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BACKGROUND. Cognitive dysfunction is common in patients who develop radio-

necrosis after receiving radiotherapy for nasopharyngeal carcinoma (NPC). How-

ever, the impact of the location and volume of radionecrosis on cognitive dysfunc-

tion remains unclear. The authors found a significant association between the

severity of cognitive impairment and the volume of radionecrosis; in turn, the

volume of radionecrosis was affected by patient age at time radiotherapy was

completed.

METHODS. Fifty patients with NPC who received radiotherapy were evaluated by a

battery of neuropsychologic tests of cognitive function. The brain lesion volume

was quantified, and the lesion locations were identified by standardized brain

templates. The results of the neuropsychologic tests were correlated with lesion

volume. Gender, education, age at the completion of radiotherapy, brain volume,

total dose, and fractional dose were evaluated as risk factors for lesion volume.

RESULTS. Lesion volume was correlated significantly with the severity of cognitive

deficits. Larger left-hemisphere lesions were correlated with lower verbal memory

(from P � 0.001 to P � 0.008) and language abilities (from P � 0.001 to P � 0.018),

whereas larger right-hemisphere lesions were associated with worse visual mem-

ory (from P � 0.009 to P � 0.039). Finally, patients who received radiotherapy at a

younger age had smaller lesion volumes (P � 0.001).

CONCLUSIONS. The volume and location of radionecrosis had an influential impact

on the pattern of cognitive impairment found in patients with NPC, and patient

age at the time radiotherapy was completed appeared to affect the volume of

radionecrosis found after radiotherapy. Cancer 2003;97:2019 –26.
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Radiotherapy is the standard radical treatment for patients with
nasopharyngeal carcinoma (NPC) and has produced excellent

long-term results.1–3 Radiotherapy is also an important treatment
modality for patients with brain tumors, from radical, adjuvant, to
palliative purposes, with definite survival benefits.4 However, the
treatment is not hazard free, and many patients encounter neurologic
complications after radiation exposure. One possible sequel is the
occurrence of radionecrosis,5– 8 which has been reported in many
irradiated populations.9 –13 After 40 –50 grays (Gy) of conventional,
single, daily-fractionated radiation for brain tumors, the incidence
rate of radiation brain injury at 5 years after treatment is about 5%.
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The rate increases substantially to 50% after a total
dose of 60 –70 Gy.7,14,15

Radionecrosis that develops after radiotherapy for
NPC usually is found in the white matter.16,17 In early,
mild stages, the white matter changes are associated
with edema, which may be related to endothelial cell
loss.6 This type of lesion may be focal or diffuse and
extensive over the white matter. By using magnetic
resonance imaging (MRI), this lesion usually is mani-
fested as a finger-like, moderately uniform, high-in-
tensity signal on T2-weighted images.18 At later,
chronic stages, radiation induces demyelination and
fibrinoid changes in the blood vessels, which lead to
parenchymal coagulative necrosis.19,20 The necrosis
usually is manifested focally in the form of cavities
with central liquefaction and wall gliosis21 and often is
shown as a macroscopic high-intensity signal on T2-
weighted MRI images.18

Cognitive impairment due to radionecrosis has
been explored in several studies, and a decline in the
cognitive function of patients with brain lesions due to
radiation generally has been reported.22–25 In our pre-
vious study,22 we compared the cognitive profiles of
patients with NPC after radiotherapy with and without
moderate to macroscopic signal intensity indicating
temporal lobe necrosis (TLN) on both hemispheres
with the cognitive profiles of normal individuals. The
results of that study indicated that patients with sig-
nificant bilateral TLN generally manifested significant
impairment in memory, language, motor perfor-
mance, and executive function. In addition, mental
deterioration was reported in patients who developed
radiation-induced lesions after they received radio-
therapy for intracranial tumors, and substantial men-
tal impairment was more likely to occur in patients
who had more severe radiation-induced lesions.24,25

Although previous studies have suggested that ra-
dionecrosis leads to impaired cognitive function, very
little is known about the impact of volume and loca-
tion of this lesion on the severity and pattern of cog-
nitive deficits found in patients with NPC after they
receive radiotherapy. Currently, our understanding
about the correlation between the volume of brain
lesions and the degree of cognitive deficits is drawn
largely from lesions due to neurologic problems, such
as multiple sclerosis (MS)26,27 or genetic problems, like
cerebral autosomal-dominant arteriopathy with sub-
cortical infarcts and leukoencephalopathy (CADA-
SIL).28 Although the neuropathologic changes from
MS mainly involve axon demyelination,29 it is believed
that damage to the vascular system is the crucial eti-
ologic mechanism for radiation-induced lesions.30

Due to the difference in etiologic mechanisms and
neuropathologic characteristics, results from MS stud-

ies may not be applicable to patients with NPC who
develop brain lesions after exposure to radiation.
Therefore, it may be of clinical significance to deter-
mine the impact of radiation-induced lesions on the
severity of cognitive impairment found in patients
with NPC.

The objective of the current study was to investi-
gate the correlation between the degree and pattern of
cognitive deficits in patients with NPC and the volume
and location of the radionecrosis by studying a group
of patients with NPC who developed cerebral lesions
after radiotherapy. It was anticipated that larger radio-
necrosis lesions would be associated with poorer
global cognitive functioning. Furthermore, because
cognitive functions are mediated by specific brain re-
gions, the association of the lesion and the cognitive
deficit is location specific.31 It is known that, after
patients receive treatment for NPC, radionecrosis
commonly is located in the temporal lobes.32 Because
the temporal lobes are responsible for memory and
language,31 it was anticipated that memory and lan-
guage functions would be associated with lesion vol-
ume in these regions. The other functions, for in-
stance, motor ability and executive function, which
are mediated by the frontal lobe, would not be af-
fected by lesions in the temporal lobes.

Because patients with NPC who receive radiother-
apy eventually may develop neuropathologic changes,
some studies have been conducted to identify the risk
factors for the radionecrosis. The results show that the
fractional dose,5,33,34 the total dose,11,33 and the brain
volume under radiation25,35,36 were significant factors
in predicting the presence of lesions. In addition, the
incidence of lesion is affected by the age of the patient
at the time of radiation.10,25 Although some factors are
related to the likelihood of the occurrence of the ra-
diation-induced lesions, it remains unknown whether
these factors also may predict the volume of the lesion
if it occurs. Furthermore, the effect of demographic
characteristics, including education and gender, has
not been explored to date. Therefore, the second ob-
jective of the current study was to explore whether
these demographic and clinical characteristics may be
possible predictors of lesion volume in patients with
NPC who develop brain lesions after exposure to ra-
diation.

MATERIALS AND METHODS
Patients
A total of 50 patients with NPC were recruited from the
Neurology Clinic of Queen Elizabeth Hospital in Hong
Kong on a voluntary basis. The clinic had long-term
follow-up experience with more than 400 patients who
developed different neurologic and/or endocrine
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complications after radiotherapy. Between 1968 and
1997, these patients had completed radiotherapy for
their NPC within 6 –7 weeks. Two fractionation sched-
ules were employed.33 Thirty-six patients were irradi-
ated with a lower dose of 2.0 –2.6 Gy per fraction 4 –5
times weekly for 24 fractions, up to a total dose of
57.2– 62.5 Gy. Due to recurrences, eight of those pa-
tients were treated further with a second course of
radiotherapy. Twelve patients were treated with a
higher fractional dose of 4.0 – 4.2 Gy per fraction twice
per week for 12 fractions, up to a total dose of 48.0 –
50.4 Gy. Two patients received their radiotherapy in
mainland China, and information about their radia-
tion schedules was not available. The demographic
and clinical characteristics of the patients studied are
shown in Table 1.

Neuroimaging Measurement
All patients underwent MRI studies of their brain in
Queen Elizabeth Hospital between 1993 and 1999 us-
ing 1.0 Tesla machine (Siemens, Erlangen, Germany),
and the whole brain was covered by 20 images. The
lesions manifested in the form of edema or cysts
shown on the T2 MRI images (for example, see Fig. 1).

The area of the lesion on each slice was measured
from the horizontal scan by a well-trained technician
who was blind to the cognitive performance of the
patients. The boundaries of the lesions in the brain
were outlined by a combination of thresholding and
automatic outlining techniques provided by the IM-
AGE computer software program (version 1.61; Na-
tional Institutes of Health, Bethesda, MD). The num-
bers of pixels identified within the lesion were
calibrated spatially into an area measured in terms of

cm2. By multiplying the slice thickness (in cm), the
volume of the lesion was calculated. The total brain
lesion was either the sum of lesion volume in both
hemispheres if the lesions were bilateral or the lesion
volume in a specific hemisphere if the lesion was
unilateral.

To identify the location of each lesion more pre-
cisely, the templates developed by Talairach and
Tournoux37 were used to determine the coverage of
the lesion in the brain. The horizontal MR images of
the patients were overlapped by the templates with
the horizontal degree close to the images. The tem-
plates were enlarged or compressed to cover the
whole brain as much as possible. The exact location of
the lesion was then read from the corresponding land-
marks on the templates.

Neuropsychologic Assessment
Neuropsychologic tests were administered individu-
ally to each patient at least 1 year after radiotherapy by
a trained examiner who was blind to the patients’
neuropathologic changes. Written, informed consent
was obtained from all patients.

A Cantonese version of the Mini-Mental Status
Examination (CMMSE)38 was used to determine global
cognitive performance. The Hong Kong List Learning
Test (HKLLT)39 and a Story Recall Test were employed
as measures of verbal memory. The Visual Reproduc-
tion subtest of the Wechsler Memory Scale-revised
(WMS-R VR)40 was used to assess visual memory.

Expressive language ability was assessed by the
Chinese version of the Category Fluency Test,41 a short
form of the Boston Naming Test42 in which the pa-
tients were required to name 30 pictured objects se-
lected from the full version. Complex motor speed was
assessed with the Grooved Pegboard Test,43 and exec-
utive function was evaluated with the Copy Trial of the

TABLE 1
Demographic and Clinical Characteristics

Variable

No. of
patients
(n � 50) Mean � SD Range

Age (yrs) — 55.74 � 9.29 31–72
Age at the time of completion (yrs) — 42.60 � 9.91 24–69
Education level (yrs) — 8.30 � 3.69 0–18
Male:female ratio 38:12 — —
Radiation treatment

Total dosage (Gy)
One course, lower dosage 12 50.20 � 0.69 48.0–50.4
One course, higher dosage 28 60.10 � 0.84 57.2–62.5
Two courses 8 112.14 � 14.84 80.0–125.6

Dosage per fraction (Gy)
Lower 36 2.44 � 0.15 2.0–2.6
Higher 12 4.18 � 0.58 4.0–4.2

SD: standard deviation.

FIGURE 1. Radiation-induced lesions shown on magnetic resonance images.

(A) T2-weighted horizontal image from a patient with nasopharyngeal carci-

noma showing finger-like edema in the bilateral temporal lobes (B) T2-

weighted horizontal image showing cysts in the bilateral temporal lobes.
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Rey-Osterrieth Complex Figure Test,44 the Color Trail
Test Trial 2,45 and the Five-Point Test.46

Statistical Analysis
Initial analysis showed that the lesion volume had a
positively skewed distribution (skewness value, 2.424),
and the distribution was not normal (P � 0.0001).
Therefore, the data were transformed by taking the
raw score of lesion volume into its cubic root form to
obtain a relatively normal distribution.

To explore the association between lesion volume
and specific cognitive functions, analysis of the corre-
lation between the cubic root of the lesion volume in
the left and right hemispheres and the raw scores of
cognitive measures on memory, language, motor abil-
ity, and executive function was performed. However,
because cognitive measures also were correlated with
age and education, the correlation coefficient was cal-
culated by performing the correlation controlling for
age and education using SPSS software (version 10.0.7;
SPSS Inc., Chicago, IL).

We used a linear multiple regression model to test
whether demographic and clinical characteristics
could predict brain lesion volume. We selected the
cubic root of lesion volume as a dependent variable,
and the predictors identified were dose per fraction,
total dose, total brain volume under radiation, age at
the time of finishing radiotherapy, education, and
gender. Based on the fractionation schedules,33 the
dose per fraction was grouped into two categories: 1)
lower doses between 2.0 Gy and 2.6 Gy and 2) higher
doses between 4.0 Gy and 4.2 Gy. The total dose was
subdivided into three categories, including 1) one
course with a lower total dose between 48.0 Gy and
50.4 Gy, 2) one course with a higher dose between 57.2
Gy and 62.5 Gy, and 3) two courses with a dose � 80.0
Gy that was applied to the patients who received a
second course of radiotherapy. These two variables
and gender were entered into the model as nominal
data, whereas total brain volume under radiation, age
at the time of finishing radiotherapy, and education
were entered as continuous variables. A stepwise re-
gression procedure was used by adding the predictors
with the greatest increase in R2 with P to enter � 0.05
and removing the predictor with the smallest decrease
in R2 with P to remove � 0.10.

RESULTS
MRI Measures
The measures of lesion volume in the two hemi-
spheres are displayed in Table 2. The volume of the
total white matter lesion in the 50 patients ranged
from 0.21 cm3 to 157.67cm3. Among 50 patients, 36
patients developed bilateral cerebral lesions, but there

was no statistical difference in the mean lesion volume
between two hemispheres (left, 18.26 cm3; right, 14.13
cm3; t � 1.57; degrees of freedom [df] � 35; nonsig-
nificant). The other 14 patients had unilateral lesions
after radiotherapy: 8 of those patients had lesions in
the left hemisphere, and the other 6 patients had
lesions in the right hemisphere.

Regarding the locations of the lesions, most were
found in the temporal lobes (left, 86%; right, 91%).
Other locations included the amygdala (left, 52%;
right, 58%), the fusiform gyrus (left, 43%; right, 42%),
the parahippocampal gyrus (left, 41%; right, 42%), and
the hippocampus (left, 41%; right, 35%).

Correlation between Total Lesion Volume and Global
Cognitive Performance
A correlation was established between the total lesion
volume and the measure of global cognitive function,
as determined with the CMMSE. The mean score for
the CMMSE was 26.96 (standard deviation, � 3.86).
The results showed that there was a significant, neg-
ative correlation between the total white matter lesion
volume and global cognitive performance (correlation
coefficient [r] � � 0.54; P � 0.001), with patients who
had larger lesion volume showing worse global cogni-
tive performance.

Correlation between Left Lesion Volume and
Cognitive Functions
Table 3 shows the correlations and 95% confidence
intervals between the left lesion volume and the re-
sults of neuropsychologic tests. There was a strong
negative correlation between left lesion volume and
verbal memory, as assessed by the Immediate-Recall
Trial and the 30-Minute Delayed Recall Trial of the
HKLLT (P � 0.001) and the Story Recall Test (range,
from P � 0.004 to P � 0.008). Regarding the language
function, significant correlation was found between
the left lesion volume and the Category Fluency Test
(P � 0.018) and Boston Naming Test (P � 0.001).
Therefore, larger left lesion volume was associated
with worse verbal memory and language function. Left

TABLE 2
Brain and Lesion Volume

Volume Mean � SD (cm3) Range (cm3)

Total brain 1396.14 � 142.07 1166.84–1814.18
Total lesion 25.77 � 30.60 0.21–157.67
Left lesion 16.59 � 21.17 0.21–100.61
Right lesion 13.30 � 12.76 0.73–57.06

SD: standard deviation.
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lesion volume was not correlated with visual memory,
motor function, or executive function, suggesting that
lesions in the left hemisphere are not associated with
cognitive function mediated by the right temporal
lobe and the frontal lobe.

Correlation between Right Lesion Volume and
Cognitive Functions
Consistent with our hypothesis, a significant negative
correlation was found between the right lesion volume
and visual memory, as determined by the Immediate-
Recall Trial (P � 0.039) and the 30-Minute Delayed
Recall Trial (P � 0.009) of the WMS-R VR (Table 3).
There was no significant correlation between right
lesion volume and verbal memory, language function,
motor function, or executive function. Therefore,
larger right lesion volume was associated only with
worse visual memory but not with functions that are
mediated by the left temporal lobe and the frontal
lobe.

Effects of Demographic and Clinical Characteristics on
Lesion Volume
Two variables were retained in the final regression
model that predicted the lesion volume (F2,35 � 16.05;
P � 0.000; R2 � 0.478). The strongest predictor was the
age at which patients completed radiotherapy (F1,36

� 17.67; P � 0.000; R2 � 0.329) (Fig. 2). This variable
may explain � 33% of the variance in the cubic root of
the total brain lesion volume. The second predictor
retained in the model was the variable of retreat radi-
ation, with a total dose � 80 Gy (F change � 10.00; P
� 0.003; R2 change � 0.149), resulting in an R2 in-
crease of � 15%. Further analysis showed no interac-
tion between these two independent variables, sug-
gesting that the lesion volume in patients who
underwent a second course of radiotherapy generally
was larger compared with the lesion volume in pa-
tients who underwent only one course of treatment,
regardless of their age at completion. Other variables,
including gender, education, fractional dose, and total
brain volume, were excluded from the model.

TABLE 3
Scores of Neuropsychologic Tests, Their Correlation, and 95% Confidence Intervals with Lesion Volume

Test Mean � SD

Left lesion volume Right volume lesion

r 95% CI P value r 95% CI P value

Verbal memory
HKLLTa

Immediate 18.67 � 7.35 � 0.724 � 0.84, � 0.55 � 0.001 � 0.140 � 0.40, 0.15 0.44
30-minute delay 4.48 � 3.56 � 0.567 � 0.73, � 0.34 � 0.001 � 0.200 � 0.46, 0.09 0.27

Story-Recall Testa

Immediate 18.72 � 9.08 � 0.473 � 0.67, � 0.22 0.004 � 0.114 � 0.38, 0.18 0.53
30-minute delay 11.70 � 9.71 � 0.433 � 0.63, � 0.17 0.008 � 0.221 � 0.47, 0.07 0.22

Visual memory
WMS-R VRa

Immediate 27.98 � 7.83 � 0.303 � 0.54, � 0.02 0.06 � 0.336 � 0.57, � 0.07 0.039
30-minute delay 19.80 � 11.87 � 0.254 � 0.50, 0.03 0.12 � 0.426 � 0.63, � 0.17 0.009

Language
Category Fluencya 23.45 � 6.11 � 0.398 � 0.61, � 0.13 0.018 0.231 � 0.48, 0.06 0.20
Boston Naminga 20.43 � 5.33 � 0.511 � 0.69, � 0.27 0.001 � 0.151 � 0.41, 0.14 0.40

Motor ability
Grooved Pegboard
Testb

Right hand 98.33 � 58.91 0.115 � 0.39, 0.17 0.47 0.140 � 0.40, 0.14 0.40
Left hand 96.71 � 32.68 0.116 � 0.39, 0.17 0.48 0.111 � 0.38, 0.18 0.50

Executive function
Rey-Oa 25.84 � 4.40 � 0.167 � 0.43, 0.12 0.31 � 0.178 � 0.44, 0.11 0.29
Color Trial 2b 145.15 � 73.37 0.549 0.32, 0.72 � 0.001 � 0.234 � 0.48, 0.06 0.19
Five Point Testa 3.27 � 4.81 � 0.009 � 0.29, 0.27 0.96 � 0.025 � 0.31, 0.25 0.88

SD: standard deviation; r: correlation coefficient; 95% CI: 95% confidence interval; HKLLT: Hong Kong List Learning Test; WMS-R VR: Visual Reproduction subtest of the Wechsler Memory Scale-Revised; Rey-O:

Rey–Osterrieth Complex Figure Test.
a Raw score.
b Time in seconds to complete test.
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DISCUSSION
To our knowledge, this is the first study to explore the
impact of radionecrosis on the severity of cognitive
impairment found in patients with NPC after radio-
therapy. The results demonstrated a significant asso-
ciation between the volume of radionecrosis and the
level of cognitive impairment after radiotherapy in the
50 patients evaluated. The total brain lesion was pro-
portional to the severity of general cognitive impair-
ment; that is, the larger the lesion volume, the more
severe the cognitive impairment. This finding is con-
sistent with the previous reports on patients with
brain lesions due to genetic or neurologic etiologies,
such as MS26,27 and CADASIL.28 Whereas the etiology
of MS is associated mainly with demyelination of the
axon, radiation-induced lesions primarily affect the
vascular system. Although the neuropathologic
changes in patients with MS differ from the changes
found in patients with radiation-induced lesions, the
extent of the associated lesions are correlated strongly
with the level of cognitive impairment. Therefore, re-
gardless of the underlying etiologic mechanism, it
seems that, the greater the extent of brain lesion, the
more severe the cognitive impairment suffered by the
patient will be. This finding may be important in an-
alyzing the risk-benefit trade-off during treatment for
neurologic disorders, because the treatment may lead
to brain damage that may affect the cognitive func-
tion. For instance, radiotherapy is a treatment of
choice for patients with NPC and for patients with
various types of central nervous system tumors, but it
can induce necrosis. Therefore, radiotherapy may or
may not improve the cognitive function of patients,

and their prognosis will depend on the extent of brain
damage induced by radiotherapy.

Whereas our previous study22 included patients
who had NPC with moderate to macroscopic, bilateral
TLN, patients with lesion volumes as small as 0.21 cm3

and patients with unilateral lesions also were included
in the current study to determine the association be-
tween lesion volume, location, and cognitive func-
tions. Consistent with the notion of localization of
brain function, our study showed a strong association
between the location of radionecrosis and the types of
cognitive impairment. It is well understood that lan-
guage abilities, including fluency and naming, are me-
diated by the left hemisphere.32 Our findings suggest
that the volume of the lesion in the left hemisphere
was associated strongly with language abilities. A dou-
ble-dissociation phenomenon also was observed be-
tween lesion volume and memory abilities. The verbal
memory is mediated by the left hemisphere, whereas
the visual memory is processed primarily by the right
hemisphere.32 Larger lesion volume in the left hemi-
sphere was associated with worse verbal memory. A
similar association was observed with the visual mem-
ory, in which the severity of a patient’s visual memory
impairment was determined by the right lesion vol-
ume. Because the severity of cognitive impairment is
associated consistently with the location of the radia-
tion-induced lesion, it may be essential to spare the
relatively more specialized and essential brain region
whenever possible, such as the Broca area, from ex-
posure to radiation during treatment.

Although previous studies found that fractional
dose, total dose, and total brain volume under radia-
tion predicted the occurrence of radionecrosis, the
current study failed to support these variables as pos-
sible factors correlated with lesion volume in patients
with NPC. One possibility may be that different factors
affect the occurrence and the extent of the lesion. At
the same time, the possibility that our sample size
may not have been representative or large enough
cannot be ruled out. In the current study, 50 patients
were included, most of whom received a total dosage
of 50 – 60 Gy to treat their NPC. Only 8 patients who
received a second course of radiotherapy had total
dosages � 80 Gy. It is known that total dosages as high
as 80 Gy25 or as low as 30 Gy47 may be delivered to
treat tumors of other etiologies. Therefore, the insig-
nificant result may be explained by our small sample
size and the relatively narrow range of the total dose.
In fact, our result showed that the retreated patients
who received additional doses of radiation during
their second course of radiotherapy seemed to have
larger lesion volumes (mean � standard deviation,
71.64 cm3 � 49.72 cm3). In addition, a further corre-

FIGURE 2. Scatterplot of total brain lesion volume versus age at the

completion of radiotherapy.
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lation analysis suggested that there was a positive
trend between the lesion volume and total dose
among the 8 patients who received a second course of
radiotherapy (r � 0.75; df � 8; P � 0.032). Therefore,
the effect of total dose on the lesion volume cannot be
ruled out at this point. In view of the limited number
of patients used to examine this factor with the vol-
ume of radiation-induced lesion, more studies are rec-
ommended before a conclusion can be reached.

Within our sample, it was found that patient age
at the time radiotherapy completion was one possible
predictor for the volume of radionecrosis. The small-
est total brain lesion was 0.21 cm3, which was ob-
served in a patient who completed radiotherapy at age
24 years, whereas the largest total brain lesion (157.67
cm3) was observed in a patient who finished treatment
at age 53 years. Therefore, smaller brain lesions were
found in patients who received radiotherapy at a
younger age, compared with the size of lesions in
patients who completed radiotherapy at an older age.
The lesion volume may vary nearly 750-fold due to
differences in patient age as great as 30 years at the
time radiotherapy is completed. Although this impli-
cation is very significant for patients and medical pro-
fessionals during treatment planning, more research
should be carried out to determine whether the cur-
rent results may be replicated in other patient popu-
lations with radiation-induced white matter lesions.
Furthermore, it should be remembered that the vol-
ume of the radiation-induced lesion may change over
time. Longitudinal studies that keep track of lesion
volume in patients over time will be required to pro-
vide further verification of this finding.
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