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Abstract
Background The number of elderly cancer patients has been
rising in recent years, and decreases in cognitive function are
reportedly seen in 25–50 % of these patients. However, no
validated and practical tests are available for the assessment of
cognitive function in cancer patients. Age and the effects of
cancer treatment have been pointed out as possible causes of
these decreases in cognitive function; in both instances, a
strong possibility of a decrease in frontal lobe function exists.
Methods We administered the Frontal Assessment Battery at
bedside (FAB), the Mini-Mental State Examination (MMSE),
the Barthel Index, and the Instrumental Activities of Daily
Living (IADL) to 54 cancer patients who were 65 years of age
or older and assessed the clinical usefulness of the FAB.
Results The results showed that the FAB scores were signifi-
cantly correlated with the MMSE and IADL scores and were
unaffected by the number of years of education. Moreover,
when the subjects were divided into two groups according to
whether their total FAB score was less than 16 points or 16
points or more, significant differences in the total MMSE
scores and the total IADL scores were observed.
Conclusions Based on these findings and because the FAB
sensitively detected decreases in cognitive function, accu-
rately reflected the status of everyday life, and could be
performed conveniently and in a short time, we concluded
that the FAB may be very useful clinically as a means of
evaluating the cognitive function of elderly cancer patients.
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Introduction

Against a background of increasing numbers of cancer
patients and the super-aging of the population, the number
of elderly cancer patients has been steadily climbing [1].
Because reduced organ function and complications are fre-
quently observed as physical characteristics of the elderly,
evaluating their fragility becomes important when choosing
treatments for elderly cancer patients. With the aim of pro-
viding elderly cancer patients with comprehensive medical
care, a Comprehensive Geriatric Assessment has been
applied in recent years [2], and cognitive function is now
being evaluated as one of the items in addition to activities
of daily living (ADL), mood, social adjustment, and com-
plications. Not only is cognitive function one of the factors
that affects decision-making abilities, which are necessary
from the standpoint of selecting an appropriate treatment,
but cognitive function is also reportedly associated with
ADL ability [3], affective state, quality of life (QOL) [4],
and the mortality rate [5]. For these reasons, proper evalua-
tion of the cognitive function of elderly cancer patients and
the provision of support based on the results of such eval-
uations appear to be indispensable. However, no validated
and practical tests are available for the assessment of cog-
nitive function in cancer patients [6]. Currently, the Mini-
Mental State Examination (MMSE) [7] is generally used to
perform cognitive function screening, but a variety of equip-
ment is needed to administer this test, and it has been
pointed out that quite a few elderly persons get depressed
when they cannot answer questions that seem simple [8],
that the test is sometimes difficult to use in clinical settings,
and that the number of education years and the subject's age
tend to be reflected in the scores [9]. Moreover, because
problems have been pointed out when the MMSE is applied
to cancer patients, such as the fact that it is not sensitive
enough to detect minor changes in memory and intellectual
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ability [10], and because the rate at which abnormalities are
detected is low in addition to the impossibility of evaluating
cognitive function disorders adequately after radiation ther-
apy for brain tumors [11], the establishment of a cognitive
function screening method that can be conveniently admin-
istered in clinical settings and has a high sensitivity and high
discriminatory ability continues to be sought.

According to surveys that have been conducted in the past,
decreases in cognitive function have been seen in 25–50 % of
elderly cancer patients, and the rates of reduced cognitive
function have been found to increase with the age of the
patients [12, 13]. The possibility that cancer therapy, such as
chemotherapy and hormone therapy, as well as aging is a
factor that has an impact on cognitive function has also been
pointed out [14–18]. A decline in the volume or efficiency of
working memory, in which the prefrontal area (frontal lobe) is
involved, is closely related to decreases in cognitive function
arising from age, and one of those functions, the supervisory
attention function, is especially affected by age and tends to
deteriorate [19]. Reports of correlations between decreases in
intracerebral blood flow and glucose metabolism in most of
the frontal lobe or anterior cingulate cortex and age [20] and in
the lower frontal lobe and hippocampus in the elderly, com-
pared with in younger persons, corroborate the idea that
frontal lobe functions decline as a result of aging [21].

On the other hand, reports on the effects of chemotherapy on
cognitive function have shown that the volume of the frontal
lobe or hippocampus temporarily decreases as a result of post-
operative chemotherapy in breast cancer patients [16], and
changes in the hippocampal and frontal lobe functions have
been reported [15]. Joly et al. [22] reported that 15–50 % of
chemotherapy-treated patients have moderate cognitive trou-
bles, and these troubles have been shown to affect executive
functions mainly. Moreover, Nelson et al. [18], who conducted
a systematic review of the literature on the effects of hormone
therapy on cognitive function, reported that some sort of
decrease in cognitive function was seen in 47–69 % of prostate
cancer patients who received hormone therapy. Furthermore,
among the decreases, the impairment of cognitive functions that
depend on visuospatial ability and higher-order cognitive func-
tions that require the performance of multiple tasks simultane-
ously were often noted. These findings suggest that some parts
of the brain of cancer patients who undergo chemotherapy or
hormone therapy may be affected in some way.

Although many possible causes of the decreased cognitive
function in elderly cancer patients are possible, the frontal lobe
very likely plays a large role. The frontal lobe is responsible
for the brain's “control tower-like” functions. Its executive
functions are not single functional units, but a set of many
computational processes; these executive functions are also
said to play a large role in working memory, active informa-
tion selection, conflict and cognitive control, goal-directed
behavior, and decision making, and decreases in executive

functions are thought to be closely correlated with social
activity and the ability to perform activities of daily living
[23]. Accordingly, attempts to maintain and improve the cog-
nitive function of elderly cancer patients are likely to also have
an impact on the improvement of both the patients' daily lives
and their social lives as well as their QOL.

We therefore sought to determine the clinical usefulness of
using a frontal lobe function test, the Frontal Assessment Bat-
tery at bedside (FAB) [24], as a screening test to evaluate the
cognitive function of elderly cancer patients. The FAB was
developed to screen functional elements of the frontal lobe
multilaterally, and it is characterized by its convenience, as no
special equipment are required and the test can be completed in
a short time. Although the clinical usefulness of the FAB is
previously reported in dementia [25], Alzheimer's disease [26],
and Parkinson's disease [27], we could not find any previous
manuscript that FAB was used for the assessment of cognitive
function of cancer patients. In the present study, we also eval-
uated the ADL and instrumental activity of daily living
(IADL) of the elderly cancer patients and assessed the
associations with cognitive function. We did so because
of a report that decreases in IADL were observed in
Alzheimer's disease patients starting at a stage when the
decrease in cognitive function was so mild that no
abnormalities were detected by a cognitive function
evaluation battery [28]. We thought that by assessing
these parameters, we might be able to establish a
method that would make it possible to evaluate the
cognitive function of elderly cancer patients both con-
veniently and appropriately, as well as to obtain some
clues as to how best to provide support to elderly
cancer patients in the future.

Patients and methods

This study was approved by the Institutional Review Board
of the Hiroshima University in Japan.

Participants

Patients who were 65 years old or older, who had been
examined at Hiroshima University Hospital or Takanobashi
Central Hospital, and who were currently being treated or
had been treated within the past 3 years for breast cancer,
prostate cancer, stomach cancer, colorectal cancer, or lung
cancer were eligible to participate in this study. However,
patients whose general condition was serious and were
unable to endure an approximately 30-min interview to
perform the following four measures (FAB, MMSE, Barthel
Index (BI), and Japanese language version of the Instrumen-
tal Activities of Daily Living (IADL-J)), patients found to
have a consciousness disorder (such as delirium), patients
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who had been judged by their attending physician to require
psychiatric treatment, and patients who had ever undergone
whole-brain irradiation were excluded from participation.

Measures

Sociodemographic information and medical information about
the participants were collected from their medical charts after
conducting an evaluation. The Japanese language version of the
MMSE and the Japanese language version of the FAB were
administered as cognitive function evaluations. The FAB is a
frontal lobe function testing method developed in 2000 by
Dubois et al. [24] that is composed of six subtests: similarities,
lexical fluency, motor series, conflicting instructions, go/no-go,
and prehension behavior. The possible total scores range from 0
to 18. Because the FAB was developed so that it could be
administered at bedside, it can be administered within about
5 min without using any special equipment, and it is said to
cover a relatively broad range of frontal lobe functions. Corre-
lations have been found between scores on the MMSE, Kana-
hiroi Test, and Raven's Colored ProgressiveMatrices in demen-
tia patients, and their abnormality detection rates have been
reported to be high. The reliability and validity of the Japanese
language version has also been confirmed [29].

The BI [30] was used as an evaluation of ADL, and the
IADL-J, developed by Lawton and Brody [31], was used to
evaluate the IADL. The IADL-J is composed of eight catego-
ries: using the telephone, shopping, food preparation, house-
keeping, laundry, using transportation, handling medication,
and handling finances. The ability that is evaluated by IADL
includes the abilities to live in community and adapt to soci-
ety, i.e., a higher level of ability. In view of the gender differ-
ences in the original, a method that eliminated “food
preparation,” “housekeeping,” and “laundry” and scored only
the other five categories was adopted for men [31]. In view of
the gender difference in the present study, we used the follow-
ing five categories for both men and women: “using the tele-
phone,” “shopping,” “using transportation,” “handling
medication,” and “handling finances.” These categories were
scored using a total score of 10 points as a perfect score.

Statistical analyses

All of the participants were included in the main analysis.
The sociodemographic and medical data were analyzed
using descriptive statistics. Because the total scores of all
the assessments were not normally distributed, the assess-
ments were tested for correlations by calculating the Spear-
man's rank correlation coefficients. The relationships
between the total scores on the FAB and the MMSE,
ADL, and IADL were assessed by dividing the participants
into two groups according to their total FAB scores and by
comparing the groups using the Mann–Whitney U test.

The P values in all the tests were two-sided, and P
values <0.05 were considered significant. The Statistical
Package for the Social Sciences ver. 17. 0J for Win-
dows software was used to carry out all the statistical
analyses.

Results

Characteristics and functional status

The mean age of the participants in this study was 73.8 years
(SD, 6.0), and there were 30 men and 24 women. The site of
the primary cancer was the breast in 19 patients, prostate in
13 patients, stomach in 8 patients, lung in 6 patients, color-
ectal sites in 5 patients, and other sites in 3 patients (Table 1).
The assessments of functional status yielded a mean total
score of 27.2 (SD, 2.5) for the MMSE, 14.7 (SD, 2.6) for the
FAB, 96.9 (SD, 12.0) for the BI, and 8.9 (SD, 2.1) for the
IADL, and the majority of the participants had relatively
good cognitive function and ADL scores (Table 2).

Correlations between assessments

A significant correlation was found between the FAB and
the MMSE (r00.283, P00.038). Significant correlations
were also found between the FAB and the IADL (r00.452,
P<0.001) and between the MMSE and the IADL (r00.395,
P00.003). The FAB scores were negatively correlated with
age (r0−0.307, P00.024), and the MMSE scores were
correlated with the number of years of education (r00.320,
P00.039). No significant correlations were seen between

Table 1 Characteristics of participants

N (%) Mean (SD) Range

Age 73.8 (6.0) 65–88

Gender Male 30 (55.6)

Female 24 (44.4)

Education (years) 11.9 (2.3) 8–18

Primary site Breast 19 (35.2)

Prostate 13 (24.1)

Stomach 8 (14.8)

Lung 6 (11.1)

Colorectal 5 (9.3)

Others 3 (5.5)

Performance status 0 6 (11.1)

1 34 (63.0)

2 11 (20.4)

3 2 (3.7)

4 1 (1.9)
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the BI and any of the cognitive function evaluations
(Table 3).

Comparisons according to total FAB scores

The participants were divided into two groups based on their
total FAB scores, and the groups were compared. First, the
results when the participants were divided into two groups
according to the median total FAB score, 15/16, are shown
in Table 4. The results showed a significant difference
between the total MMSE scores (P00.041) of the two
groups and between the total IADL scores (P00.015).
Moreover, when the subscale items for each of the assess-
ments were compared, significant differences were seen in
the MMSE subscale items for orientation to time (P00.020),
orientation to place (P00.031), and recall (P00.012) and in
the IADL subscale item for using the telephone (P00.040).

Next, when the subjects were divided into two groups
according to a total FAB score of 16/17 (Table 5), the differ-
ence in the total MMSE scores was not significant, but a
significant difference between the total IADL scores was seen
(P00.014). Significant differences between the scores for the
MMSE subscale items for orientation to time (P00.049) and
recall (P00.046) and for the IADL subscale items for using
the telephone (P00.018) and shopping (P00.035) were also
seen.

On the other hand, when the subjects were divided into
two groups according to a total FAB score of 17/18 points,

no significant differences were seen between the total scores
for the MMSE, BI, or IADL or for any of their subscale item
scores. No significant differences in the total BI scores were
seen in any of the comparisons.

Discussion

Because it was stipulated that elderly persons 65 years of
age or older who had been diagnosed with cancer and were
currently continuing to be regularly examined or treated
were eligible for participation in this study, there was a wide
variation in the sites of the participants' primary cancer, the
nature of their treatment, and the time since diagnosis. This
study focused on assessing the clinical usefulness of the
FAB; thus, we did not investigate differences arising from
background factors, such as the primary site or the nature of
treatment. However, the fact that the number of participants
in this study was insufficient to assess such differences was
a limitation of this study.

Whereas 23/24 is considered to be the MMSE cutoff
point for dementia and 9/10 is considered to be the FAB
cutoff point for dementia, the mean MMSE score of the
participants in this study was 27.2, and the mean FAB score

Table 2 Functional status of participants

Mean (SD) Range

MMSE 27.2 (2.5) 22–30

FAB 14.7 (2.6) 5–18

BI 96.9 (12.0) 15–100

IADL 8.9 (2.1) 0–10

MMSE Mini-Mental State Examination, FAB Frontal Assessment Bat-
tery at bedside, BI Barthel Index, IADL Instrumental Activities of Daily
Living

Table 3 Correlation between assessments

FAB MMSE

ra P value ra P value

FAB – 0.283 0.038

MMSE 0.283 0.038 –

BI 0.168 0.226 0.218 0.113

IADL 0.452 0.001 0.395 0.003

Age −0.307 0.024 −0.082 0.556

Education 0.257 0.100 0.320 0.039

a Spearman's rank correlation coefficient

Table 4 Comparison between the two groups (FAB≦15 vs FAB≧16)

FAB≦15
(N034)

FAB≧16
(N020)

P
valuea

Mean Range Mean Range

MMSE total 26.7 22–30 28.3 26–30 0.041

Time orientation 4.7 3–5 5.0 5–5 0.020

Place orientation 4.7 2–5 5.0 5–5 0.031

Recall 2.5 0–3 3.0 2–3 0.012

IADL total 8.4 0–10 9.6 4–10 0.015

Using telephone 2.6 0–3 2.9 1–3 0.040

aMann–Whitney U test

Table 5 Comparison between the two groups (FAB≦16 vs FAB≧17)

FAB≦16
(N038)

FAB≧17
(N016)

P
valuea

Mean Range Mean Range

MMSE total 27.0 22–30 28.0 26–30 0.149

Time orientation 4.7 3–5 5.0 5–5 0.049

Recall 2.6 0–3 2.9 2–3 0.046

IADL total 8.5 0–10 9.8 8–10 0.014

Using telephone 2.6 0–3 3.0 3–3 0.018

Shopping 0.8 0–1 1.0 1–1 0.035

aMann–Whitney U test
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was 14.7; thus, the cognitive function of the participants in
this study can be described as relatively high. However,
even in this study, the FAB was significantly correlated with
the MMSE, and even the comparisons between the two
groups showed significant differences in the total MMSE
scores or subscale item scores. Moreover, no correlation was
seen between the FAB scores and the years of education,
and the FAB scores were found to be unaffected by educa-
tion history. Based on these results, the FAB appeared to be
a valid scale for evaluating the cognitive function of elderly
cancer patients and to be capable of detecting decreases in
cognitive function sensitively.

The results for the associations with the IADL showed
that the FAB scores were relatively strongly correlated with
the total IADL scores. Furthermore, significant differences
were also seen between the total IADL scores and the scores
for several of the subscale items, which require a higher
level of ability, compared between the two groups (FAB≦15
vs FAB≧16 and FAB≦16 vs FAB≧17) on the basis of their
total FAB scores. These findings suggest that the FAB may
be able to sensitively detect decreases in cognitive function
even when too slight to be able to cause decreases in ability
that could be detected by the MMSE or BI, and that the FAB
appears to closely reflect the daily living conditions of the
elderly cancer patients. No correlations between the BI and
either the FAB or MMSE were seen in this study, and no
significant differences in the total BI scores were seen in the
comparisons between the two groups based on their total
FAB scores. The reason for these findings appears to have
been that the cognitive function and functional status of the
participants in this study were relatively high.

The above findings suggested that the FAB is able to
sensitively detect decreases in cognitive function so slight
that they are not ordinarily regarded as decreases in cogni-
tive function in addition to detecting the disabilities in daily
living that accompany them. Moreover, because the FAB
does not require any special testing equipment and can be
administered in a short time of about 5 min without any
feelings of resistance from the patient, it was concluded to
be very useful clinically as a means of evaluating the cog-
nitive function of elderly cancer patients. The number of
elderly cancer patients has been steadily increasing. Under
the current circumstances, in which cognitive dysfunction is
not assessed significantly in clinical settings [6], this study
assessing the clinical usefulness of the FAB, which can be
administered conveniently in a short time, is of great sig-
nificance. The cognitive dysfunction of cancer patients,
which has tended to be overlooked until now, has been
shown to have an impact on the patients' emotional state
and their QOL [4], and being able to evaluate cognitive
dysfunction correctly is extremely important from the stand-
point of the care and rehabilitation of elderly cancer patients.
Moreover, by clarifying the associations between the FAB

and ADL, the possibility of future disabilities can now be
inferred based on the FAB score, and the need for rehabil-
itation can now be assessed early after a decrease in cogni-
tive function among elderly cancer patients.
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