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BACKGROUND. Radiotherapy is an important treatment modality for brain tumors

and is the standard radical treatment for nasopharyngeal carcinoma (NPC). How-

ever, the treatment is not free of side effects, and one possible neurologic sequela

is the occurrence of temporal lobe radionecrosis (TLN) associated with cognitive

dysfunction. Currently, there is no effective intervention to improve patients’

cognitive performance.

METHODS. Twenty-nine patients with TLN after radiotherapy for NPC were re-

cruited on a voluntary basis. Among them, 19 patients (15 males and 4 females)

received a megadose of alpha-tocopherol (vitamin E) (2000 international units per

day) for 1 year, whereas the other 10 (5 males and 5 females) served as control

patients. Their cognitive function (i.e., global cognitive ability, attention, memory,

language, and executive function) was evaluated by a battery of neuropsycholog-

ical tests before and after treatment.

RESULTS. Significant improvement in global cognitive ability (P � 0.035) and

memory (verbal: P � 0.036; visual: P � 0.007) occurred among patients in the

treatment group after a 1-year medication period. In addition, the executive

function of the treatment group improved significantly (P � 0.04). No difference

was found between the two groups with respect to attention or language.

CONCLUSIONS. The current investigation was a preliminary study on the effect of

alpha-tocopherol on the cognitive function of patients with TLN after radiotherapy

for NPC. In view of the absence of effective treatment for patients with cerebral

radionecrosis, alpha-tocopherol has the potential to be a complementary inter-

vention for patients with cognitive dysfunction due to TLN. Cancer 2004;100:

398 – 404. © 2003 American Cancer Society.

KEYWORDS: alpha-tocopherol, nasopharyngeal carcinoma, temporal lobe radione-
crosis, neuropsychological function, radiotherapy.

Cognitive dysfunction due to temporal lobe radionecrosis (TLN) is
one of the most common cognitive sequelae experienced by pa-

tients after radiotherapy for nasopharyngeal carcinoma (NPC).1 The
severity of cognitive impairment depends on the volume of the lesion
found in the brain—i.e., the larger the lesion volume, the more severe
the memory impairment.2 However, there currently is no effective
treatment to enhance the cognitive function of patients with NPC
who develop TLN after radiotherapy. Although steroids are used to
treat the cerebral edema associated with radionecrosis, the treatment
may have side effects. Instead of improving the cognitive function of
patients with NPC, studies have indicated that the use of corticoste-
roids can cause a decline in cognitive function, including memory
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loss.3,4 Some patients even die of uncontrolled sepsis
related to induced immunosuppression.5

Although the cause of the pathologic change for
cerebral radionecrosis is not fully understood, it has
been proposed that it may be related to free radical
generation and tissue peroxidation in the central ner-
vous system.6,7 With the discovery of the negative im-
pacts of free radical generation on brain function,
many studies have been conducted to explore the
effectiveness of alpha-tocopherol (vitamin E) on brain
function. The antioxidative function of vitamin E has
been studied extensively in animals and humans over
decades. In a neurobiologic experiment with hypoxic
cultured neurons, vitamin E inhibited lipid peroxida-
tion and reduced cell death.8 It also decreased the
degeneration of hippocampal cells after cerebral isch-
emia9 and improved the recovery of motor function
after spinal cord injury10 in animal studies.

Various studies have found significant and posi-
tive effects among subjects who received vitamin
E.11–15 In a double-blind, placebo-controlled, random-
ized, multicenter trial comprising patients with Alz-
heimer disease (AD) of moderate severity, Sano et al.15

found that 85 patients, after receiving vitamin E (2000
international units [IU] per day) for 2 years, demon-
strated significantly slower progression of the disease.
Specifically, compared with their counterparts who
received placebo, patients who received vitamin E
took longer to reach one of the following end points:
death, institutionalization, or loss of the ability to per-
form basic daily activities such as eating, grooming,
and using the toilet. Sano et al. did not find significant
adverse side effects including cardiac, gastrointestinal,
dermatologic, psychiatric, or neurologic symptoms in
these patients after taking a megadose of vitamin E for
2 years.

The positive effects of vitamin E also have been
reported for patients with vascular dementia and for
elderly people without dementia. In a longitudinal,
community-based epidemiologic study of 3385
younger men, the combined use of vitamin E and C
supplements had a significant protective effect against
the occurrence of vascular dementia in their later
years. In addition, among men without dementia, the
use of either a vitamin E or C supplement was asso-
ciated with a better cognitive test performance.12 In
two other population-based longitudinal studies, vita-
min E intake from foods or supplements was found to
be associated with less cognitive decline13 and a re-
duced risk of AD.11,14

In view of the beneficial effects of vitamin E that
have been observed in animals, elderly people without
dementia, and patients with dementia, the current
study evaluated the effect of a megadose of vitamin E

on patients with NPC who develop TLN. Our objective
was to determine whether vitamin E could improve
the cognitive functioning of these patients. Clinical
investigation of possible interventions for patients
with cerebral radionecrosis remains very rare. There-
fore, the current study was an initial investigation to
explore the effects of vitamin E on patients with NPC
who have TLN.

MATERIALS AND METHODS
Patient Population
Patients with cerebral radionecrosis after radiotherapy
were eligible for the study. The following entry criteria
were established: 1) freedom from recurrence for � 5
years; 2) radiologic evidence of TLN; and 3) no mental
impairments. Patients with significant psychiatric
problems, severe hearing and/or vision loss, or speech
problems that might affect their cognitive perfor-
mance were excluded from the study. The protocol
was approved by the institutional review board at the
Queen Elizabeth Hospital, and informed consent was
obtained from all participants.

The study included 29 patients with NPC who had
either unilateral or bilateral TLN. They were recruited
from the neurology clinic at the Queen Elizabeth Hos-
pital in Hong Kong and enrolled in the study protocol
on a voluntary basis. Of these patients, 19 (15 males
and 4 females) were treated with vitamin E and 10 (5
males and 5 females) served as control patients. In the
treatment group, 73.7% and 26.3% of patients had
bilateral and unilateral TLN, respectively, compared
with 70% and 30% of patients in the control group.
The presence of unilateral and bilateral TLN was bal-
anced between the two groups (�2 � 0.05; degree of
freedom [df] � 1; not significant). Patients also were
matched for age, education, radiation dosage during
radiotherapy, time since radiotherapy, and lesion vol-
ume (Table 1).

Treatment Plan
A vitamin E dosage similar to the one used in the
double-blind, placebo-controlled, randomized, multi-
center trial conducted by Sano et al.,15 was chosen for
the current study. Patients in the treatment group
received 2000 IU per day of vitamin E for 1 year,
delivered at a dose of 1000 IU twice per day.

To ensure the safety of the treatment and patients’
full participation, patients’ medical conditions,
checked via routine blood and urine analyses and
drug compliance, were monitored constantly by med-
ical officers during regular medical follow-ups at the
clinic. All patients in the treatment group were re-
ported to have complied well with the medication and
no significant adverse side effects were observed.
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Neuropsychological Assessment
Neuropsychological tests were administered to each
patient by trained examiners before and 1 year after
medication. The examiners were blind to the medica-
tion received by the patients. Written informed con-
sent was obtained from all patients for assessment
before and after treatment.

A Cantonese version of the Mini-Mental Status
Examination (CMMSE)16 was used to determine global
cognitive performance. A computerized reaction time
attention test developed by one of the authors (A.S.C.)
was used to measure patients’ sustained attention.
Patients were asked to use their dominant index finger
to touch a black circle that was flashed in random
positions on the computer screen as quickly as possi-
ble for 160 trials. The average reaction times in com-
pleting the successful trials in terms of milliseconds
were recorded in the computer. This type of paradigm
was found to be sensitive in detecting attention defi-
cits.17,18 The Hong Kong List Learning Test (HKLLT)19

was employed to measure verbal memory. The Visual
Reproduction subtest of the Wechsler Memory Scale-
III (WMS-III VR)20 was used to assess visual memory.

Expressive language ability was assessed by the
Category Fluency Test (CFT).21 A computerized Cog-
nitive Flexibility Test developed by one of the authors
(A.S.C.) was used to assess subjects’ ability to think
flexibly. On a touch-screen monitor, two rows of geo-
metric figures were displayed. Within each row, two
circles and two squares were interleaved with each
other. The figures in the bottom row were response
keys for the patients to touch. In the top row, either
one or two figures were randomly flashed simulta-
neously. The possible combinations were one circle,
one square, two circles, and two squares. If one circle
was flashed, the subject had to touch two squares. If

one square was flashed, two circles had to be touched.
If two circles were flashed, one square had to be
touched, whereas one circle had to be touched for two
flashed squares. The test included 40 trials and the
average reaction times in completing the successful
trials in terms of milliseconds were recorded in the
computer.

Self-Evaluation on Cognitive Function
In addition to neuropsychological assessment, a ques-
tionnaire was administered to the patients with NPC
to rate their opinion on 8 cognitive domains, including
attention, reading, writing, memory, visual motor abil-
ity, expressive ability, computational skills and plan-
ning, on a 5-point scale (1 � the worst, 3 � average;
and 5 � the best) before and after 1 year. The total
score ranged from 8 to 40 points. Higher scores indi-
cated better perceived performance.

Statistical Analysis
We used repeated-measures analysis of variance to eval-
uate the effect of a megadose of vitamin E on the treat-
ment and control groups before and after medication.
The raw scores of the neuropsychological tests for each
cognitive function obtained in the two conditions, i.e.,
before and after medication, were analyzed as within-
subject variables, whereas the two groups (i.e., the treat-
ment and the control groups) were regarded as between-
subject variables. If the interaction effect was significant,
suggesting that the two groups demonstrated a different
change in performance before and after 1 year, simple
group and condition effects were evaluated further using
independent and paired t tests, respectively, to deter-
mine the pattern of change for each group.

RESULTS
Pretreatment Baseline Performance
Table 2 shows the baseline performance on the neu-
ropsychological tests for the treatment and control
groups. There was no significant difference in their
performance with respect to global cognitive function-
ing, attention, memory, language, and executive func-
tioning before treatment.

Effect of Vitamin E on Global Cognitive Functioning
Figure 1 shows the global cognitive functioning of the
patients in the treatment and control groups measured
by the CMMSE before and after a 1-year treatment pe-
riod. There was a significant improvement in global cog-
nitive function for patients after 1 year of treatment, with
F(1,27) � 4.90 and P � 0.035. Specifically, the CMMSE
score of the treatment group improved significantly, by
5.35% (before treatment: mean [M], 27.32; standard de-
viation [SD], 2.38; after treatment: M, 28.63; SD, 1.38),

TABLE 1
Demographic and Clinical Characteristics of Patients in the
Treatment and Control Groups

Variable

Treatment
(n � 19)

Control
(n � 10)

t value P valueMean (SD) Mean (SD)

Age at treatment (yrs) 57.95 (9.32) 57.10 (13.91) 0.20 0.85
Education (yrs) 8.32 (3.89) 8.80 (6.27) �0.26 0.80
Radiation treatment

Total dosage received (Gy) 56.78 (4.72) 59.78 (4.04) �1.72 0.10
Radiotherapy dosage per

fraction (Gy) 3.06 (0.83) 2.56 (0.65) 1.71 0.10
Time since (yrs) 15.47 (5.33) 13.80 (7.45) 0.70 0.49

Total lesion volume (cm3)a 23.03 (24.34) 25.38 (34.02) �1.76 0.86

SD: standard deviation; Gy: grays.
a Data included 14 patients from the treatment group and 6 patients from the control group.
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with t(18) � �3.04 and P � 0.007, after patients received
vitamin E for 1 year. No significant change in the
CMMSE score was observed in the control group (before
treatment: M, 26.20; SD, 5.09; after treatment: M, 25.90;
SD, 5.84), with t(9) � 0.52 and P � 0.05.

Effect of Vitamin E on Verbal and Visual Memory
Figure 2 summarizes verbal learning and memory per-
formance on the HKLLT for both groups before and
after treatment. The two groups did not differ in their
performance across 5 trials during baseline measure-
ment, with F(1,27) � 0.003 and P � 0.05. However,
after 1 year, the two groups exhibited different pat-
terns of change in their performance on the verbal
memory test, with F(1,27) � 4.86 and P � 0.036. The
treatment group demonstrated an average improve-
ment of approximately 27.24% across 5 trials (P
� 0.05) on the HKLLT, whereas no significant differ-
ence was found for the control group (P � 0.05).

A similar pattern of change in performance was
found for visual memory (Fig. 3). The performance of
the two groups was not different on the Immediate
Recall Trial, with t(27) � �0.90 and P � 0.05, or the
30-Minute Delayed Recall Trial, with t(27) � 0.07 and
P � 0.05, of the WMS-III VR before treatment. After 1
year of treatment, a significant improvement was
found in visual memory for the treatment group, with
F(1,27) � 8.65 and P � 0.007. Performance improved
by 24.56% on the Immediate Recall Trial, with t(18)
� �4.14 and P � 0.001, and by 51.09% on the 30-
Minute Delayed Recall Trial, with t(18) � �4.72 and P
� 0.000. No significant change in performance was
found for the control group after 1 year (P � 0.05).

FIGURE 1. Global cognitive functioning of patients in the treatment and

control groups as determined by the Cantonese version of the Mini Mental State

Examination before and after 1 year of vitamin E treatment. The maximum

possible score was 30.

TABLE 2
Baseline Performance on the Neuropsychological Tests for the Treatment and Control Groups

Test

Treatment Control

t value P valueMean(SD) Mean(SD)

Global cognitive functioning
CMMSEa 27.32 (2.38) 26.20 (5.09) 0.81 0.43

Attention
Average reaction time (ms) 862.16 (291.10) 937.47 (427.42) �0.56 0.58

Verbal memory
HKLLTa

Trial 1 4.84 (1.64) 4.80 (2.30) 0.06 0.96
Trial 2 7.42 (2.48) 7.50 (3.34) �0.07 0.94
Trial 3 8.63 (2.77) 8.50 (3.34) 0.11 0.91
Trial 4 6.58 (2.36) 6.60 (3.92) �0.02 0.99
Trial 5 5.95 (3.31) 6.30 (3.92) �0.26 0.80

Visual memory
WMS-III VRa

Immediate 58.74 (17.60) 65.20 (20.06) �0.90 0.38
30 min delay 40.32 (24.55) 39.60 (31.09) 0.07 0.95

Language
Category Fluencya 23.32 (4.31) 21.00 (6.78) 1.13 0.27

Cognitive Flexibility
Average reaction time (ms) 1932.98 (684.42) 1596.51 (430.72) 1.41 0.17

SD: standard deviation; CMMSE: Cantonese version of the Mini Mental State Examination; HKLLT: Hong Kong List Learning Test; WMS-III VR: Visual Reproduction

subtest of the Wechsler Memory Scale-III.
a Raw score.
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Effect of Vitamin E on Attention, Language, and
Executive Function
There was no significant difference in patients’ atten-
tion as determined by the average reaction time of the
computerized attention test and language ability as
assessed by the CFT between the treatment and con-
trol groups after treatment. However, in terms of ex-
ecutive function as measured by the computerized
Cognitive Flexibility Test, the two patient groups ex-
hibited different changes in performance with respect
to average reaction time before and after 1 year, with
F(1,23) � 4.91 and P � 0.04 (Table 3). Further analyses
showed that both groups did not differ in their average
reaction time on the Cognitive Flexibility Test before
medication, with t(27) � 1.41 and P � 0.05. However,
there was a significant improvement in the average
reaction time for the treatment group after medica-
tion, with t(17) � 2.31 and P � 0.001, whereas no

significant change in performance was found for the
control group (P � 0.05).

Self-Evaluation of Cognitive Function
Patients in the treatment group had a minor increase
in their subjective ratings after the 1-year treatment
with vitamin E (before treatment: M, 24.78; SD, 3.80;
after treatment: M, 26.56; SD, 5.81). They perceived
improved performance in terms of cognitive function
after 1 year of treatment. However, subjective ratings
for the patients in the control group slightly decreased
(before treatment: M, 25.71; SD, 7.63; after treatment:
M, 22.70; SD, 8.51). Statistically, the change in both
groups did not reach significance. The possibility that
the relatively small sample sizes of the two groups
contributed to the nonsignificant result could not be
ruled out.

DISCUSSION
To our knowledge, the current study is the first to
investigate the effects of vitamin E on the cognitive
function of patients with NPC who have TLN. The
findings suggest that vitamin E may be a promising
complementary intervention for patients with NPC.
After 1 year of vitamin E treatment, their global cog-
nitive function as measured by the CMMSE increased
by approximately 5%, compared with the nonsignifi-
cant change in the control group. In addition, im-
provements were also found in their memory and
cognitive flexibility but not in other cognitive func-
tions, including attention and language. Given that the
patients in the treatment group in general perceived
better cognitive function after treatment, as indicated
in their self-evaluation, the extent of improvement in
their performance of neuropsychological assessment
may have a significant impact on their daily function.

In contrast, the comparatively limited change in
the scores on the neuropsychological assessment of
global cognitive function and memory performance
may be related to the relatively short duration of the
treatment. For instance, in the study conducted by
Sano et al. on patients with AD of moderate severity,
significantly slower progression of disease was ob-
served after 2 years of vitamin E treatment. Therefore,
it is conceivable that the patients in the treatment
group may continue to show improvement in their
cognitive function with longer duration of vitamin E
intake.

Memory impairment is one of the most significant
cognitive deficits found in patients with TLN.1 Many
studies have been conducted to evaluate the effective-
ness of training on compensatory memory strategies
for patients with memory problems. Although specific
interventions are aimed at facilitating the acquisition

FIGURE 2. Verbal memory performance on the Hong Kong List Learning Test

before and after 1 year of vitamin E treatment for patients in the (A) treatment

and (B) control groups. Open circles: before treatment; filled squares: after

treatment.

FIGURE 3. Visual memory performance of patients in the treatment and

control groups on the Visual Reproduction subtest of the Wechsler Memory

Scale-III before and after 1 year of vitamin E treatment.
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of specific skills rather than improving memory func-
tioning per se, effective interventions to improve
memory performance are lacking.22 Because of the
lack of an effective intervention for improving mem-
ory, the improvement demonstrated in patients in the
current study after 1 year of vitamin E treatment may
be clinically significant, not only for the patients with
NPC, but also for other brain-damaged patients with
memory impairment due to other etiologies. Indeed,
our findings are also consistent with results obtained
in other studies of elderly patients with or without
dementia.11–15 In those studies, the progression of
cognitive decline was reported to be slowed by the
receipt of vitamin E supplements. Therefore, further
investigation of the effects of vitamin E on the cogni-
tive function of other brain-damaged patients with
memory complaints may be considered. However, be-
fore the delivery of vitamin E can become a clinical
treatment to improve memory performance, several
issues have to be addressed and resolved to verify the
effectiveness of vitamin E.

One limitation of the current study was that the
patients were not randomized to the treatment and
control groups and they were not blind to the treat-
ment delivered, i.e., the study was not a double-blind,
placebo-controlled, randomized study. One may
query the reliability of the positive changes found in
the treatment group. It is well recognized that a dou-
ble-blind, placebo-controlled, randomized study is
the most ideal research design to evaluate treatment
effects. However, before such an ideal study can be
performed, preliminary data from clinical studies with
well designed controls that allow a comparison be-
tween treatment conditions or case studies are also
essential for researchers and can be viewed as a step-
ping stone for further investigation. The findings from
the current study can be regarded as such preliminary

data for the future evaluation of the effectiveness of
vitamin E on patients with cognitive deficits, particu-
larly with memory impairments. In fact, the recruit-
ment procedure performed at the neurology clinic of
the Queen Elizabeth Hospital reduced selection bias
to a minimum through open recruitment and the par-
ticipation of volunteers who provided written consent.
Together with the finding that the positive improve-
ments were only observed for certain cognitive func-
tions among patients in the treatment group, the ther-
apeutic effects of vitamin E on cognitive function
should not be overlooked and deserve further investi-
gation.

The long-term effect of the treatment also needs
to be explored and confirmed in the future. In the
current study, the effect of a 1-year treatment period
was investigated. However, it is unknown whether the
improvements in cognitive function can be increased
further after a longer duration of treatment. The Insti-
tute of Medicine has determined that the maximum
intake of vitamin E is 1500 IU per day because it can
act as an anticoagulant and increases the risk of bleed-
ing problems.23 However, the long-term safety of a
high dose of vitamin E intake has not been tested.
Before we can evaluate the long-term effect of vitamin
E intake, the safety of a high dose on the physical
health of the patients should be taken into consider-
ation. Vitamin E supplementation has been shown to
reduce cognitive decline in the elderly and to lower
the risk of AD.11,14 Therefore, the possibility of using
vitamin E supplement for long-term treatment may be
worth investigating. In addition, it is important to
determine whether the effect can be sustained after
discontinuation of the treatment. Finally, although the
antioxidant function of vitamin E, which is proven to
be effective in lipid peroxidation24,25 and which pre-
vents the propagation of free radical reaction,26,27 is

TABLE 3
Performance on Attention, Language, and Cognitive Flexibility Tests for Patients in the Treatment and Control Groups before and after 1 Year

Test

Treatment Control
Repeated-measures

ANOVABefore After Before After

Mean(SD) Mean(SD) Mean(SD) Mean(SD) F P value

Attention
Average reaction time (ms) 862.16 (291.10) 752.31 (232.22) 937.47 (427.42) 828.51 (212.98) 0.00 0.99

Category Fluencya 23.32 (4.31) 22.00 (5.73) 21.00 (6.78) 22.10 (5.02) 2.21 0.15
Cognitive Flexibility

Average reaction time (ms) 1932.98 (684.42) 1664.13b (566.42) 1596.51 (430.72) 1595.86 (382.34) 4.91 0.04

SD: standard deviation; ANOVA: analysis of variance.
a Raw score.
b Significant decrease in reaction time.
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often emphasized in the studies mentioned for its
positive effects, the precise mechanism by which vi-
tamin E improves cognitive function, particularly
memory, is not yet known. More studies on this issue
are highly recommended before conclusive evidence
about the effectiveness of vitamin E as a possible
intervention for the cognitive deficits of patients with
cerebral radionecrosis can be established.
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