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Abstract

Objective: To prospectively evaluate relationships of organochlorine pesticides and polychlorinated biphenyls
(PCBs) with breast cancer, we conducted a case-control study nested in a cohort using the Columbia, Missouri
Breast Cancer Serum Bank.
Methods: Women donated blood in 1977±87, and during up to 9.5 years follow-up, 105 donors who met the
inclusion criteria for the current study were diagnosed with breast cancer. For each case, two controls matched on
age and date of blood collection were selected. Five DDT [2,2-bis(p-chlorophenyl)-1,1,1-trichloroethane] analogs,
13 other organochlorine pesticides, and 27 PCBs were measured in serum.
Results: Women in the upper three quartiles of hexachlorobenzene were at twice the risk of breast cancer compared
to those in the lowest quartile. However, there was no evidence for a dose-response relationship, and the association
was limited to women whose blood was collected close to the time of diagnosis. Women with higher serum levels of
other organochlorine pesticides and PCBs showed no increased risk of breast cancer overall, although positive
associations were suggested for PCB-118 and PCB-138 when blood was collected close to the time of diagnosis.
Conclusions: Results of this study do not support a role for organochlorine pesticides and PCBs in breast cancer
etiology.

Introduction

Although manufacture of chlorinated pesticides and
polychlorinated biphenyls (PCBs) was discontinued in
the US in the 1970s, these compounds persist in
humans, animals, and the environment [1]. Many
organochlorine pesticides and PCBs exhibit sex hor-
mone activity and have potential for in¯uencing risk of
hormone dependent cancers including breast cancer.
Because of their structural similarity to estradiol, some
of these compounds and their metabolites bind to the
estrogen receptor and exhibit estrogenic activity [2].
Conversely, others either bind to the aryl hydrocarbon
receptor and act as antiestrogens or bind to the

androgen receptor. Several organochlorines also induce
cytochrome P450 enzymes involved in the metabolism
of estrogens [3]. Because the cytochrome P450s also
metabolize xenobiotics and chemical carcinogens [4],
their induction by organochlorine compounds could
also affect breast cancer risk through non-hormonal
mechanisms. Modulation of signal transduction and
cross-talk between growth regulatory pathways and
oxidative damage to DNA are other non-hormonal
mechanisms through which organochlorine pesticides
and PCBs could potentially in¯uence breast cancer risk
[5, 6].
Relationships of serum concentrations of DDE [1,1-

dichloro-2,2-bis(p-chlorophenyl) ethylene], a stable
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metabolite of the organochlorine pesticide DDT [2,2-
bis(p-chlorophenyl)-1,1,1-trichloroethane], and PCBs to
breast cancer have been evaluated in three prospective
epidemiologic studies. Women with high serum levels of
DDEor PCBswere at an increased risk of breast cancer in
one study [7]. In a second study, high serum levels ofDDE
were associated with an increased risk of breast cancer in
Caucasians and Blacks but not in Asians [8]. However, in
a recent analysis from theNurses' Health Study [9], serum
levels of DDE and PCBs were not associated with breast
cancer risk. Two recent case-control studies also did not
report associations of serum organochlorine pesticides
and PCBs for all women [10, 11].
The Columbia Missouri Breast Cancer Serum Bank

was established by the National Cancer Institute as
part of its Biological Markers Project to identify
serum markers for breast cancer. Most serum samples
for this serum bank were collected in the late 1970s
and early 1980s, shortly after manufacture of organo-
chlorine pesticides and PCBs was banned in the US.
We conducted a nested case-control study using this
serum bank to prospectively evaluate, in a recently
exposed population, associations of serum levels of
organochlorine pesticides and PCBs with breast cancer
risk.

Materials and methods

Women who donated serum to the Columbia Missouri
Breast Cancer Serum Bank were volunteers identi®ed
primarily through the Breast Cancer Detection and
Demonstration Project in Columbia. A total of 7,224
women who initially were free of breast cancer donated
blood to the bank on one or more occasions between
1977 and 1987. Over 90% of the women ®rst gave
blood in 1980 or earlier. Active follow-up by mail
continued until 1989, but 70% of the cohort were last
contacted in 1982±83, at least partly because of funding
changes. At the time of last contact, 91% of the total
cohort were alive and free of breast cancer, two percent
had been diagnosed with breast cancer, and ®ve
percent were dead from a cause other than breast
cancer. Pathology reports were obtained for all women
who reported a malignant breast biopsy or mastectomy
on follow-up.
Women included in the current study were restricted

to those who had at least four mL of serum remaining
in the bank and who, at the time of blood collection,
had no history of cancer other than non-melanoma
skin cancer. Of the 6,426 women who met these
criteria, 105 subsequently were diagnosed with histo-
logically con®rmed breast cancer. For each of these

cases, two controls were selected from among the
eligible women using incidence density sampling.
Controls were alive and free of cancer (except
non-melanoma skin cancer) at the age of the case's
diagnosis and were matched to the case on year of age
(�1), month (�2), and year (�1) of blood draw,
history of benign breast disease at the time of
enrollment, and for women who donated blood on
more than one occasion, sequence number of blood
draw. For nine cases, only one control who met these
criteria could be identi®ed, and for eight cases, no
controls could be found. For these 17 cases, matching
criteria were relaxed to identify 25 controls as follows:
(i) age �2 years (n � 6) or �3 years (n � 1); (ii) blood
draw �3±4 months (n � 11) or �2 years (n � 1); (iii)
any benign breast disease status (n � 4); (iv) any blood
draw sequence number (n � 1); and (v) age �5 years,
blood draw �3 years (n � 1). Five women were
included in the study more than once, as the control
for two cases (n � 2), as a case and as a control for
another case (n � 2), and as a case and as a control
for two other cases (n � 1). Serum samples from two
controls were not analyzable. Consequently, 105 cases
and 208 controls were included in analyses.
After obtaining informed consent, serum specimens

were collected and clinical data including age, height,
weight, menstrual and reproductive histories, smoking,
medication (including hormone) use, and family history
of breast cancer, were obtained by self-report or medical
record review. Approximately 10 mL of serum were
collected from each woman using standard procedures.
Serum was aliquoted into glass vials within 2 hours of
collection and subsequently stored at)70 °C.Themedian
time from serum collection to measurement of pesticides
and PCBs was 16.7 years for both cases and controls.
All assays were performed by the National Center for

Environmental Health, Centers for Disease Control by
personnel masked to case status. Organochlorine pesti-
cides and PCBs were measured by electron capture
detection after solid-phase extraction and cleanup
followed by dual-column gas chromatography [12].
Measured values were corrected for recovery using
analyte-speci®c average recoveries for the laboratory.
Results were obtained for: ®ve DDT analogs (o,p¢-DDT,
p,p¢-DDT, o,p¢-DDE, p,p¢-DDE, and p,p¢-DDD), hexa-
chlorobenzene, lindane (c-hexachlorocyclohexane) and
its constituent b-hexachlorocyclohexane, heptachlor and
its metabolite heptachlor epoxide, chlordane (a- and c-
isomers) and its metabolite oxychlordane, trans-non-
achlor (a component of technical grade chlordane and
heptachlor), aldrin, dieldrin, endrin, mirex, and 27 PCB
congeners. Serum cholesterol and triglycerides were
measured on a Kodak Ektachem 250 Dry Chemistry
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Analyzer. Lipid corrected levels of pesticides and PCBs
were calculated by dividing their serum concentrations
by total serum lipids calculated by the formula total
lipids � 0.623+2.27 ´ total cholesterol + triglycerides
[13].
Thirty-®ve masked quality control samples made by

pooling serum from blood donors to the serum bank who
did not ful®ll the criteria for inclusion in the current study
were analyzed with study samples. Coef®cients of varia-
tion (CV) for total DDT and total PCBs were 20% and
30%, respectively. CVs for the individual pesticides and
PCBs reported in detail in this manuscript were: p,p¢-
DDE, 21% p,p¢-DDT, 60% b-hexachlorocyclohexane,
48% hexachlorobenzene, 33% dieldrin, 82% PCB-118,
16% and PCB-138, 24%. The high CVs for some analytes
were probably due in part to the low concentrations of
pesticides and PCBs in the samples. Quality control
sample variances expressed as a percent of the population
variance estimated from our study controls were less than
®ve percent for p,p¢-DDT, p,p¢-DDE, b-hexachlorocyclo-
hexane, dieldrin, and PCB118; 12% for PCB138; and
35% for hexachlorobenzene.
Demographic characteristics of cases and controls

were compared using conditional logistic regression [14].
Continuous variables were transformed to the log scale
prior to analysis and descriptive statistics are reported
as geometric means and standard deviations. Relation-
ships of serum levels of organochlorine pesticides and
PCBs to breast cancer risk for the matched sets were
also evaluated using conditional logistic regression.
Because of the extremely low levels of many organo-
chlorine pesticides and PCBs in serum samples, initial
analyses compared percentages of cases and controls
above the assay limit of detection (LOD). Tests of
signi®cance were performed using conditional logistic
regression after categorizing individuals. Total serum
lipids were included in these models as a covariate to
adjust for their in¯uence on serum pesticide and PCB
levels [13]. Exposure hazard ratios were calculated as
estimates of relative risk (RR) for pesticides and PCBs
for which more than 50% of participants had serum
levels above the assay LOD. For these analyses,
pesticides and PCBs were expressed per gram of serum
lipids to remove the effect of lipids on serum concen-
trations before establishing quartiles. Women were
strati®ed into quartiles based on their levels relative to
the distribution in controls and a set of categorical
(dummy) variables was included in models. Because of
the smaller number of participants, tertiles were used in
some subgroup analyses. Models also were ®t using
continuous data to test for trends. Established breast
cancer risk factors and personal characteristics related
to risk in our data were evaluated as potential con-

founders; included were height, weight, body mass index
(BMI) (weight [kg]/height [m2]), parity, age at menar-
che, menopausal status, exogenous estrogen use, history
of breast cancer among ®rst degree relatives, education,
and number of packs of cigarettes smoked per day.
Individual characteristics related to pesticide or PCB
levels were included in preliminary models, but none
confounded associations with breast cancer. Final
models included only serum pesticide or PCB levels
expressed per gram of lipid. Interactions of pesticides
and PCBs with age (a matching criterion), menopausal
status, date of blood collection, and time from blood
collection to diagnosis were tested by including cross
products terms in models. All analyses were performed
using SAS Statistical Software [15].

Results

Characteristics of cases and controls at the time of blood
collection are summarized in Table 1. All but one case
and one control were White. The mean age of both
groups was 57.4 (�9.9) years and the majority of both
cases and controls were postmenopausal. Although
cases were somewhat more likely to be nulliparous than
controls, cases and controls did not differ signi®cantly
on any of the reproductive or menstrual characteristics
investigated. A history of breast cancer among mothers
and sisters was reported more frequently by cases than
controls, but this difference also was not signi®cant.
Controls, however, were signi®cantly (P < 0.01) more
likely to smoke cigarettes compared to cases.
At the time of diagnosis of breast cancer, cases' mean

age was 59.7 (�10.3) years and 85.7% were postmeno-
pausal. The majority of cancers (71%) were in®ltrating
ductal carcinomas. The median time from blood collec-
tion to diagnosis was 2.7 years with a range of 27 days to
9.5 years.
Serum levels of many of the pesticides and PCBs

measured were extremely low and frequently below the
assay limit of detection (LOD). Percentages of cases and
controls with levels above the LOD are shown in
Table 2 for each analyte. Adjusted for total serum
lipids, the probability of having measurable serum levels
above the LOD did not differ by case status for any of
the pesticides or PCBs assayed.
More detailed analyses were performed for individ-

ual pesticides and PCBs with at least 50% of values
above the assay LOD and for total DDT and total
PCBs. As shown in Table 3, there was no evidence
from our data of an increased risk of breast cancer
among women with elevated serum levels of DDT or
PCBs. Hexachlorobenzene was the only pesticide for
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which there was any evidence of a positive association
with breast cancer. Women in the upper three quartiles
were at twice the risk of breast cancer compared to
those in the lowest quartile, and for those in the second
and fourth (highest) quartiles, the RR was signi®cant
(P < 0.05). However, there was no evidence for a
dose-response relationship. Women with the highest
levels of p,p¢-DDT were at a signi®cantly (P � 0.04)
reduced risk of breast cancer compared to those with
the lowest levels, but there was no gradient in risk
across quartiles. A tendency towards a lower risk of
breast cancer for women with elevated levels of b-
hexachlorocyclohexane also was apparent.
Tests for interaction did not suggest effect modi®ca-

tion of organochlorine pesticide and PCB-breast cancer
associations by menopausal status at blood collection.
Additionally, restriction of analysis to cases who were
postmenopausal at diagnosis did not yield markedly
different results from those shown in Table 3 for pre-
and postmenopausal cases combined, except that the
test for trend was no longer signi®cant for p,p¢-DDT
(P � 0.12). There also was no evidence for e�ect
modi®cation by date of blood collection. Time from
blood collection to diagnosis, however, appeared to

modify associations of some organochlorine pesticides
and PCBs with breast cancer. Tests for interaction based
on continuous variables were statistically signi®cant
(P £ 0.03) for hexachlorobenzene, PCB-118, and PCB-
138. Table 4 presents RRs for these analytes separately
for women diagnosed within 2.7 years (the midpoint)
and for women diagnosed later in relation to blood
collection. Hexachlorobenzene exhibited a signi®cant
positive association with breast cancer among women
diagnosed close in time to blood collection, but not
among women diagnosed later. Marginally signi®cant
positive associations with breast cancer risk also were
observed for PCB-118 and PCB-138 for women diag-
nosed soon after blood collection. Conversely, a signi-
®cant inverse association with PCB-138 was observed
for women diagnosed later.
Serum concentrations of PCB-118 and PCB-138 were

highly correlated in controls (Spearman's r � 0.8).
When the relationships of these PCBs with breast cancer
among women diagnosed more than 2.7 years after
blood collection were evaluated simultaneously, the
inverse relationship of PCB-138 with breast cancer was
still apparent, but the trend was no longer signi®cant
(P � 0.11). Among all women, a signi®cant inverse

Table 1. Columbia, Missouri Breast Cancer Serum Bank. Characteristics of cases and controls at blood collection unless otherwise speci®ed

Cases (n = 105) Controls (n = 208)a

Continuous variables Mean (�SD)b Mean (�SD)b

Age (yrs) 57.4 (�10.1) 57.4 (�9.9)

Height (cm) 162.4 (�5.1) 162.4 (�5.1)

Weight (kg) 68.0 (�11.4) 69.4 (�12.0)

Body mass index (kg/m2) 25.8 (�4.0) 26.6 (�4.4)

Parityc 2.5 (�1.2) 2.5 (�1.3)

Age at ®rst pregnancy (yrs)c 23.1 (�3.3) 22.6 (�3.9)

Age at menarche (yrs) 12.8 (�1.4) 12.8 (�1.5)

Age at menopause (yrs)d 48.9 (�4.1) 48.4 (�5.9)

Categorical variables Percentage Percentage

Education (yrs)e

<12 12.9 17.1

12 44.7 43.9

13±15 25.9 25.0

16+ 16.5 14.0

Postmenopausal 79.0 82.7

Uses exogenous estrogens 21.0 17.8

Nulliparous 18.1 14.4

Smokes cigarettes 9.5 21.2

Benign breast disease diagnosis

in prior 2 years

10.5 8.6

Positive history of breast cancer

in ®rst degree relative

16.2 10.1

a Five participants included in the study more than once, as a case and a control or as a control for more than one case, counted multiple

times.
b Geometric mean and standard deviation of geometric mean.
c Parous women only (86 cases, 178 controls).
d Postmenopausal women only (83 cases, 172 controls).
e Data available for 85 cases and 164 controls.

4 J.F. Dorgan, et al.



association with breast cancer was observed for p,p¢-
DDT. Adjustment for p,p¢-DDT did not materially
change results for other pesticides and PCBs shown in
Table 3.

Because of concerns about incomplete follow-up
through the end of the study in 1989, we reanalyzed
serum pesticide and PCB-breast cancer associations
after truncating the follow-up period to 1982±83 when

Table 2. Columbia, Missouri Breast Cancer Serum Bank. Percent of participants with pesticide and PCB levels at or above the assay limit of

detection (LOD)

Analyte Assay LODa (ppb) % greater than or equal to LOD P-valuec

Cases (n = 105) Controls (n = 208)b

Total DDTf

o,p¢-DDT 1.28 4.8 4.3 0.85

p,p¢-DDTd 0.88 84.8 87.4 0.60

o,p¢-DDEe 0.83 1.0 1.9 0.53

p,p¢-DDEd 0.87 98.1 99.5 0.26

p,p¢-DDDe 0.78 16.4 19.8 0.56

Chlordane and heptachlord

a-chlordane 0.33 0 0

c-chlordaned 0.32 0 0

Oxychlordaned 0.29 16.2 13.0 0.55

Heptachlor 0.33 20.0 19.2 0.90

Heptachlor epoxide 0.29 0 0

trans-nonachlor 0.39 49.5 42.8 0.22

Lindane

b-hexachlorocyclohexane 0.32 79.0 85.6 0.12

c-hexachlorocyclohexane 0.41 3.8 2.4 0.46

Aldrin and dieldrind

Aldrin 0.37 0 0

Dieldrind 0.29 56.2 61.8 0.26

Hexachlorobenzene 0.13 98.1 95.2 0.16

Endrine 0.58 0 0

Mirexe 0.50 0 0.5 0.99

Total PCBsf

PCB-28 0.36 9.5 5.3 0.16

PCB-52 0.36 1.9 0 0.99

PCB-56d 0.41 0 0

PCB-66 0.29 5.7 5.3 0.87

PCB-74d 0.26 19.0 17.9 0.77

PCB-99e 0.70 0 1.0 0.99

PCB-101 0.32 1.0 0 0.99

PCB-105 0.34 2.9 2.9 0.99

PCB-110 0.25 0 0

PCB-118e 0.38 77.9 72.5 0.25

PCB-138e 0.35 91.4 90.3 0.74

PCB-146 0.32 1.0 0.5 0.64

PCB-153d 0.55 46.7 42.0 0.39

PCB-156e 0.35 5.8 6.8 0.74

PCB-170 0.39 24.8 25.5 0.87

PCB-172 0.39 0 0

PCB-178e 0.61 0 0.5 0.99

PCB-180 0.37 19.0 22.1 0.50

PCB-183 0.41 0 0.5 0.99

PCB-187 0.33 3.8 2.9 0.66

PCB-189d 0.50 0 0

PCB-193d 0.33 1.0 0 0.99

PCB-194 0.46 0 0.5 0.99

PCB-195d 0.33 1.0 0.5 0.63

PCB-201d 0.97 0 1.0 0.99

PCB-203 0.40 1.9 1.0 0.48

PCB-206 0.47 1.0 0 0.99

a Recovery corrected.
b Five participants included in the study more than once, as a case and a control or as a control for more than one case, counted multiple times.
c Matched on age, benign breast disease diagnosis during prior 2 years, month and year of blood collection, and adjusted for total serum lipids.
d One control with a missing value.
e One case and one control with missing values.
f One case and two controls with missing values.
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follow-up was better than 90% complete. During this
time, 78 cases of breast cancer were diagnosed. As can
be seen in Table 5, risk of breast cancer in relation to
serum pesticides and PCBs generally did not differ for
this subgroup of women compared to the entire cohort
shown in Table 3. One exception was an apparent
positive association of PCB-138 with risk for cases

diagnosed early during follow-up. Further exploration
of this association, however, suggests that it was due to
many of these cases being diagnosed close in time to
blood collection. Fifty-one of the 78 cases diagnosed
during the truncated follow-up period donated blood
within 2.7 years of diagnosis. Risk ratios for breast
cancer among these women by increasing tertiles of

Table 3. Columbia, Missouri Breast Cancer Serum Bank. Risk ratios (RR) and 95% con®dence intervals (CI) for breast cancer by quartile of

serum pesticides and PCBs (ng/g lipid)

Analyte No. cases No. controlsa RRb 95% CI P-valuec

Total DDT 0.65

204±1,646 31 50 1.0

1,647±2,804 37 53 1.1 0.6±1.9

2,805±4,020 10 53 0.3 0.1±0.7

4,021±21,077 26 50 0.8 0.4±1.6

p,p¢±DDT 0.05

0±180 29 50 1.0

181±292 29 53 1.0 0.5±2.0

293±467 33 53 1.1 0.6±2.1

468±1,724 14 51 0.4 0.2±1.0

p,p¢±DDE 0.77

31±1,377 33 50 1.0

1,378±2,355 32 52 0.9 0.5±1.7

2,356±3,500 14 54 0.4 0.2±0.8

3,501±20,667 26 51 0.8 0.4±1.5

b-hexachlorocyclohexane 0.65

0±75 39 51 1.0

76±126 21 55 0.5 0.2±0.9

127±176 18 50 0.5 0.2±0.9

177±1,600 27 52 0.6 0.3±1.3

Dieldrin 0.44

0±23 33 52 1.0

24±51 21 51 0.7 0.3±1.3

52±103 28 52 0.8 0.4±1.6

104±921 23 52 0.7 0.3±1.3

Hexachlorobenzene 0.38

0±62 13 50 1.0

63±83 36 54 2.5 1.2±5.3

84±105 26 53 1.9 0.9±4.3

106±406 30 51 2.3 1.0±5.0

Total PCBs 0.79

17±257 29 51 1.0

258±369 21 53 0.7 0.3±1.4

370±563 33 51 1.1 0.6±2.2

564±2,682 21 51 0.7 0.3±1.5

PCB±118 0.77

0±49 22 50 1.0

50±74 25 52 1.1 0.6±2.3

75±109 34 52 1.6 0.8±3.2

110±533 23 53 1.0 0.5±2.2

PCB±138 0.82

0±69 23 50 1.0

70±93 29 52 1.3 0.6±2.5

94±124 26 53 1.2 0.6±2.3

125±359 26 52 1.2 0.6±2.4

a Five participants included in the study more than once, as a case and a control or as a control for more than one case, counted multiple times.
b Matched on age, benign breast disease diagnosis during prior 2 years, month and year of blood collection.
c Based on continuous variable.
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PCB-138 were 1.0, 1.8 (95% con®dence interval
[CI] � 0.7±4.5), and 2.0 (CI � 0.8±5.0) (P-tren-
d � 0.07). For the remaining 27 cases diagnosed further
in time from blood collection, comparable risk ratios
were 1.0, 0.9 (CI � 0.3±2.8), and 1.1 (CI � 0.3±3.5) (P-
trend � 0.29).

Discussion

Results of this prospective study do not support a
positive association between serum levels of organo-
chlorine pesticides and PCBs with breast cancer. Hex-
achlorobenzene was the only organochlorine pesticide
measured that was positively associated with breast
cancer, and this was limited to women whose blood was
collected close in time to diagnosis. The two PCB
congeners (PCB-118 and PCB-138) evaluated in detail in
relation to breast cancer also tended to be positively
associated with risk when blood was collected close in
time to diagnosis but inversely or not associated with
risk when the interval was longer. Serum concentrations
of many of the organochlorine pesticides and PCBs
measured in this study were extremely low and fre-
quently below the assay LOD. Precise evaluation of the
relationships of these pesticides and PCBs with breast
cancer could not be performed.
Pesticides and PCBs have been shown to stimulate the

growth of preneoplastic breast epithelial cells and
estrogen responsive breast tumor cells in vitro [16±18].
Furthermore, some of these compounds are very stable,
stored in adipose tissue (including breast adipose tissue)
and are excreted in milk [19, 20].

Falck et al. [21] compared PCB and pesticide levels in
breast adipose tissue from 20 breast cancer cases with an
equal number of women who had benign breast disease.
Women with breast cancer had signi®cantly higher levels
of p,p¢-DDE and PCBs but levels of hexachlorobenzene,
heptachlor epoxide, oxychlordane, trans-nonachlor, and
p,p¢-DDT did not di�er between the two groups.
Dewailly et al. [22]. also observed higher levels of breast
adipose tissue p,p¢-DDE in women with estrogen recep-
tor positive breast tumors but not in women with
receptor negative tumors. Mussalo-Rauhamaa et al.
[23], however, found no di�erence in breast adipose
tissue levels of p,p¢-DDT, p,p¢-DDE, o,p¢-DDD, hex-
achlorobenzene, heptachlor epoxide, or PCBs, but
b-hexachlorocyclohexane levels were elevated in cases'
adipose tissue. Similarly, no di�erence in PCB and DDE
levels in adipose tissue from breast cancer cases and
controls was reported by Unger et al. [24]. In a recent
large European study [25], DDE levels in buttocks
adipose tissue aspirates were lower in breast cancer cases
compared to controls.
The strongest support for a role of organochlorine

pesticides and PCBs in breast cancer derives from
studies of serum concentrations of these compounds.
Serum organochlorine pesticide and PCB levels re¯ect
adipose tissue depots and can be used as a measure of
exposure [26, 27]. Wolff et al. [7] ®rst reported an
increased risk of breast cancer among women with
elevated serum DDE and PCB levels. Women with the
highest DDE levels (90th percentile) were at a signi®cant
fourfold excess risk of being diagnosed with breast
cancer compared to women with the lowest DDE levels
(10th percentile). The risk for women with the highest
versus lowest serum levels of PCBs also was elevated,

Table 4. Columbia, Missouri Breast Cancer Serum Bank. Risk ratios (RR) and 95% con®dence intervals (CI) for breast cancer by tertile of

serum hexachlorobenzene and PCBs (ng/g lipid) and duration from blood collection to diagnosis

Analyte £2.7 years (53 cases, 104 controls)a >2.7 years (52 cases, 104 controls)

RRb 95% CI P-valuec RRb 95% CI P-valuec

Hexachlorobenzene 0.02 0.21

0±93 1.0 1.0

94±153 1.6 0.7±3.9 1.9 0.8±4.4

154±406 2.6 1.1±6.2 0.6 0.2±1.7

PCB±118 0.10 0.18

0±57 1.0 1.0

58±94 1.1 0.5±2.4 1.3 0.6±3.2

95±533 1.4 0.6±3.2 0.9 0.4±2.4

PCB±138 0.07 0.05

0±78 1.0 1.0

79±112 1.7 0.7±4.2 0.8 0.4±1.9

113±359 1.9 0.8±4.8 0.7 0.3±1.6

a Five participants included in the study more than once, as a case and a control or as a control for more than one case, counted multiple times.
b Matched on age, benign breast disease diagnosis during prior 2 years, month and year of blood collection.
c Based on continuous variables.
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but not signi®cantly. Krieger et al. [8] subsequently
reported no association of serum DDE or PCB level
with breast cancer risk overall in a racially mixed cohort.
As noted by Savitz [28], however, gradients of increasing
risk with increasing DDE levels were apparent for White
and Black women in this study. Odds ratios for Whites
in the middle and upper tertiles were 1.9 (CI � 0.6±6.0)
and 2.4 (CI � 0.5±10.6), respectively. For Blacks, the

respective odds ratios were 2.3 (CI � 0.6±8.4) and 3.9
(CI � 0.9±16.1). Hunter et al. [9] recently reported
results of an analysis from the Nurses' Health Study
on plasma organochlorine levels and breast cancer. In
that analysis, neither plasma DDE or PCB levels were
associated with risk. Serum DDE levels also were not
related to breast cancer in a case-control study con-
ducted recently in Mexico [10]. In another case-control

Table 5. Columbia, Missouri Breast Cancer Serum Bank. Risk ratios (RR) and 95% con®dence intervals (CI) for breast cancer diagnosed in

1977±83 (78 cases, 154 controls) by quartile of serum pesticides and PCBs (ng/g lipid)

Analyte RRa 95% CI P-valueb

Total DDT 0.99

204±1,646 1.0

1,647±2,804 0.8 0.4±1.6

2,805±4,020 0.2 0.1±0.6

4,021±21,077 0.8 0.4±1.6

p,p¢-DDT 0.16

0±180 1.0

181±292 1.0 0.4±2.3

293±467 1.3 0.6±2.7

468±1,724 0.5 0.2±1.2

p,p¢-DDE 0.90

31±1,377 1.0

1,378±2,355 0.7 0.4±1.5

2,356±3,500 0.3 0.1±0.8

3,501±20,667 0.7 0.3±1.5

b±hexachlorocyclohexane 0.93

0±75 1.0

76±126 0.5 0.2±1.0

127±176 0.4 0.2±0.9

177±1,600 0.7 0.3±1.5

Dieldrin 0.26

0±23 1.0

24±51 0.5 0.2±1.1

52±103 0.8 0.4±1.8

104±921 0.6 0.3±1.4

Hexachlorobenzene 0.20

0±62 1.0

63±83 2.7 1.2±6.3

84±105 1.9 0.8±4.9

106±406 2.6 1.1±6.3

Total PCBs 0.29

17±257 1.0

258±369 0.9 0.4±2.0

370±563 1.6 0.8±3.6

564±2,682 1.1 0.4±2.6

PCB±118 0.30

0±49 1.0

50±74 0.9 0.4±2.1

75±109 1.7 0.7±3.8

110±533 1.2 0.5±2.7

PCB±138 0.24

0±69 1.0

70±93 1.6 0.7±3.6

94±124 1.6 0.7±3.8

125±359 1.7 0.7±4.2

a Matched on age, benign breast disease diagnosis during prior 2 years, month and year of blood collection.
b Based on continuous variable.
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study, serum organochlorines were not associated with
breast cancer for all women, but parous women who
had never lactated and had elevated levels of PCBs and
the pesticide mirex were at an increased risk [11].
A number of factors could explain the discrepancies

in ®ndings on relationships of serum pesticide and PCB
concentrations with breast cancer from the studies
reported to date including the current analysis. The
studies were conducted at different times in different
geographic locations, and there could have been sub-
stantial differences in exposures. The median serum
concentration of DDE among controls in the current
analysis was 16.3 ng/mL which is two-to-three times
higher than the levels reported by Wolff [7] and Hunter
[9], but less than half of that reported by Krieger [8].
The median total PCB serum concentration in the
current analysis was 2.8 ng/mL which is about half of
what was reported in the other three prospective studies
[7±9].
PCB exposures may have differed qualitatively as well

as quantitatively. Laboratory methods for estimating
total PCBs in the current analysis were different from
those used in previous prospective studies [7±9]. Fur-
thermore, some PCBs and their metabolites are estro-
genic, whereas other PCBs exhibit antiestrogenic effects
[2]. Wolff et al. [29] recently categorized PCBs into
functional groupings. Because most PCBs were below
the LOD of the assay in the majority of our participants,
we did not use these groupings in our analysis. However,
in studies where PCB exposures are higher and/or assays
employed are more sensitive, analyses of PCB-breast
cancer associations by functional groupings should be
more informative than analyses by total PCBs.
Dissimilarities in study designs, particularly duration

of follow-up, also could have contributed to discrepan-
cies in study results. In the study by Wolff et al. [7], cases
were restricted to women diagnosed within six months of
blood collection, in the study by Hunter et al. [9], cases
were diagnosed within three years of blood collection;
and in the study by Krieger et al. [8], cases included
women diagnosed from six months up to 26 years after
blood collection. In the current study, which included
women who donated blood up to 10 years before
diagnosis, tests for interaction suggested e�ect modi®-
cation of some PCB-breast cancer associations by
duration from blood collection to diagnosis. Among
women who donated blood within 2.7 years of diagnosis
(the midpoint), serum concentrations of PCB-118 and
PCB±138 tended to be positively associated with risk
similar to the ®nding for total PCBs previously reported
byWol� et al. [7]. However, among women who donated
blood further in time from diagnosis, serum concentra-
tion of PCB-138 was inversely associated with risk

consistent with the report for total PCBs by Krieger
et al. [8].
Adjustment for lactation history strengthened the

relationship of serum DDE with breast cancer in the
study of Wolff et al. [7]. Furthermore, in the recent case-
control study by Moysich et al. [11], serum levels of total
PCBs and the organochlorine pesticide mirex were
positively associated with breast cancer for parous
women who had never lactated, but not for all women
regardless of pregnancy or lactation history. Because
lactation history was not ascertained when our cohort
was assembled, we were unable to consider this poten-
tially important variable in our analysis. Although
nulliparous women would have never lactated, too few
of our participants were nulliparous to analyze this
subgroup separately.
Because heavier women are at an increased risk of

postmenopausal breast cancer and organochlorine pes-
ticides are stored in adipose tissue [19, 30], body fatness
could potentially confound pesticide-breast cancer as-
sociations. Among controls in our study, BMI was
correlated positively with serum (ng/g lipid) p,p¢-DDT
and dieldrin and inversely with total PCBs and PCB-
138. However, BMI was not related to risk of breast
cancer and did not confound relationships of these or
other organochlorines studied in detail with all breast
cancers (pre- and postmenopausal) or postmenopausal
cases alone.
Our cases and controls differed in the expected

direction on a number of established breast cancer risk
factors; cases tended to be better educated than controls
and were more likely to be nulliparous and to have a
®rst degree relative with a positive history of breast
cancer. Smoking was signi®cantly inversely associated
with breast cancer in the current study. Although
smoking generally is not related to a reduced risk of
breast cancer, inverse associations have been reported
previously [31±34]. Incomplete follow-up is a concern in
the current study, although analyses did not suggest that
it affected results.
Seventeen breast cancer cases could not be included in

the current analysis because there was insuf®cient serum
to perform the assays. These women did not differ
signi®cantly from the women included in the study on
any of the characteristics shown in Table 1. Their ages
and menopausal status at diagnosis, years of diagnosis,
histological types of breast cancers, and survival status
also did not differ signi®cantly.
Because women in our study were not fasting and

lipids affect serum concentrations of organochlorine
pesticides and PCBs [13], we analyzed breast cancer
associations with pesticides and PCBs per gram of
serum lipids. In general, results were similar when we
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modeled associations using: (i) serum concentrations of
pesticides and PCBs and included serum lipids in the
models as a covariate; or (ii) residuals from linear
regressions of organochlorine pesticides and PCBs on
serum lipids. The most notable disparity was that the
risk of breast cancer across quartiles of p,p¢-DDT shown
in Table 3 was more erratic using the two alternate
models. However, women in the highest quartile of p,p¢-
DDT were estimated to be at about half the risk of being
diagnosed with breast cancer compared with those in the
lowest quartile using all three methods. This unexpected
®nding could still have been due to uncontrolled
confounding or multiple comparisons and needs to be
interpreted cautiously.
In summary, results of this prospective study do not

support the hypothesis that women who are exposed to
organochlorine pesticides and PCBs are at an increased
risk of breast cancer.
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