 1597 52 54 2
F 37 IVa Amenorrhoea 3319 13 27 1 Concurrent
M 52 IVa 1043 22 26 3
M 62 IVb 663 25 34 1 Adjuvant
F 31 IVb 1409 29 31 1 Concurrent/adjuvant
F* 42 IVb Irregular cycles 972 38 44 1 Adjuvant
F 24 IVb 995 44 50 1

Latency = interval from completion of radiotherapy to date of detecting hyperprolactinaemia;
Interval = interval from completion of radiotherapy to date of performing MRI;

MRI studies: 1 = nasopharynx + pre- and post-gadolinium pituitary
2 = nasopharynx + post-gadolinium pituitary
3 = pituitary only

*brachytherapy in addition to the basic course of radiotherapy

to the time of detection of hyperprolactinaemia.
Furthermore, none had antihypertensive, antipsychotic,
antidepressant treatment or other associated disease
that required cranial therapy.

All 24 patients had a complete course of
external radiotherapy using 6 MV photon from linear
accelerator. The estimated dose to the hypothalamus
and the pituitary gland was 66 Gy. One patient
with stage IV disease had additional boost by
brachytherapy (20 Gy in 4 doses), estimated
additional dose to the pituitary gland was 3.5 Gy.
Six patients (one stage 111 and five stage 1V) were
also given chemotherapy: two with concurrent/
adjuvant, one concurrent alone, one neoadjuvant and
two adjuvant. Cisplatin was used for concurrent
treatment, while a combination of cisplatin and 5-
fluorouracil was used for non-concurrent treatment.

Interval from completion of radiotherapy to
performance of MRI ranged from 26-54 months
(mean = 39 months). All 24 patients had MR done
by a 1.5-T MR imaging system (Signa, GE Medical
Systems, Milwaukee, Wisconsin, USA) with head
coil. Both the nasopharynx and the hypothalamic-
pituitary regions were investigated in 20 patients in

order to exclude tumour recurrence. The axial sections
were set at 3 mm thickness and 1 mm spacing, while
the coronal sections were set at 4 mm thickness and
1 mm spacing. All patients had sagittal T1 weighted
localiser images, axial T1, T2 with fat saturation, coronal
T1, post-gadolinium axial and coronal Tl with fat
saturation for the nasopharynx, and post-gadolinium
sagittal and coronal T1 for the pituitary gland.
In addition, 14 of them also had pre-gadolinium
sagittal and coronal T1 for the pituitary gland, one
had pre-gadolinium coronal Tl for the pituitary and
one had post gadolinium coronal dynamic scan for
the pituitary.

In the remaining four patients, the examination
was confined to the pituitary gland. Both sagittal and
coronal images were set at 3 mm thickness and zero
spacing. All four patients had pre- and post-gadolinium
sagittal and coronal T1 weighted images of the
pituitary gland, only one had additional coronal T2
weighted images of the pituitary gland.

RESULTS
Altogether 24 of 330 patients (7.3%) with NPC treated
during the period January 1994 to October 1997



developed hyperprolactinaemia following radical
radiotherapy. The four-year actuarial rate was 12%. The
incidence was significantly higher among female
patients then male patients: 33% vs 4.8%, p<0.0001.
Table | summarises the characteristic features of these
24 patients. All male and 10 female patients were
asymptomatic, while four female patients presented
with amenorrhoea, one oligomenorrhoea, two irregular
cycles, and one secondary infertility. Physical examination
and nasopharyngoscopy did not reveal any sign of
tumour recurrence, visual field defect or other signs of
hormonal dysfunction.

Latent period from completion of radiotherapy
to detection of hyperprolactinaemia ranged from
10-52 months (mean = 33 months). The serum level
of prolactin of these 24 patients ranged from 652-
4310 mIU/L (the overall mean = 1421 mlU/L). The
mean level was 1483 mIU/L among the female
patients (normal range being 8-656 mIU/L), and 1234
mIU/L among the male patients (normal range being
38-555 mIU/L).

None of the patients had abnormal level of free
thyroxin (T4), thyroid stimulating hormone (TSH) or
spot cortisol. Four stage IV patients had other radiation-
induced complication: three being neck fibrosis and
one hearing impairment. One stage Il patient had
hearing impairment.

All the MRI studies done in these 24 patients
did not reveal any abnormality. There was no MR
evidence of tumour recurrence, pituitary erosion,
pituitary macro/microadenoma, hypothalamic lesion or
temporal lobe necrosis.

DISCUSSION
Nasopharyngeal carcinoma (NPC) is a common
malignant tumour in Southern China. In Hong Kong,
NPC ranked fourth for males and eighth for females
in terms of incidence, and it ranked sixth for males
and eleventh for females in terms of cancer deaths®.
Radiotherapy is the primary treatment of choice, while
chemotherapy is increasingly used as an adjunctive
therapy for advanced cases® . The hypothalamus
and the pituitary gland are exposed to high dose
radiation, especially with conventional techniques
of radiotherapy®?. Disturbances in hypothalamic-
pituitary function affecting multiple hormones were
observed as early as one year after radiotherapy®.
The incidence of endocrine deficiency varies
widely depending on the target population, the
duration of follow-up and the intensity of search
(including use of stimulation tests). In the study
by Samaan NA et al on NPC and paranasal sinus
tumour®, 399%(43/110) patients surviving one to
26 years following radiotherapy developed hyper-
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prolactinaemia®. Focusing on patients <50 years of
age with stage | NPC, Lam KSL et al®® showed that
14% developed hyperprolactinaemia within two years
of radiotherapy. The current study includes adult
patients of all ages with NPC in all stages. Using simple
investigation of serum prolactin, free thyroxin (T4),
thyroid stimulating hormone (TSH) and spot cortical,
without specific stimulation tests or growth hormone
assay, hyperprolactinaemia was the most common
endocrine abnormality with a crude incidence 7.3%
and four-year actuarial rate 12%. The latency varied
widely from 10 to 52 months after radiotherapy.

In agreement with the study by Lam KSL et al®9,
the incidence was significantly higher in female
than male patients: 33% versus 4.8%, p<0.0001. Seven
of the female patients (39%) presented with menstrual
disturbances and one female patient (0.06%) presented
with secondary infertility, while male patients were
generally asymptomatic. The exact reason for this
difference by sex is yet unknown. There was no statistical
significant correlation between hyperprolactinaemia and
other factors including age of the patient, the stage of
disease and the use of adjuvant chemotherapy. However,
it should be noted that two patients with shortest latency
(10 months and 13 months) were both stage 1Va cases
given concurrent chemotherapy. The possibility that
such chemotherapy augments the effect of radiation
leading to increased risk of damage cannot be excluded.

The exact site and mechanism of damage remains
controversial. Suggested possibilities include direct
injury to the cells responsible for hormonal secretion,
or indirect injury to the stroma, microvasculature,
or vascular channels that transfer the hypothalamic
hormones to the pituitary®. Samaan NA et al favoured
primary organ damage, but no radiological evidence
of structural damage could be demonstrated by
conventional tomogram of the pituitary region®.

Other studies showed that the hypothalamus is
more sensitive to irradiation than the anterior pituitary
gland in both rats®® and humans®. Deficiency of
posterior pituitary hormone (e.g. diabetes insipidus)
had not been detected in any NPC patients®2%). Basing
on the pattern of endocrine abnormalities, Lam KSL
et al® suggested that the endocrine impairment was
most likely due to alternations in the secretion of
hypothalamic releasing hormone resulting from
radiation-induced damage to the hypothalamus.
Therefore, hyperprolactinaemia could have resulted
from injury to the hypothalamic prolactin-inhibitory
factor (PIF) - producing cells®”. However, high-
resolution CT scans (GE-8800 CT scanner) failed to
reveal any evidence of structural changes in the
hypothalamic-pituitary region or destruction of the
sella turcica®®,
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There is little controversy that MRI is more sensitive
than conventional or computerised tomography in
detection of hypothalamic-pituitary pathology®®2b.
However, in the current investigation in 24 consecutive
NPC patients with hyperprolactinaemia following
radiotherapy, none showed any MR evidence of tumour
recurrence, pituitary erosion, pituitary macro- or micro-
adenoma, hypothalamic lesion or other complication
such as temporal lobe necrosis. The drawbacks of our
study are that the protocol of MRI was not unified
and coronal T2 weighted images of the pituitary gland
were performed only in one patient. Although MRI
is a sensitive imaging technique in the detection of
hypothalamic pituitary lesion, it still has limitation in
resolution to detect structural lesion. The radiation
damage may be undetectable by MRI, but could be
enough to affect the PIF-producing cells. The damage
is possibly at cellular or microscopic level, and more
detailed evaluation and further study are needed.
Whether MR spectroscopy/functional pituitary
imaging will be useful for further substantiation of
hypothalamic pituitary axis in post-radiation hyper-
prolactinaemia or not requires further investigation.

In summary, hyperprolactinaemia is a common
complication following radical radiotherapy for NPC
and female patients are especially more susceptible.
Long term follow-up with careful monitoring of all
survivors is recommended. The degree of elevation of
serum prolactin is unpredictable and possibly related to
individual susceptibility. Adjuvant chemotherapy,
especially for patients with advanced diseases, may
have shorter latency. The exact mechanism of damage
remains uncertain as there was no MR evidence of
structural lesion in the hypothalamic-pituitary axis.
This definitely does not exclude the presence of
hypothalamic-pituitary damage and the study does
not remove the possibility of damage at a cellular level
that is below the resolution of MRI. Further protection
of normal structures by conformal technique should
be attempted.
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