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1 |  INTRODUCTION

The morbidity of brain metastases (BM) increases signifi-
cantly due to the extended survival of cancer patients, such 
that 20%- 40% of cancer patients exhibit brain metastases 
during the course of the disease.1 Overall, metastatic brain 
cancers have an unfavorable prognosis and a natural gen-
eration time of only one month,2 which means that the pa-
tients receiving therapy have a median survival period of 4 

to 6 months.3 The widespread use of computed tomography 
and magnetic resonance imaging (MRI) in clinical practice 
has allowed the diagnosis of BM before the presentation of 
overt central nervous system symptoms. Currently, the treat-
ment of BM includes whole brain radiotherapy (WBRT), 
stereotactic radiosurgery (SRS), surgical operation, chemo-
therapy, molecular targeting, and biotherapy,4 with WBRT 
being the most prominent treatment for patients with mul-
tiple BM. Malignant cells are particularly sensitive to X- ray 
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Abstract
Objective: To investigate the prospective memory (PM) impairment following 
whole brain radiotherapy (WBRT) in cancer patients with brain metastases.
Method: Eighty- one patients with metastatic brain cancer, agreeing to undergo 
WBRT, were enrolled and subjected to a battery of cognitive neuropsychological 
tests, including the mini- mental state examination (MMSE), verbal fluency test 
(VFT), digit span test (DST), and event- based and time- based prospective memory 
(EBPM and TBPM) tasks, before and after radiotherapy.
Results: The patients with metastatic brain cancer after WBRT exhibited a signifi-
cant decrease in the MMSE, DST, VFT, and EBPM scores (t = 6.258, 10.192, 5.361, 
−5.892, P < 0.01), but nonsignificant decrease in the TBPM scores (t = −1.172, 
P > 0.05).
Conclusion: There is significant EBPM impairment in cancer patients with brain 
metastases after WBRT, whereas that in the TBPM remained relatively unaffected. 
The result suggests that EBPM impairment may be as an early cognitive impairment 
marker in patients with BM who undergo WBRT.
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irradiation, and X- ray therapy can be used to lyse malignant 
cells in the brain. However, X- rays also cause nonspecific 
damage to healthy brain tissue, leading to cognitive impair-
ment. Cognitive impairment associated with radiotherapy is 
defined as the changes in cognitive function during or after 
discontinuation of radiotherapy for cancer patients. For ex-
ample, patients with small- cell lung cancer (SCLC) and with-
out brain tumors show a decline in cognitive function when 
receiving prophylactic cranial irradiation.5 A large number 
of studies have found that WBRT can significantly reduce 
and alleviate the symptoms of cancer patients, but these ben-
efits may be outweighed by its adverse effects on neurocog-
nitive function, such as the impairment of memory, executive 
function, and fine motor coordination, with the early changes 
being difficult to recognize.6

Memory is one of the most important cognitive functions 
and is closely related to the quality of life of cancer survivors. 
McDougall et al7 found that most cancer survivors exhibited 
varying degrees of memory impairment, which affected their 
return to the society. In cognitive neuropsychology, prospec-
tive memory (PM) is defined as the future plans or intentions 
of memory8 and is a memory component that is most closely 
related to daily activities. McDaniel et al9 classified PM into 
event- based prospective memory (EBPM) and time- based 
prospective memory (TBPM), which are required to perform 
a purposeful behavior in the presence of specific target events 
and goals.

However, it remains unknown whether prospective mem-
ory (including EBPM and TBPM) impairment is observed 
for cancer patients exhibiting BM, following radiotherapy. In 
the present study, we investigated whether there is a differ-
ence in EBPM and TBPM impairment in 81 cancer patients 
with BM, before and after WBRT by using the EBPM and 
TBPM neuropsychological tests.

2 |  MATERIALS AND METHODS

2.1 | Participants
A total of 81 cancer patients with BM, who were hospitalized 
from January 2012 to December 2017 in the Department of 
Oncology, the Second Affiliated Hospital of Anhui Medical 
University, were recruited. Information regarding the pa-
tients’ age, education, and original lesion was gathered and 
statistically analyzed. Cancer patients with BM were selected 
based on the following criteria: (a) verification of the diag-
nosis of BM; (b) age ≥ 8 years; (c) willingness to participate 
in the study; (d) expected survival ≥ 3 months; (e) normal 
cognitive function, with a mini- mental state examination 
(MMSE) score of ≥24; (f) ability to perform daily activities 
with a Karnofsky performance scale score of ≥80; and (g) no 
impairment in vision, hearing, and language. Additionally, 

cancer patients with BM were excluded based on the fol-
lowing criteria: (a) dementia; (b) clear effect on cognition 
due to a recent history of stroke; (c) psychiatric symptoms, 
such as anxiety and depression; (d) patients with cachexia 
or too weak to finish the test; (e) a history of alcohol and 
drug dependence; and (f) other factors such as serious ad-
verse effects, chemotherapy and other treatment, serious 
edema which may lead to cognitive dysfunction and physical 
or mental illness. The study was approved by the Research 
Ethics Committee of the Second Affiliated Hospital of Anhui 
Medical University (Reference Number of Ethical Approval: 
2 012088), and informed consent was obtained from all 
subjects.

2.2 | WBRT
The WBRT involved the use of a linear accelerator, with an 
X- ray of 6 MV. A hot plastic facial membrane was used to 
fix the head during localization and irradiation, and the MIMI 
machine was used to perform localization. The radiation field 
was determined using the horizontal cross section of the par-
allel sides, spanning the whole brain. Horizontal whole brain 
irradiation was performed, with the upper margin of the head, 
and from the lower and upper borders of the eyebrows to be-
hind the orbit, down to the outer canthus, along the porus 
acusticus externus to the bottom of the posterior fossa, with a 
2.0- Gy dose each time, five times a week, resulting in a total 
dosage of 40 Gy over the course of treatment.

2.3 | Neuropsychological background tests
According to the aforementioned grouping of cancer pa-
tients with BM, a series of neuropsychological background 
tests were administered within 1 week before radiotherapy, 
and 1 month after radiotherapy, to assess the cognitive func-
tions, including memory. The MMSE was administered to 
assess the cognitive functions, including temporal and spatial 
orientation, short- term memory, calculation, language, and 
visuo- spatial skills.10 The verbal fluency test (VFT) was ad-
ministered to the subjects, who were instructed to name as 
many animals as possible in one minute. The digit span test 
(DST) was used to measure short- term memory, in which the 
subjects were instructed to recall a series of numbers after 
hearing them in a randomized order. The total score was de-
termined by the number of digits recalled in the correct serial 
order. Similarly, the PM tasks were performed as follows.

2.4 | EBPM task
Subjects were initially instructed to tap the desk whenever 
they found the two animal words (target events) during the 
task. They were requested to provide their telephone number 
after the tests were finished. Next, the subjects were given 
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a word selection task, using 30 question cards. On each 
card, 12 Chinese words were printed. Ten of the 12 words 
belonged to one category, and the remaining two words be-
longed to another category. Subjects were instructed to select 
the two words that belonged to a category that differed from 
the other 10 words. The experimenter presented each card to 
the subjects, who were then instructed to answer verbally at 
their own pace. The target events for the PM task occurred 
on the 5th, 10th, 15th, 20th, 25th, and 30th cards of the word 
selection task. The subjects’ performance in the word selec-
tion task was recorded using a method similar to that reported 
by McDaniel et al One point was awarded for each correct 
response to a target event (total six target events). Two points 
were awarded for remembering to provide their telephone 
number after the test. No points were awarded for an incor-
rect response to a target event, or for forgetting to provide 
their telephone number. The maximum score in the EBPM 
task was 8.

2.5 | TBPM task
Subjects were instructed to tap the desk at 5- min intervals 
from the starting time (ie, at the time points of 5, 10, and 
15 min). During the test, subjects were allowed to use a 
digital clock to check the time. To exclude any visible 
cues, the clock was placed one meter away, behind the sub-
jects’ right shoulder, so that the subjects had to turn their 
head to check the time. The clock was set to display 0 hour 
0 minute and 0 second at the beginning of the test. After 
the clock was started, the subjects were administered the 
number selection task, which included 100 cards. On each 
card, 12 two- digit numbers were printed. Subjects were in-
structed to select the smallest and the largest numbers in 
the cards. The exact time at which the subjects responded 
by tapping the desk was recorded. The number selection 
task was stopped when the clock indicated 17 minutes. 
Two points were awarded if the subjects responded from 
10 seconds before to 10 seconds after the target time. One 
point was awarded if the subjects responded from 30 sec-
onds before to 30 seconds after the target time. The maxi-
mum score of the TBPM task was 6.

2.6 | Evaluation of the effectiveness of 
radiotherapy for metastatic brain tumor
A repeat head MRI was performed 4 weeks after radio-
therapy, according to the Response Evaluation Criteria 
for Solid Tumors version 1.1, to evaluate the effective-
ness of radiotherapy against metastatic brain cancer.11 The 
Response Evaluation Criteria has several categories. The 
complete response occurs when there is a complete disap-
pearance of all target lesions. The partial response (PR) 
occurs when there is at least a 30% decrease in the sum of 

the longest diameters (LDs) of target lesions, taking the 
baseline sum of LDs as the reference. Stable disease (SD) 
occurs when there is neither a sufficient shrinkage in the 
target lesion to qualify for PR nor a sufficient increase to 
qualify for progressive disease (PD), taking as reference 
the smallest sum of LDs at the time of treatment; PD oc-
curs when there is at least a 20% increase in the sum of the 
LDs of target lesions, taking as reference the smallest sum 
of LDs recorded at the time of treatment or the appearance 
of one or more new lesions.

2.7 | Statistical analysis
All data were expressed as mean ± standard deviation (SD). 
Statistical analysis was performed with SPSS software (ver-
sion 22.0, http://spss.en.softonic.com/; Chicago, IL, USA). 
All data between before and after radiotherapy were analyzed 
by means of paired- samples t tests. All statistical tests were 
two- tailed, with the level of significance set at P < 0.05.

T A B L E  1  The basic clinical information of metastatic brain 
patients

Clinical characteristics N

Sex

Male 48

Female 33

Age (y)

≥65 42

<65 39

Original lesion

Lung cancer 49

Esophagus cancer, gastric cancer, and colon cancer 28

Cervical cancer 1

Undefined cancer 3

Metastatic lesion (n)

≥3 27

<3 54

Max diameter of the metastatic brain lesion (cm)

≥3 23

<3 58

Metastatic to other regions

Yes 51

No 30

Symptoms of CNSa

Yes 49

No 32
aIn particular refers to symptoms caused by brain tissue damage or compressing, 
including dizzy, headache, sensory, motor dysfunction, and cognitive impair-
ment, excluding symptoms caused by peripheral nerve or spinal cord damage. 

http://spss.en.softonic.com/
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3 |  RESULTS

3.1 | The basic clinical information on 
patients with BM
A total of 81 patients (age: 58 ± 12 years) were enrolled, 49 
symptomatic and 32 asymptomatic. A total of 59 patients 
had lung cancer; 18 had esophageal cancer, gastric cancer, 
and colon cancer; 1 had cervical cancer; and 3 had undefined 
types of cancer (Table 1).

3.2 | Comparison of neuropsychological 
background tasks, EBPM, and TBPM 
following radiotherapy
According to the neuropsychological background tests 
results, the MMSE, DST, and VFT scores were signifi-
cantly decreased (MMSE: 27.21 ± 1.27 vs 26.06 ± 1.05; 
DS: 7.70 ± 0.68 vs 6.46 ± 0.87; VFT: 10.01 ± 2.15 vs 
8.37 ± 1.73; all P < 0.01) after radiotherapy, and the EBPM 
scores of patients with BM were significantly decreased 
(2.48 ± 0.92 vs 1.54 ± 1.10; P < 0.01); however, there is 
no statistical significance on TBPM scores between before 
and after radiotherapy (4.90 ± 1.02 vs 4.70 ± 1.12; P > 0.05; 
Tables 2 and 3).

3.3 | Evaluation of the effectiveness of 
WBRT against BM
The effectiveness of WBRT in reducing tumor size for 
all patients was 95.1% (77/81) 1 month after treatment, 
including 34 PR cases and 43 SD cases. The success rate 
of WBRT in patients with central nervous system symp-
toms was 95.9% (47/49), with 40.8% (20/49) PR cases and 
59.2% (29/49) SD cases. The success rate of WBRT in 
patients without central nervous system symptoms was 
93.8% (30/32), with 31.2% (10/32) PR cases and 68.8% 
(22/32) SD cases.

4 |  DISCUSSION

The normal survival period for patients with metastatic brain 
cancer is about one to three months.12 Following WBRT, the 
median survival time is prolonged.13 Intracranial metastatic 
lesions can be controlled to a certain extent using WBRT, but 

it can also exert adverse effects on normal brain cells, leading 
to delayed, dose- dependent neurological complications and 
cognitive abnormalities, thus, affecting the patients’ qual-
ity of life.14 However, the specific features of the cognitive 
impairment following WBRT in cancer patients with BM 
were unclear. In the past, because of the low survival rate of 
patients with BM, there have been few studies in this area. 
Recent studies have found that cognitive impairment due to 
WBRT is widespread; Chang et al15 found that the decline 
in cognitive function can be expressed as impaired learning 
and memory, and clinical manifestations ranging from mild 
cognitive dysfunction to severe dementia. Brummelman et 
al16 showed that radiotherapy- related memory and executive 
function impairment may be associated with abnormal pre-
frontal and hippocampal function following radiotherapy and 
be associated with the total dose of radiotherapy.

In the current study, 81 patients with BM were adminis-
tered the MMSE and PM tests (EBPM and TBPM) before 
and after WBRT. It was found that there was a decrease in the 
overall cognitive function following radiotherapy in patients 
with BM, and the EBPM scores were significantly lower 
(P < 0.01). There was no statistically significant difference 
between the TBPM scores before and after radiotherapy, 
which provided direct evidence of EPPM impairment follow-
ing WBRT in patients with BM.

Cognitive disorders involve different degrees of cognitive 
function impairment, varying from mild cognitive disorder 
to severe dementia.17 Patients with brain tumor commonly 
present symptoms of mild cognitive disorder, damaged mem-
ory, attention deficit, reduced illation and abstraction, and 
reduction of language skills.18 The cognitive impairment 
caused by WBRT involves changes in memory, implemen-
tation function, and information processing. The cognitive 
deficits in patients with BM with increased survival period 
have attracted increasing attention of physicians. It had been 

Group N DST VFT MMSE

Before radiotherapy 81 7.71 ± 0.68 10.02 ± 2.15 27.22 ± 1.28

After radiotherapy 81 6.46 ± 0.87* 8.37 ± 1.73* 26.07 ± 1.06*

DST, digit span test; MMSE, Mini- mental state examination; VFT, verbal fluency test.
*P < 0.01. 

T A B L E  2  Comparison of 
neuropsychological background testing 
between the two groups before and after 
radiotherapy

T A B L E  3  Comparison of EBPM and TBPM scores between the 
two groups before and after radiotherapy

Group N EBPM TBPM

Before radiotherapy 81 2.48 ± 0.92* 4.90 ± 1.10**

After radiotherapy 81 1.54 ± 1.10 4.70 ± 1.12

EBPM, event- based prospective memory; TBPM, time- based prospective 
memory.
*P < 0.01. 
**P > 0.05. 
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suggested that the major pathological changes in brain tissues 
following WBRT involve damage to vascular endothelial 
cells and demyelination of white matter.19 Based on the dura-
tion of the symptoms, there are three phases of radiological 
brain injury: acute, subacute, and late phase. During the acute 
phase, the major pathological changes are as follows: damage 
to vascular endothelial cells, increased capillary permeabil-
ity, damage of blood- brain barrier, and cerebral edema. The 
acute phase generally occurs within the first few weeks fol-
lowing radiotherapy and presents as fatigue, headache, and 
malignant vomiting. During the subacute, phase, the major 
changes are diffuse demyelination of white matter. It oc-
curs 1- 6 months after radiotherapy, presenting as headache, 
somnolence, fatigue, and transient cognitive disorder. At the 
late phase, the major tissue changes are damage to vascular 
endothelial cells, demyelination of nerve fiber, and coagu-
lation necrosis. This can occur 6 months after radiotherapy 
and presents as permanent and progressive memory loss, and 
even dementia in severe cases. At present, the hippocampus 
is considered to be one of the brain structures that is most 
closely related to cognitive function.20 Researchers have 
speculated that the cognitive disorder caused by WBRT may 
be associated with hippocampal damage. Patients with met-
astatic carcinoma involving the hippocampus were excluded 
from this study to minimize the proportion of cognitive dis-
order caused by direct hippocampal damage due to the tumor 
itself.

The specific mechanism underlying the cognitive im-
pairment caused by WBRT is not clear and may be related 
to radiation- induced brain tissue damage, brain edema 
following radiotherapy, free radical damage, functional 
connectivity changes, and other factors. There are many 
factors that affect a patient’s cognitive function following 
WBRT, such as radiation dosage and segmentation. Tallet 
et al21 demonstrated that patients receiving a dosage less 
than 3 Gy had a significantly lower risk of cognitive dys-
function than those receiving a higher dosage. In this study, 
we used a regular dosage for WBRT, with a total dosage 
of 40 Gy. It is worth noting that Aoyama et al6 showed 
that controlling the BM is the most significant factor in 
stabilizing cognitive function. Another prospective study, 
conducted at the University of Wisconsin, analyzed the in-
fluence of WBRT on cognitive function in patients with 
BM.22 The authors found that WBRT had shrunken the 
tumors, improved patients’ survival period, and rescued 
their cognitive function. The long- term survivors exhibited 
stable and improved cognitive function. Moreover, the cog-
nitive impairment due to tumor growth was much larger 
than that due to WBRT. Besides the effect of WBRT on 
cognitive function, there are other factors that affect the 
cognition of the patients, such as age,23 complications,24 
tumor location,25 epilepsy26 due to the tumor, surgery,27 
certain drugs,28 chemotherapy,29 the controlling situation 

of intracranial or extracranial diseases, as well as neuro-
logical diseases.

This study on cerebral irradiation and cognition is im-
portant because it could provide information on how to pre-
vent and reduce the cognitive damage that occurs during 
the treatment of metastatic brain cancer. This is extremely 
important for cancer patients with long- term survival be-
cause cognitive impairment may diminish the life quality 
of such patients. When performing cerebral irradiation, it is 
important to avoid key brain regions (such as the hippocam-
pus), which have a small probability of being the sites of 
metastasis but damaging which could significantly impair 
the cognitive function of the patient.20,30,31 In such cases, 
intensity- modulated radiotherapy and helical tomotherapy 
may provide the information necessary to avoid compli-
cations.32,33 Further, drugs such as memantine could help 
prevent or ameliorate the cognitive impairment induced by 
irradiation.34

Adding to the previous studies on memory impairment 
following WBRT, in this study, we found that patients 
with BM exhibited significantly lower EBPM scores. 
Impairment of PM is the most common type of memory im-
pairment, accounting for 50%- 80% cases. Previous studies 
have found that PM can be divided into at least two parts: 
EBPM and TBPM, through the establishment of cognitive 
neural psychology dual- channel processing model. Many 
studies have found that the two components of PM can be 
separated, with different neural mechanisms underlying the 
brain damage, supported by neuroimaging evidences. The 
EBPM task is more relevant to assess prefrontal cortical 
function,35 whereas Oksanen et al36 did not find the acti-
vation of the prefrontal lobe to be associated with TBPM 
tasks, which may be associated with other structures, such 
as the thalamus.37 This study found that the EBPM score is 
significantly lower in patients with BM, following WBRT, 
and may be associated with a decrease in frontal lobe func-
tion. Therefore, WBRT may lead to decline in frontal lobe 
function in patients with BM. In addition, the functional 
brain imaging study of patients with BM before and after 
WBRT was further elucidated the possible mechanism un-
derlying lower EBPM scores following WBRT. The result 
is the first time to found the EBPM impairment caused by 
WBRT in cancer patients with brain metastases, but there 
is a limitation to consider. Because the survival period of 
enrolled patients was relatively short, the data on long- term 
cognitive changes following WBRT are not available in our 
study.

5 |  CONCLUSION

In conclusion, present study demonstrates that patients 
with BM who undergo WBRT exhibit impaired cognition, 
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performing poorly in the EBPM task, but with little impact 
on performance in the TBPM task. The result indicated that 
WBRT exerts heterogeneous effects on PM, and EBPM im-
pairment may be recognized as an early behavior marker in 
patients with BM who undergo WBRT.
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