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Abstract

Objective Most epidemiological studies of the association
between breast cancer risk and exposure to organochlorine
pesticides or polychlorinated biphenyls (PCBs), which are
suspected endocrine disrupters and potential risk factors for
human breast cancer, have been conducted in western
countries, and the majority of results have been null and the
rest inconsistent. Here, we examined these associations in
Japanese women in the largest study in Asian women to
date.
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Methods The study was a matched case—control study of
breast cancer with 403 eligible matched pairs from May
2001 to September 2005 at four hospitals in Nagano Pre-
fecture, Japan.

Measurements Serum samples were measured for PCBs
and nine pesticide-related organochlorines, including
dichlorodiphenyltrichloroethane (DDT). Odds ratios of
breast cancer or its hormone-receptor-defined subtypes
according to serum organochlorines were calculated.
Results  No increase in the risk of breast cancer was seen
among women with higher serum concentrations of any
organochlorine: o,p’-DDT, p,p’-DDT, p,p’-dichlorodiphenyl-
dichloroethylene, hexachlorobenzene, [-hexachlorocyclo-
hexane, trans-nonachlor, cis-nonachlor, oxychlordane, mirex,
or PCBs. Rather, higher serum levels of cis-nonachlor, mirex,
or total PCBs were associated with a decreased risk of breast
cancer

Conclusions Overall, these results suggest that breast
cancer risk in Japan, a low-incidence country, is similar to
that in western countries in terms of organochlorine
exposure.

Keywords Hormone receptor - PCBs - DDT - DDE -
Mirex
Introduction

Breast cancer is the most frequent malignant disease
among women in many western countries, and also in
Japan [1]. Epidemiological evidence for the occurrence of
breast cancer has suggested an association with several
estrogen-dependent factors, namely early menarche, lower
parity, late age at first childbirth, postmenopausal hor-
mone use, taller height, and obesity [2-5]. This hormonal
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dependency of breast cancer plays an important role in its
development.

Because established risk factors for breast cancer
account for only about half of its incidence [6—8]; however,
epidemiological studies have also examined certain orga-
nochlorine pesticides, such as dichlorodiphenyltrichloro-
ethane (DDT) and polychlorinated biphenyls (PCBs),
which have shown estrogenicity or anti-estrogenicity in
experimental studies [9], as potential risk factors. Results
have been mainly null, with several inconsistent exceptions
[6, 10]. Some of these agents persist in the environment
and are bio-accumulative. Release of organochlorine pol-
lutants into the environment during part of the last century
has resulted in exposure in humans, mainly via food intake,
particularly fish [11]. Although the human body burden of
traditional organochlorine compounds such as DDTs and
PCBs has decreased in recent decades following bans on
their use, they remain detectable in biologic samples [12].

Most studies of associations of breast cancer risk with
particular organochlorine compounds to date have been
conducted among Caucasians in western countries. Such
associations among relatively high-risk Caucasians in these
countries may not always be consistent with those among
lower-risk Asian women in Asian countries such as Japan,
however [13]. Indeed, the possibility that differences in
background, such as in lifestyle, internal hormonal milieu,
body burden of organochlorines, and hormone-receptor
subtypes, might influence the associations have now made
race, ethnicity, and area specificity issues in this field. In
recent years, three studies have assessed the association
between breast cancer and organochlorines in African-
American women [14-16], one of which also included
Asian subjects (50 pairs) [15], but all reported null results;
and apart from one small study in India (25 pairs), no study
has yet been conducted in an Asian country, including
Japan [17].

Here, we conducted a matched case—control study to
investigate the association between breast cancer risk and
serum organochlorines in Japanese women. This is the first
large-scale study to examine the association between breast
cancer and DDTs, PCBs, and other organochlorine pesti-
cides in an Asian country and an Asian population.

Subjects and methods

Study subjects

This multicenter, hospital-based case—control study was
conducted from May 2001 to September 2005 at four
hospitals in Nagano Prefecture, Japan. Cases were a con-

secutive series of women aged 20-74 years with newly
arising, histologically confirmed invasive breast cancer
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admitted to the four hospitals during the survey period. Out
of the 412 eligible patients, 405 (98%) agreed to partici-
pate. Healthy controls were selected from among medical
checkup examinees in two of the hospitals, who were
confirmed as not having cancer, with one control matched
for each case by age (within 3 years) and residential area
during the study period. Among potential control subjects,
one declined to participate. Consequently, we obtained
written informed consent from 405 matched pairs. Because
two control subjects refused to provide blood samples, the
analysis was finally restricted to 403 matched pairs. The
study protocol was approved by the institutional review
board of the National Cancer Center (Tokyo, Japan).

Data collection
Questionnaire survey

Participants were asked to complete a self-administered
questionnaire which included questions on demographic
characteristics, anthropometric factors, smoking habits,
family history of cancer, physical activity, medical history,
and menstrual and reproductive history. Dietary habits were
investigated using a 136-item semi-quantitative food-fre-
quency questionnaire (FFQ) which was developed and
validated in Japanese population [18]. The FFQ enquired
about the frequency of consumption of individual food
items, with response choices of never or less than once/
month, 1-3 times/month, 1-2 times/week, 3—4 times/week,
5-6 times/week, once/day, 2-3 times/day, 4-6 times/day,
and 7 times/day or more; as well as relative sizes compared
to standard portions, expressed as small (50% smaller than
standard), medium (same as standard), and large (50%
larger). These data were then used to calculate average rates
of consumption for each food group (g/day) and nutrients
(mg/day).

Clinical data

Estrogen receptor (ER) and progesterone receptor (PR)
status in breast cancer tissue of breast cancer patients were
obtained from medical records. Hormone receptor status
was determined using enzyme-linked immunoassay or
immunohistochemical assay. Hormone receptor positivity
values were determined either as specified by the labora-
tory that performed the assay, or in accordance with the
laboratory’s written interpretation thereof, or both.

Laboratory analysis
Blood specimens were collected from all cancer patients

prior to surgery. Aliquots of serum samples were shipped
to a commercial laboratory, Shimadzu Techno Research
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Inc. (Kyoto, Japan), for analysis of o,p’-DDT, p,p’-DDT,
p,p’-dichlorodiphenyldichloroethylene (p,p’-DDE), hexa-
chlorobenzene (HCB), fi-hexachlorocyclohexane (-HCH),
trans-nonachlor, cis-nonachlor, oxychlordane, mirex, and
more than 41 PCB congeners. An approximately 1.5-g
aliquot of each serum sample was gravimetrically mea-
sured and then spiked with respective '*C-labelled internal
standards, except for some PCB congeners. Compounds
were fractionated and purified using two-stage liquid—
liquid extraction with dichloromethane, ethanol and satu-
rated ammonium sulfate aqueous solution, and florisil
column chromatography.

Organochlorine pesticides and PCBs were detected
and measured using a high-resolution mass spectrometer
(Autospec Ultima, Micromass, Manchester, UK) with
selected ion monitoring connected to a gas chromatograph
(HP6890, Hewlett Packard) equipped with a capillary
column (HT8-PCB fused silica capillary column 60 m x
0.25-mm id for PCBs; DB-17HT fused silica capillary col-
umn 30 m x 0.32 mm id, 0.15 pm for the organochlorine
pesticides) based on isotope-dilution mass spectrometry.

Lower limits of detection (LODs), determined from a
signal-to-noise ratio of 3, were 1.0 pg/g wet for organo-
chlorine pesticides and 0.6 pg/g wet for PCB congeners.
Measurement values below the LOD were assigned a value
equal to the LOD. Total PCBs was calculated as the sum
concentration of all PCB congeners measured. Cases and
matched controls were assayed in the same batch by lab-
oratory analysts who did not know the case—control status.
Some compounds were detected in the method blank but
were disregarded because of their sufficiently low contri-
bution to measured values in serum concentrations or the
sum of PCBs. Intraclass correlation coefficients derived
from duplicate measures of five serum samples at usual
concentration ranges were >0.99, except for that for HCB,
which was 0.87.

To standardize serum concentrations of lipophilic orga-
nochlorines, measurement values were divided by serum
total lipid concentration (TL), which was estimated using
serum concentrations of total cholesterol (TC) and triglyc-
eride (TG), and the equation TL [g/1] = 2.27 x TC [g/1] +
TG [g/1] 4+ 0.623, as proposed by Phillips et al. [19], and
then divided by serum density (g/1). TC and TG values were
enzymatically measured at Kyoto Biken Laboratories, Inc.
(Kyoto, Japan).

Statistical analysis

Statistical analyses were performed using SAS 9.1 (SAS
Institute Inc., Cary, NC, USA). All statistical tests and 95%
confidence intervals (CIs) were two-sided and considered
significant at the 0.05 level. Serum lipid-adjusted organo-
chlorine concentrations were categorized into quartile

groups based on the distribution of controls. Missing
variables were handled by complete case analysis. Twelve
pairs which included women with a total energy intake of
less than 500 kcal or 4,000 kcal or more were excluded
from adjustment of odds ratios (ORs) for fish or vegetable
consumption.

ORs and 95% Cls of breast cancer according to quartile of
serum organochlorine concentration were calculated by
conditional logistic regression analysis using the PHREG
procedure with the STRATA statement in SAS. Stratified
analyses by menopausal status or age were performed using
unconditional logistic regression analysis. ORs were
adjusted for total lipid concentration in serum, body-mass
index, menopausal status and age at menopause, smoking
status, fish consumption, vegetable consumption, family
history of breast cancer in a first-degree relative, age at first
childbirth, parity, age at menarche, history of breast cancer
screening, and history of breast feeding. These adjusted
variables were established risk factors for breast cancer or
were correlated with breast cancer risk and serum orga-
nochlorines in this study. Owing to the significant inverse
association between risk and total lipid concentration in
serum, logistic regression models were additionally adjusted
for serum lipids. Because lactation results in the excretion of
organochlorines, a longer total duration of lactation may be
associated with increased excretion of organochlorines [20].
In addition, the unconditional logistic regression models
used for stratified analyses were also adjusted for the
matching factors of age and area of residence.

To evaluate differences in the effect of organochlorines
on breast cancer by hormone-receptor subtype, each breast
cancer case was categorized by the combined classification
of ER and PR status as follows: ER—PR—, ER—PR+,
ER+PR—, or ER+PR+. ER—PR+ cases were excluded
owing to their small number (n = 12). Polytomous logistic
regression was performed based on a generalized logit
model using the LOGIST procedure in SAS. The difference
in the beta coefficient for ordinal variables used in the trend
test by hormone receptor status was simultaneously tested
using the Wald test in polytomous logistic regression
models.

Along with the logistic regression analyses described
above, we also performed linear trend tests to examine the
monotonicity of the dose-response relationship based on
median value in each quartile category of serum organo-
chlorine concentration as an ordinal variable.

Results
Case and control characteristics are summarized in

Table 1. The cases included a higher percentage of pre-
menopausal women than the matched controls. Among
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Table 1 Characteristics of breast cancer case subjects and their matched controls

Characteristic Cases (n = 403)* Controls (n = 403)* P for difference®

Age (years), mean (SD) 53.7 (0.52) 53.9 (0.51) 0.62
Age at menarche (years), mean (SE) 134 (0.09) 13.2 (0.08) 0.14
Age at first childbirth (years), mean (SE) 26.8 (0.19) 26.4 0.17) 0.11
Age at menopause (years), mean (SE)* 49.0 (0.29) 494 (0.26) 0.10
Number of live births, mean (SE) 1.9 (0.05) 2.0 (0.05) 0.04
Height (cm), mean (SE) 155.4 (0.29) 155.6 (0.29) 0.88
Body-mass index (kg/m?), mean (SE) 22.9 0.21) 23.0 (0.16) 0.08
Total lipid concentration in serum (%; w/w), mean (SE) 0.617 (0.01) 0.632 (0.01) 0.005
Recent fish consumption (g/day), mean (SE)d 87.7 (2.75) 94.7 (2.97) 0.08
Recent vegetable consumption (g/day), mean (SE)“l 256.6 (8.09) 310.8 (10.3) 0.0001
Recent meat consumption (g/day), mean (SE)d 58.2 (1.96) 57.6 (2.04) 0.56
Recent fruit consumption (g/day), mean (SE)‘1 287.9 (10.7) 287.7 (10.2) 0.86
Recent total energy intake (kcal/day), mean (SE)d 1882 (27.3) 1949 (27.7) 0.07
Recent alcohol intake (one day per week or more), n (%) 74 (26.6) 101 (30.6) 0.50
Premenopausal women, n (%) 183 (45.4) 141 (35.0) <0.0001
Previous benign breast diseases, n (%) 46 (12.0) 30 (7.5) 0.04°
Previous breast feeding, n (%) 317 (80.9) 331 (82.1) 0.64°
Breast cancer in a first-degree relative, n (%) 31 (7.8) 23 (5.7) 0.48°
Previous breast cancer screening, n (%) <0.0001°¢

1-2 times in the past five years 92 (23.9) 78 (19.5)

3—4 times in the past five years 41 (10.7) 64 (16.0)

One or more times per year in the past five years 62 (16.1) 215 (53.8)
Education (college degree or higher), n (%) 21 (5.3) 85 (21.1) <0.0001°¢
Smoking status, n (%) <0.0001¢

Former 50 (12.5) 8 (2.0)

Current 34 (8.5) 23 (5.7)
Physical activity (moderate, >1/week, past 5 years), n (%) 91 (22.9) 127 (31.5) 0.053¢

4 Sample size varied among variables because of missing information. Percentages were calculated among case or control subjects who provided
answers

® Wilcoxon rank-sum test for continuous variables; Cochran-Mantel-Haenszel test based on rank scores for categorical variables

¢ Postmenopausal women only

9 For 391 matched pairs

e

Subjects with unknown or missing values were excluded from analysis

variables, positive or inverse associations with breast
cancer were seen for a history of breast cancer screening,
number of live births, menopausal status, educational level,
smoking status, history of benign breast disease, vegetable
consumption, and serum total lipid concentration.

Median serum organochlorine concentrations were not
as high among cases as among controls (Table 2). All or-
ganochlorines, including o,p/-DDT and mirex, were
detected in 100% of serum samples, except for 14 PCB
peaks. Based on comparison of median values, average
total PCBs among control participants consisted of the
following PCB congeners: 153 (23.5%), 180 (13.4%), 138
(12.0%), 182/187 (6.7%), 118 (6.2%), 164/163 (5.0%), 170
(4.4%), 74 (3.7%), 99 (3.4%), 146 (3.0%), 156 (2.2%), 194
(1.9%), 198/199 (1.8%), 183 (1.6%), 177 (1.3%), 105
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(1.2%), 203 (1.1%), and the remaining PCBs. PCB77 was
not detected in any serum sample.

Table 3 shows that none of the serum organochlorines,
including DDTs, p,p’-DDE, and total PCBs, was associated
with an increased risk of breast cancer. In fact, risk was
inversely associated with serum concentrations of cis-no-
nachlor, mirex and total PCBs, but not with those of the
other compounds. For example, adjusted ORs (95%ClIs;
P-values for trend) of breast cancer risk for the highest vs.
lowest quartile of exposure for total PCBs, mirex, and cis-
nonachlor were 0.33 (0.14-0.78; P for trend = 0.008), 0.40
(0.19-0.84; P for trend = 0.02), and 0.41 (0.19-0.91; P for
trend = 0.07), respectively. Adjustment for possible con-
founding variables attenuated the results for o,p’-DDT,
p,p’-DDT, and p,p’-DDE and widened the 95% CI range for
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Table 2 Lipid-adjusted serum organochlorine concentrations (ng/g
lipid) in breast cancer case subjects and matched controls

Compound Median (interquartile range) P for
Cases (n = 403) Controls (n = 403) difference®
o,p’-DDT 1.5 (1.0, 23) 1.6 (1.1,2.7) 0.02
p,p’-DDT 9.3 (6.2, 15) 9.9 (7.2, 16) 0.03
p.p’-DDE 360 (190, 620) 370 (220, 660)  0.10

trans-Nonachlor 22 (15, 30) 23
cis-Nonachlor 3.5 (2.3,5.0 3.9
Oxychlordane 8.2 (5.9,11) 8.6

(17, 32) 0.02
(2.7,5.4) 0.004
(6.6, 11) 0.02

HCB 27 (22, 33) 27 (23, 34) 0.22
Mirex 1.9 (1.5,25) 21 (1.6,2.8) <0.0001
B-HCH 65 (41,1100 64 (41, 110) 0.75
Total PCBs® 170 (120, 220) 180 (140, 240)  0.004

? Wilcoxon rank-sum test

° Sum of the 41 PCB peaks (International Union of Pure and Applied
Chemistry numbers 17, 28, 51, 52/69, 43/49, 48/47, 44, 74, 66, 77, 90/
101, 99, 123, 118, 114, 105, 126, 146, 153, 164/163, 138, 128/162,
167, 156, 169, 182/187, 183, 183, 174, 177, 180, 170, 189, 202, 201,
198/199, 196, 203, 194, 208, 206, and 209)

every compound, whereas the results for mirex and the
PCBs were substantially changed. The main contributors to
these changes were adjustment for history of breast cancer
screening and smoking status. Additional analyses in the
349 complete pairs showed no substantial changes in ORs,
indicating that these attenuations of estimates were not
caused by either (or both) the reduced sample size or
nonuniform lack of data.

Additional conditional logistic analysis for 34 individual
PCB congeners (7 congeners were not analyzed here
because of their lower detection frequency) showed no
association with risk for any congener. To the contrary,
half were associated with a significant decrease in risk:
adjusted ORs (95% ClIs; P-values for trend) for the highest
vs. lowest quartile of exposure for PCB 153, 138, and 180,
for example, were 0.40 (0.18-0.91; P for trend = 0.04),
0.61 (0.28-1.35; P for trend = 0.29), and 0.29 (0.13-0.66;
P for trend = 0.004), respectively. In addition, the adjusted
OR (95% CI; P-value for trend) for the highest vs. lowest
quartile of exposure for PCB 48/47 was 0.45 (0.17-1.19;
P for trend = 0.06). With regard to Wolff et al.’s func-
tional groupings of PCBs [21] also, adjusted ORs (95%
ClIs; P-values for trend) for the highest vs. lowest quartile
of exposure for PCB Group 1A (sum of PCB 44, 43/49 and
52/69), Group 1B (sum of PCB 90/101 and 182/187),
Group 2A (sum of PCB 74, 66, 105 and 118), Group 2B
(sum of PCB 128/162, 138 and 170), and Group 3 (sum of
PCB 99, 153, 180, 196 and 203) were 0.53 (0.25-1.09;
P for trend = 0.06), 0.28 (0.12-0.65; P for trend = 0.005),
0.82 (0.35-1.95; P for trend = 0.94), 0.28 (0.12-0.65;

P for trend = 0.07), and 0.40 (0.18-0.91; P for trend =
0.03), respectively.

Further, no significant association was seen between
serum organochlorines and an increased risk of breast can-
cer by hormone-receptor subtype (Table 4). The decrease in
risk with increased serum concentration of frans-nonachlor
or cis-nonachlor was greater in ER—PR— than ER+PR+
cases (P for heterogeneity = 0.01 or 0.04, respectively). A
significant association was seen between increased serum
concentrations of mirex or total PCBs and decreased risk of
ER+PR— breast cancer, and this subtype was more sensi-
tive to mirex than the ER+PR+ or ER—PR— subtypes
(P for heterogeneity = 0.007 or 0.004, respectively).

Stratified analysis showed different patterns of associa-
tion by menopausal status (Table 5). Postmenopausal
women had a statistically significant decrease in breast
cancer risk with increased serum concentration of trans-
nonachlor. In contrast, point estimates of ORs for o,p’-DDT
or p,p’-DDT were higher than 1.0 among postmenopausal
women, albeit the trends were not linear. A marginal
decrease in risk with increased serum concentrations of
0,p’-DDT or p,p’-DDT was observed in premenopausal
women but did not reach statistical significance. These
associations are not shown in Table 3. Serum mirex or total
PCBs were inversely associated with breast cancer risk
regardless of menopausal status. Similar patterns were
observed on stratification by the median age of controls
(data not shown).

Discussion

In this study, we found no increase in the risk of breast
cancer among women with higher serum concentrations of
any organochlorine, including DDTs and PCBs. To the
contrary, we found statistically significant inverse associ-
ations between risk and total PCBs, cis-nonachlor, and
mirex. This finding contrasts with that of the Seveso Italy
study, which reported an association between breast cancer
risk and an organochlorine, 2,3,7,8-tetrachlorodibenzo-p-
dioxin [22]. Our findings suggest that, as in other countries,
organochlorines are not related to an increased risk of
breast cancer in Japan, a low-incidence country. Our lack
of association with DDE is consistent with the null results
of a nested case—control study of associations between
serum DDE and PCBs and breast cancer risk in Asian
women by Krieger et al. [15] (50 pairs), whereas our sta-
tistically significant inverse association for PCBs is not
consistent with the null result for PCBs in most previous
studies. Krieger et al. [15] also showed an insignificant
positive association between serum DDE and breast cancer
in white and black women, which is inconsistent with the
majority of previous studies [6, 23]. The interethnic
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Table 3 Odds ratios (ORs) and 95% confidence intervals (Cls) of breast cancer according to quartiles of serum lipid-adjusted organochlorine
concentration

Compound Quartile median No. of No. of Simple OR* Adjusted OR™®
(ng/g lipid) cases controls - -
(403 matched pairs) (349 matched pairs)
OR 95% CI OR 95% CI
o,p’-DDT 0.90 103 81 1.00 (referent) 1.00 (referent)
1.3 100 104 0.72 0.47-1.10 0.57 0.25-1.29
2.0 122 109 0.81 0.54-1.22 1.13 0.53-2.38
4.1 78 109 0.51 0.33-0.81 0.67 0.30-1.52
P for trend 0.007 0.48
p,p’-DDT 5.6 136 100 1.00 (referent) 1.00 (referent)
8.5 79 101 0.53 0.35-0.80 0.58 0.27-1.25
12.0 97 95 0.68 0.45-1.03 0.99 0.47-2.07
23.0 91 107 0.55 0.35-0.84 0.58 0.27-1.25
P for trend 0.06 0.33
p.p’-DDE 160 116 97 1.00 (referent) 1.00 (referent)
300 89 99 0.75 0.51-1.11 0.47 0.24-0.92
490 107 103 0.84 0.57-1.26 0.99 0.48-2.02
1100 91 104 0.68 0.44-1.06 1.02 0.46-2.26
P for trend 0.17 0.46
trans-Nonachlor 13 126 89 1.00 (referent) 1.00 (referent)
20 89 103 0.52 0.34-0.81 0.69 0.33-1.46
27 96 104 0.54 0.34-0.84 0.72 0.33-1.57
41 92 107 0.50 0.32-0.79 0.49 0.22-1.06
P for trend 0.02 0.08
cis-Nonachlor 2.0 132 94 1.00 (referent) 1.00 (referent)
33 98 107 0.58 0.38-0.87 0.51 0.25-1.06
4.7 90 96 0.56 0.36-0.86 0.69 0.33-1.47
7.0 83 106 0.45 0.28-0.71 0.41 0.19-0.91
P for trend 0.002 0.07
Oxychlordane 5.4 128 100 1.00 (referent) 1.00 (referent)
7.8 92 95 0.66 0.43-1.02 0.73 0.35-1.51
9.7 77 93 0.57 0.37-0.89 0.60 0.28-1.31
15 106 115 0.63 0.41-0.97 0.65 0.31-1.38
P for trend 0.09 0.33
HCB 20 107 95 1.00 (referent) 1.00 (referent)
25 92 86 0.90 0.59-1.38 0.67 0.32-1.37
30 110 120 0.77 0.50-1.17 0.91 0.43-1.92
38 94 102 0.75 0.47-1.20 0.95 0.43-2.11
P for trend 0.18 0.90
Mirex 1.4 130 87 1.00 (referent) 1.00 (referent)
1.9 109 98 0.73 0.50-1.08 0.56 0.28-1.13
2.4 86 112 0.50 0.34-0.75 0.60 0.30-1.19
3.5 78 106 0.48 0.32-0.73 0.40 0.19-0.84
P for trend 0.0003 0.02
p-HCH 26 96 98 1.00 (referent) 1.00 (referent)
52 100 102 1.01 0.66-1.53 0.81 0.39-1.72
82 99 91 1.12 0.71-1.78 0.72 0.31-1.69
160 108 112 1.00 0.61-1.62 1.04 0.43-2.52
P for trend 091 0.63
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Table 3 continued

Compound Quartile median No. of No. of Simple OR* Adjusted OR™®
(ng/g lipid) cases controls - -
(403 matched pairs) (349 matched pairs)
OR 95% CI OR 95% CI
Total PCBs 110 126 99 1.00 (referent) 1.00 (referent)
160 96 85 0.82 0.53-1.26 0.79 0.36-1.72
200 102 116 0.61 0.40-0.92 0.57 0.28-1.15
290 79 103 0.48 0.30-0.77 0.33 0.14-0.78
P for trend 0.002 0.008

 Cases and controls were matched for age and area

b Adjusted for total lipid concentration in serum (<0.5409%, 0.5409-0.6144%, 0.6145-0.701%, or >0.702%); body-mass index (<20.93, 20.93—
22.59, 22.6-24.88, or >24.88 kg/mz); menopausal status and age at menopause (premenopause, <48, 48-50, 51-52, or >53 years); smoking
status (never, former, or current); fish consumption (<54.9, 54.9-82.2, 82.4-115.4, or >115.9 g/day); vegetable consumption (<177.27, 177.27-
260.2, 261.2-378.3, or >379.1 g/day); family history of breast cancer in a first-degree relative (yes or no); age at first childbirth (nulliparous,
<25, 25-26, 27-28, >29 years)—Ordinal variable; parity (nulliparous, 1, 2, or >3); age at menarche (<12, 12, 13, 14, or >15 years); history of
breast cancer screening (never, 1-2 times in the past five years, 3—4 times in the past five years, or one or more times per year in the past five

years); and history of breast feeding (yes or no)

Subjects with missing values in any of the variables included in the models were not used, nor was the corresponding subject in the matched

case—control pair

variation between Caucasian and Asian women suggested
by Krieger et al. [15] has not been confirmed.

Our null finding for p,p’-DDE is consistent with the
results of a previous meta-analysis [23] and inconsistent
with our marginal decrease in risk of ER+PR+ breast
cancer or breast cancer in premenopausal women for o,p’-
DDT. This difference in effects between p,p’-DDE and
o,p'-DDT might be partly explained as follows. First, p,p'-
DDE is androgenic but only weakly estrogenic or negative,
whereas o,p’-DDT is the most estrogenic of all DDT-
related compounds [9]. Second, it is unclear whether serum
p.p’-DDE represents o,p’-DDT intake because most serum
p,p'-DDE results from p,p’-DDE intake, because of the
slow conversion of ingested DDT to p,p’-DDE in humans
[24]. The association of breast cancer risk with the specific
serum levels of o,p’-DDT, p,p’-DDT, or p,p’-DDE was
not always consistent, but in some analyses showed simi-
lar patterns owing to the correlation of their serum
concentrations (Spearman correlation coefficient among
controls = 0.57-0.86). Further, no previous study with a
small sample size has found an increased risk of breast
cancer in relation to o,p’-DDT exposure [17, 25]. In addi-
tion, the lack of association with p,p’-DDT is consistent
with the majority of previous studies [17, 20, 25-40],
including three nested case—control studies [26-28],
whereas other studies found significant or marginal inverse
[41, 42] or positive [43—-47] associations.

Our inverse association between serum total PCBs and
breast cancer is inconsistent with the majority of previous
studies, which had null results [10]. This difference may be
due in part to the lower blood levels of total PCBs in our
subjects than in any previous population studied (mean,

median, or geometric mean in controls 257.1-2885.8 ng/g
lipid) [10, 16, 46] and to the lower sex hormone levels in
Asian women [48]. Given that some PCB congeners did
not show the same risk pattern as total PCBs, the effect of
total PCBs might also depend on the congener pattern. The
inverse associations were consistent across Wolff et al.’s
functional PCB groups, except for Group 2A (moderately
persistent; potentially antiestrogenic and immunotoxic,
dioxin-like PCBs); but despite the lack of association for
this group, the association of total PCBs with decreased
risk remained because the major components of total PCBs
were PCB 153 and 180 (Group 3). At least two prospective
studies which found inverse associations for total PCBs
also found inverse associations for the PCBs of Group 3
(enzyme inducers) [28, 42].

Among other agents, no increase in the risk of breast
cancer was seen for serum levels of chlordane-related
compounds. This finding is in general agreement with
previous studies [28, 29, 32, 39, 42, 45, 47, 49, 50], as
follows. Oxychlordane’s lack of association or only insig-
nificant inverse association with breast cancer is consistent
with most previous studies [28, 29, 32, 45, 49, 50], with a
significant inverse association seen in a recent nested case—
control study in postmenopausal women only [42]. An
inverse association for cis-nonachlor was also found in two
case—control studies, but was insignificant in both [29, 49],
whereas a third case—control and a prospective study
reported no association [42, 45]; while frans-nonachlor’s
lack of association is consistent with previous studies
[28, 32, 39, 42, 47, 50].

In contrast to the consistency of findings between the
present and past studies for chlordane-related compounds,
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Table 4 Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) of hormone receptor-defined breast cancer according to lipid-adjusted
organochlorine concentration in serum

Compound Quartile median  Adjusted ORs* P for heterogeneity
(ng/g lipid)

ER—PR— (75 cases) ER+PR— (64 cases) ER+PR+ (203 cases)

OR 95% CI OR 95% CI OR 95% CI P° P* P!

o,p’-DDT 0.90 1.00 (referent) 1.00 (referent) 1.00 (referent)

1.3 1.00 0.41-2.41 0.59 0.23-1.56 0.69 0.38-1.27

2.0 1.43 0.61-3.35 1.15 0.49-2.68 0.93 0.51-1.69

4.1 0.96 0.37-2.47 0.78 0.30-2.04 0.55 0.28-1.08

P for trend 0.79 0.82 0.12 0.98 040  0.38
p,p’-DDT 5.6 1.00 (referent) 1.00 (referent) 1.00 (referent)

8.5 0.60 0.26-1.36 1.42 0.58-3.47 0.68 0.37-1.26

12 0.66 0.28-1.54 1.26 0.50-3.19 0.99 0.54-1.81

23 0.53 0.23-1.25 0.94 0.36-2.49 0.91 0.48-1.72

P for trend 0.25 0.60 0.96 0.64  0.59 0.24
p.p’-DDE 160 1.00 (referent) 1.00 (referent) 1.00 (referent)

300 0.68 0.29-1.58 0.40 0.16-1.00 0.68 0.37-1.26

490 0.81 0.35-1.92 0.70 0.30-1.62 0.93 0.51-1.67

1100 1.06 0.42-2.64 0.49 0.19-1.27 0.95 0.49-1.85

P for trend 0.55 0.40 0.75 0.24 031 0.72
trans-Nonachlor 13 1.00 (referent) 1.00 (referent) 1.00 (referent)

20 0.64 0.28-1.44 0.93 0.37-2.31 0.66 0.35-1.23

27 0.48 0.19-1.17 1.11 0.42-2.92 0.81 0.42-1.56

41 0.26 0.10-0.69 0.53 0.18-1.52 0.79 0.41-1.54

P for trend 0.006 0.17 0.73 029 0.27 0.01
cis-Nonachlor 2.0 1.00 (referent) 1.00 (referent) 1.00 (referent)

33 1.10 0.49-2.45 0.90 0.37-2.18 0.55 0.30-1.02

4.7 0.63 0.25-1.56 0.72 0.28-1.89 0.85 0.45-1.60

7.0 0.35 0.13-0.95 0.57 0.21-1.52 0.70 0.36-1.36

P for trend 0.01 0.22 0.50 0.31 0.46 0.04
Oxychlordane 5.4 1.00 (referent) 1.00 (referent) 1.00 (referent)

7.8 1.12 0.49-2.55 1.14 0.47-2.74 0.68 0.36-1.27

9.7 0.54 0.21-1.38 0.81 0.31-2.13 0.73 0.39-1.40

15 0.60 0.24-1.53 0.49 0.18-1.37 0.83 0.43-1.57

P for trend 0.17 0.08 0.77 0.68 0.13 0.25
HCB 20 1.00 (referent) 1.00 (referent) 1.00 (referent)

25 0.81 0.35-1.89 0.75 0.30-1.87 0.62 0.33-1.15

30 0.80 0.34-1.88 1.05 0.43-2.53 1.01 0.55-1.83

38 0.80 0.31-2.04 0.58 0.21-1.56 1.03 0.53-2.00

P for trend 0.64 0.33 0.65 0.67 022 044
Mirex 1.4 1.00 (referent) 1.00 (referent) 1.00 (referent)

1.9 0.86 0.36-2.04 0.43 0.19-1.00 0.89 0.50-1.60

24 0.97 0.41-2.29 0.30 0.13-0.71 0.46 0.25-0.86

3.5 0.69 0.27-1.75 0.10 0.03-0.32 0.57 0.29-1.10

P for trend 0.43 <0.0001 0.049 0.004 0.007 0.50
p-HCH 26 1.00 (referent) 1.00 (referent) 1.00 (referent)

52 1.86 0.79-4.38 221 0.86-5.67 1.09 0.58-2.04

82 0.79 0.30-2.11 1.45 0.55-3.86 1.29 0.67-2.47

160 1.19 0.43-3.25 0.91 0.30-2.80 1.10 0.54-2.24

P for trend 0.77 0.29 0.90 0.52  0.27 0.71
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Table 4 continued

Compound Quartile median  Adjusted ORs* P for heterogeneity
(ng/g lipid)
ER—PR— (75 cases) ER+PR— (64 cases) ER+PR+ (203 cases)
OR 95% CI OR 95% CI OR 95% CI P° Pe I
Total PCBs 110 1.00 (referent) 1.00 (referent) 1.00 (referent)
160 1.09 0.47-2.58 0.62 0.25-1.56 1.20 0.64-2.25
200 0.68 0.29-1.58 0.35 0.14-0.88 0.80 0.44-1.45
290 0.38 0.13-1.05 0.20 0.07-0.59 0.54 0.26-1.11
P for trend 0.03 0.003 0.055 0.41 0.10 046

? Cases were stratified by combined estrogen and progesterone receptor status. Each analysis used 381 controls. ORs were adjusted for age
(continuous); residential area (urban or rural); total lipid concentration in serum (<0.5409%, 0.5409-0.6144%, 0.6145-0.701%, or >0.702%);
body-mass index (<20.93, 20.93-22.59, 22.6-24.88, or >24.88 kg/mz); menopausal status and age at menopause (premenopause, <48, 48-50,
51-52, or >53 years); smoking status (never, former, or current); fish consumption (<54.9, 54.9-82.2, 82.4-115.4, or >115.9 g/day); vegetable
consumption (<177.27, 177.27-260.2, 261.2-378.3, or >379.1 g/day); menopausal status and age at menopause (premenopause, <48, 48-50,
51-52, or >53 years); smoking status (never, former, or current); family history of breast cancer in a first-degree relative (yes or no); age at first
childbirth (nulliparous, <25, 25-26, 27-28, >29 years)—Ordinal variable; parity (nulliparous, 1, 2, or >3); age at menarche (<12, 12, 13, 14, or
>15 years); history of breast cancer screening (never, 1-2 times in the past five years, 3—4 times in the past five years, or one or more times per

year in the past five years); and history of breast feeding (yes or no)

® P value for heterogeneity in odds ratios between ER—PR— and ER+PR—
¢ P value for heterogeneity in odds ratios between ER+PR— and ER+PR+
4 P value for heterogeneity in odds ratios between ER—PR— and ER+PR+

however, our finding of an inverse association between
mirex and breast cancer risk is inconsistent with past
studies. Four previous hospital-based case—control studies
in the US have assessed this association, with null results
[29, 45, 51, 52], although one reported a borderline asso-
ciation in a group with no history of lactation (OR = 2.42,
95% CI 0.98-4.32) [52]. A second noted a higher range of
mirex exposure (mean 0.037 ng/g serum among controls
[52]) than that seen here, likely because of the history of
use of this agent in the US versus no use in Japan [53].
Furthermore, Asian women have lower sex hormone levels
[48] and higher dietary intake of phytoestrogens [54, 55]
than Caucasian women in Western countries. These dif-
ferences may partly explain why these previous results
were not reproduced here.

The lack of association, in our study, of breast cancer
risk with serum concentration of HCB or -HCH is con-
sistent with the majority of previous studies of HCB [29,
33, 35, 37, 45, 46, 49, 52, 56-58] and -HCH [17, 28, 29,
31, 32, 35, 41, 43, 45, 47, 49, 59, 60], respectively.
Moreover, a recent nested case—control study of HCB in
postmenopausal women reported a significant inverse
association [42]. In contrast, several case—control studies
found positive associations between breast cancer risk and
HCB [30, 61] or f-HCH [33, 37, 44], and also observed
much higher blood concentrations of HCB (mean 0.79 ppb
[61]; mean 0.11 pg/g lipid [30]) or f-HCH (mean 0.31 mg/1
[44]) in breast cancer patients.

Many of our findings by hormone-receptor subtype are
inconsistent with previous studies. Of interest, we found no

significant increase in the risk of organochlorines on
ER+PR+ breast cancer, which is suggested to be the most
sensitive breast cancer to estrogen-related risk factors
[62, 63]. Indeed, several organochlorines were inversely
associated with ER+PR— or ER—PR— breast cancers,
although these associations did not always agree with
previous studies. In contrast to our results for total PCBs in
breast cancer subtypes, most previous studies found no
difference in risk by hormone receptor status [15, 28, 32,
39, 47, 49, 51, 56, 57, 64—68]. On the other hand, inverse
associations between PCBs and ER—PR— breast cancer
[34] or ER— breast cancer in postmenopausal women [42]
have also been reported. Our findings of inverse associa-
tions between ER+PR— breast cancer and serum total
PCBs or mirex are also inconsistent with previous studies
[51, 67]. In addition, the inverse association between trans-
nonachlor and ER—PR— breast cancer is consistent with a
recent prospective study of ER— breast cancer in post-
menopausal women [42], whereas the majority of other
studies reported a null finding [28, 32, 39, 49-51]. Further,
our inverse association between cis-nonachlor and ER—
PR— breast cancer is inconsistent with the two previous
studies of this risk, which observed no association [42, 49].
Finally, our finding of marginal inverse associations of
ER+PR+ breast cancer with mirex or o,p’-DDT may be
inconclusive, because no previous study has found them.
Stratification by menopausal status showed several dif-
ferent patterns of association between breast cancer and
organochlorines. Similar patterns were seen on stratifica-
tion by median age, suggesting that those by menopausal
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Table 5 Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) of breast cancer according to quartiles of serum lipid-adjusted
organochlorine concentration by menopausal status

Compound Quartile median Adjusted OR?
(nefe lipid) Premenopause Postmenopause”
(164 cases; 134 controls) (193 cases; 247 controls)
OR 95% CI OR 95% CI
o,p’-DDT 0.90 1.00 (referent) 1.00 (referent)
1.3 0.46 0.22-0.98 1.07 0.44-2.65
2.0 0.60 0.27-1.34 1.63 0.71-3.75
4.1 0.46 0.17-1.26 1.03 0.44-2.42
P for trend 0.26 0.71
p,p’-DDT 5.6 1.00 (referent) 1.00 (referent)
8.5 0.54 0.25-1.16 1.53 0.64-3.68
12 0.39 0.17-0.88 2.26 0.95-5.35
23 0.45 0.17-1.17 1.55 0.68-3.52
P for trend 0.08 0.67
p.p’-DDE 160 1.00 (referent) 1.00 (referent)
300 0.64 0.30-1.36 0.58 0.24-1.40
490 0.57 0.28-1.20 1.09 0.47-2.57
1100 0.92 0.32-2.63 0.89 0.38-2.08
P for trend 0.72 0.81
trans-Nonachlor 13 1.00 (referent) 1.00 (referent)
20 0.54 0.26-1.16 0.54 0.20-1.40
27 0.88 0.36-2.15 0.40 0.15-1.08
41 0.78 0.31-1.97 0.35 0.13-0.93
P for trend 0.67 0.06
cis-Nonachlor 2.0 1.00 (referent) 1.00 (referent)
33 0.67 0.32-1.39 0.49 0.20-1.23
4.7 0.78 0.32-1.93 0.52 0.20-1.32
7.0 0.53 0.20-1.42 0.42 0.16-1.06
P for trend 0.21 0.15
Oxychlordane 54 1.00 (referent) 1.00 (referent)
7.8 0.57 0.26-1.27 0.90 0.36-2.27
9.7 0.72 0.30-1.71 0.46 0.17-1.24
15 1.01 0.41-2.47 0.50 0.19-1.32
P for trend 0.94 0.11
HCB 20 1.00 (referent) 1.00 (referent)
25 1.05 0.52-2.13 0.53 0.20-1.39
30 0.95 0.44-2.06 0.91 0.38-2.17
38 0.88 0.30-2.58 0.77 0.32-1.87
P for trend 0.80 0.95
Mirex 1.4 1.00 (referent) 1.00 (referent)
1.9 0.84 0.39-1.83 0.44 0.19-1.02
24 0.43 0.19-0.98 0.29 0.13-0.66
35 0.28 0.10-0.75 0.36 0.16-0.85
P for trend 0.005 0.06

@ Springer



Cancer Causes Control (2009) 20:567-580

Table 5 continued

Compound Quartile median Adjusted OR*
ng/g lipid
(ng/g lipid) Premenopause Postmenopauseb
(164 cases; 134 controls) (193 cases; 247 controls)
OR 95% CI OR 95% CI
p-HCH 26 1.00 (referent) 1.00 (referent)
52 2.06 0.984.32 1.21 0.44-3.31
82 1.69 0.72-3.97 1.02 0.37-2.81
160 0.63 0.21-1.90 0.93 0.33-2.60
P for trend 0.71 0.58
Total PCBs 110 1.00 (referent) 1.00 (referent)
160 1.62 0.73-3.60 0.53 0.21-1.35
200 0.45 0.21-0.99 0.47 0.20-1.15
290 0.31 0.08-1.16 0.30 0.12-0.75
P for trend 0.04 0.01

% Adjusted for age (continuous); residential area (urban or rural); total lipid concentration in serum (<0.5409%, 0.5409-0.6144%, 0.6145—
0.701%, or >0.702%); body-mass index (<20.93, 20.93-22.59, 22.6-24.88, or >24.88 kg/mz); smoking status (never, former, or current); fish
consumption (<54.9, 54.9-82.2, 82.4-115.4, or >115.9 g/day); vegetable consumption (<177.27, 177.27-260.2, 261.2-378.3, or >379.1 g/day);
smoking status (never, former, or current); family history of breast cancer in a first-degree relative (yes or no); age at first childbirth (nulliparous,
<25, 25-26, 27-28, >29 years)—Ordinal variable; parity (nulliparous, 1, 2, or >3); age at menarche (<12, 12, 13, 14, or >15 years); history of
breast cancer screening (never, 1-2 times in the past five years, 3—4 times in the past five years, or one or more times per year in the past five

years); and history of breast feeding (yes or no)

° Additionally adjusted for age at menopause (<48, 4850, 51-52, or >53 years)

status might rather have resulted from the difference in age
or period, at least in part, in addition to the difference in
endogenous estrogen levels between menopausal statuses.
Age may be a critical determinant of the association
between serum organochlorines and breast cancer risk, as
suggested by the most recent study [69], because the
human body burden of persistent organochlorines is posi-
tively correlated with age, and has historically decreased in
Japan [12] as well as in the US [53] and Norway [28], at
the least. On this basis, age-stratified analysis may be
essential to any risk evaluation of highly persistent
substances.

Our study has four main strengths. First, owing to their
biological persistence, serum concentrations of organochl-
orines reflect long-term cumulative exposure to the
compounds and their individual differences, allowing a
greater degree of certainty about the exposure at risk.
Second, because surgery may change the blood levels of
organochlorines, blood samples were collected from case
patients before surgery [70]. Third, our use of measurement
methods with low LODs allowed us to detect serum
0,p’-DDT in serum with adequate frequency (100%) and
directly assess its association with breast cancer. The
inadequate LODs and subsequent low detection frequencies
in most previous studies prevented them from explicitly
assessing this association, notwithstanding the greater
estrogenicity of o,p’-DDT than p,p’-DDT and p,p’-DDE [6].

Although some PCBs with a value between 0 and the LOD
were assigned the LOD value, additional analysis showed
that any subsequent misclassification was inconsequential.
Even when we assigned no value (e.g. LOD/2 or LOD) for
individuals with a PCB level below the LOD to ensure that
values between 0 and the LOD were retained, the results for
total PCBs were not substantially changed. The PCB
congeners, including those with nondetectable values, made
only a minor contribution to total PCBs. Fourth, almost all
invited subjects participated in the study, likely eliminating
the possibility of nonresponse bias. Moreover, our null
result for DDE is consistent with the majority of previous
nested case—control studies, although a certain discrepancy
between the results of prospective and case—control studies
has been noted [6, 23].

Several limitations of the study also warrant mention.
First, although we considered a large number of covariates
in all analyses, the observational design of the study means
that unmeasured or residual confounding could not be
completely excluded. Because serum concentrations of
organochlorines are highly correlated with each other and
can be correlated with unmeasured substances, the asso-
ciations observed here might not always have represented
the direct effect of organochlorines. As examples, the
results for frans-nonachlor, cis-nonachlor, and oxychlor-
dane, which are impurities or metabolites of chlordane,
showed a similar but not always consistent pattern, whereas
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their serum concentrations were highly correlated (Spear-
man correlation coefficient among controls = 0.83-0.97).
Further, PCB48/47 and 51, which are usually not detected
in biological samples, were frequently detected in serum.
This may suggest the possibility of sample contamination
during sampling or sample storage. In addition, although
the substantially high participation rates among both eli-
gible cases and controls minimized potential biases related
to control selection, the use of controls from medical
checkup examinees, whose distribution of risk factors for
breast cancer may differ from the general population due to
greater health consciousness, might have led to selection
bias. This possibility is heightened by the lack of differ-
ences between patients and controls in the distribution of
several established risk factors for breast cancer (family
history, reproductive factors, etc.). Finally, samples col-
lected from cases post-diagnosis may less likely reflect
serum levels at the time relevant to carcinogenesis than
those collected prospectively in cohort studies.

Conclusions

In conclusion, our results do not support the hypothesis that
higher serum organochlorine concentrations increase the
risk of breast cancer in Japanese women. Overall, the
present study suggests that breast cancer risk in Japan, a
low-incidence country, is similar to that in western coun-
tries in terms of organochlorine exposure.

Acknowledgements This study was supported by a Health and
Labour Sciences Research Grant for Research on the Risk of Chemical
Substances. Hiroaki Itoh is an awardee of a Research Resident Fel-
lowship from the Japan Food Hygiene Association for Research on the
Risk of Chemical Substances, which is supported by this grant.

References

1. Marugame T, Kamo K, Katanoda K, Ajiki W, Sobue T (2006)
Cancer incidence and incidence rates in Japan in 2000: Estimates
based on data from 11 population-based cancer registries. Jpn J
Clin Oncol 36:668-675. doi:10.1093/jjco/hyl084

2. Iwasaki M, Otani T, Inoue M, Sasazuki S, Tsugane S (2007) Role
and impact of menstrual and reproductive factors on breast cancer
risk in Japan. Eur J Cancer Prev 16:116-123. doi:10.1097/
01.cej.0000228410.14095.2d

3. Tamakoshi K, Yatsuya H, Wakai K, Suzuki S, Nishio K, Lin Y
et al (2005) Impact of menstrual and reproductive factors on
breast cancer risk in Japan: results of the JACC study. Cancer Sci
96:57-62

4. Iwasaki M, Otani T, Inoue M, Sasazuki S, Tsugane S (2007)
Body size and risk for breast cancer in relation to estrogen and
progesterone receptor status in Japan. Ann Epidemiol 17:304—
312. doi:10.1016/j.annepidem.2006.09.003

5. MacMahon B (2006) Epidemiology and the causes of breast
cancer. Int J Cancer 118:2373-2378. doi:10.1002/ijc.21404

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Snedeker SM (2001) Pesticides and breast cancer risk: a review

of DDT, DDE, and dieldrin. Environ Health Perspect 109(Suppl
1):35-47. doi:10.2307/3434845

. Madigan MP, Ziegler RG, Benichou J, Byrne C, Hoover RN

(1995) Proportion of breast cancer cases in the United States
explained by well-established risk factors. J Natl Cancer Inst
87:1681-1685. doi:10.1093/jnci/87.22.1681

. Harris JR, Lippman ME, Veronesi U, Willett W (1992) Breast

cancer (1). N Engl J Med 327:319-328

. Soto AM, Sonnenschein C, Chung KL, Fernandez MF, Olea N,

Serrano FO (1995) The E-SCREEN assay as a tool to identify
estrogens: an update on estrogenic environmental pollutants.
Environ Health Perspect 103(Suppl 7):113-122. doi:10.2307/
3432519

Negri E, Bosetti C, Fattore E, La Vecchia C (2003) Environ-
mental exposure to polychlorinated biphenyls (PCBs) and breast
cancer: a systematic review of the epidemiological evidence. Eur
J Cancer Prev 12:509-516. doi:10.1097/00008469-200312000-
00010

Tsukino H, Hanaoka T, Sasaki H, Motoyama H, Hiroshima M,
Tanaka T et al (2006) Fish intake and serum levels of orga-
nochlorines among Japanese women. Sci Total Environ 359:90—
100. doi:10.1016/j.scitotenv.2005.04.014

Konishi Y, Kuwabara K, Hori S (2001) Continuous surveillance
of organochlorine compounds in human breast milk from 1972 to
1998 in Osaka, Japan. Arch Environ Contam Toxicol 40:571-
578. doi:10.1007/s002440010212

Yamamoto S, Sobue T, Kobayashi M, Sasaki S, Tsugane S
(2003) Soy, isoflavones, and breast cancer risk in Japan. J Natl
Cancer Inst 95:906-913

Millikan R, DeVoto E, Duell EJ, Tse CK, Savitz DA, Beach J
et al (2000) Dichlorodiphenyldichloroethene, polychlorinated
biphenyls, and breast cancer among African-American and white
women in North Carolina. Cancer Epidemiol Biomarkers Prev
9:1233-1240

Krieger N, Wolff MS, Hiatt RA, Rivera M, Vogelman J,
Orentreich N (1994) Breast cancer and serum organochlorines: a
prospective study among white, black, and Asian women. J Natl
Cancer Inst 86:589-599. doi:10.1093/jnci/86.8.589

Gatto NM, Longnecker MP, Press MF, Sullivan-Halley J,
McKean-Cowdin R, Bernstein L (2007) Serum organochlorines
and breast cancer: a case-control study among African-American
women. Cancer Causes Control 18:29-39. doi:10.1007/s10552-
006-0070-2

Siddiqui MK, Anand M, Mehrotra PK, Sarangi R, Mathur N
(2005) Biomonitoring of organochlorines in women with benign
and malignant breast disease. Environ Res 98:250-257. doi:
10.1016/j.envres.2004.07.015

Sasaki S, Kobayashi M, Tsugane S (2003) Validity of a self-
administered food frequency questionnaire used in the 5-year
follow-up survey of the JPHC Study Cohort I: comparison with
dietary records for food groups. J Epidemiol 13:S57-S63
Phillips DL, Pirkle JL, Burse VW, Bernert JT Jr, Henderson LO,
Needham LL (1989) Chlorinated hydrocarbon levels in human
serum: effects of fasting and feeding. Arch Environ Contam
Toxicol 18:495-500. doi:10.1007/BF01055015

Romieu I, Hernandez-Avila M, Lazcano-Ponce E, Weber JP,
Dewailly E (2000) Breast cancer, lactation history, and serum
organochlorines. Am J Epidemiol 152:363-370. doi:10.1093/aje/
152.4.363

Wolff MS, Camann D, Gammon M, Stellman SD (1997) Pro-
posed PCB congener groupings for epidemiological studies.
Environ Health Perspect 105:13-14. doi:10.2307/3433043
Warner M, Eskenazi B, Mocarelli P, Gerthoux PM, Samuels S,
Needham L et al (2002) Serum dioxin concentrations and breast


http://dx.doi.org/10.1093/jjco/hyl084
http://dx.doi.org/10.1097/01.cej.0000228410.14095.2d
http://dx.doi.org/10.1097/01.cej.0000228410.14095.2d
http://dx.doi.org/10.1016/j.annepidem.2006.09.003
http://dx.doi.org/10.1002/ijc.21404
http://dx.doi.org/10.2307/3434845
http://dx.doi.org/10.1093/jnci/87.22.1681
http://dx.doi.org/10.2307/3432519
http://dx.doi.org/10.2307/3432519
http://dx.doi.org/10.1097/00008469-200312000-00010
http://dx.doi.org/10.1097/00008469-200312000-00010
http://dx.doi.org/10.1016/j.scitotenv.2005.04.014
http://dx.doi.org/10.1007/s002440010212
http://dx.doi.org/10.1093/jnci/86.8.589
http://dx.doi.org/10.1007/s10552-006-0070-2
http://dx.doi.org/10.1007/s10552-006-0070-2
http://dx.doi.org/10.1016/j.envres.2004.07.015
http://dx.doi.org/10.1007/BF01055015
http://dx.doi.org/10.1093/aje/152.4.363
http://dx.doi.org/10.1093/aje/152.4.363
http://dx.doi.org/10.2307/3433043

Cancer Causes Control (2009) 20:567-580

579

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

cancer risk in the Seveso Women’s Health Study. Environ Health
Perspect 110:625-628

Lopez-Cervantes M, Torres-Sanchez L, Tobias A, Lopez-Carrillo
L (2004) Dichlorodiphenyldichloroethane burden and breast
cancer risk: a meta-analysis of the epidemiologic evidence.
Environ Health Perspect 112:207-214

Morgan DP, Roan CC (1971) Absorption, storage, and metabolic
conversion of ingested DDT and DDT metabolites in man. Arch
Environ Health 22:301-308

Charles MJ, Schell MJ, Willman E, Gross HB, Lin Y, Sonnenberg
S et al (2001) Organochlorines and 8-hydroxy-2’-deoxyguanosine
(8-OHAG) in cancerous and noncancerous breast tissue: do the
data support the hypothesis that oxidative DNA damage caused by
organochlorines affects breast cancer? Arch Environ Contam
Toxicol 41:386-395. doi:10.1007/s002440010264

Hoyer AP, Gerdes AM, Jorgensen T, Rank F, Hartvig HB (2002)
Organochlorines, p53 mutations in relation to breast cancer risk
and survival. A Danish cohort-nested case-controls study. Breast
Cancer Res Treat 71:59-65. doi:10.1023/A:1013340327099
Hoyer AP, Grandjean P, Jorgensen T, Brock JW, Hartvig HB
(1998) Organochlorine exposure and risk of breast cancer. Lancet
352:1816-1820. doi:10.1016/S0140-6736(98)04504-8

Ward EM, Schulte P, Grajewski B, Andersen A, Patterson DG Jr,
Turner W et al (2000) Serum organochlorine levels and breast
cancer: a nested case-control study of Norwegian women. Cancer
Epidemiol Biomarkers Prev 9:1357-1367

Aronson KJ, Miller AB, Woolcott CG, Sterns EE, McCready DR,
Lickley LA et al (2000) Breast adipose tissue concentrations of
polychlorinated biphenyls and other organochlorines and breast
cancer risk. Cancer Epidemiol Biomarkers Prev 9:55-63
Charlier C, Foidart JM, Pitance F, Herman P, Gaspard U, Meurisse
M et al (2004) Environmental dichlorodiphenyltrichlorethane or
hexachlorobenzene exposure and breast cancer: is there a risk?
Clin Chem Lab Med 42:222-227. doi:10.1515/CCLM.2004.040
Dello Iacovo R, Celentano E, Strollo AM, lazzetta G, Capasso I,
Randazzo G (1999) Organochlorines and breast cancer. A study
on Neapolitan women. Adv Exp Med Biol 472:57-66

Demers A, Ayotte P, Brisson J, Dodin S, Robert J, Dewailly E
(2000) Risk and aggressiveness of breast cancer in relation to
plasma organochlorine concentrations. Cancer Epidemiol Bio-
markers Prev 9:161-166

Falck F Jr, Ricci A Jr, Wolff MS, Godbold J, Deckers P (1992)
Pesticides and polychlorinated biphenyl residues in human breast
lipids and their relation to breast cancer. Arch Environ Health
47:143-146

Gammon MD, Wolff MS, Neugut Al, Eng SM, Teitelbaum SL,
Britton JA et al (2002) Environmental toxins and breast cancer on
Long Island. II. Organochlorine compound levels in blood.
Cancer Epidemiol Biomarkers Prev 11:686-697

Gauttes S, Failing K, Neumann K, Kleinstein J, Georgii S, Brunn
H (1998) Chlororganic pesticides and polychlorinated biphenyls
in breast tissue of women with benign and malignant breast
disease. Arch Environ Contam Toxicol 35:140-147. doi:10.1007/
5002449900361

Lopez-Carrillo L, Blair A, Lopez-Cervantes M, Cebrian M, Ru-
eda C, Reyes R et al (1997) Dichlorodiphenyltrichloroethane
serum levels and breast cancer risk: a case-control study from
Mexico. Cancer Res 57:3728-3732

Mussalo-Rauhamaa H, Hasanen E, Pyysalo H, Antervo K, Kauppila
R, Pantzar P (1990) Occurrence of beta-hexachlorocyclohexane in
breast cancer patients. Cancer 66:2124-2128. doi:10.1002/1097-
0142(19901115)66:10<2124::AID-CNCR2820661014>3.0.CO;
2-A

Schecter A, Toniolo P, Dai LC, Thuy LT, Wolff MS (1997)
Blood levels of DDT and breast cancer risk among women living

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

in the north of Vietnam. Arch Environ Contam Toxicol 33:453—
456. doi:10.1007/s002449900276

Wolff MS, Berkowitz GS, Brower S, Senie R, Bleiweiss 1J,
Tartter P et al (2000) Organochlorine exposures and breast cancer
risk in New York City women. Environ Res 84:151-161.
doi:10.1006/enrs.2000.4075

Zheng T, Holford TR, Mayne ST, Ward B, Carter D, Owens PH
et al (1999) DDE and DDT in breast adipose tissue and risk of
female breast cancer. Am J Epidemiol 150:453-458

Dorgan JF, Brock JW, Rothman N, Needham LL, Miller R,
Stephenson HE Jr et al (1999) Serum organochlorine pesticides
and PCBs and breast cancer risk: results from a prospective
analysis (USA). Cancer Causes Control 10:1-11. doi:10.1023/
A:1008824131727

Raaschou-Nielsen O, Pavuk M, Leblanc A, Dumas P, Philippe
Weber J, Olsen A et al (2005) Adipose organochlorine concen-
trations and risk of breast cancer among postmenopausal Danish
women. Cancer Epidemiol Biomarkers Prev 14:67-74

Hoyer AP, Jorgensen T, Grandjean P, Hartvig HB (2000) Repe-
ated measurements of organochlorine exposure and breast cancer
risk (Denmark). Cancer Causes Control 11:177-184. doi:10.1023/
A:1008926219539

Mathur V, Bhatnagar P, Sharma RG, Acharya V, Sexana R
(2002) Breast cancer incidence and exposure to pesticides among
women originating from Jaipur. Environ Int 28:331-336. doi:
10.1016/S0160-4120(02)00031-4

McCready D, Aronson KJ, Chu W, Fan W, Vesprini D, Narod
SA (2004) Breast tissue organochlorine levels and metabolic
genotypes in relation to breast cancer risk Canada. Cancer
Causes Control 15:399-418. doi:10.1023/B:CACO.0000027505.
32564.c2

Pavuk M, Cerhan JR, Lynch CF, Kocan A, Petrik J, Chovancova
J (2003) Case-control study of PCBs, other organochlorines and
breast cancer in Eastern Slovakia. J Expo Anal Environ Epi-
demiol 13:267-275. doi:10.1038/sj.jea. 7500277

Stellman SD, Djordjevic MV, Britton JA, Muscat JE, Citron ML,
Kemeny M et al (2000) Breast cancer risk in relation to adipose
concentrations of organochlorine pesticides and polychlorinated
biphenyls in Long Island, New York. Cancer Epidemiol Bio-
markers Prev 9:1241-1249

Shimizu H, Ross RK, Bernstein L, Pike MC, Henderson BE
(1990) Serum oestrogen levels in postmenopausal women: com-
parison of American whites and Japanese in Japan. Br J Cancer
62:451-453

Woolcott CG, Aronson KJ, Hanna WM, SenGupta SK, McCready
DR, Sterns EE et al (2001) Organochlorines and breast cancer risk
by receptor status, tumor size, and grade (Canada). Cancer Causes
Control 12:395-404. doi:10.1023/A:1011289905751

Zheng T, Holford TR, Tessari J, Mayne ST, Zahm SH, Owens PH
et al (2000) Oxychlordane and trans-nonachlor in breast adipose
tissue and risk of female breast cancer. J Epidemiol Biostat
5:153-160

Dewailly E, Dodin S, Verreault R, Ayotte P, Sauve L, Morin J
et al (1994) High organochlorine body burden in women with
estrogen receptor-positive breast cancer. J Natl Cancer Inst
86:232-234. doi:10.1093/jnci/86.3.232

Moysich KB, Ambrosone CB, Vena JE, Shields PG, Mendola P,
Kostyniak P et al (1998) Environmental organochlorine exposure
and postmenopausal breast cancer risk. Cancer Epidemiol Bio-
markers Prev 7:181-188

Kutz FW, Wood PH, Bottimore DP (1991) Organochlorine pes-
ticides and polychlorinated biphenyls in human adipose tissue.
Rev Environ Contam Toxicol 120:1-82

Iwasaki M, Hamada GS, Nishimoto IN, Netto MM, Motola J Jr,
Laginha FM et al (2008) Dietary isoflavone intake and breast

@ Springer


http://dx.doi.org/10.1007/s002440010264
http://dx.doi.org/10.1023/A:1013340327099
http://dx.doi.org/10.1016/S0140-6736(98)04504-8
http://dx.doi.org/10.1515/CCLM.2004.040
http://dx.doi.org/10.1007/s002449900361
http://dx.doi.org/10.1007/s002449900361
http://dx.doi.org/10.1007/s002449900276
http://dx.doi.org/10.1006/enrs.2000.4075
http://dx.doi.org/10.1023/A:1008824131727
http://dx.doi.org/10.1023/A:1008824131727
http://dx.doi.org/10.1023/A:1008926219539
http://dx.doi.org/10.1023/A:1008926219539
http://dx.doi.org/10.1016/S0160-4120(02)00031-4
http://dx.doi.org/10.1023/B:CACO.0000027505.32564.c2
http://dx.doi.org/10.1023/B:CACO.0000027505.32564.c2
http://dx.doi.org/10.1038/sj.jea.7500277
http://dx.doi.org/10.1023/A:1011289905751
http://dx.doi.org/10.1093/jnci/86.3.232

580

Cancer Causes Control (2009) 20:567-580

55.

56.

57.

58.

59.

60.

61.

62.

cancer risk in case-control studies in Japanese, Japanese Brazil-
ians, and non-Japanese Brazilians. Breast Cancer Res Treat.
doi:10.1007/s10549-008-0168-1

Iwasaki M, Inoue M, Otani T, Sasazuki S, Kurahashi N, Miura T
et al (2008) Plasma isoflavone level and subsequent risk of breast
cancer among Japanese women: a nested case-control study from
the Japan Public Health Center-based prospective study group. J
Clin Oncol 26:1677-1683. doi:10.1200/JC0O.2007.13.9964
Hoyer AP, Jorgensen T, Rank F, Grandjean P (2001) Organo-
chlorine exposures influence on breast cancer risk and survival
according to estrogen receptor status: a Danish cohort-nested
case-control study. BMC Cancer 1:8. doi:10.1186/1471-2407-1-8
Liljegren G, Hardell L, Lindstrom G, Dahl P, Magnuson A (1998)
Case-control study on breast cancer and adipose tissue concen-
trations of congener specific polychlorinated biphenyls, DDE and
hexachlorobenzene. Eur J Cancer Prev 7:135-140

Zheng T, Holford TR, Mayne ST, Tessari J, Owens PH, Zahm SH
et al (1999) Environmental exposure to hexachlorobenzene
(HCB) and risk of female breast cancer in Connecticut. Cancer
Epidemiol Biomarkers Prev 8:407-411

Lopez-Carrillo L, Lopez-Cervantes M, Torres-Sanchez L, Blair
A, Cebrian ME, Garcia RM (2002) Serum levels of beta-hexa-
chlorocyclohexane, hexachlorobenzene and polychlorinated
biphenyls and breast cancer in Mexican women. Eur J Cancer
Prev 11:129-135. doi:10.1097/00008469-200204000-00004
Zheng T, Holford TR, Mayne ST, Owens PH, Ward B, Carter D
et al (1999) Beta-benzene hexachloride in breast adipose tissue
and risk of breast carcinoma. Cancer 85:2212-2218. doi:10.1002/
(SICD1097-0142(19990515)85:10<2212::AID-CNCR16>3.0.C
0O;2-F

Charlier C, Albert A, Herman P, Hamoir E, Gaspard U, Meurisse
M et al (2003) Breast cancer and serum organochlorine residues.
Occup Environ Med 60:348-351. doi:10.1136/0em.60.5.348

Ma H, Bernstein L, Pike MC, Ursin G (2006) Reproductive
factors and breast cancer risk according to joint estrogen and

@ Springer

63.

64.

65.

66.

67.

68.

69.

70.

progesterone receptor status: a meta-analysis of epidemiological
studies. Breast Cancer Res 8:R43. doi:10.1186/bcr1525

Potter JD, Cerhan JR, Sellers TA, McGovern PG, Drinkard C,
Kushi LR et al (1995) Progesterone and estrogen receptors and
mammary neoplasia in the lowa Women’s Health Study: how
many kinds of breast cancer are there? Cancer Epidemiol Bio-
markers Prev 4:319-326

Helzlsouer KJ, Alberg AJ, Huang HY, Hoffman SC, Strickland
PT, Brock JW et al (1999) Serum concentrations of organo-
chlorine compounds and the subsequent development of breast
cancer. Cancer Epidemiol Biomarkers Prev 8:525-532

Laden F, Hankinson SE, Wolff MS, Colditz GA, Willett WC,
Speizer FE et al (2001) Plasma organochlorine levels and the risk
of breast cancer: an extended follow-up in the Nurses’ Health
Study. Int J Cancer 91:568-574. doi:10.1002/1097-0215(200002)
9999:9999<::AID-1JC1081>3.0.CO;2-W

Wolff MS, Zeleniuch-Jacquotte A, Dubin N, Toniolo P (2000)
Risk of breast cancer and organochlorine exposure. Cancer Epi-
demiol Biomarkers Prev 9:271-277

Rusiecki JA, Holford TR, Zahm SH, Zheng T (2004) Polychlo-
rinated biphenyls and breast cancer risk by combined estrogen
and progesterone receptor status. Eur J Epidemiol 19:793-801.
doi:10.1023/B:EJEP.0000036580.05471.31

Zheng T, Holford TR, Mayne ST, Tessari J, Ward B, Carter D
et al (2000) Risk of female breast cancer associated with serum
polychlorinated biphenyls and 1, 1-dichloro-2, 2’-bis(p-chloro-
phenyl)ethylene. Cancer Epidemiol Biomarkers Prev 9:167-174
Cohn BA, Wolff MS, Cirillo PM, Sholtz RI (2007) DDT and
breast cancer in young women: new data on the significance of
age at exposure. Environ Health Perspect 115:1406-1414
Gammon MD, Wolff MS, Neugut Al, Terry MB, Britton JA,
Greenebaum E et al (1996) Treatment for breast cancer and blood
levels of chlorinated hydrocarbons. Cancer Epidemiol Biomark-
ers Prev 5:467-471


http://dx.doi.org/10.1007/s10549-008-0168-1
http://dx.doi.org/10.1200/JCO.2007.13.9964
http://dx.doi.org/10.1186/1471-2407-1-8
http://dx.doi.org/10.1097/00008469-200204000-00004
http://dx.doi.org/10.1136/oem.60.5.348
http://dx.doi.org/10.1186/bcr1525
http://dx.doi.org/10.1023/B:EJEP.0000036580.05471.31

	Serum organochlorines and breast cancer risk in Japanese women: a case-control study
	Abstract
	Objective
	Methods
	Measurements
	Results
	Conclusions

	Introduction
	Subjects and methods
	Study subjects
	Data collection
	Questionnaire survey
	Clinical data
	Laboratory analysis

	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


