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Abstract

Purpose We developed and evaluated a simple, robust
and valid self-administered questionnaire for the estimation
of physical activity (PA). Here, we examined the validity
of this questionnaire in subjects with differing sex, ages,
occupations and living circumstances.

Methods The questionnaire consists of four domains,
namely occupational activity, including housekeeping and
commuting; leisure time activity; sleeping; and other
activities. It was validated with 8-day, 24-h physical activity
records (24 h-R) as the gold standard in 110 volunteers.
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Results Total PA estimated by the questionnaire and the
24 h-R showed a moderately strong correlation (r = 0.69).
Correlations between total PA by the PAQ and the 24 h-R
for various subgroups, such as sex, age, area, occupation
and BMI, were moderate to strong (0.55-0.80). Validity of
domain-specific PA calculated by the questionnaire was
also moderate to high.

Conclusion This simple questionnaire produces valid
estimates of total and domain-specific PA and can be
applied to a broad population.

Keywords Physical activity questionnaire -
Physical activity - Epidemiology - Validity -
24-h Physical activity record

Introduction

Interest in the association between daily physical activity
(PA) and the development of chronic diseases, such as
diabetes [1—4], ischemic heart disease [5, 6] and cancers
[7], has increased. This in turn has led to a need to quantify
the effective threshold of activity [8], qualify varying
physical activities and determine whether disease preven-
tion is better discussed in terms of vigorous or moderate
activity, or leisure time activity or occupational activity.
For practical reasons, large-scale epidemiological stud-
ies usually measure physical activity using a physical
activity questionnaire (PAQ) not using more precise mea-
surements, such as doubly labeled water or physical
activity records. Moreover, because whole questionnaires
used in epidemiological studies devote relatively little time
and space to physical activity, the PAQ component must be
short and accurate. This in turn hampers the development
of PAQs that can estimate PA in different target
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populations (e.g., by gender, age, occupation, geographical
location, environment, etc.). Accordingly, many of the
PAQs reported to date were developed for use in specific
populations, such as nurses [5], physicians [9], office
workers [10-12] and college alumni [7, 13], which tend to
be homogenous in terms of both background and physical
activity pattern. Given the difficulty in asking about overall
activity, previous PAQs focused mostly on specific activ-
ities, such as leisure time, or moderate or vigorous activity,
rather than total PA.

We therefore sought to develop a simple, robust and
valid PAQ capable of measuring physical activity in a
range of subjects, such as people living in both urban and
rural areas, or subtropical to cold or snowy places. The aim
of the PAQ is to be used in epidemiological studies for
ranking individuals by PA adjusted with body size rather
than estimating energy expenditure. Further, we sought to
measure total PA as well as PAs for specific activities, such
as at leisure and occupation, and for specific intensity, such
as moderate or vigorous activities. In addition, because
physical activity may differ among seasons, validity may
be affected if the answer to the PAQ depends on when it is
administered. We therefore aimed at measuring year-round
average physical activity regardless of when the PAQ is
administered.

Here, we developed and validated a PAQ in a Japanese
cohort study against 24-h physical activity records (24 h-R).

Methods
The JPHC Study

The questionnaire was originally developed and used in the
Japan Public Health Center-based prospective Study (JPHC
Study) [14], a prospective follow-up study conducted widely
throughout Japan that investigated mainly cancer and car-
diovascular diseases. Cohort I was begun in 1990 and
enrolled 61,595 subjects (29,980 men and 31,615 women) in
four population cohorts and one health-checkup cohort,
while Cohort IT was begun in 1993 and enrolled an additional
78,825 residents (38,740 men and 40,085 women) in five
population-based and one health-checkup cohort.

Subjects of the validation study

These subjects represented a subsample of participants in
specific geographic areas covered by four public health
centers (PHC) of the JPHC Study.

A total of 110 subjects (54 males and 56 females; 20
from the Katsushika PHC area of Tokyo, 38 from the
Miyako PHC area of Okinawa Prefecture, 30 from the Saku
PHC area of Nagano Prefecture and 22 from the
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Kashiwazaki PHC area of Niigata Prefecture) were
recruited from both cohorts in an attempt to include urban
areas as well as rural agricultural areas that cultivated rice,
apples, sugarcane, etc. We also wanted to include subjects
from both the western and eastern parts of Japan, and both
cold and subtropical areas.

We selected married couples in their 50s or 60s for
convenience and requested their voluntary participation.
Approval for the study was obtained from the Institutional
Review Board of the National Cancer Center, and written
informed consent was obtained from the subjects.

The PAQ in the JPHC Study

The PAQ questionnaire, which was originally developed as
part of the 10-year follow-up questionnaire survey used in
the JPHC Study, was constructed based on the simple
notion that total daily energy expenditure consists of four
domains, namely occupational activity, including house-
keeping and commuting; leisure time activity; sleeping;
and other activities (Appendix). The questionnaire is
intended to estimate habitual total and domain-specific
physical activity in metabolic equivalent (MET) (kcal/kg/
h)-hours per day averaged over 1 year. Subjects were asked
about their activities in each of these domains during the
preceding year. With regard to occupational activity, they
were asked about the number of hours spent at different
levels of intensity (sitting, standing, walking, strenuous
work); and for leisure time activity about the frequency and
number of hours spent at different levels of intensity
(walking slowly, walking quickly, light to moderate and
strenuous exercise). A question about sleeping hours was
also asked, and then hours for other activities were calcu-
lated as the difference between the sum of the other three
activities and 24 h. Total PA was calculated as the sum of
hours spent for the respective activity multiplied by METs,
namely 1.5, 2, 2, 4.5 and 0.9 for sitting, standing, walking,
strenuous work and sleeping, respectively, for occupational
activities and sleeping; and 3, 4, 4 and 4.5 for walking
slowly, walking quickly, light to moderate exercise and
strenuous exercise, respectively, for leisure time activities.
Intensity for “other activities” was considered the same as
that for sitting, at 1.5. This estimation method is referred to
below as “PA without seasonal variation.”

To take account of seasonal differences in activities, the
PAQ also asked several questions concerning working
hours and duration in months in busier seasons. The sea-
sonally adjusted total PA was calculated as the weighted
mean of the total PA for the normal season and that for the
busy season, for which PA for occupational activities was
multiplied by the ratio of working hours in the busy season
to the normal season. This estimation method is referred to
below as “PA with seasonal variation.”
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Study design

The subjects were asked twice about their physical activi-
ties in different seasons, one time during the main harvest
season (if present) and the other time in a different season
for each study area (Fig. 1). The PAQ and 24 h-R were
used in each season over a study period of 9 days. On the
first day, each participant was asked to complete the PAQ,
then given instructions on the study procedure and filled
out the 24 h-R on 4 days. On day 9, the 24 h-Rs were
collected and checked. Below, the PAQs conducted in the
first survey are denoted as PAQI and those in the second
survey as PAQ2.

The 24-h physical activity record

The participants were asked to complete a 24 h-R based on
the form of Bouchard [15], modified by Naito et al. [12], by
recording activity for each 15-min interval. They were
instructed to record their activities in as much detail as
possible for 4 days each for two seasons, which were to
include one Sunday or other day off plus three ordinary
work days.

The data were converted into MET-hour values based on
a compendium of physical activities [16] and simply aver-
aged over 8 days to estimate habitual daily physical activ-
ity. These MET-hour values were used as the gold standard
to assess the validity of the PAQ estimates [13, 17].

Statistical analysis

Validity of the PAQ was determined by comparing total
PA estimated by the PAQ (PA with and without seasonal
variation) to that by the 24 h-R as gold standard. Com-
parisons were made using Spearman’s correlation coeffi-
cients with 95% confidence intervals (CIs). To examine
reproducibility, the MET-hours estimated by the two PAQs
administered in the different seasons were compared. In
addition, to evaluate the broad applicability of the PAQ,
correlation coefficients with the 24 h-R were calculated by
sex, area, age group, occupation and body mass index
(BMI). Four domain-specific PAs were also evaluated for
validity.

Fig. 1 Design of the validation

0Oct.2003 Nov.2003

All analyses were performed using JMP Software
(version 6. SAS Institute Inc., 2005).

Results

Characteristics and daily total PA of the study
participants

Data were analyzed for 110 subjects who participated in two
surveys. Mean age was 60.7 years, and mean BMI was 24.2.
Although we recruited people in their 50s and 60s, two spouses
in their 40s and nine in their 70s were included in the analyses.
Daily total PA calculated with the 24 h-R by subgroup is
shown in Table 1. There were statistically significant dif-
ferences in occupation, but not in sex, age group, area or
BMI. For descriptive purposes, seasonal difference was
also examined. There were seasonal variations between
two surveys, which mainly came from the difference in
agricultural area, such as Saku and Kashiwazaki.

Validity and reproducibility of the PAQ

With regard to the 24 h-R, Spearman’s correlation coeffi-
cients were 0.69 (95% CI 0.57-0.77) for PAQ1 without
seasonal variation, 0.68 (95% CI 0.57-0.77) for PAQ1 with
seasonal variation, 0.35 (95% CI 0.43-0.70) for the PAQ2
without seasonal variation, and 0.58 (95% CI 0.43-0.70)
for the PAQ2 with seasonal variation.

Total PA calculated with the PAQ tended to underesti-
mate those with the 24 h-R. While correlation coefficients
with the 24 h-R were almost the same for the PAQ with
and without seasonal variation, calculated METs tended to
be a little larger for the PAQ with seasonal variation than
without seasonal variation (Table 2). As for reproducibil-
ity, correlations between the two PAQs were 0.68 (95% CI
0.56-0.77) without and 0.68 (95% CI 0.57-0.78) with
seasonal variation.

Validity by different subgroups

Physical activity estimated by the 24 h-R for various sub-
groups is shown in Table 3. Variations were observed by

Feb.2004 Mar.2004 May.2£04

study. a First survey, b second

survey Cohort area

Katsushika
Miyako
Saku
Kashiwazaki

1st

1st’
(sugarcane harvesting)
(cold windy winter)
(snowed heavily)

(rice planting)
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Table 1 Daily total physical activity in MET-hours calculated from the 24 h-R by subgroup

Mean daily PA for 24 h-R2

Characteristics Mean daily PA for 1st and 2nd 24 h-R surveys Mean daily PA for 24 h-R1
n Min Med Max Mean SD p* =n Mean SD n Mean SD  p°

All subjects 110 31.1 401 636 403 487 - 107 39.9 475 103 40.6 599 0.04
Sex

Male 54 31.1 396 636 397 563 022 52 39.2 5.53 51 400 6.68 0.09

Female 56 338 405 573 408 @ 3.97 55 40.5 3.81 52 41.1 524 025
Age group

50 46 31.1 399 506 395 439 019 43 39.2 4.61 42 39.8 518 022

60 55 322 403 573 405 4.24 55 40.0 4.18 52 408 529 0.12

70 9 31.7 413 636 426 912 9 42.0 7.85 9 432 1141 0.63
Area

Katsushika 20 322 402 463 394 382 052 20 39.0 4.25 20 39.8 418 035

Miyako 38 311 397 63.6 4l.1 6.50 37 40.5 5.86 31 414 842 0.17

Saku 30 315 400 469 396 3.51 28 40.8 3.78 30 386 3.50 0.00

Kashiwazaki 22 317 413 457 405 397 22 38.2 3.83 22 428 532 0.00
Occupation

Clerk 17 31.1 374 506 37.7 4.80 0.00 17 37.5 5.09 14 36.9 3.74 059

Shopkeeper, sales 43 315 396 479 396 342 40 38.7 3.63 43 406 455 0.01

Housewife, light activity 20 32.6 40.0 47.6 39.6 435 20 39.8 445 18 395 498 057

Agriculture 30 36.1 419 63.6 43.1 5.80 30 42.8 4.85 28 431 8.16 0.56
BMI

Less than 22 25 317 421 506 412 478 053 25 . 406 5.09 22 408 502 0.20

22-25 47 315 396 573 398 457 44 39.7 4.37 45 402 575 040

More than 25 38 31.1 398 636 402 530 38 39.5 5.01 36 41.0 6.90 0.16

METs Metabolic equivalents, 24 h-RI 24-h physical activity record 1st survey, 24 h-R2 24-h physical activity record 2nd survey
* p Values by ANOVA comparing mean daily PA within each characteristics
® p Values by paired t test comparing mean daily PA between 24 h-R1 and 24 h-R2

Table 2 Daily total physical activity (MET-hours) calculated from
24-h physical activity record and physical activity questionnaire

All subjects n Min Med Max Mean SD

24-h Physical activity record 110 31.1 40.1 63.6 40.3 4.87
PAQI1 (without®) 109 273 37.0 574 382 6.07
PAQI (with®) 109 273 374 576 384 6.16
PAQ2 (without") 105 269 362 564 373 6.00
PAQ2 (with®) 105 269 363 59.6 376 6.31

PAQ Physical activity questionnaire, PAQ] first survey, PAQ2 second
survey

* Without seasonal variation

b With seasonal variation

sex, age group, area, occupation and BMI, although not
necessarily with significance. Consistently high correla-
tions were observed between the 24 h-R and PAQ both
with and without seasonal variation for most of the

@ Springer

subgroups (Table 3). Correlation coefficients by the PAQ
with and without seasonal variation are virtually same (data
not shown).

Distribution of PA among domains

The four domain-specific PAs are shown in Table 4.
For total PA, occupational activity and other activities
each contributed more than one-third of the total. With
regard to the correlations between domain-specific PA
from PAQ1 without seasonal variation and those from
24 h-R, high correlation was observed for sleeping, and
moderate correlations were observed for occupational
activity and leisure time physical activity. In contrast, a
low correlation was observed for other activities. Fur-
ther, domain-specific correlation was not improved
when seasonal variation was taken into account. The
results for PAQ2 were similar to those for PAQI (data
not shown).
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Table 3 Correlation coefficients of the physical activity question-
naire and 24-h physical activity record by subgroup

Characteristics PAQI
Without* With?
r 95%CI o 95%CI

All subjects 0.69 0.57-0.77 068 0.57-0.77
Sex

Male 0.80 0.68-0.88 0.80 0.68-0.88

Female 058 0.37-0.73 057 036-0.73
Age group

50 076 0.61-0.86 077 0.62-0.87

60 0.59 0.39-0.74 0.60 0.40-0.74

70 0.80 0.29-096 078 0.25-0.95
Area

Katsushika 0.76 0.47-090 0.76 0.47-0.90

Miyako 072 0.52-085 0.73 0.53-0.85

Saku 0.55 0.22-076 058 0.27-0.78

Kashiwazaki 0.68 0.36-0.86 0.60 0.24-0.82
Occupation

Clerk 073 0.39-090 065 0.25-0.86

Shopkeeper, sales 0.65 043079 0.65 0.44-0.80

Housewife, light activity  0.57 0.18-0.81 0.58 0.19-0.82
Agriculture 074 0.52-0.87 0.75 0.53-0.88
BMI

Less than 22 072 046-0.87 071 0.43-0.86

22-25 058 0.35-0.75 058 035075

More than 25 0.69 048083 070 0.49-0.83

PAQ Physical activity questionnaire, PAQ] first survey
# Without seasonal variation

® With seasonal variation

¢ Spearman’s correlation coefficient

Discussion

This study demonstrates the validity and reproducibility of
the PAQ used in the JPHC study. Further, the validity of
the PAQ answers for the estimation of average physical
activity over 1 year was confirmed against the possibe
seasonal variation in PA even within rural agricultural
areas. In addition, the validity of the PAQ was also con-
firmed for various subgroups defined by sex, age, area of
residence, occupation and BMI.

Reflecting the subjects of the JPHC study, our present
subjects came from widely varying areas of Japan and
occupations. The age category of the 50s and above was
selected to reflect the JPHC study’s purpose, namely to
study the onset of diseases such as cancer, diabetes and
cardiovascular disease. Despite the wide variation among
subjects, our simple PAQ showed good validity, with a
higher  correlation  with 24 h-R~ PA  values
(r = 0.55-0.80) than in a study on female alumnae
(r = 0.15-0.52) (Historical Leisure Activity Question-
naire) [13].

The results from the 24 h-R in this study showed the
presence of a seasonal difference in PA, especially in
agricultural areas and among farm laborers. An increase
in PA during the ‘busy season’ came from farm work
such as harvesting, while a relative decrease in PA
during other seasons resulted from environmental factors
such as hot summers and cold winters, including snow-
fall-related sedentariness, resulting in seasonal differ-
ences. Thirty of our subjects described themselves as
farmers, but a number of others also farmed as a side
job, and some housewives in rural areas also farmed.
The first survey in the Kashiwazaki area was conducted

Table 4 Domain-specific physical activity and their correlations between 24-h physical activity record and physical activity questionnaire

Total PA (METs)

Domain-specific PA by PAQ1 (without®)

Domain-specific PA by PAQI (with®)

by 24 h-R versus domain-specific PA by 24 h-R versus domain-specific PA by 24 h-R
METs %o 7" 95% CI ¥ 95% CI
24-h Physical activity record
Sleeping 6.8 16.9 0.51 0.36 to 0.64 - -
Occupational activity 14.8 36.7 0.31 0.12 to 0.47 0.12 —0.07 to 0.30
Leisure time physical activity 4.6 11.4 0.31 0.13 to 0.47 - -
Other activity 14.1 35.0 0.09 —0.1 to 0.27 —-0.07 —0.26 to 0.12
Total activity 40.3 100.0 0.69 0.57 to 0.77 0.68 0.57 to 0.77

PA Physical activity, METs metabolic equivalents, 24 h-R 24-h physical activity record, PAQ physical activity questionnaire, PAQ] first survey

* Without seasonal variation
® With seasonal variation
¢ Spearman’s correlation coefficient
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during a period of heavy snowfall, and although the
subjects worked hard to remove snow, they seldom
ventured outdoors. At the time of the second survey, in
contrast, they were engaged in planting rice. The second
survey in the Saku area was conducted during a cold
winter when the subjects may have engaged in less
outside farm work. These findings may indicate that
physical activity questions should ask about “an average
over the year;” otherwise, estimated physical activity
depends on the season when the survey was conducted.

In our study, adding the extra working hours of the ‘busy
season’ did not improve the correlation with the 24 h-R
estimates, but tended to mitigate the underestimation of
total PA calculated with PAQ. Although this can be
interpreted as questions about seasonal variation in physi-
cal activity not being necessary to estimate average MET-
hours over a year, even when such variation exists, the
possibility remains that seasonal variation could be more
accurately considered using a more sophisticated ques-
tionnaire. For example, subjects were asked about the
length of the busier season for 1 year and the length of
working in the busier season in our questionnaire. This
question considered the variability between subjects, but
the difference in intensity of working in busier season was
not considered.

The limitation of our study was using the 24 h-R as a
gold standard. In the 24 h-R, physical activity is calculated
using the compendium [16]. In an aging society like in rural
Japan, farming or housework may be more labor-saving
than previously, and use of the compendium may have
overestimated PAs. The higher correlation between PA
estimates based on the 24 h-R and PAQ may be attributable
to the fact that, because the same conversion table (com-
pendium) was used for physical activity to METs, they had
the same direction of measurement error, although the 24 h-
R was used as a gold standard in a previous study [13] and
its validity to doubly labeled water was confirmed [17].

@ Springer

The PAQ is based on the simple notion that total daily
PA consists of four domains, namely occupational activi-
ties, including housekeeping and commuting, leisure time
activities, sleeping and other activities. This may explain
the high validity and reproducibility of this instrument, but
may also be the reason for the lack of increase in validity
when seasonal variation is considered. Although the
domain “occupational activities” includes housekeeping,
PA is estimated from hours spent for activities in different
levels of intensity, such as sitting, standing, walking and
strenuous work, and these categories may not sufficiently
represent housekeeping activities. It thus appears possible
to improve the PAQ to more precisely determine intensity
levels, especially for housekeeping.

In summary, this study shows that our simple PAQ
provides a valid estimation of total as well as domain-
specific PA in different populations without considering
seasonal variation, not only in our JPHC cohort study, but
also in broader populations differing by age, sex, residen-
tial area, occupation and BMI in epidemiological study.
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Appendix
JPHC Physical Activity Questionnaire
Qa, How many hours do you usually sleep?
( ) hrs
Qb, Do you have 'busier season' than usual during the year?
If you have, please answer the duration of it.
more than 1
lessthanl  monthto 2
No month months 2 to 3 months 3 to 4 months 4-5 months  5-6 months
(e f) (o] o o o o
o o o o o o o
Qc, How long did you work on average? Including comuting and household chores.
If you have a 'busier season’, please also answer about it.
less
than 1 more than 1hr more than
work hours hr to 3 hrs 3to5 hrs 5to7 hrs 7 to 9 hrs 9to 11 hrs 11hrs
1 on average (== () [ o o o o
2 in busier season < < R i < (= (=
Qd, Please answer the hours spent for each activities about on the average day in the last year.
ncluding . i} hold cl .
more than 1hr more than
none less than 1 hr to 3 hrs 3toShrs 5 to7 hrs 7t09 hrs 91to 11 hrs 11hrs
sitting o o o o < () o o
standing o o o o o o o) o
walking o o o o o o (=l )
strenous work < L= o o o o o !
Qe, Please answer of the leisure time physical activity frequencies and hours spent per one opportunity last year.
exercise frequency time spent for one opportunity
less
than more
oncea onceto3 oncetotwice 3to4timesa almostevery lessthan30 30t059 1to2 2to3 3to4 than
month timesamonth  aweek week day minutes mins hrs hrs hrs 4hrs
walking slowly such as o o - P o . o o o o o
taking walk
walking fast o o (=] o (=) = o =} o o o
light to moderate exercise - = o . . . . o - o o
such as golf, gardening.
vigorous exercise such as
tennis, jogging, aerobics,and < < (=) (=] (=] o [=1 [ o o o
swimming
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Abstract

Purpose: There is insufficient data to verify whether participa-
tion in clinical trials in itself can lead to better clinical outcomes.
We have analyzed the characteristics and outcomes of patients
who declined to participate in a randomized trial in comparison
with those who participated in the trial.

Patients and Methods: A randomized trial for naive advanced
gastric cancer was offered to 286 patients. The trial investigated the
superiority of irinotecan plus cisplatin and the noninferiority of S-1
compared with continuous fluorouracil infusion. We retrospectively
reviewed the characteristics and outcomes for both participants
and nonparticipants in this trial.

Results: Of the 286 patients, 98 (34%) declined to participate in
the trial. The rate of declining was significantly higher among

Introduction :

A randomized clinical trial (RCT) is the definitive method for
comparing the efficacy of treatments, and an RCT is a crucial
step in the development of any new cancer treatment. Never-
theless, there is a consistent problem in that low accrual rates
limit the progress of RCTs.!-3

Several factors that act as barriers to participation in trials have
been documented, -6 and some have been successfully targeted for
improvement.45 Major barriers include a lack of availability of
appropriate trials, limitations of eligibility criteria, socioeconomic
factors (including insufficient awareness of clinical trials, lack of
medical insurance, and geographical limitations), physician triage,
and patient decision making. Insufficient data are available on the
actual outcomes for nonparticipants in RCTs in comparison with
those for participants.”!

We have previously analyzed the characteristics and out-
comes of patients who had been referred and were eligible for,
but declined to participate in, RCTs and compared them with
those of participants, with the aim of developing an approach to
improve patient accrual to RCTs.!? We found no evidence to
suggest any significant differences in the characteristics or clin-
ical outcomes between participants and nonparticipants. We
also reported that the trial design and the doctor-patient rela-
tionship might have an effect on patient accrual to RCTs.

VoL. 7, Issue 3

younger patients (P = .003), and it varied significantly between
attending physicians (range, 23% to 58%; P = .004). There were
no other significant correlations between rate of declining and
patient characteristics. No significant differences were observed
in the clinical outcomes between the participants and nonpartic-
ipants, for whom the median survival times were 367 versus 347
days, respectively. The hazard ratio for overall survival, adjusted
for other confounding variables, was 1.21 (35% Cl, 0.91 to 1.60).
No interaction was observed between participation and the var-
ious regimens.

Conclusion: There was no difference in clinical outcomes
between participants and nonparticipants. However, the pa-
tient's age and the doctor-patient relationship may have an effect
on patient accrual to randomized trials.

In the present study, we reviewed the characteristics and
clinical outcomes of patients who met the eligibility criteria of
an RCT designed to compare three different types of therapy,
including both injection and oral agents, the levels of toxicity of
which were estimated to be quite different. Our analysis was
designed to test our previous findings. We also analyzed
whether participation in an RCT that compared several arms
with different efficacies affected patient outcomes.

Patients and Methods
All the patients who were recruited into this study fulfilled the
entry criteria for the Japan Clinical Oncology Group RCT on
unresectable or recurrent gastric cancer (JCOG 9912). The
patients were informed of all aspects of the trial and were invited
to participate. Irrespective of their participation or nonpartici-
pation in the RCT, all received first-line chemotherapy at the
National Cancer Center Hospital, Tokyo, Japan, between No-
vember 2000 and January 2006. Signed informed consent was
obtained from the patients to permit future statistical analysis of
data from their clinical courses and outcomes, even if they were
treated outside the clinical trials.

The RCT was a three-arm, phase III trial conducted by
JCOG to investigate the superiority of irinotecan (CPT-11)
plus cisplatin (CDDP) combination chemotherapy and the

Copyright © 2011 by American Society of Clinical Oncology
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noninferiority of S-1 compared with continuous fluorouracil
(FU) infusion.!?

The criteria for inclusion of patients were as follows: histo-
logically documented unresectable or recurrent gastric cancer;
no prior systematic chemotherapy or radiation therapy except
for adjuvant chemotherapy with one oral fluoropyrimidine
agent other than S-1, completed 6 months earlier; age 20 to 75
years; Eastern Cooperative Oncology Group performance sta-
tus (PS) of 0 to 2; no history of chemotherapy or radiation
therapy for malignant disease other than gastric cancer; and
adequate hematologic, hepatic, and renal functions. Those with
severe peritoneal dissemination resulting in impaired bowel
passage, ascites beyond the pelvic cavity, or wall deformity de-
tected by barium enema were excluded. A measurable lesion
was not mandatory. Each patient was required to submit writ-
ten informed consent before taking part in the RCT.

The treatment schedule of each arm was as follows: (1) Con-
tinuous FU infusion: FU was infused continuously over 120
hours; this required hospitalization for 7 days. (2) CPT-11 plus
CDDP combination chemotherapy: CPT-11 was infused on
days 1 and 15, and CDDP was infused on day 1; this required
hospitalization for 5 days. (3) S-1 monotherapy: S-1 was ad-
ministered orally on days 1 through 28 and repeated every 6
weeks. Patients were required to undergo a medical examina-
tion every 2 weeks. Patients who declined to participate ulti-
mately selected their treatment regimen after discussions with
their families and physicians. We provided the selected thera-
pies after confirming that patients fully understood that the
standard therapy at that time was FU infusion and that the
CPT-11 plus CDDP combination therapy and the S-1 mono-
therapy were still under evaluation.

In the RCT, CPT-11 plus CDDP therapy resulted in a
longer survival rate, and S-1 showed significant noninferiority
compared with FU.!3 The hazard ratio (HR) of CPT-11 plus
CDDP versus FU was 0.82 (95% CI, 0.68 to 0.99; P = .019).
The HR of §-1 versus FU was 0.83 (95% CI, 0.68 to 1.00, P for
noninferiority < .001).

Six male physicians participated in the trial. At the start of
the trial (November 2000), physicians A, B, C, D, E, and F had
8,10, 11, 17, 19, and 19 years of experience, respectively, as
gastrointestinal oncologists. One of these six attending staff
physicians, together with one, two, or three residents or train-
ees, attended each consultation. They explained to the patients
that this was a JCOG study, that standard therapy was contin-
uous FU infusion, and that we could not tell which arm was
superior, but the treatment schedule, toxicities, and required
lengths of hospitalization were expected to be different among
the various arms. If patients chose not to participate in the
study, we recommended the standard therapy, but they could
choose other, off-protocol regimens.

We reviewed all the medical records of patients who under-
went chemotherapy for unresectable or recurrent gastric cancer
between November 2000 and January 2006, and we selected
286 patients who were documented as having been offered the
opportunity to participate in the RCT. During the study pe-
riod, some other patients were judged to be ineligible for the

Copyright @ 2011 by American Society of Clinical Oncology
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study and were offered other treatments, as clinically indicated,
but the number of such patients is not available. Paper and/or
electronic medical records from the initial visit to our center to
the end of follow-up were reviewed retrospectively. Demo-
graphic data (age and sex), medical information (tumor histol-
ogy, clinical stage, PS, peritoneal dissemination, and therapy
characteristics), and clinical outcomes (response rate [RR], fol-
low-up time, overall survival [OS] time, and 1- and 2-year
survival rates) were abstracted and analyzed. Response was eval-
uated by the attending physicians according to the Response
Evaluation Ciriteria in Solid Tumors (RECIST). 4 It is our pol-
icy to assess clinical responses to RECIST, even in routine prac-
tice. The follow-up time at our institution was defined as the
period from the first day of initial therapy to the last visit or the
last day of hospitalization at our institution (including death
during follow-up). Data on the survival of the patients who left
our institution were collected through inquiries to the Japanese
official agency for family registries.

The x” testand logistic regression analysis were used to assess
associations between patient characteristics and the rate of de-
clining to participate. OS curves were prepared by using the
Kaplan-Meier method and were compared with the results of
the log-rank test. All participants (those who agreed to be en-
rolled onto the RCT), including two who were later found to be
ineligible after random assignment, and all nonparticipants
(those who declined to participate in the RCT), including one
who was lost to follow-up, were included in the OS analysis. A
Cox proportional hazards model was used to adjust for other
potential confounding factors (ie, age, sex, histology, clinical
stage, P'S, nonsevere peritoneal dissemination, and treatment
regimen) in comparing the OS of participants and nonpartici-
pants. Interaction between participation and regimen was
tested with an a level of 0.2; P < .05 was regarded as significant.
Collected data were analyzed by using an SPSS II statistical
package (SPSS, Chicago, IL). This study was approved by the
institutional review board at the National Cancer Center
and was conducted in accordance with the ethical principles

stated in Japanese ethics guidelines for clinical and epidemi-

ological studies. No patient explicitly refused to be analyzed
for his or her outcome during this study period. The insti-
tutional review board approved the use of such clinical data
for the study objective.

Results

Table 1 shows the patient characteristics and the rates of declin-
ing. A total of 190 patients accepted, and 96 patients (34%)
declined, entry into the RCT. There was no significant corre-
lation between the declining rate and sex, clinical stage, PS,
tumor histology, or peritoneal dissemination. Patients younger
than 60 years declined to participate at a significantly higher
frequency (P = .003). There were also significant differences in
the declining rates between the various attending physicians
who informed the patients about the trial and asked for their
participation (P = .004). The patients were divided equally
among the offering physicians by characteristic.

e jop.ascopubs.org

149

T1



WA T, T

A T I N e B o T R S TV VR T IV]

[V

I ML

DUy cn

10 B U™ U0t 0™ U ORI | 7 U U |

T2

AQ:B

Table 1. Patient Characteristics and Rate of Declining to Participate in Randomized Clinical Trials

Participants pargc?l;:nls Participants Nonparticipants
Characteristic No. % No. % ROD (%) OR 95% ClI P OR 95% CI P
No. 190 96 16
Sex
Male 148 TS 64 67 30 1.66 097 t02.85 .07 0.49 0.26 to 0.90 .02
Female 44 23 32 33 42
Age, years
< 60 48 25 41 43 46 0.45 0.27 10 0.76 .003 2.54 1.44t04.47 o1
=60 142 75 55 57 28
Clinical stage
il 1 1 0 0 0
v 146 77 70 73 32 1.30 07410226 .36 0.55 0.29 to 1.04 .06
Recurrent 43 23 26 27 38
PS
0 104 55 51 53 30
1 84 44 44 46 34 0.96 0.58t0 1.58 87 0.85 0.49 to 1.47 56
2 2 1 1 1 33 0.98 0.09t0 11.07 .99 0.51 0.03t0 7.04 61
Histology
Well differentiated 75 39 34 35 31 0.85 0.511t01.42 55 1.05 0.59t0 1.89 .86
Poorly differentiated 115 61 61 64 35
Undifferentiated 0 0 1 1 100
Peritoneal dissemination
Yes 85 45 51 53 38 0.71 0.44to1.17 18 1.54 0.89102.69 13
No 105 55 45 47 30
Physicians
A 31 16 19 20 38 04 < 01
B 27 14 10 10 27
C 35 18 13 14 27
D 25 13 27 28 52
E 67 35 20 21 23
F 5 3 7 7 58

NOTE. Univariate analysis was performed with Pearson’s y* test; multivariate analysis was logistic regression analysis.

Abbreviations: ROD, rate of declining; OR, odds ratio; PS, performance status.

Table 2 shows the treatment options of patients who declined
to participate in the RCT. Nearly 60% of all those who declined to
participate selected S-1 monotherapy. Moreover, approximately
70% of nonparticipants who were under 60 years of age selected
S-1 monotherapy. The proportion of those who selected CPT-11
plus CDDP, which was expected to be more beneficial but showed
more severe toxicity and required hospitalization, was not neces-
sarily higher among nonparticipants younger than 60 years than
among older nonparticipants. No specific tendency was shown in
selection of regimen in relation to the attending physician.

Post-therapy was analyzed in 188 of the participants. This
group excluded all 96 nonparticipants, as well as two patients
found to be ineligible after random assignment: one patient
who developed gastrointestinal bleeding several hours after en-
try, and another who was later diagnosed with adenosquamous
cell carcinoma. Survival was analyzed in the 190 participants
and the 96 nonparticipants. There were no treatment-related
deaths among either the participants or the nonparticipants.

JOURNAL OF ONCOLOGY PRACTICE ®

VoL. 7, Issue 3

There was no difference in the number of cycles of first-line
chemotherapy received by participants or nonparticipants:
53% of the participants and 58% of the nonparticipants re-
ceived fewer than three cycles (P = .406). A total of 85% of the
participants and 70% of the nonparticipants were given more
than two chemotherapy regimens. Statistically, more partici-
pants than nonparticipants were given chemotherapy after the
initial therapy (P = .003). A total of 14 (7%) of the participants
and 6 (6%) of the nonparticipants in the RCT participated later
in early-phase clinical trials of experimental therapies.

There were no major differences in clinical outcome between
participants and nonparticipants (Figure 1). Clinical response to
the initial therapy was analyzed in all 190 participants and 96
nonparticipants. The RR was 30.5% for the participants and
21.9% for the nonparticipants (? = .121). The median follow-up
time at our hospital was not significantly different between the
participants (317 days) and the nonparticipants (292 days). The
median survival time (MST) was 367 days for the participants and

Copyright © 2011 by American Society of Clinical Oncology
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Table 2. Characteristics and First Treatment Regimen of Nonparticipants

FU CPT-11 Plus CDDP S-1
Characteristic No. % No. % No. % B*
No. 31 8 57
Sex
Male 22 34 5 a7 58 819
Female 9 28 3 20 63
Age, years
<60 10 24 3 28 68 297
=60 21 38 5 29 53
Clinical stage
\% 20 28 6 44 63 438
Recurrent 11 42 2 8 13 50
PS
0 15 29 6 12 30 59 641
1 16 36 2 5 26 59
2 0 0 0 1 100
Histology
Well differentiated 10 29 4 12 20 59 814
Poorly differentiated 21 34 4 36 59
Undifferentiated 0 0 0 1 100
Peritoneal dissemination
Yes 16 31 1 2 34 67 043
No 15 33 7 16 23 52
Physicians
5 26 1 5 13 68 363
B 4 40 3 30 3 30
C 4 31 0 0 9 69
D 8 30 2 7 17 63
E 8 40 2 10 10 50
F 2 29 0 0 5 71

Abbreviations: FU, fluorouracil; CPT-11, irinotecan; CDDP, cisplatin; PS, performance status.

* Pearson's ¥ test.
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Figure 1. Overall survival of nonparticipants in randomized trials com-
pared with that of participants. No significant difference were observed.

347 days for the nonparticipants. There were no significant differ-
ence in OS between the participants and the nonparticipants (Fig-
ure 1), and the HR was 1.07 (participants » nonparticipants; 95%
ClI, 0.83 to 1.38). With the Cox proportional hazards model ad-

Copyright © 2011 by American Society of Clinical Oncology
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justed for sex, age, tumor histology, clinical stage, PS, peritoneal
dissemination, and treatment regimen, the HR of participants ver-
sus nonparticipants was 1.21 (95% CI, 0.91 to 1.60; P = .19).
Furthermore, the RR and OS were not significantly different be-
tween the participants and the nonparticipants for each regimen.
The RR in participants versus nonparticipants was 9.5% versus
6.5% for FU (P = .646), 54.0% versus 62.5% for CPT-11 plus
CDDP (P = .648), and 28.1% versus 24.6% for $-1 (P = .657).
MST in participants versus nonparticipants was 358 days versus
335 days for FU, 435 days versus 458 days for CPT-11 plus
CDDP, and 338 days versus 345 days for S-1. The HR values for
OS were 0.91 (95% CI, 0.57 to 1.44; P = .679) for FU, 0.99
(95% CI, 0.38 to 2.56; P = .981) for CPT-11 plus CDDP, and
1.22 (95% CI, 0.81 to 1.83; P = .333) for S-1 (Appendix Figures
Al-A3, online only).

We analyzed the interaction between participation and regi-
men. The P value for the interaction term was greater than the «
level of 0.2; it was 0.75 for participants and CPT-11 plus CDDP,
and 0.28 for participants and S-1 (Appendix Table Al, online
only).
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Discussion

We previously analyzed the characteristics and outcomes of
patients who had been referred and were eligible for, but de-
clined to participate in, two RCTs for naive, advanced, non—
small-cell lung cancer and compared them with those of
participants.'? Trial 1 was a comparison of four similar combi-
nations of injection therapies (cisplatin-irinotecan, carboplatin-
paclitaxel, cisplatin-gemcitabine and cisplatin-vinorelbine),
and Trial 2 compared two sequences of injection and oral ther-
apies (four courses of carboplatin-paclitaxel followed by ge-
fitinib or gefitinib untl disease progression, followed by
carboplatin-paclitaxel). We found that the rate of declining to
participate in a trial in which similar injection therapies were
compared was lower than that in a trial in which injection and
oral therapies were compared (16% v 37%). We also reported
that there was no evidence to suggest any difference, except for
that of the attending physician, in the characteristics and clin-
ical outcomes between participants and nonparticipants.

In the present study, we compared three different regimens,
two of which were given by injection and the other as an oral agent.
The rate of declining in the present study was 34%, which was as
high as that of Trial 2 in our previous study. It is easy to understand
that more difficulty is experienced in accepting the randomization
of different types of therapy.®!> The therapy arms of the present
study used different methods of administration; moreover, the es-
timated toxicities and the need for hospitalization were quite dif-
ferent among the various arms. We thus confirmed our previous
finding that trial design influences trial accrual.

Nearly 60% of those who declined entry into the trial se-
lected S-1 monotherapy, which may reflect the patients’ desire
for convenience and a higher quality of life. Younger patients, in
particular, preferred this oral agent. We speculate that they may
attach greater importance to avoiding hospitalization than to
uncertain efficacy. This difference between age groups was a
new finding of the present study.

As noted in our previous report, the rate of declining also ap-
peared to be greatly affected by the attending physician. No record
was available of which person actually took the initiative and of-
fered the trial at each consultation; however, even when a resident
or trainee offered the trial, the attending physician would have
taken the responsibility for the consultation. No relationship was
found between the length of experience of the physician as a gas-
trointestinal oncologist and the rate of declining. Each attending
physician attempted to present the three regimens equally without
showing favor toward any particular regimen; this suggests that
individual consultations were not the source of bias. Physicians’
clinical communications have been noted as affecting patients’
decision making regarding participation in clinical trials.'¢ Im-
proved communications and more frequent interventions by clin-
ical research coordinators and other medical staff members for all
eligible patients might improve the accrual rate.!”-!? This study did
not clarify whether differences in communication skills between
physicians led to differences in rates of declining; further investiga-
tions of this effect are warranted.

On the other hand, inadequate data are available on the actual
outcomes for RCT nonparticipants compared with those of par-
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ticipants.”-!! Although several reports and a review” have suggested
the existence of a “trial effect” in which participants enjoy more
favorable outcomes, other studies, especially those that attempted
to exclude confounding factors, have refuted this finding.8-1! Our
study revealed that the outcomes for participants were no better
than those of nonparticipants. Furthermore, our results showing
that interactions between participants or nonparticipants and the
treatment regimen were not significant (Table 3) may suggest that
the conclusion of this RCT could be generalized. The HR for OS
between participants and nonparticipants was very close to 1 (0.91;
95% CI, 0.57 to 1.44) in the FU arm, which was the control arm
in the trial, and numerically favorable for nonparticipants in the
CPT-11 plus CDDP arm and the §-1 arm (CPT-11/CDDP: 0.99;
95% CI, 0.38 to 2.56; S-1: 1.22; 95% CI, 0.81 to 1.83), which
were the testing arms in the trial. This suggests the possibility of a
self-selection bias.

Our study has several limitations. First, we selected the partic-
ipants and nonparticipants retrospectively among those who un-
derwent chemotherapy for advanced gastric cancer during the
period in which we conducted the RCT. The fact that all the
patients accepted treatment of some sort is, in itself, a selection
process, and information on patients who declined all active treat-
ments at our institution remains elusive. There may have been
some patients who did not want to continue active treatment and
who instead opted for supportive care only, or other patients who
declined to participate in the RCT and went to other hospitals. We
did not review this population, and if there were any such patients,
this may have affected the survival analysis.

Second, the present study was conducted at a single aca-
demic institution, and there was an insufficient number of pa-
tients. As a result, the numbers of patients in the various subsets
were quite small, and it is difficult to rule out significant differ-
ences in some of these because of a lack of statistical power. Our
investigation should therefore be interpreted as exploratory and
hypothesis generating. Our results require further validation at
other institutions, preferably on a multi-institutional basis, be-
cause the situation may well be different at other institutions.

Third, no data were available regarding the reasons for par-
ticipation or nonparticipation. Such information would be use-
ful for analyzing factors that affect consent or refusal to
participate and would help in improving the accrual rate. How-
ever, so that patients are not coerced into participating in the
study, reasons for their participation or refusal need to be col-
lected by independent investigators.

In conclusion, we confirmed that the rate of declining to
participate in RCTs was influenced by the design of the trial
and by the referring physician. The age of the patients also had
an effect on the rate of declining, suggesting that some patients
may attach a greater importance to not having their normal
schedule disrupted than to expectations of efficacy. There was
no evidence of any difference in the RRs and survival times
between participants and nonparticipants, and the interaction
between participants or nonparticipants and the treatment reg-
imen was not significant.

Accepted for publication on September 28, 2010.

Copyright © 2011 by American Society of Clinical Oncology
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TA1,
FA1-FA3
Table A1. Interaction Between Participation and Treatment Regimen
Variable HR* 95% ClI P
Participant v nonparticipantt 1.01 0.65t0 1.57 .96
CPT-11 + CDDP v FU 0.42 017 t01.02 .06
S-1vFU 0.54 0.34 10 0.86 .01
Participant and CPFT-11 + CDDP 1.19 0.4510 3.16 72
Participant and S-1 1.37 0.77to 2.44 .28
Abbreviations: HR, hazard ratio; FU, fluorouracil; CPT-11, irinotecan; CDDP, cisplatin; FU, fluorouracil.
* HRs and 95% Cls were obtained by using a Cox proportional hazards model adjusted for sex, age, histology, clinical stage, performance status, and peritoneal
dissemination.
T Right-hand sides were used as the reference groups.
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Figure A1. Overall survival of patients who were treated with fluorouracil. Figure A2. Overall survival of patients who were treated with irinotecan
plus cisplatin.
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Figure A3. Overall survival of patients who were treated with S-1.
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Although our understanding of the etiology of breast cancer has
improved, many well-known risk factors are not modifiable and
present knowledge has proved insufficient to allow the disease to
be overcome. Indeed, incidence and mortality among Japanese
women have increased over the past three decades. Here, we
review epidemiological evidence from our cohort and case—control
studies among Japanese women in comparison with other pub-
lished findings. Our studies confirm the important role of
established factors derived primarily from Western populations,
such as menstrual and reproductive factors, anthropometric fac-
tors, physical activity, and alcohol intake, in the development of
breast cancer. In addition, we provide further evidence to better
understand the role of traditional Japanese foods in the etiology
of breast cancer. Our cohort study found that a higher intake of
isoflavone and higher levels of plasma genistein, but not daidzein,
were associated with a decreased risk of breast cancer. Our case-
control studies reveal a dose-response pattern for these
compounds; specifically, decreased risk as women move from
“no” to “moderate” intake and leveling off thereafter. in addition,
gene-environment interactions have been revealed in the effects
of isoflavones. The evidence reviewed suggests that isoflavone
has a protective effect against breast cancer in Asian populations.
Conversely, our cohort study did not observe an inverse associa-
tion between breast cancer risk and the intake of green tea and/or
the plasma level of tea polyphenols, but we did find an association
between increased risk and active and passive smoking. In conclu-
sion, based on current knowledge, primary prevention according
to individual lifestyle modification should focus on alcohol intake,
weight control, physical activity, and tobacco smoking. (Cancer Sci
2011; 102: 1607-1614)

T he incidence and mortality rates of breast cancer vary con-
siderably across countries and regions, with a four to five-
fold variation in incidence. Rates are highest in Europe and
North America and lowest in Asia."’ Despite Japan's status as
a low-risk country, the incidence and mortality of breast can-
cer among Japanese women have increased over the past three
decades (Fig. 1), with age-standardized incidence rates
(per 100 000 population) of 17.0 in 1975 compared with 44.4
in 2005 according to the Monitoring of Cancer Incidence in
Japan (MCIJ) project.® Breast cancer is the most common
cancer diagnosis and the fourth-leading cause of cancer death
among Japanese women. For example, in 2005 the MCIJ esti-
mated that more than 47 583 Japanese women were diagnosed
with breast cancer'® and that 10 721 died of it.”” In contrast,
mortality rates in the UK and US have been in decline since
the early 1990s, possibly attributable to improvements in
screening practices and treatment effectiveness.*® Moreover,
incidence rates in the US and several other developed coun-
tries have decreased since 2002, due, in part, to the results of
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the Women'’s Health Initiative’s randomized trial in July 2002,
which saw a rapid fall in the use of hormone-replacement ther-
apy (HRT).®

In addition to differences in the incidence and mortality rates
of breast cancer between Asian and Western countries, age-spe-
cific incidence curves also differ: in Japan, the incidence of
breast cancer increases until 50 years of age and decreases or
plateaus thereafter, whereas in Western countries the incidence
of breast cancer continues to increase after 50 years of age
(Fig. 2).”” This pattern may be explained by differences in the
distribution of risk factors for postmenopausal breast cancer,
particularl}/ the low prevalence of obesity and HRT use in
Japan.”%!'D Of note, the rapid rise in rate with increasing age
slows somewhat around 50 years of age, near the time of meno-
pause, which strongly suggests a role for reproductive hormones
in the etiology of this disease.

Geographical distribution and secular trends in cancer inci-
dence and mortality, as well as studies of migrants, highlight the
relative importance of environmental and lifestyle influences in
cancer etiology. Studies in migrants have shown increases in
breast cancer incidence and mortality following migration from
a lower- to a higher-risk country."*"'® For example, Japanese
immigrants in Los Angeles County had a clearly higher rate of
breast cancer than Japanese in Japan.'? Furthermore, the inci-
dence of breast cancer in first-generation Japanese immigrants
in Sdo Paulo from 1968 to 1978 was higher than that among
Japanese living in Japan, whereas mortality increased from 1979
to 2001 to a rate intermediate between that of Japanese living in
Japan and Brazilians living in the state of Sdo Paulo.”*'* These
findings strongly suggest that breast cancer risk is influenced by
factors associated with the lifestyle or environment of the desti-
nation country.

Current knowledge of preventive or risk factors

Accumulating evidence obtained mainly from Western countries
has established a relatively large number of preventative or risk
factors for breast cancer (Table 1)."°~'” Many established risk
factors are linked to ovarian hormones, and estrogens in particu-
lar, and prospective studies in postmenopausal women have
shown a direct association between higher levels of estrogens
and their androgen precursors and an increased risk of breast
cancer."® One possible biological mechanism of the effect of
ovarian hormones on risk is that both endogenous and exoge-
nous hormones increase cellular proliferation in the breast,
thereby increasing the likelihood of random genetic errors
during cell division."'

Although our understanding of the etiology of breast cancer
has improved, many well-known risk factors, such as menstrual
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