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Temporal lobe and hypothalamic-pituitary
dysfunctions after radiotherapy for nasopharyngeal
carcinoma: a distinct clinical syndrome
E WOO, K LAM, YL YU, J MA, C WANG, RTT YEUNG
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SUMMARY Eleven patients with combined neurological and endocrine complications after external
radiotherapy for nasopharyngeal carcinoma are described. Neurologically, memory disturbance,
complex partial seizures and hypodense areas in one or both temporal lobes on CT were typical
features. Endocrinologically, hypopituitarism was the prominent manifestation. This constellation
of clinical features in a patient with previous radiotherapy to the nasopharynx characterises radi-
ation injury to the inferomedial aspects of the temporal lobes and the hypothalamic-pituitary axis.
While the parenchymal brain lesions may mimic metastases or glioma on CT, the associated endo-
crine disturbance would betray the correct diagnosis. The importance of recognising the hypo-
pituitarism which may be clinically asymptomatic and which is amenable to therapy is emphasised,
as is the need for a proper fractionation of the radiation dose to minimise the incidence of these
disabling complications.

Nasopharyngeal carcinoma (NPC) is a common
tumour among Southern Chinese, and radiotherapy
(RT) is the mainstay of its treatment. With effective
RT, a 5-year survival of 60% to 80% is currently
achieved for stages I and II of the disease.1 However,
such radiation is not without hazard.2 Over the last 5
years, we encountered a distinct clinical syndrome due
to the effects of such radiation characterised by hypo-
thalamic hypopituitarism and cerebral dysfunction
associated with temporal hypodensities on computed
tomography (CT) of the brain. We now report our
experience and emphasise the diagnostic character-
istics.

Patients and methods

Between 1982 and 1987, 11 patients were seen in the Univer-
sity Department of Medicine, Queen Mary Hospital, Hong
Kong because ofcombined neurological and endocrine com-
plications of radiotherapy (RT) for nasopharyngeal car-
cinoma (NPC). All patients were in clinical remission 6 to 22
years after external RT. With the exception of one patient
(patient 3) who was treated in China and hence his radiation
dosage was not available, RT to the nasopharynx in all other
10 patients was delivered through a pair of parallel opposed
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lateral facial fields supplemented by an anterior facial field
with the eyes shielded.3 A 4 5 MeV linear accelerator or a
telecobalt machine was used. Three patients (Nos 5, 8 and
10) received a second course of RT to the nasopharynx for
local recurrence. Of the 13 courses of RT, the fraction size
was 200 rad in two, between 200 to 400 rad in four, and more
than 400 rad in seven.
From 1976 to 1982 the Radiotherapy Department treated

80-100 new patients per year. During this period, the routine
dosage to the nasopharynx was 420 rad twice weekly up to
5040 rad. With this dosage, the estimated dose for the tem-
poral lobe was 4100 to 5950 rad, for the hypothalamus 4100
to 4500 rad,4 and for the pituitary 6200 to 6700 rad,4 based
on an equivalent of 200 rad per fraction, five fractions per
week.
Neurological assessment Clinical neurological assessment
was performed for all patients with special emphasis on cor-
tical functions. A Mini-mental State examination' was
administered to grade cognitive state. CT of the brain was
performed in all patients at the time of initial neurological
consultation and it was repeated in seven patients at varying
intervals on follow-up.
Endocrinological assessment Clinical endocrinological
assessment was performed for all patients with special
attention to pituitary functions. Structural lesions in
the hypothalamic-pituitary region were excluded by high-
resolution CT of the parasellar area. Hormonal studies were
performed after an overnight fast. Basal samples for serum
luteinising hormone (LH), follicle-stimulating hormone
(FSH), thyroid-stimulating hormone (TSH), thyroxine (T4),
cortisol, prolactin, testosterone or oestradiol were taken.
Subsequently, the growth hormone (GH) response to
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insulin-induced hypoglycaemia (insulin tolerance test,
insulin 015 units/kg), the LH and FSH responses to
luteinising hormone releasing hormone (LHRH, 100,ug),
and the TSH response to thyrotropin-releasing hormone
(TRH, 200,jg) were assessed as previously described.4

Results

The demographic characteristics, the radiation doses
and the main presenting features are summarised in

table 1. There were eight men and three women with
a median age of 48 years (range 33-64). The total dose
delivered to the nasopharynx ranged from 4560 to
10950 rad. Five patients presented to the neurologist
while six presented to the endocrinologist. The fol-
lowing complications were noticed 3 to 22 years after
the initial RT.
Neurologicalfeatures Although five presented with
neurological complications, clinically evident neuro-

logical dysfunction eventually developed in all 11

patients and started 4 to 22 years (median 5 years)
after the initial RT (table 1).

Eight patients had seizures, of which seven were

complex partial seizures with or without gener-
alisation and one nonfocal tonic-clonic convulsion.
The complex partial seizures were in the form of visual
hallucinations in four; deja vu, auditory and olfactory
hallucinations in each of the others. These seizures
were well controlled with anticonvulsant mono-

therapy. Seven patients had progressive amnesia
especially for recent events, and this was associated
with significant cognitive impairment in six. They
showed varying degrees of disorientation to time,
place and person. They had poor general knowledge
and social comprehension. Abstract thinking,
problem solving and verbal reasoning were impaired.
A change in personality was observed in six patients.
Two patients became irritable and aggressive, one

became passive and dependent, while three became
obsessive (table 2). Motor abnormalities were very
uncommon features. Only two patients (Nos 1 and 10)
showed a hemiparesis which was mild with no

significant limitation of mobility. Somatosensory
abnormalities were not observed.

In all 11 patients, CT of the brain showed hypo-
dense areas in the temporal lobes. These changes were
unilateral (fig, a and b) in six and bilateral (fig, c and
d) in five. When the changes were bilateral, they were

always asymmetrical with one temporal lobe affected
more than the other. In three patients, the hypodense
area extended into the adjacent frontal and parietal
lobes (fig d). Mass effect was observed in five patients,
being mild in four and moderate in one. Contrast
enhancement was seen in six patients, the pattern
being patchy, mild and irregular. Follow-up CT was

available in seven patients after an interval varying
between 1 and 4 years. There were no changes
in the CT appearance in four patients while
improvement was seen in three, consisting of reduc-
tion in the size of the hypodense areas and loss of mass
effect and contrast enhancement.3
Endocrinological features Six patients presented to
the endocrinologist with amenorrhoea-galactorrhoea
(three patients), impotence and decreased sexual drive
(two patients) and cold intolerance (two patients). Of
the five patients presenting with neurological symp-

toms, three eventually developed clinical evidence of
hormonal disturbance while two remained endo-
crinologically asymptomatic. Endocrinological dys-
function started 3 to 22 years (median 8) after the
initial RT. None of these 11 patients had evidence of
any mass lesion of the hypothalamic-pituitary region
on CT (table 1).

All patients showed abnormalities in either the
basal hormonal levels or the various stimulation tests.
Five patients had decreased basal T4 and two patients

Table 1 Demographic data, radiation doses and clinical features of the patients

Interval between Interval between
RT dose to nasopharvnx RT and onset of RT and onset of Duration of

Patientl (total dose in rad/fraction size neurological endocrine follow-up
Sex/Age in rad/yr) (y) Presenting feature symptoms (yrs) symptoms (yrs) (months) Current status

Presenting to neurologist
/M/49 5040/420/38 (1976) seizure 8 9 38 + alive, working
2/M/42 4560/380/38 (1965) bilateral optic atrophy 22 22 9+ alive, at home
3/M/33 unknown (1973) amnesia 5 11 32 + alive, at home
4/M/35 5320/200/38 (1977) cognitive dysfunction 5 8 54 + alive, at home
5/M/64 5320/200/34 (1974) seizure 9 13 61 dead

5000/250/37 (1981)
q Presenting to endocrinologist

6/M/57 5040/420/38 (1981) impotence 4 3 29+ alive, working
7/F/41 5040/420/38 (1980) amenorrhoea-galactorrhoea 5 4j 23 + alive, working
8/F/43 5040/420/38 (1980) amenorrhoea-galactorrhoea 4 3j 44+ alive, working

4000/500/29 (1982)
9/M/50 5040/420/38 (1971) impotence, cold intolerance 13 12 12 + alive, at home
10/M/49 5950/350/38 (1982) cold intolerance 5 3 30+ alive, at home

5000/250/37 (1983)
11 /F/48 5040/420/38 (1977) amenorrhoea-galactorrhoea 8 6 6 dead
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Table 2 Neurologicalfeatures of the patients

Clinical CT

Cognitive Personality MMSE Hypodense Mass Contrast
Patient Seizure Amnesia dysfunction change score area effect enhancement

1 + - - + 30 R temporal - +
2 - + + - 24 L temporal - +
3 _ + + + 20 bitemporal (R > L) -

4 + + + + 19 bitemporal (L > R) -

5 + + + + 11 L temporal, extending into + +
frontal and parietal

6 + - - - 30 bitemporal (L > R), + +
extending into frontal and
parietal

7 + + - + 30 bitemporal (L > R) +
8 + - _ _ 28 bitemporal (R > L), + +

extending into frontal and
parietal

9 - + + + 14 R temporal
10 + + + - 18 R temporal
11 + - - - 30 L temporal + +

+ = present; - = absent; L = left; R = right; MMSE = Mini-mental State examination.

had low basal cortisol. Prolactin was increased in the
three female patients with amenorrhoea-
galactorrhoea, one of whom also had decreased
oestradiol. Testosterone was decreased in five of the
eight male patients. Impaired GH response to insulin-
induced hypoglycaemia was present in nine patients,
impaired and/or delayed TSH response to TRH in 10
patients and impaired FSH/LH response to LHRH
in nine patients. These hormonal disturbances are
consistent with defects in hypothalamic-pituitary
regulation (table 3).
Follow-up Follow-up of these 11 patients ranged
from 9 to 61 months. Four patients had a good out-
come; they were active and gainfully employed despite
a mild degree of cognitive or motor deficit.
Seven patients had a poor outcome, including two
deaths (one from intracerebral haemorrhage6 and one
from aspiration pneumonia) and five who were unable
to continue their previous occupation although still
independent in activities of daily living (table 1).
Those patients with symptoms of hypopituitarism

responded satisfactorily to replacement therapy with
thyroxine, cortisol or sex hormones. Galactorrhoea
was readily controlled with low-dose bromocriptine.
Pathology Of the two deaths, one (No 11) had a
postmortem examination in which the temporal lobes
showed the typical pathological features of delayed
radiation necrosis7 in the form of coagulative necrosis
of the white matter, endothelial proliferation of the
blood vessel with fibrinoid necrosis of the vessel wall
and fibrin thrombi occluding the vascular lumen. The
pituitary showed atrophy and focal replacement by
fibrosis, consistent with the effects of irradiation.8
There was no evidence of tumour. These changes have
been reported in a previous communication.6

Discussion

We have described 11 patients who had neurological
dysfunction in association with hypopituitarism 3 to
22 years after external RT for NPC. Five patients
presented with symptoms of cerebral dysfunction
mainly in the form of seizures and/or memory
impairment, while six others presented with endocrine
abnormalities chiefly in the form of impotence or
amenorrhoea-galactorrhoea. In spite of this difference
in presentation, all patients had CT changes, namely
areas of decreased attenuation in one or both tem-
poral lobes consistent with cerebral radiation
necrosis, and all had laboratory evidence of
hypothalamic-pituitary dysfunction.

Since Fischer and Holfelder's original description
in 1930,9 cerebral necrosis has been a recognised
hazard of high dose radiation to any field which
includes the brain. This applies not only to radio-
therapy of intracranial tumours, but also extracranial
neoplasms in close proximity to the skull. Hence, radi-
ation necrosis of the brain has been observed fol-
lowing radiation of lesions of the scalp, paranasal
sinuses, nasopharynx as well as lesions in the pituitary
fossa.10 " The true incidence and natural history of
radiation necrosis of the brain remains unknown as
no long-term studies have been performed, although
one review12 suggested an incidence varying from
0 5% to 25%.

Radiotherapy is the primary mode of treatment for
NPC. As the inferomedial portions of the temporal
lobes lie directly within the radiation ports, it is not
unexpected that radiation damage to these structures
occurs, especially when survival is prolonged because
of more effective treatment. This is corroborated by
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Fig (a, b) Patient 2. Contiguous 10mm CT slices with intravenous contrast showing an area
of decreased attenuation in the left temporal lobe. No mass effect with minimal contrast
enhancement. (c, d) Patient 6. Enhanced CT scan showing bitemporal hypodense areas worse
on the left, with mild mass effect. Note the extension into the adjacent frontal and parietal
lobes.

the clinical manifestations in our patients. The prom-
inent memory disturbance with sparse motor or sen-
sory signs, the personality change and the frequent
occurrence of complex partial seizures certainly sug-
gest that the medial temporal areas suffer the major
brunt of radiation injury. Similar CT appearances
seen in the superior temporal regions and even the
adjacent frontal and parietal lobes are in keeping with
the vascular hypothesis"3 of radiation necrosis, in that

the extent of injury is affected by arteriolar thickening
and fibrinoid necrosis with resultant ischaemia to
diverse regions of the brain and is therefore not lim-
ited by the anatomical extent of the tissue within the
boundaries of the radiation beam. While patients
reported in this series all have clinically evident dis-
ease, it is likely that subclinical cognitive deficits are
present in an even larger number of patients. A pro-
spective study of the neuropsychological status of
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Table 3 Endocrinological features of the patients

Basal hormones Stimulation tests

GH TSH LH/FSH
response to response to response to

Patient Clinical features T4 Cortisol Prolactin IT TRH LHRH

1 impotence I NL NL * * *
2 asymptomatic NL NL NL * * *
3 impotence, cold intolerance I 4 NL * * *
4 impotence NL NL NL * * *
5 asymptomatic I4 NL * ND ND
6 impotence NL NL ND * *
7 amenorrhoea-plactorrhoea NL NL T * * NL
8 amenorrhoea galactorrhoea NL NL t * * *
9 impotence, cold intolerance NL NL NL * * *
10 cold tolerance NL NL NL * * *
11 amenorrhoea-galactorrhoea 4 NL t NL * *

I = decreased; t = increased; NL = normal; ND = not done; * = impaired or delayed response.

patients who had received such focal radiotherapy is
currently under way to obtain an accurate estimate of
the magnitude of the problem.
The hypothalamic-pituitary axis also lies within the

beam path and all our patients had hypothalamic-
pituitary dysfunction, as evidenced by the impaired or
delayed responses in the secretion of various pituitary
hormones to hypothalamic releasing factors, consis-
tent with previous reports of post-irradiation
hypothalamic-pituitary injury.'4'16 Hyper-
prolactinaemia has also been described in post-
irradiation hypopituitarism, 14 17 probably resulting
from a defective secretion or delivery of hypothalamic
prolactin-inhibitory factor. The actual incidence of
this complication is difficult to assess, but in a pro-
spective study4 of 31 patients, 28 had laboratory evi-
dence of impaired hypothalamic-pituitary functions
at 1 year, and four out of 21 patients followed up to
2 years developed clinical hypopituitarism. Since these
endocrine disturbances are amenable to therapy and
even more important, dangerous hormonal crisis may
ensue in asymptomatic and hence undiagnosed
patients under stress, it is advisable that pituitary
assessment be carried out in patients who had radi-
ation to the hypothalamic-pituitary region, especially
in the presence of neurological dysfunction.
The constellation of hypothalamic and temporal

lobe disturbances is strongly suggestive of radiation
injury in a patient with previous radiotherapy for
NPC, although metastasis and radiation-induced neo-
plasms may be considered in the differential diagnosis.
While NPC tends to spread to contiguous tissues, it is
unusual for large metastases to occur intracranially
without local recurrence. There is no evidence of
tumour recurrence in any of our patients and the
prolonged period of follow-up would also argue
against metastatic disease. Radiation-induced glioma
has been reported'8 but is most unlikely to be the case

due to the lack of progression on CT, a feature which

we have described in patients with cerebral radio-
necrosis.3 In addition, tissue diagnosis of patient 11
showed that the pathological features in the temporal
lesion and the pituitary were typical of radiation
injury and there was no evidence of any neoplastic
process.
While radiotherapy offers a much improved chance

of cure in NPC, there are certainly some untoward
sequelae. Although the endocrine abnormalities are
treatable, the parenchymal brain injuries are at
present irreversible. It is therefore imperative that
such injuries be prevented or at least minimised. The
total dose of radiation and its fractionation are
important aetiological factors.2 19 Three patients were
irradiated twice, the total dosage being 9000 to 10950
rad and it is not surprising that they developed radi-
ation necrosis. Of the other seven patients with known
dosages, the fractionated dose was 380 rad in one and
420 rad in five. It is known that once the fraction size
exceeds 200 rad or when the nominal standard dose
(NSD (that is, total dose in rad = NSD x N0 24 x
T°10, where NSD = nominal standard dose in ret, N
= number of fractions, T = time in days).22) exceeds
1620 ret, the risk of complication increases
markedly.'9 -21 Whether a smaller fractionated dose
would adversely affect tumour eradication warrants
further study, but readjusting the timing and the frac-
tionation to keep the NSD below 1600 ret will cer-
tainly reduce the incidence of these disabling
complications of radiation injury.

We thank Mrs Shirla Tam for secretarial assistance.
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