J Neurol Neurosurg Psychiatry: first published as 10.1136/jnnp.52.4.488 on 1 April 1989. Downloaded from http://jnnp.bmj.com/ on September 23, 2021 by guest.
Protected by copyright.

Journal of Neurology, Neurosurgery, and Psychiatry 1989;52:488-492

Effects of radiation therapy on neuropsychological
functioning in patients with nasopharyngeal carcinoma
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Sixteen patients who had a nasopharyngeal carcinoma (NPC) who were treated with
radiation therapy were followed up after a median duration of 5 5 years and given a battery of
neuropsychological tests. Results were compared with a comparable group of newly diagnosed NPC
patients awaiting radiation therapy. The irradiated group was significantly poorer in overall IQ, nonverbal memory recall, and reported a substantially greater number of memory related complaints.
These results contrast with the complacent general assumption that radiation therapy has a negligible
effect on adult functioning.
SUMMARY

performance scores of the intelligence test that are
adversely affected.
Whether adverse neuropsychological effects occur
in adults who have received radiation therapy is
unclear. Radionecrosis of the temporal lobes
developed after a mean interval of 60 months in a small
group of seven subjects with nasophyaryngeal carcinoma studied retrospectively" but there are little data
on the neuropsychological functioning of such
patients. The present study investigated the effect of
radiation therapy on the neuropsychological functioning of adult patients with nasopharyngeal carcinoma.
It was undertaken for two reasons. Firstly, while a
number of studies have been done on children in this

The central nervous system is often exposed to considerable doses of irradiation.'2 This happens when a
primary or secondary tumour within the central
nervous system is the target for radiation therapy and
also when a tumour outside the central nervous system
lies in its close proximity. Thus the temporal lobes are
vulnerable to radiation therapy in patients with nasopharyngeal carcinoma (NPC) because they are in the
path of the radiation beams.
Although there is now much evidence of the hazardous effects of radiation therapy on life expectancy,
genetic structure3 and on the central nervous system4
there is little information about its effect on neuropsychological functioning. Consequently, patients' needs
for information and after care of such effects after
radiation therapy may have been underestimated.5
Neuropsychological studies on the effects of radiation
therapy in adults are scant and poorly documented
and in similar studies on children, the results are
conflicting and inconsistent. Nevertheless two major
trends are noted. First, most studies have indicated
that the age at diagnosis and treatment is important
and the age of 5 is generally regarded as a critical time.
If CNS irradiation takes place before 5, the effect on
the intellectual development of the child is likely to be
serious."'0 Secondly, the effect of radiation therapy, if
present, mainly concentrates on the nonlanguage
aspects of cognitive functioning. It is usually the
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area, there are few data on adults. An unspoken but
untested assumption seems to exist regarding the
absence of adverse effects on adults. Secondly, by
virtue of its location beneath the base of the skull and
its propensity to spread through it, nasopharyngeal
carcinoma does not lend itself to radical surgical
excision, and radiation therapy remains the definitive
treatment.'2'4"Understanding how patients may be
affected by this treatment is important for subsequent
rehabilitation. This study employed both a prospective as well as cross-sectional design. The results of the
cross-sectional study are now reported.
Patients

Between April and December 1987, patients with NPC
followed up in the out-patient clinic of the Department of
Radiotherapy, Queen Mary Hospital, were recruited into the
study if they satisfied the following criteria: (1) age between
30 and 65, (2) staging at initial diagnosis being Stages I, II or
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without other modalities of treatment, such as chemotherapy, (4) at least 2 years after completion of the course of
radiation therapy, (5) in complete remission with no evidence
of disease clinically, endoscopically or radiologically; and (6)
ambulatory without motor, sensory or cranial nerve deficits
attributable to either disease or the effect of treatment.
During the same period, patients recently diagnosed with
NPC and waiting for radiation therapy were included as
controls (as well as prospective patients for the longitudinal
segment of the study) if they satisfied the following criteria:
(1) age between 35 and 65; and (2) staging at initial diagnosis
being Stages I, II, or III.
Informed consent was obtained from all subjects. All
subjects received a standard neurological examination and a
cranial computed tomography (CT) to identify any area of
radiation necrosis or any evidence of intracranial lesion.
Radiation therapy to the nasopharynx was delivered by a
8MV linear accelerator or a telecobalt-60 unit. The whole
treatment was divided into 2 phases. For phase 1, the
nasopharynx was treated by two lateral opposing facial fields
to half of the intended dose. For phase II, the nasopharynx
was treated by a three-field technique consisting of two
lateral opposing and one anterior facial field. The eyes, a
large part of the tongue and brainstem were shielded from the
lateral fields. The lateral part of the temporal lobes were also
shielded together with the eyes in the anterior field. The dose
schedule for the nasopharnyngeal regions consisted of
350 cGy mean tumour dose thrice per week to 59-5 Gy over 6
weeks (range 55-63 Gy), corresponding to a time and dose
factor of 127 (range 118-135). Simultaneously, the neck was
treated by an anterior cervical field to 52 5 Gy over 5j weeks,
with the larynx and the spinal cord shielded centrally. In all
cases, as the superior margin of the treatment field was above
the sella turcica and covered the sphenoid sinus, a potential
site of tumour spread, part of both temporal lobes and the
pituitary-hypothalamic axis would be within the target
volume. The inferior parts of both temporal lobes were
treated with a mean vertical span of 2 5 cm (range 2-22 8 cm) to a mean estimated dose of 52 8 Gy (range 4757 Gy).
Methods

All patients were assessed on a battery of neuropsychological
tests by either one of the two psychologists involved in the
study.
Tests of intellectual functioning. Patients' intellectual functioning was assessed using the information, comprehension,
similarities, coding, and the block design subtests of the
Wechsler Adult Intelligence Scale. The overall verbal, performance and full scale IQs were prorated and calculated on the
basis of the subtests administered.
Tests of memory functioning. Memory functioning was
assessed with three tests and a self-report memory checklist.
The Logical Memory Test involved an immediate and a 30
minutes delayed recall of two short prose passages read to
subjects. The score obtained was the number of segments of
the stories correctly recalled. The Associate Learning Test
required subjects to learn 10 pairs of word lists. A total of
three presentations were given, and the score was calculated
on the basis of the number of easy and difficult associations

memory recall where subjects were asked to copy a geometric
figure (the Rey Figure) and then, without forewarning, to
attempt to reproduce it after 30 minutes. The Subjective
Memory Complaints checklist"5 was administered to measure
patients' own complaints relating to their memory functioning.
Other tests of global deficits: Three automated computer
administered laboratory tests, and the Finger Tapping Test
were included to measure more gross neuropsychological
deficits. The Tachistoscope Test was used to measure visual
information processing time. Slides consisting of a single
digit number were presented through a Tachistoscope at a
starting speed of 5 ms. The minimal processing time was
calculated on the basis of the time required for five consecutive correct identifications. The Motor Reaction Time
Test required subjects to press or release a hand held button
in response to the onset and cessation of a green or red light.
Response speed and accuracy were measured. The Span of
Apprehension Test was used to measure visual scanning and
signal detection ability. An array of nine numbers was
presented randomly placed in a 4 x 4 squares design with an
exposure time of 75 ms. Subjects were asked to identify
whether a designated number was present in the array or not.
This test also measured subjects' concentration and ability to
adhere to a task despite the presence of background distractions. The Finger Tapping Test measured finger tapping
speed of both the preferred and the nonpreferred hand using
a standard finger tapping counter.

Statistical methods
Data were analysed with the aim of detecting differences in
the perfonnance of the patient and control subjects. All data
collected were treated statistically using the Student t-test,
and the 3-way analysis of variance test where appropriate, on
a standard SPSS/PC + statistical package."6

Results

Subject Characteristics
Sixteen patients and 21 controls were studied. Their
basic demographic data are shown in table 1.
Educational level of all subjects was concentrated
towards the lower end, and the two groups were
comparable. The median post-irradiation duration
was 5-5 years (range 2-5-10-2 years). Two subjects in
each group had co-existing medical diseases (see table
1). One patient was noted to have hypopituitarism and
was on thyroxine replacement. Cranial CT was normal
in the majority of subjects, with only two patients and
one control showing CT features of a mild degree of
cerebral atrophy. They were all aged 59 years or above.
Intellectual Functioning: Scores on the intellectual tests
administered were calculated on standard scaled score
conversions as stipulated in the Manual of the WAIS.'7
A comparison of results of the two groups indicated
that the patient group obtained significantly lower
scores than the control group in full scale IQ, verbal
IQ, and performance IQ (see table 2). Specific areas of
cognitive deficits noted were in recall of general
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11114, (3) received only a single course of radiation therapy correctly learnt. The Rey Figure is a test of non-verbal

Table I Background characteristics ofpatients and controls
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Table 3 Comparison ofpatients and controls on memory

functioning
Patient
N
16
Sex (M:F)
11:5
Age (Mean (s.d.))
48 (9)
Number of co-morbid 2t
diseases
Number with cerebral 2
atrophy on CT

Educational level:
nil or primary
secondary
post-secondary
university

4
8
1
3

Control
21
14:7
44 (7)
2*
1

p

Irradiated
n.s.
n.s.
n.s.
n.s.

3
7
9
2

x2 = 6-2, df = 3, n.s.

Rey Figure (Copy)
Rey Figure (Recall)
Logical Memory
(Immediate Recall)
Logical Memory
(Delayed Recall)
Associate Learning
Subjective Memory
Complaints

*I diabetes mellitus, I ischaemic heart disease.
t2 hypertension.

information from memory (Information), level of
social understanding (Comprehension), and nonverbal concept formation involving the ability to
analyse, synthesise, and reproduce abstract geometric
designs (Block Design).
Memory Functioning: The patient group performed
significantly poorer in the delayed recall of a geometric
design, on the immediate recall of two verbally related
short stories (Logical Memory test), and reported
significantly more memory related problems as recorded from the Subjective Memory Complaints Checklist (see table 3). Delayed verbal memory recall of the
same stories and associate learning of the two groups
were not statistically different.
Other Neuropsychological Functions: Finger tapping
speed of both the preferred and non-preferred hand in
both groups were not significantly different. Speed of
information processing and reaction time were not
different. The patient group made significantly more
errors in the Span of Apprehension Test compared
(t = 2-39, p = 0.023) to the control group.
The Effects of Sex and Education on Neuropsychological Functioning: To further tease out the
differential effects of radiation therapy, education and
sex on the neuropsychological measures administered,
a three way analysis of variance was calculated on
variables that significantly differentiate between the
experimental and control groups. Age, although a
Table 2 Comparison ofpatients and controls on intellectual
functioning

Information
Comprehension
Similarities
Coding
Block Design
VerbalIQ
Performance IQ
Full Scale IQ

Irradiated
NPC Patients

Controls

t-value

(Significance)

6-68
7-6
6-25
5-6
7-8
83-1
89 1
84-7

8 85
95
8 85
75
97
953
99.0
96-7

217 p < 0-05
2-03 p < 0 05
1 40 n.s.
1 60 n.s.
2-32 p < 0 05
210p <005
2 04 p < 0 05
2-23 p < 0 05
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t-value

NPC Patients

Controls

(Significance)

87-6
38-4

96-6
57 1

1-83 n.s.
2-94 p < 001

16 8

21 5

1-98 p < 005

129
11-3
44-8

16-9
12-3
21-0

1 15n.s.
0-89 n.s.
2-24 p < 005

highly significant factor, was not included in the
differential analyses because the mean age of two
groups were not statistically different. Sex and
educational level were noted significantly to affect
patient scores in the information, comprehension, and
block design subtests, and the verbal, performance
and overall IQ. Immediate recall of verbal materials
and delayed reproduction of the Rey Figures were also
influenced by sex and education. Sex, education, and
radiation therapy, however, did not exert an interactive additive or negative effect on one another (see
table 4).
Discussion

While it must be stressed that all of our NPC patients
were able to function at an acceptable level, there is
little doubt that a significant number suffered from
sub-clinical cognitive and intellectual deficits. Our
present results indicated a general lowering of overall
IQ, a poorer ability to retrieve information from long
term memory (Information), a poorer ability to
acquire and recall recently given non-verbal information (Rey Figures-delayed recall), and a poorer grasp
of social realities (Comprehension) as major areas of
problems after radiation therapy. The radiation
therapy treated group tended also to respond to tasks
in a rash and reflexive manner resulting in more errors
and less well thought out solutions. In terms of
anatomical correlations, the neuropsychological
deficits were extensive and were not confined to
functions mediated by the temporal lobes. This may be
due to vascular changes affecting distant sites of lesion
as radiation injury may not be confined to the limits of
the radiation beams. The detrimental effects of radiation therapy were more conclusively demonstrated as
the influence of sex and education was statistically
separated out. Also, as patients in the control group
may still be suffering from psychological distress
relating to their recently discovered illness, they may
be disadvantaged in their performance on neuropsychological tests as anxiety level is well documented to

Wain Effects:
Group

Sex
Education
'-way Interactions:
Sex x Education
Group x Sex
Group x Education
,-way Interactions:
Group x Sex x Education

F value

Sig.

F value

Sig.

F value

Sig.

F value

Sig.

451
5 04
493

p = 0044
p = 0035
p = 0009

49
7-4
10 9

p = 0038
p = 0-012
p = 0-000

26
59
26

n.s.
p = 0-02
n.s.

68
90
16-4

p = 0016
p = 0006
p = 0000

1 71
007
1-45

n.s.
n.s.
n.s.

0-89
0-67
0-67

n.s.
n.s.
n.s.

025
0-87
13

n.s.
n.s.
n.s.

1-2
0-04
1 08

n.s.
n.s.
n.s.

009

n.s.

0 11

n.s.

064

n.s.

0-13

n.s.

Performance IQ
Wain Effects:

Group
Sex
Education

Full Scale IQ

F value

Sig.

2-3
65
73

6-1
n.s.
p = 0-018 103
p = 0001 152

!-way Interactions:
017
Sex x Education
028
Group x Sex
1-5
Group x Education
r-way Interactions:
Group x Sex x Educationl 56

Verbal IQ

Block Design

Comprehension

Information

F value

Sig.

Logical Memory
(Immediate Recall)
F value

p = 0-022 67
p = 0004 21-9
p = 0000 78

Sig.

(Delayed Recall)
F value

Sig.

Memory Complaints
F value

Sig.
p = 0021
p = 0013

p = 0-016 8-1
p = 0-000 7-8
p = 0001 35

p = 0009 6-1
p = 0010 72
p = 003 19
n.s.
n.s
n.s.

27
018
26

n.s.
n.s.
n.s.

n.s.

16

n.s.

n.s.
n.s.
n.s.

0-29
001
15

n.s.
n.s.
n.s.

075
0-13
3-8

044
n.s.
1-1
n.s.
p = 0023 2-2

n.s.

067

n.s.

1 1

n.s.

affect test results adversely.'8 Despite this, the control
subjects' better performance can be taken as a further
documentation of the detrimental effects of radiation
therapy on the cognitive functioning of NPC patients.
Sex and educational level were noted to have a
significant effect on neuropsychological tests performance. Being females and having a low educational
level tended to be associated with a lower score in
memory and intellectual functioning assessment. The
effects of sex, however, were dubious as an examination of our female subjects indicated that the majority
of them had either no or very little formal education.
From the analysis of variance results, curiously little
interactive effects of sex, educational level and radiation therapy were detected. One exception was the
immediate recall of verbal information where a better
education was noted to enable subjects to achieve a
higher percentage of recall despite detrimental radiation effects on other functions. This may be due to a
better utilisation of memory and retrieval tactics
provided by general education such that actual
memory test performance was protected despite other
detrimental influences.
As the majority of our patients had normal CT
scans, little correlation was noted between neuropsychological functioning and radiological abnormalities. It must, however, be pointed out that CT may
not detect subtle changes such as white matter abnormalities which may be better delineated with MRI.

Subjective

Rey Figures

03

n.s.

Owing to the limitation of resources CT is the best
guide we have at this stage.
Owing to the paucity of information on neuropsychological functioning on adult patients after radiation therapy, a brief review of findings from research
on children is likely to provide some relevant pointers
for our consideration. Positive results were generally
noted in studies which compared the performance of
leukaemic children with that of the normal population. Compared with healthy siblings, leukaemic children with radiation therapy were found to have
significantly lower IQ,8"9 significantly poorer scores in
verbal comprehension, perceptual organisation,
freedom from distractibility and reading age assessment.7 Eiser and Lansdown6 also noted that radiation
therapy effects were pronounced in producing poorer
memory and motor skills particularly in younger
children. Consistently positive results had been
obtained, and the pattern of deficits was very closely
similar to what we obtained in our present adult NPC
population. It was not clear, however, from previous
studies on children, as to whether the impairment was
due to the state of ill health, the chemotherapy
treatment or CNS irradiation, or a combination of the
various factors. In our present study, however, the
state of ill health clearly did not exert any deleterious
effects as there was no indication that physical and
neurological status were significantly poorer in the
patient compared to the control group.
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Fable 4 3-way ANOVA on effects ofradiation therapy, sex, and educational level on test performance

In terms of recovery from effects of brain injury,
opposing views were evident in the literature. It

two

had
frequently been argued that injury to the central
nervous system in children was less severe than
comparable injury in the adult, and that the developing organism was endowed with compensatory
mechanisms which the adult lacked. In line with this
view, studies of brain injury20 reported that apparently
similar degrees of injury had a less deleterious effect on
children than on adults, and this applied especially to
the recovery oflanguage functions. An opposing view,
however, stated that the less developed brain was more
vulnerable to adverse influences than the mature
brain.2' Thus, although extreme malnutrition did not
appear to cause intellectual deterioration in the adult,
the effects on children were severe and often irreversible.22 In our consideration of the effects of radiation
therapy on the adult NPC patient population,
recovery from the subtle intellectual and cognitive
deficits may be more complex. The detrimental effects
of such deficits may extend not just to problem solving
ability, but also to social and occupational functioning. The potential negative downward spiralling
effects of deficient neuropsychological functioning on
the patient's ability to function in other areas of life
may require serious attention. We pointed out in a
previous report" that the paucity of "mild" cases in
the literature on cerebral radionecrosis may be more
apparent than real as a result of underreporting.
Perhaps another reason was that deficits were often
not detected due to the limited opportunity that
patients had in gaining access to a proper neuropsychological examination of cognitive functions.
With a more informed understanding of the likely
hazardous effects of radiation therapy, better preventive as well as rehabilitative measures can be taken.
Preventive measures would include proper shielding,
and due consideration of the optimal total dose of
radiation and its fractionation. Rehabilitative
measures would include early secondary prevention
and early skills retraining23 as and when indicated on
the basis of a more comprehensive documentation of
cognitive deterioration which may often be detectable
at an earlier and more manageable stage.
A follow-up study of the control subjects after they
complete their radiation therapy is planned. Repeat
assessment and comparison of the data with baseline
measures will more definitively point to areas of
deficits arising from radiation therapy. The likely
effects on cognitive, social and occupational functioning, as well as any structural changes associated with
radiation therapy will be measured over time. The
effects and progression of probable neuropsychological as well as social and occupational
deterioration will be reported in due course.
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