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Table 1. Demographics and clinical characteristics of all participants
Characteristics All 265 years <65 years P
N % N % N Yo
No. 807 100.0 243 30.1 564 69.9
Age Mean: 57.6 (SD = 11.6) Mean: 713 (SD =4.7) Mean: 51.7(SD = 8.3)
Median: 57 (range, 23--86) Median: 71 (range, 65--86) Median: 52 (range, 23--64)
Sex
Male 433 53.7 219 90.1 214 37.9 0.00
Female 374 46.3 24 9.9 350 62.1
Marital status
Marricd 640 79.3 221 90.9 419 743 0.00
Education
>12 years 513 63.5 139 57.2 374 66.3 0.93
Employment status
Full-time/part-time 365 452 49 20.2 316 56.0 0.00
Cancer site
Breast 237 29.4 8 3.3 229 40.6 0.00
Prostatce 126 15.6 102 42.0 24 43
Colon 58 7.2 20 8.2 38 6.7
Stomach 48 5.9 22 9.1 26 4.6
Lung 34 4.2 13 5.3 21 3.7
Bladdcr 31 3.8 12 4.9 19 3.4
Uterus 31 3.8 0 0.0 31 5.5
Hematopoictic system 29 3.6 5 2.1 24 4.3
Liver 23 2.9 1o 4.1 13 23
Rectum 22 2.7 10 4.1 12 2.1
Esophagus 15 1.9 7 2.9 8 1.4
Head and neck 12 1.5 1 0.4 11 2.0
Kidney 10 1.2 5 2.1 5 0.9
Ovary 10 1.2 0 0.0 10 1.8
Pancreas 9 1.1 6 2.5 3 0.5
Biliary system 5 0.6 2 0.8 3 0.5
Undiagnoscd 9 .1 3 1.2 6 i.1
Others 98 12.1 17 7.0 81 14.4
Clinical stage
Recurrence/metastasis 213 26.4 66 27.2 147 26.1 0.75
History of anti-cancer treatment”
Surgery 678 84.0 175 72.0 503 89.2 0.00
Chemotherapy 384 47.6 94 38.7 290 514 0.00
Hormonal therapy 318 39.4 83 342 235 41.7 0.05
Radiation therapy 293 36.3 64 26.3 229 40.6 0.00

Continued

10T ‘6 Aing uo (VL) a1u0)) Jeour)) jeuone)N] Je /810" syewmo pioyxo-ooffy/:duy woiy papeofumoy



452

Table 1. Continued

Concerns and quality of life among elderly cancer patients

Characteristics All >65 years <65 years £
N % N % N %
ECOG performance status
0 453 56.1 144 59.3 309 54.8 0.44
1 323 40.0 88 36.2 235 41.7
2 25 3.1 9 3.7 16 2.8
3 5 0.6 2 0.8 3 0.5
4 1 0.1 0 0.0 1 0.2
Duration since diagnosis
<6 months 45 5.6 19 7.8 26 4.6 0.61
>6 months to <1 year 112 13.9 32 13.2 80 14.2
>1 yearto <2 ycars 190 23.5 50 20.6 140 24.8
>2 years to <5 years 288 35.7 92 37.9 196 34.8
>5 years 172 21.3 50 20.6 122 21.6

EORTC QLQ-C30 Mean: 62.2 (SD = 22.7)

Global health status scorc Mcdian: 66.7 (range,

0—100)

Mecan: 64.7 (SD = 22.3)
Median: 66.7 (range,

Mean: 61.2 (SD = 22.8)

Median: 66.7 (range,
0—-100)

0.04

0-100)

ECOG, Eastern Cooperative Oncology Group; EORTC QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life

Questionnaire-Core 30.
*Multiple choice.

symptoms (£ < 0.01), constipation (£ < 0.01), psychological
symptoms (P = 0.01) and daily living (P = 0.01), after adjust-
ing for age, sex, marital status, clinical stage, duration since
diagnosis, employment status and educational level. As the
coefficient of determination (R?) in this survey was 0.31, we
could not sufficiently estimate QOL from the concerns of
elderly cancer patients.

DISCUSSION

As to the elderly cancer patients’ concerns, about half of them
had difficulty with self-management, psychological symptoms
and medical information. In terms of self-management, it
appears that they would like to decide their own treatment and
they are likely to do something on their own without relying
on others. As for psychological symptoms and medical infor-
mation, a previous study reported that the prevalence of unmet
needs among cancer patients aged over 70 years was high in
the Psychological and Health system and Information
domains and slightly >50% of them appeared to be unsatis-
fied (26), which is consistent with our findings. This indicates
that they have not obtained sufficient information for living
with medical treatment, even though cancer care support and
information service centers play an important role in provid-
ing cancer patients and their families with useful information
such as how to deal with side effects at home, available treat-
ment or treatment options and interpersonal communication.
The reasons for this are that many cancer patients are still not

familiar with the centers (31), or older patients with cognitive
dysfunction might not be able to approach the centers because
of their inadequate health literacy (32), so it may be necessary
to simply remind them about the centers. With regard to psy-
chological symptoms of older cancer patients such as insom-
nia, medical staff must handle this properly, for example, by
regularly making assessments in clinical practices and objec-
tively asking the families or visiting nurses about the patient’s
home life (33). Moreover, it would be necessary for oncolo-
gists to receive training on the primary approach for dealing
with psychological symptoms of older cancer patients (34).
With respect to the comparison between elderly and
younger cancer patients’ concerns, a previous study reported
that the elderly had less trouble with psychological symptoms
and social functioning than younger cancer patients (25), and
another study suggested that the elderly showed lower physic-
al functioning scores in the QOL domains compared with the
younger cancer patients (26), and these results are in agree-
ment with our study. The reason for this seems to be that older
cancer patients in Japan receive their pension or financial
support from their children, which alleviates concerns about
money. In addition, since they have finished raising their chil-
dren and are retired from work, they have fewer demands on
their time and resources compared with younger cancer
patients (35,36). Since younger individuals still have work and
family responsibilities, they seem to have more difficulty with
psychosocial problems, financial problems, social functioning
and so on (35,36). Regarding QOL, it is generally considered
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Table 2. Prevalence of concerns® and differences between elderly (> 65 years) and younger (<65 years) cancer paticnts

Jpn J Clin Oncol 2014:44(5) 453

univariate analysis

Concerns All >65 ycars <65 ycars P
n =807 % n =243 % n =564 %

Physical symptoms (having onc or more concerns in the following five items) 123 15:2 39 16.0 84 14.9 0.68
Loss of weight 51 6.3 22 9.1 29 5.1 0.04
Loss of appetite 49 6.1 16 6.6 33 59 0.69
Dyspnca 43 53 9 3.7 34 6.0 0.18
Diarrhca 35 43 12 4.9 23 4.1 0.58
Nausca and/or vomiting 21 2.6 6 2.5 15 2.7 0.88

Psychological symptoms (having onc or more concerns in the following five items) 391 48.5 114 46.9 277 49.1 0.57
Insomnia 257 31.8 84 34.6 173 30.7 0.28
Being tired and/or feeling sluggish 226 28.0 51 21.0 175 31.0 0.00
Not being insightful 146 18.1 31 12.8 115 204 0.01
Fecling down and/or depressed 123 15.2 21 8.6 102 18.1 0.00
Fecling agitated and/or nervous 71 8.8 16 6.6 55 9.8 0.15

Daily living (having onc or morc concerns in the following six items) 241 29:9 51 21.0 190 33.7 0.00
Concerns about medical fees 179 22.2 35 14.4 144 255 0.00
Inability to do job 133 16.5 18 7.4 115 20.4 0.00
Inability to do housewark and/or to take carc of family 69 8.6 12 4.9 57 10.1 0.02
Concerns about nursing care insurance 66 8.2 24 9.9 42 7.4 0.25
[nability to take carc of oneself 58 7.2 Il 4.5 47 8.3 0.06
Having no means of going to hospital 37 4.6 7 2.9 30 53 0.13

Self-management (having onc or more concerns in the following three items) 494 61.2 135 55.6 359 63.7 0.03
Want to know what I can do for curing of discasc by myself 423 52.4 110 453 313 55:5 0.01
Want to know what [ can do in poor health 414 51.3 112 46.1 302 53.5 0.05
Want to know what I can do to take carc of mysclf 334 414 85 35.0 249 44.1 0.02

Medical information (having onc or more concerns in the following five items) 373 46.2 103 424 270 47.9 0.15
Want to know about other treatments 289 35.8 83 342 206 36.5 0.52
Want to know about other hospitals 235 29.1 73 30.0 162 28.7 0.71
Unable to understand explanation about discase and/or treatment 149 18.5 54 22.2 95 16.8 0.07
Unable to communicate well with doctor 140 17.3 42 17.3 98 17.4 0.98
Want to know about fertility 66 8.2 15 6.2 S 9.0 0.17

Pain
Painful 142 17.6 41 16.9 101 17.9 0.72

Constipation
Constipated 126 15.6 27 1.1 99 17.6 0.02

“Rated 3 or 4 on the four-point Likert scale on cach item of the comprehensive concerns assessment tool.

to be lower in elderly compared with younger cancer patients,
because the physical functions of elderly patients are wea-
kened and they tend to have more comorbidities than younger
patients (37), and the severity of comorbidities adversely
affects QOL (38). In a previous study, however, the QOL of
elderly cancer patients was the same degree as in younger
cancer patients after adjustment for PS (39), and another study
reported that QOL was not significantly different between

elderly and younger cancer patients (26). In our study, QOL
was higher in the elderly than in the younger cancer patients.
One of the reasons for this seems to be that older cancer
patients are better able to adapt to severe situations compared
with younger patients, although the elderly are more strongly
affected by cancer itself or the treatment (40,4 1).

Regarding the association between concerns and QOL of
elderly cancer patients, we found that there is a significant
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454 Concerns and quality of life among elderly cancer patients

Table 3. Association between clderly cancer patients’ concerns and quality of life"—multiple regression analysis®

Concerns Cocfficient (B) Standardizing cocfficient (8) T P Partial R?
Physical symptoms —-11.77 —0.19 —3.23 0.00 0.14
Psychological symptoms —6.70 —0.15 —2.53 0.01 0.11
Daily living —8.34 -0.15 —2.53 0.01 0.11
Self-management —4.67 -0.10 —1.61 0.11 0.08
Medical information —3.44 —0.08 —1.20 0.23 0.06
Pain -12.23 -0.21 —-3.64 0.00 0.11
Constipation - 11.96 -0.17 —3.07 0.00 0.05
Total R = 0.31

“Global health status score of the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30.
®Adjusted for age, sex, marital status (two groups), clinical stage (two groups), duration since diagnosis (thrce groups), cmployment status (two groups) and

cducational level (two groups).

association, but self-management and medical information,
which are highly prevalent concerns among the elderly sub-
jects, do not significantly contribute to QOL. Nevertheless,
elderly subjects have great difficulty with these two subscales.
On the other hand, the other five subscales that are significantly
associated with QOL do not pose much difficulty for the
elderly cancer patients. Therefore, we consider it important to
comprehensively intervene in their multiple concerns. Several
previous studies have suggested that the more adequate infor-
mation cancer patients obtain, the more satisfied they are (20),
and the more able they are to adapt to their psychological and
emotional states (42); therefore the QOL of elderly cancer
patients is expected to improve with multifaceted interven-
tion and the provision of sufficient information about their
concerns.

The present study has several limitations. First, there was
the potential for selection bias in that the subjects were outpa-
tients, over 90% of them were diagnosed >6 months carlier,
~90% of them were male and 40% were prostate cancer, and
moreover, they were all able to participate in this internet
survey. Based on these factors, it was estimated that most of
the subjects were physically and mentally stable, and they had
little cognitive dysfunction and high health literacy because
they were capable enough to use the internet. As more men
than women use the internet in general, it is believed that most
subjects in this study were men. That is to say, subjects in this
study were not representative elderly cancer patients in Japan.
Further investigations need to be conducted other than
through the internet, such as by interviews with not only out-
patients but inpatients in clinical sites, in the future. In add-
ition, we should point out that there was a possibility that most
of the study subjects had normal cognitive function. In fact,
the number of cognitive deficit patients in Japan was estimated
to be 4 620 000 in 2013 (43), and many elderly cancer patients
have cognitive impairment. Therefore, we should evaluate the
cognitive function of elderly cancer patients first, positively
detect their concerns including concerns of patients
with cognitive dysfunction by using assessment tool like

comprehensive geriatric assessment (CGA) after that, and
examine whether we can clarify their concerns.

Second, the CCAT questionnaire for cancer patients’ con-
cerns proved to be valid and reliable in a previous study, but it
is not specific to elderly cancer patients (28). Finally, since
our investigation was cross-sectional in design, we cannot
conclude the causal relationship between patients’ concerns
and their QOL. This problem needs further investigation in a
longitudinal study; for example, we should reinvestigate after
an interval of several months. In addition, further research
needs to focus on various patients and clinical characteristics
such as age, sex, cancer type, PS and so forth.

Despite these limitations, this study has several strengths.
To our knowledge, it is the first study to comprehensively
assess elderly cancer patients’ concerns in Japan; in doing so,
we could understand the characteristics of elderly cancer
patients’ concerns in detail. The response rate of this study
was 80%, which was considered to be relatively high.

In today’s aging society, multidisciplinary intervention and
training for healthcare professionals will be required to deal
with different and complex concerns of elderly patients with
cancer. We should also make an active effort to investigate
concerns of elderly cancer patients who do not complain,
predict their possible problems such as upset, and intervene in
them. This will make it possible to provide them with optimal
oncological care to improve their QOL.
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Obijective: Comprehensive assessment of perceived concerns can be used to guide supportive
care appropriate to individual cancer patients. This study sought to determine the prevalence of
cancer patients’ concerns and the degree to which these concerns contribute to patients’
quality of life.

Methods: Participants were patients with all types of cancer, who completed an Internet survey
questionnaire regarding comprehensive concerns about physical, psychological, psychosocial
and economic aspects of having cancer. The questionnaire was based on the newly developed
Comprehensive Concerns Assessment Tool and the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire.

Results: We obtained complete data from 807 patients. Factors related to ‘self-management’
concerns were the most common (61.2%), followed by concerns about ‘psychological symp-
toms’ (48.5%), ‘medical information’ (46.2%), ‘daily living’ (29.9%), ‘pain’ (17.6%), ‘constipation’
(15.6%) and other ‘physical symptoms’ (15.2%). Multiple regression analysis revealed that all
concerns except those about ‘medical information’ significantly contributed to quality of life.
Conclusions: Cancer patients’ concerns were shown to be multidimensional and significantly
associated with quality of life. Thus, assessment of patients’ concerns should be multidimensional
in nature, and a multidisciplinary care team should help patients improve their quality of life.

Key words: quality of life — patient care team — social support — needs assessment

and treatment location (4). Almost all of these are reported to

INTRODUCTION be factors significantly related to quality of life (QOL) (5—38).
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Cancer patients face various symptoms and problems in daily
life that involve the physical, psychological and socio-
economic effects of treatment complications and extended
survival.

Numerous symptoms and problems must be managed, in-
cluding pain (1), distress (2), insufficient social support (3)

Recent studies have also dealt with a wide range of cancer
patients’ care needs, and having many needs is one of the
factors reported to worsen cancer patients’ QOL (9,10). These
findings suggest that medical professionals should focus on
the various symptoms and problems that cancer patients face
in order to better support them.

> The Author 2014. Published by Oxford University Press. All rights reserved.
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However, past studies have shown that patients’ symptoms
and problems are often not appropriately addressed by
medical professionals (11—13). Also, patients frequently
report that they have not received the support they needed
during treatment and follow-up (14—16). These problems
result in part from a lack of appropriate, brief assessment tools
of symptoms and problems, which leads to insufficient
guidance for effective and efficient care. Cancer patients
experience one or more symptoms and several problems sim-
ultaneously, and how they feel and respond to these symptoms
and problems differs between individuals. Therefore, their
symptoms and problems must be assessed comprehensively
from the patient’s viewpoint as ‘perceived concerns’. The
comprehensive assessment of perceived concerns can offer
some advantages. First, patient-important outcomes can be
directly assessed. Second, it can help with the prioritization of
necessary care by more specifically indicating the support
resources needed to improve the patient’s QOL. However, as
mentioned above, few tools are available for such assessment.

The framework of this study is based on the premise of
appropriate supportive care, which is defined as care based on
patients’ perceived concerns to improve QOL. The study
objectives were 3-fold: to develop a questionnaire that com-
prehensively assesses cancer patients’ concerns; to examine
the prevalence of concerns in cancer patients; and to explore
the contribution of concerns to cancer patients’ QOL.

PATIENTS AND METHODS
SUBJECTS

Subjects were patients on the registered cancer patient list
of Intage Inc., Tokyo, Japan, a company that specializes in
Internet surveys and recruits monitors from among Internet
users by advertisements placed on various websites in Japan.
From the registered monitors, we selected patients that
matched the eligibility criteria of this study. Inclusion criteria
were persons aged 20 years or older, who were diagnosed with
cancer (any primary cancer site, all stages and at any time
point after diagnosis) and had visited a hospital for cancer
treatment within the past year. Exclusion criteria were patients
who were either healthcare professionals or who worked in the
areas of media, advertisement or web investigation. The
reward for responding to the questionnaire was given accord-
ing to a point system. Respondents could save points if they
completed all questions. They could then exchange points for
money or save their accumulated points.

This study was approved by the Institutional Review Board
and Ethics Committee of the National Cancer Center, Japan.
Because this was an Internet survey, responding to the survey
constituted informed consent to participate in this study.

PROCEDURE

In this cross-sectional study, the survey was conducted over
the Internet between 22 and 24 October 2012. In total, 1009
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eligible cancer patients were asked to complete the self-
administered questionnaires.

We excluded data when answers were transmitted repeated-
ly from the same terminals, when attributes were different
from those of the answer or when the answer time was
inappropriate. Missing values were not possible because the
web investigation was structured to require participants to
answer all of the questions.

INSTRUMENTS
CANCER PatiEnNTs’ CONCERNS

We developed a self-reported questionnaire, which we
named the Comprehensive Concerns Assessment Tool
(CCAT), to comprehensively assess the concerns of patients
across all types of cancer throughout all phases of the
cancer experience. After reviewing existing patient and
family support sheets compiled by the National Cancer
Center Japan and a needs assessment tool [Short-form
Supportive Care Needs Survey Questionnaire: SCNS-SF34-]
(17)], we selected 50 items encompassing physical, psycho-
logical and psychosocial concerns of cancer patients. We
then selected 26 of these items using a focus group of
experts that included psycho-oncologists, nurses and
medical social workers. We explored subcategories by
factor analysis and examined the internal consistency of
each subscale.

On the CCAT, respondents were asked to indicate the level
or frequency of their concerns over the last week. The four re-
sponse options were (i) no concern, (ii) mild concern (1 or 2
days a week), (iii) moderate concern (more than half the
week) and (iv) serious concern (every day).

The CCAT will be published on the homepage (http:/pod.
nee.go.jp).

Quarity oF LiFe

We assessed patient QOL using the European Organization
for the Research and Treatment of Cancer (EORTC) QLQ-C
30 (18). The EORTC QOL-C 30 consists of 30 items on self-
reported aspects of QOL in cancer patients. The validity and
reliability of the Japanese version of the EORTC QLQ-C 30
had been confirmed (17). In this study, we used the Global
Health Status score ranging from 0 to 100, with higher scores
representing higher QOL.

S0C10-DEMOGRAPHIC AND CLINICAL CHARACTERISTICS

We used an ad hoc self-administered questionnaire to obtain
data on the patients’ socio-demographic status, including
marital status, employment status and educational level. We
also obtained other medical information, including primary
cancer site, time since diagnosis and presence of recurrence or
metastasis from this questionnaire.
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STATISTICAL ANALYSIS

First, we evaluated factor validity of the CCAT using factor
analysis with Promax rotation. The number of factors was
determined by Keiser’s criterion (eigenvalue of 1.0 or
greater). To evaluate the internal consistency of each factor,
we calculated Cronbach’s alpha coefficients. We calculated
the prevalence of each subscale and each item to clarify the
prevalence of concerns. We defined ‘presence of each concern
subscale’ as the presence of one or more items receiving a
score of 3 or 4 on each factor, and ‘presence of each concern
item’ as an item receiving a score of 3 or 4.

Next, to explore the contribution of each concern to cancer
patients’ QOL, we conducted multiple regression analysis,
where the dependent variable was the Global Health Status
score of the EORTC QLQ-C 30 and the independent variables
were the presence of each concern subscales. In this analysis,
age, sex, marital status (married or other), occupation
{(employed or unemployed), educational level (college gradu-
ate or other), time since diagnosis (<6 months, 6 months to
<5 years and >5 years) and presence of recurrence or metas-
tasis were entered as independent variables for adjustment,
with reference to past studies.

A P value of <0.05 was considered statistically significant,
and all reported that P values were two tailed. All statistical
analysis was conducted using SPSS 21 version software for
Windows (IBM Inc., 2012).

RESULTS
PATIENT CHARACTERISTICS

Complete data were available for 807 patients. The response
rate was 80.0%. Table 1 shows the participants’ socio-
demographic and clinical characteristics. Mean (£SD) and
median age of the study population were 57.6 (+-11.6) and 57.0
years, respectively. The male—female ratio was about 1: .
Approximately 80% were married, and ~60% had a graduate
education. As for cancer site, most had breast cancer (~30%),
followed by prostate cancer (15.6%) and colorectal cancer
(9.9%). A few subjects had lung, stomach or liver cancer. Most
subjects were survivors whose time since diagnosis fell within
2—5 years, and 5.6% of participants were in the early stages of
cancer treatment. Mean (£SD) and median (range) of the
Global Health Status score of EORTC QLQ-C 30 were 62.2
(£22.7) and 66.7 (0—100), respectively.

FACTOR STRUCTURE OF PERCEIVED CONCERNS

Factor analysis indicated a five-factor solution. Table 2 shows
the final factor pattern, factor name and internal consistency
of each factor (Cronbach’s alpha coefficient).

The first six items comprising concerns related to daily
living during cancer treatment showed significant loading
onto Factor 1. The next five items related to concerns about

Table 1. Characteristics of the study participants (n = 807)

Characteristics No. of %
participants
Age (ycars)
Mean: 57.6 (SD = 11.6), median: 57.0, range: 23—86
Sex
Man 433 53.7
Woman 374 46.3
Marital status
Marricd 640 79.3
Unmarried 90 1.2
Separated/divorced 55 6.8
Widow/widower 22 2.7
Occupation
Unemployed 442 54.8
Employed 365 452
Educational level
Junior high school 13 1.6
High school 281 34.8
Technical school 60 7.4
Junior college 97 12.0
College 331 41.0
Graduatce school 25 3.1
Primary cancer sitc
Breast 237 29.4
Prostatc 126 15.6
Colon 58 7.2
Stomach 48 5.9
Lung 34 42
Urinary bladder 31 3.8
Uterus 31 3.8
Hematologic cancer 29 3.6
Liver 23 2.9
Rectum 22 2.7
Esophagus 15 1.9
Head and neck 12 1.5
Kidney 10 1.2
Ovary 10 1.2
Pancrcas 9 1.1
Gall bladder 5 0.6
Not yet diagnosed 9 1.1
Others 98 12.1
Time since diagnosis
<6 months 45 5.6
6 months to <1 year 112 13.9

Continued
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Table 2. Factor pattern for the questionnaire items and reliability data

No. of %
participants

Characteristics

1 year to <22 years 190 235
2 years to <5 years 288 35.7
>5 years 172 213

Recurrence/metastasis
Yes 213 26.4
No 594 73.6

medical information loaded onto Factor 2. Five items includ-
ing ‘being tired and/or feeling sluggish™ related to concerns
about psychological symptoms loaded onto Factor 3. Three
items related to concerns about self-management loaded onto
Factor 4, and five other items related to concerns about physic-
al symptoms loaded onto Factor 5. [tems for *pain” and ‘con-
stipation’ did not belong to any factor. ‘Pain’ might reflect not
only physical symptoms but also various aspects of cancer
patients’ concerns. ‘Constipation’ might not have been a
symptom related to the kind of cancer and cancer treatment
found in this study population. However, pain and constipa-
tion are very common and important symptoms for all cancer
patients so we included these two items as individual sub-
scales in the other analysis in this study. Factors 14 showed
good internal consistency (« > 0.70), and Factor 5 showed
moderate internal consistency (« = 0.67).

PREVALENCE OF PERCEIVED CONCERNS

Table 3 shows the prevalence of each subscale and item. The
subscale related to concerns about ‘self-management’ was the
most common (61.2%), followed by ‘psychological symp-
toms’ (48.5%), ‘medical information’ (46.2%), ‘daily living’
(29.9%), ‘pain’ (17.6%), ‘constipation” (15.6%) and ‘physical
symptoms’ (15.2%). Among the items, ‘Want to know what |
can do for curing the disease by myself” was the most
common, followed by "Want to know what I can do in poor
health’, and “Want to know what I can do to take care of
myself”. The prevalence of these items was over 40% and all
of them belonged to the ‘self-management’ subscale. Half of
the subjects had ‘psychological concerns’ and one-third of
subjects suffered from ‘insomnia’ and ‘being tired and/or
feeling sluggish’. About half of the subjects also had some
difficulties with “medical information’ and wanted to know
about other treatments and hospitals. However, the prevalence
of items about communication with medical staff, such as
being ‘unable to communicate well with doctor’, was <20%.
About one-third of subjects had some concerns about ‘daily
living’. Comparatively, more subjects had economic concerns
such as ‘concerns about medical costs’ and an ‘inability to
work’. The prevalence of the subscale related to concerns
about ‘physical symptoms’ was <<20% as was those for ‘pain’
and ‘constipation’.

[tem number in the questionnaire and item Factor
loadings®
Factor I Daily living (six items); Cronbach’s «r = (.84
s Concerns about nursing care insurance 0.78
C3 Inability to take care of onesclfl 0.73
2 Inability to do housework and/or to take care of family  0.72
Co Having no means of going to hospital 0.72
(&) Concerns about medical costs 0.66
o8] Inability to do job 0.62
Factor2  Medical information (five items); Cronbach’s e = 0.85
D2 Unable to communicate well with doctor 0.94
DI Unable to understand explanation about discasc and/or  0.92
treatment
D3 Want to know about other hospitals 0.63
D8 Want to know about fertility 0.47
D4 Want to know about other treatments 0.44
Factor3  Psychological symptoms (five items): Cronbach’s
== (.79
B2 Feeling down and/or depressed 0.98
B3 Fecling agitated and/or nervous 0.72
B4 Being not insightful 0.68
Bl [nsomnia 0.47
A3 Being tired and/or feel sluggish 0.37
Factor4  Sclf-management (three items); Cronbach’s a == 0.91
D6 Want to know what 1 can do for curing the discase by 0.96
mysclf
D7 Want to know about what T can do in poor health 0.85
D5 Want to know what I can do to take carc of mysclf 0.71
Factor 5 Physical symptoms (five items); Cronbach’s « = 0.67
A2 Loss of appetite 0.66
A8 Loss of weight 0.55
AS Nausca and/or vomiting 0.50
AT Dyspnea 0.50
A6 Diarrhea 0.47
Factor 6  Pain (onc item)”

Al Painful
Factor 7 Constipation (one item)®

A4 Constipated

Loading after Promax rotation (n = 807).

“Factor loadings for the items where a cross-loading of >0.30 were
demonstrated.

®[Pain] and [constipation] belonged to neither factor in the first factor analysis.

ASSOCIATION BETWEEN PERCEIVED CONCERNS AND QOL

The seven subscales are considered to be independent of each
other as multicollinearity was ruled out because tolerances
were sufficiently large (0.77-0.93) and variance inflation
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Table 3. The prevalence of concerns of the study participants (2 = 807)

Concerns® No. of %

participants

Physical symptoms

Having one or more concerns in the following items 123 15.2
I Loss of weight 51 6.3
2 Loss of appetite 49 6.1
3 Dyspnca 43 54
4 Diarrhea 35 4.4
5 Nausea and/or vomiting 21 2.6
Psychological symptoms

Having one or morc concerns in the following items 391 48.5
1 Insomnia 257 319
2 Being tired and/or fecling sluggish 226 28.1
3 Being not insightful 146 18.1
4 Feeling down and/or depressed 123 15.2
5 Fecling agitated and/or nervous 71 8.8

Daily living

Having one or more concerns in the following items 241 29.9
1 Concerns about medical costs 179 222
2 Inability to work 133 16.5
3 Inability to do housework and/or to take carc of family 69 8.5
4 Concerns about nursing care insurance 66 8.2
5 Inability to take care of onesclf 58 7.1
6 Having no means of going to hospital 37 4.6
Self-management

Having one or more concerns in the following items 494 61.2
1 Want to know what [ can do for curing the discasc by 423 52.4

myself
2 Want to know what I can do in poor health 414 51.3
3 Want to know what [ can do to take carc of myself 334 414

Medical information

Having one or more concerns in the following items 373 46.2
1 Wanting to know about other trcatments 289 358
2 Wanting to know about other hospitals 235 29.1
3 Unable to understand explanation about discase and/or 149 18.4
treatment
4 Unable to communicate well with doctor 140 173
5 Wanting to know about fertility 66 8.2
Pain
1 Painful 142 17.6

Constipation

1 Constipated 126 15.6

“Rated three or more on the four-point Likert scale on cach questionnaire item.

factors were sufficiently small (1.07—1.30). Except for the
subscale related to concerns about ‘medical information’,
each subscale contributed to QOL with meaningful variables

Table 4. Concerns associated with the participant’s quality of life (QOL)® in
the multiple regression analysis®

Participant’s Coefficient  Standardized ¢ P Partial
concerns® (B) coefficient R* (rank)
(8
Physical symptoms  —11.07 —0.18 —5.46 0.00 0.06(2)
Psychological —10.69 —0.24 —7.25 0.00 0.09 (1)

symptoms

Daily living —6.84 -0.14 —4.14 0.00 0.05(4)

Self-management -3.72 —0.08 —2.39 0.02 0.03(5)

Medical —2.03 —0.05 —1.35 0.18 0.02(7)

information

Pain -10.77 —0.18 —5.87 0.00 0.06(2)

Constipation —5.07 —0.08 —2.67 0.01 0.03(5)
Total
R*=034

*Global QOL score of the EORTC QLQ-C30.

hAdjustcd for age, sex, marital status (two groups), educational level (two
groups), occupation (two groups), time since diagnosis (three groups) and
presence of recurrence/metastasis.

“Independent variables are presence of concerns: having one or more items
rated three or more on the four-point Likert scale of cach subscale.

(P < 0.05), and explained 33.8% of patients’ QOL (R =
0.34). The subscale related to concerns about ‘psychological
symptoms’ most contributed to QOL (8 = —0.24), followed
by ‘physical symptoms’ (8 = —0.18), ‘pain’ (= —0.18),
‘daily living’ (8 = —0.14), ‘self-management’ (8 = —0.08)
and ‘constipation’ (8= —0.08) after adjusting for age, sex,
marital status, occupation, educational level, time since diag-
nosis and presence of recurrence/metastasis (Table 4).

DISCUSSION

We began this study by developing a questionnaire to compre-
hensively assess cancer patients’ concerns. The findings
support the validity and reliability of the CCAT developed
and revealed that patients’ concerns are multidimensional
(e.g. physical, psychological and social).

In regard to examining the prevalence of concerns as a next
step, we found that cancer patients can experience a wide
range of perceived concerns. In particular, more than half of
our ambulatory cancer patients were concerned about ‘self-
management’. Indeed, cancer treatment has expanded to
include the home setting because of longer survival, the
increased number of ambulatory patients treated with chemo-
therapy and shortened hospital stays. Because cancer patients
are primarily responsible for managing their treatment, ‘self-
management’ has become an important factor in cancer
self-care. Thus, self-management skills and information on
beneficial exercise (19,20) and appropriate nutrition and
meal planning should be provided to help patients manage
their cancer. The second most prevalent concern was
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‘psychological symptoms’. About half of the subjects had psy-
chological concerns, and 30% suffered from ‘insomnia’.
Because insomnia is a common problem in cancer patients
(1,21), medical personnel should routinely ask them whether
they are suffering from insomnia. Providing information on
sleep hygiene (22) is especially recommended as part of a
routine care for patients with insomnia. In addition to medica-
tion, psychotherapy including cognitive behavioral therapy
(23,24) and relaxation therapy (22,25) could offer alternative
support if these services are available. Many subjects also had
concerns about medical and socio-economic information.
Information demand is not limited to the carly stages of
disease but continues throughout cancer treatment (26,27).
Therefore, this information should be easy for patients to
obtain and easy to understand. More medical personnel
having sufficient knowledge and good communication skills
are needed to settle the concern about information. We found
arelatively low prevalence of concern about ‘physical symp-
toms’, including ‘pain” and ‘constipation’, which might reflect
the large majority of participants who were at relatively earlier
stage of cancer. It might also reflect concern about ‘current’
physical symptoms, not about possible ‘future’ symptoms.
Based on our findings, we conclude that there is a need to
improve support for cancer patients’ self-management, psy-
chiatric concerns and access to information on medical care
and daily living.

In relation to our third objective of identifying which con-
cerns contribute to patients” QOL, our findings indicate that
all concerns except those related to ‘medical information” sig-
nificantly contributed to QOL. These results suggest that
addressing patients’ multidimensional concerns can help them
effectively improve their QOL. On the other hand, considering
the multidimensionality of patients’ concerns, intervention
would ideally involve multidisciplinary team support for each
patient. Multidisciplinary care teams have recently been oper-
ating in various contexts of cancer care, including nutrition
support teams, rehabilitation and palliative care (28,29). With
the aim of improving the quality of cancer treatment that
includes QOL, the multidisciplinary care team could consist
of, for example, an oncologist, palliative care specialist,
psycho-oncologist, expert nurse, pharmacist, dietitian and
medical social worker. Because patients’ concerns and sense
of values have become more diverse with the advancement
and diversification of cancer treatment, patients’ problems
should be screened comprehensively and efficiently, with sub-
jects prioritized, and the right persons placed in the right posi-
tions to support them. The Cochrane Database Systematic
Review revealed that each psychosocial intervention had only
a small effect on QOL of cancer patients, and therefore sug-
gested the need to select the most effective interventions and
assign the most appropriate support staff (30).

This study has several limitations. First, patients were
recruited over the internet. It was based on relatively little data
from patients diagnosed with common cancers (e.g. stomach,
colon, lung and liver) and those in the early stages of cancer
treatment. The CCAT was only conducted at the website,
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namely not face to face. Therefore, our results included the
availability of CCAT might not be applicable to patients with
all types and all stages of cancer treatment in actual critical
scenes. However, data were obtained from patients across the
country, minimizing institutional bias. Second, the investiga-
tion was cross-sectional in design, which precludes any con-
clusions about causality between concerns and QOL. Third,
the contribution rate of the factor analysis was not extremely
high. Thus, other factors might be associated with cancer
patients” improved QOL. Future studies are warranted to
extend our findings to other cancer sites and cancer treatment
stages in actual critical scenes. Also, concrete intervention
plans must be prepared when we use this tool and longitudinal
study is needed to investigate whether intervention based on
the results of cross-sectional studies will affect patients’ QOL.
Because CCAT is only Japanese version, English version will
require future research in order to confirm its utility.

In conclusion, through comprehensive assessment, we have
demonstrated the prevalence of cancer patients’ concerns. The
questionnaire developed in this study can serve as a screening
tool to identify cancer patients’ concerns. Concerns about psy-
chological symptoms, physical symptoms, daily living, self-
management and medical information contributed to patients’
QOL directly or indirectly. Intervention by multidisciplinary
care teams would be ideal, and experts on these teams should
work closely together to support cancer patients.
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Abstract

Although protracted cognitive impairment has been reported to occur after radio-
therapy even when such therapy is not directed to brain areas, the mechanism
remains unclear. This study investigated whether breast cancer patients exposed
to local radiotherapy showed lower cognitive function mediated by higher plasma
interleukin (IL)-6 levels than those unexposed. We performed the Wechsler
Memory Scale-Revised (WMS-R) and measured plasma IL-6 levels for 105 breast
cancer surgical patients within 1 year after the initial therapy. The group differ-
ences in each of the indices of WMS-R were investigated between cancer patients
exposed to adjuvant regional radiotherapy (1 =51) and those unexposed
(n = 54) using analysis of covariance. We further investigated a mediation effect
by plasma IL-6 levels on the relationship between radiotherapy and the indices of
WMS-R using the bootstrapping method. The radiotherapy group showed signifi-
cantly lower Immediate Verbal Memory Index and Delayed Recall Index
(P = 0.001, P = 0.008, respectively). Radiotherapy exerted an indirect effect on
the lower Delayed Recall Index of WMS-R through elevation of plasma IL-6 levels
(bootstrap 95% confidence interval = —2.6626 to —0.0402). This study showed
that breast cancer patients exposed to adjuvant regional radiotherapy in conserva-
tion therapy might have cognitive impairment even several months after their
treatment. The relationship between the therapy and the cognitive impairment
could be partially mediated by elevation of plasma IL-6 levels.
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Introduction

As therapies for cancers improve survival time of patients
with cancers, protracted cognitive impairment in cancer
patients, who do not have tumors in the central nervous
system (CNS) and have not had direct therapy to the CNS,
has received growing interest in recent years because such
impairment often imposes an adverse impact on the quality
of life (QOLs) of cancer patients and survivors [1, 2].

Recently, cognitive impairment accompanied by radio-
therapy not directed to brain areas has been reported.
Although Browall et al. found no association between
such radiotherapy and cognitive function [3], several
studies suggested some association between such radio-
therapy and cognitive impairment. While some of these
studies suggested that cognitive function recovered during
radiotherapy or shortly after radiotherapy [4-6], others
suggested that cognitive impairment persisted several
months or even several years after radiotherapy [7-12].
There were problems with the data interpretation in some
of the previous studies. First, many of these studies did
not have control groups [3-6, 9], or the control groups
were not cancer patients [7, 10, 11]. In addition, most
previous studies did not perform any objective neuropsy-
chological tests [3-6, 8].

With regard to the mechanism of cognitive impairment
associated with radiotherapy, several studies suggested
that even local radiotherapy induced inflammation and
elevated circulating levels of proinflammatory cytokines
[13-21]. The association of proinflammatory cytokines
and cognitive impairment is often referred to in the con-
text of “sickness behavior,” which is a constellation of
physiological, behavioral, and neuropsychological symp-
toms accompanied by conditions which induce inflamma-
tion, such as infection and cancer [22, 23]. In this
connection, two clinical studies suggested an association
between circulating proinflammatory cytokines and cogni-
tive impairment in cancer patients, and they indicated
that only the level of interleukin (IL)-6, among proin-
flammatory cytokines, including IL-1 and tumor necrosis
factor-o, had a negative correlation with either cognitive
function [24] or cognitive functioning QOL [25], while
other proinflammatory cytokine levels had no correlation
with it [24, 25]. Therefore, the elevation of circulating IL-
6 levels may be one of the factors important in cognitive
impairment in cancer patients treated with radiotherapy.

Accordingly, we hypothesized that one of the mecha-
nisms of cognitive impairment accompanied by radiother-
apy not directed to brain areas was that irradiation induces
inflammation and elevates circulating levels of proinflam-
matory cytokines, and among these cytokines, IL-6 plays
an important role and leads to cognitive impairment.

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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The aims of this study were to evaluate whether among
non-CNS cancer patients, patients who had undergone
local radiotherapy to areas other than brain showed lower
cognitive function as assessed by objective neuropsycho-
logical tests than patients who had not undergone radio-
therapy, and whether elevation of plasma IL-6 levels
mediated the cognitive function decline in those patients
receiving radiotherapy.

Material and Methods

This study was approved by the Institutional Review
Board and the Ethics Committee of the National Cancer
Center of Japan and was performed after obtaining writ-
ten informed consent from patients.

This study was conducted as a secondary analysis using
a database of brain magnetic resonance imaging (MRI)
scans from breast cancer survivors [26].

Subjects and procedures

Subjects were recruited during follow-up visits to the
Department of Breast Surgery, National Cancer Center
Hospital East, after their first breast cancer surgery at the
same division. We analyzed their medical charts in contin-
uous sampling and asked the patients who met the inclu-
sion criteria to participate in the study within 3-15 months
after their surgery and 1 year after the end of their initial
therapy. The patients chosen were (1) women and (2) aged
between 18 and 55 years, and did not conflict with the
exclusion criteria of (1) a history of cancer other than
breast cancer, (2) bilateral breast cancer, (3) clear evidence
of residual, recurrent, or metastatic cancer, (4) current
chemotherapy or radiotherapy, (5) a history of any neuro-
logical disorders, traumatic brain injury, or psychiatric
disorders other than affective and anxiety disorders, (6)
psychotropic medication taken within 1 month before
participation in the study, (7) a history of substance abuse
or dependence, (8) a family history of early dementia, (9)
any physical symptoms that interfered with daily life, (10)
possible dementia defined as a score of <24 on the Mini-
Mental State Examination [27, 28], (11) a history of major
depression and/or posttraumatic stress disorder before
inspection for cancer diagnosis, and (12) any contraindica-
tion to undergoing an MRI scan. The surgeries were
performed from March 1998 to August 2001. Among them,
the patients who could be contacted and agreed to partici-
pate in the study were interviewed to screen for the exclu-
sion criteria, and the patients who were not excluded
received neuropsychological tests, blood sampling, the
Structured Clinical Interview for the Diagnostic and Statis-
tical Manual of Mental Disorders (DSM)-IV (SCID) [29],
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and a brain MRI. The subjects who were not excluded by
the exclusion criteria on the SCID and by the MRI data
were analyzed (Fig. 1) [26].

The reason why the age for the inclusion criteria was
55 years or under is as follows: a meta-analysis indicated
that the prevalence of dementia increases sharply after the
age of 65 years [30], and a 14-year follow-up study indi-
cated that the first decline in cognitive performance appears
as early as about 10 years before dementia [31]. Therefore,
in order to exclude the variance of cognitive function asso-
ciated with dementia as much as possible, we decided that
the age of the subjects for this study was 55 years or under,

Adjuvant regional radiotherapy in breast
conservation therapy

Radiotherapy was performed on the remaining breast after
breast conservation therapy in the Department of Radiation

Q. Shibayama et al.

Oncology, National Cancer Center Hospital East. The
method of irradiation for breast conservation therapy
followed the clinical practice guideline of breast cancer pub-
lished by the Japanese Breast Cancer Society [32]: 50 Gy
tangential irradiation given in 25 treatments to the remain-
ing breast tissue was performed with a radiation source
6 MV X-ray, and in the cases where the resection margin
was 5 mum or under from the tumor histopathology, a boost
of 10 Gy irradiation was given in five treatments to the
tumor bed with a radiation source 6 MeV electron beam.

Neuropsychological tests

The Japanese version of the Wechsler Memory Scale-
Revised (WMS-R) [33, 34] was performed. WMS-R con-
sists of indices of Attention/Concentration, Immediate
Verbal Memory, Immediate Visual Memory, and Delayed
Recall to evaluate memory function [35].

|603 patients underwent their first breast cancer surgery at the clinic within the study period. |

Male: 0
Age outside of the criteria: 244

> Based on their medical chart, 244 were excluded against the inclusion criteria.

1359 met the inclusion criteria.

A history of cancer other than breast cancer: 4
Bilateral breast cancer: 9

Residual, recurrence, or metastasis of cancer: 7
Current chemotherapy or radiotherapy: 11
Psychotropic medication: 6

—>68 could not be contacted.

> Based on their medical chart, 37 were excluded against the exclusion criteria.

|254 could be contacted at the clinic.

> 119 refused to participate in the study.

] 135 were interviewed to screen for the exclusion criteria.

> 12 were excluded.
Psychotropic medication: 9

A history of neurological disorders or traumatic brain injury: 3

|123 received the SCID and brain MRI.

I—> 14 were excluded by the SCID.

—> 4 were excluded by MRI scan.
An MRI acquisition error: 3
A sign of cancer metastasis in the brain: 1

A history of psychiatric disorder other than affective and anxiety disorders: 1
A history of major depression and/or PTSD before cancer inspection: 13

Figure 1. This flowchart illustrates subject
sampling in this study. SCID, the Structured
Clinical Interview for the Diagnostic and

105 participated and were analyzed in the study.
51 had received adjuvant radiotherapy.
54 had not received adjuvant radiotherapy.

Statistical Manual of Mental Disorders (DSM)-
IV; MRI, magnetic resonance imaging; PTSD,
posttraumatic stress disorder.
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Plasma IL-6 levels

Blood samples were collected from a peripheral vein into
ethylenediaminetetraacetate-2Na tubes and immediately
centrifuged at 4°C and 2300g for 10 min, and the plasma
components were separated and stored at —80°C until
analyses. Plasma IL-6 levels were analyzed by automated
chemiluminescent enzyme immunoassay (Lumipulse-F,
Fujirebio Corporation, Tokyo, Japan). Coefficients of varia-
tion in measurements were 2.2—-3.8%, and the coefficient of
correlation with measurements by traditional enzyme-
linked immunosorbent assay by the same company was 0.99
or above [36].

Statistical analysis

All analyses were performed using SPSS, version 19 (SPSS
Inc., Chicago, IL). o levels were all set at P < 0.05 (two-tailed).

The group differences in each of the demographic or
medical factors were compared between the cancer
patients exposed to radiotherapy and those not exposed,
by using either the Student # test, Mann—Whitney U test,
7 test or the Fisher’s exact test.

The group differences in each of the indices of WMS-R
were compared between the cancer patients exposed to
radiotherapy and those not exposed, using analysis of
covariance (ANCOVA) controlling for age, education,
accumulated alcohol consumption, smoking status, and
body mass index (BMI), which were reported to be asso-
ciated with impaired cognitive performance [37].

In order to investigate a mediation effect by plasma IL-6
levels on the relationship between radiotherapy and the
indices of WMS-R, the sizes of the indirect effects of receiv-
ing radiotherapy on the indices of WMS-R through plasma
IL-6 levels were estimated, using a bias-corrected bootstrap-
ping method [38] with 5000 replications, and bootstrap
95% confidence intervals (Cls) were obtained. The outcome
variable was each of the indices of WMS-R, the independent
variable was whether the patient was exposed to radiother-

Radiation and Cognition in Breast Cancer

apy or not, and the mediator was the plasma IL-6 levels. We
further controlled for age, education, accumulated alcohol
consumption, smoking status, and BMI (see Fig. 2).

In this study, because clinical stage, surgical type, and
lymphadectomy had strong correlations with radiother-
apy, they were excluded from nuisance values because of
multicollinearity (see Table 1).

Results

Demographic or medical background

Table 1 shows the demographic and medical background
data of each group. The subjects consisted of 51 exposed to
adjuvant radiotherapy and 54 no-radiotherapy patients
(Fig. 1). Because the patients who were exposed to radio-
therapy had all chosen breast conservation therapy, their
clinical stage was significantly less advanced, and the pro-
portion of patients who underwent axillary lymphadectomy
was significantly smaller than that in the no-radiotherapy
group. In addition, accumulated alcohol consumption was
significantly greater in the group exposed to radiotherapy.

Radiotherapy and WMS-R

When the difference in each of the indices of WMS-R
was compared between the radiotherapy group and the
no-radiotherapy group controlling for age, education,
accumulated alcohol consumption, smoking status, and
BMI, the radiotherapy group showed a significantly lower
Immediate Verbal Memory Index and a Delayed Recall
Index (radiotherapy group vs. the no-radiotherapy group:
94.9 = 12.4 vs. 103.6 £ 13.9, P = 0.001; 98.5 = 10.6 vs.
104.3 = 11.4, P = 0.008, respectively. Table 2).

Indirect effect of radiotherapy on WMS-R
through plasma IL-6 levels

When the size of the indirect effect of receiving radiother-
apy on each of the indices of WMS-R through plasma

Plasma iL-6 levels

Received radiotherapy

Each of the indices of WMS-R

or
Not received radiotherapy

C

'

Figure 2. lllustration of a mediation mode! [38], which hypothesizes that radiotherapy exerts an indirect effect on each of the indices of the
Wechsler Memory Scale-Revised (WMS-R) through plasma interleukin (IL)-6 levels. Path a represents the effect of radiotherapy on plasma IL-6
levels, the proposed mediator. Path b represents the effect of plasma IL-6 levels on each of the indices of WMS-R partialling out the effect of
radiotherapy. Path ¢’ is the direct effect of radiotherapy on each of the indices of WMS-R partialling out the effect of plasma IL-6 levels. The
indirect effect of radiotherapy on each of the indices of WMS-R through plasma IL-6 levels is the product of a and b, which is tested with the
bootstrap confidence interval (Cl) obtained through the bootstrapping method.

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Table 1. Demographic or medical background information in the
group of patients exposed to their radiotherapy and in the group of
patients unexposed.

Q. Shibayama et al.

Table 2. Each of the indices of WMS-R in the group of patients
exposed to their radiotherapy and in the group of patients unex-
posed.

Received Not received Received Not received
radiotherapy radiotherapy radiotherapy  radiotherapy
n=51) (n = 54) P (n = 51) (n = 54) P
Age, mean £ SD, year 47.0 5.2 46.6 & 6.2 0.755 WMS-R index, mean =+ 5D
Handedness: 49 (96.1) 53(98.1) 0.611 Attention/concentration  97.4 + 132 101.4 4 103" 0238
right-handedness, Verbal memory 94.9 + 124 103.6 + 139" 0001
no. (%) Visual memory 1022 499  102.4 + 13.37 0.989
Hight, mean & SD, cm 156.9 £ 6.5 1560 £ 52 0432 Delayed recall 98.5 4 10.6 104.3 + 11.4° 0.008"
Weight, mean & SD, kg 56.9 £ 9.0 54.9 4 6.3 0.196
BMI, mean % SD, kg/m’ 231 434 22524 0333 WMS-R, Wechsier Memory Scale-Revised.
Education, 1314 1.9 13.2 1.8 0797 'Onie rnissing value was excluded.
mean & 5D, year “Two rnissing values were excluded.
Smoking, no. (%) 8 (15.7) 3(5.6) 0.116 FThree missing values were excluded.
Accumulated alcohol 38.4 + 60.4  27.0 4 84.6 0.043" HSignificant difference (P < 0.01) between radiotherapy group and
consumption, no-radiotherapy group.
mean + SD, kg iSignificant difference (P < 0.001) between radiotherapy group and
Postmenopausal, no. (%) 29 (56.9) 31 (57.4) 1.000 no-radiotherapy group.
PS: 0, no. (%) 35 (71.4)° 38 (70.4) 1.000
Clinical stage: 0-1, 25 (49.0) 13 (24.1) 0.014"
no. (%) Table 3. Regression coefficients between each pair of variables in the
Lymphnode metastasis: 15 (29.4) 18 (33.3) 0.824 mediation models through which indirect effects of receiving radio-
positive, no. (%) therapy on each of the indices of WMS-R through plasma IL-6 levels
Histological type, no. (%) were estimated (Fig. 2), and bootstrap 95% Cls obtained through the
Carcinorma in situ 4(7.8) 2(3.7 0.428 bootstrapping method evaluating these indirect effects.
Invasive carcinoma 39 (76.5) 44 (81.5) 0.696 Bootstrap
Special type 8 (15.7) 8(14.8) 1.000 . . " .
Histological grade: 14 27.5) 14259  1.000 WMS-Rindex —a b c 9% ¢l
poor, no. {%) Attention/ 0.8174" 10133  -14550  —3.2207to
Surgical type: partial 51 (100.0) 6(11.1) 0.000™1 concentration? 0.1191
mastectomy, no. (%) _ Verbal 08174"  ~05331  -7.2741" 2123110
Axillary lymphadectomy, 26 (51.0) 44 (81.5) 0.002™ memory? 0.3055
no. (%) Visual 081731 ~03765 13768  ~1.7209 to
Days after surgery, 304 + 101 270 + 105 0.102 memory? 0.3672
mean = 5D, day Delayed 08138  -1.1678 -46102'  ~2.6626t0
Radiotherapy: boost 20(39.2) NA NA recall* -0.0402%
irradiation, no. (%)
Days after radiotherapy, 226 + 100 NA NA WMS-R, Wechsler Memory Scale-Revised; IL-6, interleukin-6; Cl, confi-
mean + SD, day dence interval.
Chemotherapy, 25 (49.0) 26 (48.1) 1.000 'Regression coefficient between each pair of variables corresponding
no. (%) with each symbol representing each path in Figure 2.
Hormonal therapy, 17 (33.3) 15(27.8) 0.685 “The plasma IL-6 levels and the index of WMS-R of 96 patients
no. (%) (received radiotherapy 49 and not received 47) were available for

NA, not applicable; BMI, body mass index; PS, performance status.
"Two missing values were excluded.

*Significant difference (P < 0.05) between radiotherapy group and no-
radiotherapy group.

Significant difference (P < 0.01) between radiotherapy group and
no-radiotherapy group.

Significant difference (P < 0.001) between radiotherapy group and
no-radiotherapy group.

IL-6 levels was estimated controlling for age, education,
accumulated alcohol consumption, smoking status, and
BMI, the bootstrap 95% CI of Delayed Recall Index only
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analysis.

3The plasma IL-6 levels and the index of WMS-R of 95 patients
(received radiotherapy 48 and not received 47) were available for
analysis.

“The plasma IL-6 levels and the index of WMS-R of 94 patients
(received radiotherapy 47 and not received 47) were available for
analysis.

fp < 0.05.

TP < 0.01.

*The indirect effect mentioned was significant at « level P < 0.05.

did not include zero (bootstrap 95% CI = —2.6626 to
—0.0402), which indicated that the indirect effect was sig-
nificant (Table 3).

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Discussion

This study showed that breast cancer patients exposed to
adjuvant regional radiotherapy in breast conservation ther-
apy at 7 months after treatment showed a significantly
lower Immediate Verbal Memory Index and a Delayed
Recall Index of WMS-R than breast cancer patients not
exposed to radiotherapy. We also found that radiotherapy
exerted an indirect effect on the lower Delayed Recall Index
of WMS-R through elevation of plasma IL-6 levels. These
results suggested that adjuvant regional radiotherapy in
breast conservation therapy could impair memory function
some months after completion of the therapy, and that the
influence of the therapy on the impairment of memory
function is partially mediated by elevation of plasma IL-6
levels.

There have been three studies on the relationship
between radiotherapy and cognitive function by objective
neuropsychological tests in breast cancer patients. One
study was cross-sectional showing significantly lower
attention and complex cognition in the Trail Making Test
in the patient group exposed to radiotherapy than that in
the non-cancer control group [7].
longitudinal from before and up to 3 months after radio-
therapy and showed a decline from baseline in verbal
memory in the Rey Auditory Verbal Learning Test [11].
The third study was longitudinal at 6 months and at
36 months after radiotherapy showing a significantly
smaller improvement in processing speed and significantly
lower executive function on a subtest of the Wechsler
Adult Intelligence Scale III at both time points in the
patient group exposed to radiotherapy than that in the
non-cancer control group [10]. The results of this study
using WMS-R (Table 2) generally support these findings.
However, this study had an advantage over these previous
studies because the previous studies did not have a con-
trol group consisting of breast cancer patients who had
not been exposed to radiotherapy. Therefore, this study
provided more compelling evidence that cognitive impair-
ment was caused by radiotherapy, not by cancer itself
and/or by treatments other than radiotherapy.

This study suggested that adjuvant regional radiotherapy
in breast conservation therapy might elevate plasma IL-6
levels as a byproduct of the analysis of the indirect effect
of radiotherapy on the indices of WMS-R through plasma
1L-6 levels (Table 3), although the relation between radio-
therapy for cancer patients and the levels of circulating
proinflammatory cytokines after radiotherapy has been
inconsistent in previous studies, that is, some studies
showed elevated levels after irradiation [16, 20], but others
showed the opposite results [4, 14, 21, 39]. The mechanism
for the elevation of plasma IL-6 levels is not known and
should be investigated in future studies. It may be added

Another study was

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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that the clinical stage was significantly less advanced in the
radiotherapy group than that in the no-radiotherapy group
in this study (Table 1). Thus, the possibility that advanced
clinical stages influenced prolongation of high level of
plasma IL-6 after radiotherapy seems to be low in this
study.

This study showed that radiotherapy exerted a significant
indirect effect through plasma IL-6 levels only on the
Delayed Recall Index of WMS-R (Table 3). It has been
suggested that delayed recall memory is associated with the
hippocampus [40, 41]. Furthermore, an animal study sug-
gested that peripheral IL-6 signaled the brain and induced
inflammation in the hippocampus [42]. Therefore, the
association between radiotherapy and memory function
impairment might be explained partially by hippocampal
inflammation caused by the elevation of plasma IL-6 levels,
while adjuvant chemotherapy did not influence the hippo-
campal volume in breast cancer survivors [26, 43].

There were some limitations to this study. (1) This study
was not an interventional study, and was a cross-sectional
study. Therefore, the causality between variables was not
guaranteed. (2) Because there was a considerable length in
time span between the end of the therapies and the search
points, the variance of measurements may be larger than if
all searches had been performed at the same time after the
therapies ended. This can reduce the power of the tests in
this study. (3) The number of subjects was small. Therefore,
the power of the tests might be reduced. (4) Because the
subjects in this study were restricted to comparatively
young breast cancer patients, the results should be general-
ized with caution. (5) The influence of residual cancer on
inflammation could not be excluded. (6) Neuropsychologi-
cal tests other than WMS-R were not conducted in this
study. (7) Some factors other than plasma IL-6 that might
be associated with cognitive impairment accompanied by
radiotherapy, such as other proinflammatory cytokines,
fatigue, anemia, chronic pain, etc., were not considered in
this study. (8) Biological factors which might have elevated
plasma IL-6 levels, such as medication, infection, etc., were
not considered in this study.

Conclusion

Breast cancer patients exposed to adjuvant regional radio-
therapy could have cognitive impairment, which might be
partially mediated by the elevation of plasma IL-6 levels.
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