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This pilot study examined the relationships of organochlorine pesti-
cides (OCPs) and polychlorinated biphenyls (PCBs) with prostate
cancer. Ninety-nine controls were frequency matched by age in 5-year
increments to 58 prostate cancer patients. Thirty PCBs and 18 OCPs
were measured in serum by gas chromatography. Multiple logistic
regression was used to assess the magnitude of association. Seven
organochlorines, dieldrin, p,p'-DDE, trans-nonachlor, oxychlordane,
heptachlor epoxide, and PCBs 153 and 180 were detected in at least
20% of all study participants. Adjusting for age, body mass index, and
a history of prostatitis, oxychlordane and PCB 180 were associated with
an increased risk of prostate cancer. This study suggests that long-term,
low-dose exposure to specific OCPs and PCBs in the general population
may contribute to an increased risk of prostate cancer and supports
Jfurther investigation in this area. (] Occup Environ Med. 2003;45:
692-702)
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rostate cancer is a disease of older
men, with about 70% of the cases
diagnosed at 65 years of age or
older.* The age-adjusted incidence
rate of prostate cancer in the United
States is 165 per 100,000.2 It is the
leading cause of cancer among men
in lowa, accounting for 29.2% of
male cancers in the state.®> With the
exception of age, race, and familia
genetic predisposition, other risks re-
main unclear.*~® Excess incidence
has been shown to be associated with
occupational exposure to pesticides.”
Several but not al studies have
found higher incidence and mortality
from prostate cancer among farm-
ers.27* Current research is primarily
focused on genetic polymorphisms
and the role of the endocrine system
in regulating prostate cell control and
growth.

Organochlorines include pesti-
cides, such as DDT, DDE, and lin-
dane, and chemicaly related com-
pounds, such as polychlorinated
biphenyls (PCBs). Although many of
these compounds have been removed
from the US market for more than 20
years, they are persistent in the envi-
ronment. The primary source of ex-
posure in the general population is
believed to be through diet from fish,
meat, and dairy products.*®> Other
possible sources of exposure include
water, soil, and dust. Organochlorine
pesticides (OCPs) and PCBs are
known to have long half-lives and to
persist for decades in adipose tissue
and blood lipids.*® In animal studies,
OCPs and PCBs have been shown to
be carcinogenic and tumor promot-
erS.7’l7

In recent years several case-
control studies have examined the
relationship between serum levels of
OCPs and PCBs with the risk of
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cancers of the breast*®=?° and pan-
creas,*3! and non-Hodgkin lym-
phoma (NHL).*** Findings from
the numerous breast cancer studies
have not been consistent, but some
have found significant associations
with OCPs and PCBs.'®%%2%27.28
Results from NHL and pancreatic
cancer investigations also have
tended to suggest that higher serum
levels of certain OCPs and PCBs are
associated with an increased risk of
these cancers.

Many of the OCPs and PCBs are
known endocrine disrupters and may
modulate steroid sex hormones as
agonists, antagonists, or as mixed
agonist—antagonists, particularly
with regard to estrogen or testoster-
one activity.'>16273538 Ag a result,
it is plausible that these chemicals
contribute to the development of
prostate cancer through hormone-
mediated effects.t>16-27.35-37.39
However, to date, the effects of these
chemicals on the prostate, using pos-
sible biomarkers of exposure, have
not been explored in humans as op-
posed to cell lines and animal mod-
els. This pilot study was undertaken
to generate new hypotheses for fu-
ture studies by comparing detection
rates and serum levels of OCPs and
PCBs between prostate cancer cases
and controls and by examining the
associations of specific OCPs and
PCBs with the risk of prostate cancer
in the general population.

Methods

Participants

After consultation with the NCI
lowa SEER Registry, two clinics
were identified as diagnosing and
treating incident prostate cancer
cases (ICD-0 61.9) in the surround-
ing county areas. All cases were
recruited from these two clinics,
which included a university hospital
urology clinic (n = 54) and a group
practice of urologists (n = 4) asso-
ciated with the other hospita in the
area. Cases were pathologically con-
firmed, newly diagnosed prostate
cancer patients enrolled between

May 2000 and May 2001. All 58 of
the cancers were adenocarcinomas.
Based on the Gleason score, al tu-
mors were moderately or poorly dif-
ferentiated (31 moderate, 19 moder-
ate/poor, and 8 poor).*° All stages of
disease were included (36 11, 7 111, 1
/v, 3 1v, and 11 currently un-
staged).”® Controls (n = 99) in-
cluded men without a previous his-
tory of prostate cancer who were
receiving physicals and annual
check-ups in the internal medicine
and family care clinics from the uni-
versity hospital. Similar to the pros-
tate cancer cases, controls come to
these university clinics from a wide
variety of areas and distances. All
controls were asymptomatic for
prostate cancer. Seventy-one percent
of the controls had prostate specific
antigen levels available; 87% were
taken within 1 year before and/or
after study enrollment, 9% were
taken more than 1 year before study
enrollment, and 4% were taken more
than one year after study enrollment.
There were seven controls with pros-
tate-specific antigen levels greater
than 4; al were diagnosed with be-
nign prostatic hyperplasia not pros-
tate cancer after biopsy. Controls
were frequency matched by age in
5-year increments to cases and were
enrolled in the study between Janu-
ary and June of 2001. All patients
were administered an IRB approved
consent form prior to enrollment,
completed a questionnaire and had
blood drawn for assessment of the
OCPs and PCBs under study. Blood
draws for organochlorine levels were
obtained before treatment for 54 of
the 58 cases; 4 cases had received
one dose of some form of hormonal
treatment within 3 months before
drawing the blood. Five prospective
controls and no cases declined par-
ticipation.

Questionnaire

The questionnaire included demo-
graphic and risk characteristics such
as age, race, family history of pros-
tate cancer, tobacco and acohol us-
age, number of sexua partners, his-
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tory of sexually transmitted diseases
(STDs), and sex hormone usage. Par-
ticipants also completed a chemical
checklist that inquired about expo-
sure to solvents, cleaning fluids, dyes
and adhesives, dusts, gases, steril-
ants, pesticides, fumigants, wood
preservatives, metals, and radiation
sources. The research nurse com-
pleted a medical history form for all
study participants.

Laboratory Procedures

Serum extracts were prepared by
processing 2-mL aliquots of protein-
denatured sera using methods de-
scribed by Brock et a.** One-
milliliter aliquots were used for lipid
analyses. The serum extracts were
injected using splitless injection onto
a programmable gas chromatograph
(Agilent 6890; Wilmington, DE)
equipped with dual, chemically dis-
similar 30 m columns (CL Pesticides,
CL Pesticides |1, Restek Corporation;
Bellefonte, PA) and micro-cell elec-
tron-capture detectors. Spikes,
method blanks and instrument blanks
were injected sequentialy with sam-
plesto monitor recoveries and poten-
tial contamination from the extrac-
tion process or other sources. The
limit of detection (LOD) for each
analyte was determined as 3 standard
deviations plus the mean background
noise observed from multiple
method blanks. Study anayte and
surrogate recoveries obtained from
the fortified bovine spikes averaged
54.9% to 93.8% and did not exceed
established upper and lower control
limits. Mean percent analyte recov-
eries were 70.9% for OCPs and
67.3% for PCBs, with coefficients of
variation of 18.3% and 13.8%, re-
spectively.

Analytical methods and quality
control criteria were based on estab-
lished EPA SW-846, Method 8000B
for solid waste.** Analyte identifica-
tion was confirmed by retention time
comparison and retention time win-
dows established for each compound
on the two columns. Reagent stan-
dards were injected to establish cali-
bration curves with a minimum of
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five concentration levels ranging
from 0.2 to 10 ppb. Quantification
was derived from internal standard
and analyte response factors gener-
ated from the curves. Initial calibra-
tion correlation coefficients greater
than 0.995 and coefficients of varia-
tion less than or equa to 20% for a
single compound (less than 10%
mean) were criterion for curve lin-
earity acceptability. Comprehensive
quality control aso included the
monitoring of baseline peak to noise
ratios, peak Gaussian factors, peak
integration, compound resolution,
degradation, and column relative
percent difference, to minimize sys-
tematic and random errors.

A reporting limit of 0.2 ng/mL was
established from the highest method
detection limit except when the
LOD, or sample background neces-
sitated raising the reporting limit or
when analyte detection was con-
firmed at a measurable, lower report-
ing limit.** Results were obtained
for five DDT anaogs (o,p’-DDT,
p,p’-DDT, o,p’-DDE, p,p’'-DDE,
p,p’-DDD), lindane, B-hexachloro-
cyclohexane (B-BHC), hexachloro-
benzene, chlordane («- and +y-
isomers), oxychlordane, trans-nona-
chlor, heptachlor, heptachlor epox-
ide, adrin, dieldrin, endrin, mirex,
and 30 PCB congeners (IUPAC
numbers 18, 28, 52, 56, 65, 66, 74,
99, 101, 105, 110, 118, 138, 146,
153, 156, 170, 172, 177, 178, 180,
183, 187, 189, 193, 194, 195, 201,
203, 206). Total cholesterol and total
triglycerides, quantified in mg/dL by
enzymatic assay, were used to lipid
adjust the gas chromatography re-
sults according to the alternative for-
mula by Phillips et al.**

Statistical Analysis

Patient characteristics and organo-
chlorine data of cases and controls
were compared by the Wilcoxon
rank sum test for quantitative vari-
ables and by the chi-square test or
Fisher's exact test for categorical
variables. Data for the organochlo-
rine levels were analyzed using both
the unadjusted and lipid-adjusted se-
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rum values, but conclusions were
similar. Thus, only the results from
the lipid-adjusted analyses are re-
ported. Lipid-adjusted values (.0/g)
for the OCPs and PCBs were calcu-
lated as the serum concentrations
divided by the total serum lipids. For
analyses involving individual OCPs
and PCBs, nondetectable values
were set to half the lowest detectable
level.*> The sum of the PCBs was
based on the detectable values only.
Summations for individuals without
detectable levels for any of the PCBs
were assigned to half the smallest
sum. After the comparison of the
detection rates between cases and
controls, analyses involving the indi-
vidual organochlorines were re-
stricted to those with detection rates
of at least 20% in cases and 20% in
controls to avoid sparse data. Spear-
man correlation coefficients were
used to assess the associations be-
tween individual OCPs and PCBs
and with age and body mass index
(BMI) among controls.

Odds ratios (ORs) were estimated
from the unconditional logistic re-
gression models. Ninety-five percent
confidence intervals (Cls) for the
ORs were based on normal approxi-
mations. Tertiles were determined
from the control distributions and
were used for the following organo-
chlorines: p,p’-DDE, trans-nona-
chlor, PCB 153, and oxychlordane.
For heptachlor epoxide, PCB 180,
and dieldrin, the cutoffs were based
on an attempt to include an equal
number of controls in the categories
with detectable values.

A backward stepwise selection
procedure with significance set to
P < 0.10 was used to develop a
multivariate model for risk of pros-
tate cancer. A forward stepwise pro-
cedure also was evaluated and led to
the samefinal model asthat reported.
Variables included in the modeling
process were age, BMI, total lipids,
tobacco status (ever vs never), aver-
age drinks per week, a history of
prostatitis, a history of STDs, the
sum of the PCBs, and the individual
organochlorines meeting the 20%

detection criterion. Regardless of sta-
tistical significance, age and BMI
were included in the adjustment
since organochlorines are known to
bicaccumulate. All analyses were
performed using the SAS statistical
package.*®

Results

Patient Characteristics

Demographic and lifestyle charac-
teristics of the cases and controls are
displayed in Table 1. The study pop-
ulation was primarily white with a
median age of 64.5 years for cases
(range, 47 to 85 years) and 62.0
years for controls (range, 44—85
years). Education, tobacco status and
acohol usage were similar between
the two groups. Cases were more
likely than controls to be married or
living as married (P < 0.01). Al-
though there was not a significant
difference in the median body mass
index (BMI) values between cases
and controls (29.7 vs 28.8 kg/m?
P = 0.46), a higher percentage of
cases had a BMI between 25 and 30
as opposed to less than 25 kg/m?
(P = 0.04). Cases also had higher
median total lipids, 745.5 mg/dL,
than controls, 696.0 mg/dL (P =
0.09) and were more likely to have a
history of prostatitis (OR = 2.8, 95%
Cl, 1.2-6.9). There were no signifi-
cant differences between cases and
controls in a history of having a
first-degree relative with prostate
cancer (20% vs 15%; P = 0.33),
colon cancer (14% vs 17%; P =
0.64), breast cancer (23% vs 25%;
P = 0.81), or ovarian cancer (9% vs
8%; P = 0.77). When dtratified by
age, there was a non-significant ele-
vated risk of prostate cancer associ-
ated with afamily history of prostate
cancer among those 60 years of age
and younger (OR = 2.4), but not
among those over 60 (OR = 1.1).

Chemical Exposures

There were no significant differ-
ences between the two groups in
self-reported exposure to the general
chemical categories presented in Fig.
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TABLE 1

Demographics, Risk Factors, and Medical Conditions of Prostate Cancer Cases

and Controls

Case Control
Characteristic n = 58 (%) n = 99 (%) P value*

Age

=60 34.5 42.4 -

> 60 65.5 57.6 0.33
Marital status

Married/like mar. 89.7 69.7 -

Othert 10.3 30.3 <0.01
Education

=12 yrs 46.5 46.5 0.99

> 12 yrs 53.5 53.5 -
Income

<$40,000 32.8 44.4 0.61

$40,000-$59,999 32.8 16.2 0.07

= $60,000 31.0 34.3 -
Race

White 98.3 99.0 -

Other 1.7 1.0 0.99
Partners

=2 44.8 45.5 -

> 2 43.1 52.5 0.60
Tobacco status

Never 34.5 27.3 -

Past 55.2 57.6 0.45

Current 10.3 15.2 0.27
Average drinks/week

Never 29.3 30.3 -

=9 39.7 35.4 0.71

>9 31.0 34.3 0.87
Body mass index (kg/m?)

<25 8.6 20.2 -

25-30 51.7 39.4 0.04

= 30 37.9 40.4 0.16
Total lipids (mg/dL)F

< 638 22.4 33.3 -

638-766 29.3 33.3 0.54

> 766 48.3 33.3 0.06
Triglycerides (mg/dL)

<120 20.7 33.3 -

120-216 36.2 34.3 0.22

> 216 43.1 32.3 0.07
Cholesterol (mg/dL)

< 184 241 34.3 -

184-217 32.8 32.3 0.39

> 217 43.1 33.3 0.14
Sex Hormone

Never 98.3 93.9 -

Ever 1.7 6.1 0.26
Prostatitis

Yes 241 10.1 0.02

No 76.0 89.9 -
STD§

Yes 12.1 6.1 0.23

No 87.9 93.9 -
Family history of prostate cancer||

Yes 20.7 15.2 0.33

No 69.0 76.8 -

Unknown 10.3 8.1 0.56

* P value based on comparison to referent group denoted with dashed lines.

T Includes never married, separated, divorced, and widowed.
F Total lipids = 2.27 (total cholesterol) + triglycerides + 62.3.

§ STD = sexual transmitted disease, includes gonorrhea, syphilis, genital herpes, chla-

mydia, and genital warts.

|l Family history among first-degree relatives (father or brothers).
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1, including pesticides. Exposure
rates for individual pesticide classes
aso did not significantly differ be-
tween cases and controls (organo-
chlorines 9% vs 9%; organophos-
phate and carbamate insecticides
19% vs 23%; herbicides 28% vs
33%,; fungicides 10% vs 15%, data
not shown in Fig. 1). The only dif-
ference noted for individual items
within a general chemical category
was that controls had greater expo-
sure to paints than cases (46% vs
31%, P = 0.06).

OCPs and PCBs

Blood samples were assayed for
48 different individua organochlo-
rines. Twenty were detected in at
least one study participant (Table 2).
Dieldrin, p,p’-DDE, trans-nona-
chlor, oxychlordane, heptachlor ep-
oxide, and PCBs 153 and 180 were
detected in at least 20% of cases and
20% of controls; subsequent analy-
ses were restricted to these analytes.
Cases were more likely than controls
to have detectable levels of trans-
nonachlor (P = 0.03) and PCB 180
(P = 0.07). These results remained
after adjusting for total lipids (data
not shown).

Table 3 presents the medians for
the lipid-adjusted serum levels of the
individual OCPs and PCBs aswell as
the sum of the PCBs. Although none
is significantly different, it is inter-
esting that for five of the six com-
parisons presented in Table 3, the
median levels among cases were
higher than among controls.

Examination of the relationships
among the individual organochlo-
rines suggested that the strongest
correlation among individual or-
ganochlorines was between oxy-
chlordane and trans-nonachlor (R =
0.86, P < 0.0001). Oxychlordane
was aso correlated with heptachlor
epoxide and PCB 153 (R vaues
ranged between 0.4 and 0.5). PCB
180 was strongly associated with
PCB 153 (R = 0.61), but not oxy-
chlordane (R = 0.31). To examine
the bioaccumulation effects of the
organochlorines within our data, the
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Self-Reported Chemical Exposures
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among Prostate Cancer Cases and Controls

Solvents

Cleaning fluids

Dyes & adhesives

l“

Dusts

Fumes

Gases

Sterilants

Pesticides

Fumigants

Wood preservatives
Metals

Radiation sources

o
-—
o
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Fig. 1. Self-reported chemical exposures among prostate cancer cases and controls. The gray
bars are for the prostate cancer cases (n = 58). The black bars are for the controls (n = 99).

relationships of the individual ana
lytes with age and BMI among con-
trols were examined. PCB 153 had
the strongest correlation with age
(R = 0.41). Age was not signifi-
cantly correlated with heptachlor ep-
oxide or dieldrin. The Spearman cor-
relation coefficients between age and
the other OCPs and PCBs ranged
from 0.2 to 0.4. The strongest corre-
lation with BMI was with heptachlor
epoxide (R = 0.48). PCB 180 and
the sum of total PCBs were nega-
tively correlated with BMI (R =
—0.2). None of the other organo-
chlorines was significantly corre-
lated with BMI.

The ORs of prostate cancer for the
lipid-adjusted serum levels of the
OCPs and PCBs after adjusting for a
history of prosttitis, age, and BMI
are given in Table 4. A significant
elevated risk of prostate cancer was
observed for the middle concentra-

tion groupings of oxychlordane
(OR = 3.1, 95% Cl = 1.3-7.6) and
PCB 180 (OR = 3.1, 95% CI =
1.3-7.3). The odds ratios for the
highest concentrations of both or-
ganochlorines also were elevated but
not to the same extent as those for
the middle groupings possibly sug-
gesting a nonlinear dose response.
There were no significant linear
trends in the tests of association be-
tween prostate cancer status and con-
centration levels for any of the OCPs
and PCBs presented in Table 4 (al
P > 0.11). Those with the highest
levels of dieldrin appeared to have a
reduced risk of prostate cancer
(OR = 03, 95% CI = 0.1-0.9)
compared with those in whom diel-
drin was not detected.

Results from the multivariate anal-
yses are presented in Table 5. The
odds of prostate cancer among those
with a history of prostatitis was be-

tween three to four times that among
those without such a history. Consis-
tent with the unadjusted analyses
presented in Table 1, factors, such as
tobacco status, acohol usage, and
self-reported history of STDs, did
not contribute to the model (all P >
0.15). Among the lipid-adjusted se-
rum levels of the OCPs and PCBs,
oxychlordane (P = 0.02) and PCB
180 (P = 0.05) were included in the
multivariate model with the middle
categories being significantly associ-
ated with prostate cancer status. Al-
though not significant, the adjusted
OR for the upper concentrations of
PCB 180 was also elevated. Dieldrin
did not remain in the model (P =
0.13).

Discussion

Thisisthefirst study to investigate
the possible relationship between se-
rum levels of OCPs and PCBs with
prostate cancer. The results of this
pilot study suggest that PCB 180 and
oxychlordane are each associated
with an increased risk of prostate
cancer. This association remained af -
ter adjusting for age and BMI. Pa-
tients were not required to fast prior
to the blood draws, so results were
reported for lipid-adjusted levels.
This adjustment removes variation
introduced by fluctuating lipid levels
in the blood and takes into account in
our analyses that cases had higher
total lipids than controls (P < 0.10).
Interestingly, results based on the
mass per blood volume levels were
similar to those reported for lipid
adjustment.

Elevated standard incidence and
mortality rates for prostate cancer
have been noted in severa cohort
studies'®*~*° of pesticide applica-
tors but not all.>*° In addition, other
case-control studies among the gen-
eral population have found pesticide
usage to be associated with an in-
creased risk of prostate cancer. One
such study®* conducted in Canada
found the odds of prostate cancer to
be over 2 times (95% CI = 1.3-4.2)
for those exposed to pesticides or
garden sprays during leisure. Van der
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TABLE 2

Prostate Cancer Case-Control Comparison of Detection Rates for

Organochlorines

Case Control
Organochlorines n = 58 (%) n =99 (%) P value
B-BHC 13.8 15.2 0.82
p,p'-DDE 100.0 99.0 0.99
p,p’-DDT 0.0 2.0 0.53
Dieldrin 29.3 38.4 0.25
Heptachlor epoxide 241 34.3 0.18
Hexachlorobenzene 5.2 4.0 0.71
trans-nonachlor 98.3 87.9 0.03
Oxychlordane 91.4 81.8 0.10
PCB 18 1.7 0.0 0.37
PCB 28 1.7 1.0 0.99
PCB 99 121 111 0.86
PCB 118 6.9 6.1 0.99
PCB 138 0.0 1.0 0.99
PCB 146 0.0 1.0 0.99
PCB 153 87.9 83.8 0.48
PCB 170 3.5 5.1 0.99
PCB 180 53.5 38.4 0.07
PCB 187 10.3 7.1 0.55
PCB 194 5.2 7.1 0.75
PCB 201 0.0 1.0 0.99
TABLE 3

Lipid-Adjusted Serum Levels of Organochlorines among Prostate Cancer Cases

and Controls*

Organochlorines Median Range P Value

Sum PCBsT
Case 0.055 0.008-0.501 0.18
Control 0.042 0.008-0.365

p,p'-DDE
Case 0.290 0.045-1.600 0.68
Control 0.270 0.015-2.000

trans-nonachlor
Case 0.033 0.006-0.120 0.38
Control 0.033 0.006-0.210

Oxychlordane
Case 0.027 0.007-0.063 0.58
Control 0.026 0.007-0.100

PCB 153
Case 0.040 0.008-0.120 0.41
Control 0.033 0.008-0.150

PCB 180
Case 0.022 0.009-0.100 0.10
Control 0.009 0.009-0.130

* 58 prostate cancer cases vs. 99 controls; descriptive statistics reported only for those
organochlorines with at least 50% detectables in cases or controls; units for organochlorines

are pg/g.

T Includes: PCBs 18, 28, 99, 118, 138, 146, 153, 170, 180, 187, 194, 201.

PCBs, polychlorinated biphenyls.

Gulden et a.>? found an elevated risk
associated with frequent pesticide
exposure. Another investigation,>
which included cases and controls
from seventeen different occupations
and eleven different industries, found

substantial exposure to pesticides to
be associated with prostate cancer
risk. A recently published case-
control study™* showed an increased
risk of prostate cancer among farm-
ers exposed to organochlorine insec-
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ticides and acaricidesincluding DDT
(OR = 25, 95% Cl = 1.4-4.2).
These studies were based on self-
reported exposure assessment.

Although these studies suggest an
association between pesticide expo-
sure and prostate cancer, the conclu-
sions are somewhat limited and as
such support the need for further
study. Self-reported data are known
to be subject to recall, case response,
and misclassification biases. In this
study, to reflect total body burden,
we used serum levels to evauate
exposure to individual OCPs and
PCBs. Serum levels of organochlo-
rines can be used as surrogate mea-
sures of long-term exposure as a
result of these compounds being li-
pophilic, resistant to metabolism,
and stored in adipose tissue.**>® Our
study focused on persistent organo-
chlorine compounds for which resi-
dues could be detected in the blood.
We were only able to assess rapidly
metabolized and excreted agrichemi-
cals, such as atrazine, organophos-
phates, and carbamates, through self-
reported data. Although no
significant differences were found, a
lower percentage of cases reported a
history of exposure to each ag-
richemical, a result observed by oth-
ers.®® In contrast to the self-reported
data on pesticide exposure, cases had
higher median levels than controls
for the total sum of the PCBs and for
four of the five individual organo-
chlorines with the highest detection
rates (Table 3).

Several studies have looked at
OCPs and PCBs in association with
cancers of the breast, pancreas, and
NHL. Since ours is the first study in
prostate cancer, we compare our re-
sults to these other investigations.
Comparisons with the breast cancer
studies seem appropriate given that
both types of cancers are believed to
be hormonally mediated. Most of the
earlier breast cancer studies focused
their attention on DDE, total PCBS,
and biological groupings of
PCBs**"~>9 rather than on individ-
ual PCB congeners. Almost al of the
studies have failed to establish a
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TABLE 4

Adjusted Odds Ratios of Prostate Cancer According to Lipid-Adjusted Serum

Levels of Organochlorines*

Case Control
Organochlorinest n = 58 (%) n = 99 (%) Adj. OR* 95% Wald CI

Sum PCBst

= 0.029 24.1 33.3 1.00 -

0.030-0.064 36.2 33.3 1.36 0.56-3.32

>0.064 39.7 33.3 1.67 0.66-4.22
p.p'-DDE

= 0.180 34.5 33.3 1.00 -

0.181-0.340 25.9 33.3 0.72 0.31-1.71

>0.340 39.7 33.3 1.08 0.47-2.50
Dieldrin

Nondetectable 70.7 61.6 1.00 -

0.006-0.024 20.7 19.2 0.97 0.40-2.36

>0.024 8.6 19.2 0.28 0.09-0.88
Heptachlor epoxide

Nondetectable 75.9 65.7 1.00 -

0.006-0.021 12.1 16.2 0.58 0.21-1.64

>0.021 12.1 18.2 0.33 0.10-1.03
trans-nonachlor

= 0.025 20.7 31.3 1.00 -

0.026-0.043 48.3 34.3 1.96 0.83-4.66

>0.043 31.0 34.3 1.18 0.45-3.08
Oxychlordane

= 0.019 17.2 33.3 1.00 -

0.020-0.032 58.6 34.3 3.11 1.27-7.63

>0.032 241 32.3 1.23 0.42-3.55
PCB 153

= 0.027 24.1 32.3 1.00 -

0.028-0.045 44.8 34.3 1.76 0.76-4.07

>0.045 31.0 33.3 0.98 0.37-2.59
PCB 180

Nondetectable 46.6 61.6 1.00 -

0.009-0.041 31.0 18.2 3.13 1.33-7.34

>0.041 22.4 20.2 1.47 0.58-3.73

* Odds ratios adjusted for age, body mass index, and a history of prostatitis; presented for
organochlorines with at least 20% detectables in cases and controls.

T Units in pg/g.

¥ Includes: PCBs 18, 28, 99, 118, 138, 146, 153, 170, 180, 187, 194, 201.

PCBs, polychlorinated biphenyls.

relationship between DDE and breast
cancer. Lack of association with
DDE aso was observed in the NHL
studies as well as in our prostate
cancer study.

A magjority of the breast cancer stud-
ies also do not support the hypothesis
that total PCB exposure has a substan-
tial impact on therisk of breast cancer.
Similarly, no association was found in
this study between total PCB concen-
trations and prostate cancer. Two NHL
studies®*** found a synergistic effect
between higher concentrations of total
PCBs and the Epstein—Barr virus, and

one pancrestic cancer study>° found a
significant dose-trend in total PCBs.
The lack of association in our study
and the breast cancer studies may be
explained by the fact that the various
PCB congeners have different biolog-
ical activities, including estrogenic and
anti-estrogenic effects. This would
support the examination of individua
PCBsaswas donein thisinvestigation.

We found PCB 180 to be associ-
ated with an increased risk of pros-
tate cancer. Several breast cancer
studies using serum levels that eval-
uated individual PCBs did not find

an association with PCB
180.181924.26 Two breast cancer
studies®®* using adipose tissue sam-
ples and one pancreatic cancer
study®* using serum levels found an
adverse effect for PCB 180. Similar
to our study, Aronson et a.®® ob-
served a non-linear trend for PCB
180 with the middle concentration
category being significantly elevated
(OR = 2.4) but not the highest con-
centration category (OR = 1.8). It
has been suggested that PCB 180 isa
congener with activity like pheno-
barbital inducing CYP1lA and
CYP2B cytochrome P450 en-
zymes.*">" Interestingly, one epide-
miologic study®® found that
CYP1A1l polymorphism may in-
crease the risk of prostate cancer and
two other studies®*** found a gene
environment interaction for CYP1A1
polymorphism and PCB exposure for
risk of breast cancer.

We also observed an elevated risk
of prostate cancer for the middle
concentration category of oxychlor-
dane compared to the lowest concen-
tration grouping. Although no breast
cancer studies™?%%° identified oxy-
chlordane as a possible risk factor,
Hardell et al.>* found higher levels of
oxychlordane and trans-nonachlor to
be associated with an increased risk
of NHL with their effects being en-
hanced even more among cases with
higher antigen levels of the Epstein-
Barr virus. In our study, oxychlor-
dane and trans-nonachlor were
highly correlated (R = 0.86). This
makes sense given that oxychlordane
is a metabolite of chlordane and
trans-nonachlor is a component of
technical grade chlordane. As a re-
sult of these two OCPs being highly
related, only one could be in the
multivariate model at a time. Oxy-
chlordane appeared to be more sig-
nificantly associated with prostate
cancer than trans-nonachlor. Exami-
nation of the combined effects of
these two analytes revealed that the
risk estimates were not enhanced. At
this point, the mechanisms of toxic-
ity of agents such as oxychlordane
and PCB 180 are unclear but most
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TABLE 5
Multivariate Results of Risks for Prostate Cancer
Effect OR 95% Wald CI P Value
Prostatitis 3.44 1.30-9.13 0.01
Age* 1.01 0.96-1.06 0.70
BMI* 1.08 0.96-1.11 0.39
Oxychlordanet 0.02
0.020-0.032 vs = 0.019 2.76 1.10-6.95 0.03
>0.032 vs = 0.019 0.99 0.33-2.99 0.98
PCB 180t 0.05
0.009-0.041 vs ND 2.93 1.21-7.11 0.02
>0.041 vs ND 1.87 0.70-5.00 0.21

* OR estimates on a per-unit incremental effect.

T Lipid-adjusted data; units are pg/g.

BMI, body mass index; ND, nondetectable; PCB, polychlorinated biphenyl.

likely are not limited to hormonal
effects and may even include immu-
nomodulatory, genotoxic, or enzy-
matic/metabolic effects.

Our laboratory tested for 48 differ-
ent organochlorines, including 30
PCBs, a relatively large number in
comparison with most studies. Seven
of the organochlorines were detected
in a least 20% of controls which
included p,p’-DDE, dieldrin, hepta-
chlor epoxide, trans-nonachlor, oxy-
chlordane, and PCBs 153 and 180.
All but one control had detectable
levels of p,p’-DDE in our study, a
result consistent with all other such
studies. The median values for trans-
nonachlor and oxychlordane, two of
the three OCPs with the highest
percentage of detectables in this in-
vestigation, were similar to those
reported elsewhere among con-
trols. 2639335580 However, our se-
rum concentrations for most of the
other OCPs and PCBs were lower
than those reported in controls from
other investigations. This might be
explained by differences in the
L ODs, the laboratory methods, or the
statistical handling of non-detectable
values. The technique used by our
laboratory was aso cited in other
articles'®?°*° and our LOD was
lower than that reported in some of
the breast cancer studies.®-?%2"2

Other possible explanations for the
differences in levels between our
study and othersinclude gender, geo-
graphical, and duration differencesin

exposures. Many of the case-control
StUdi9520'22'25’27_30’34'55 involved
participants from the eastern and
western coastlines of the United
States, including some from counties
of Superfund sites®® documented
with past contamination with PCBs
or pesticides. Interestingly, a breast
cancer study,™ conducted in Colum-
bia, Missouri, found, similar to our
investigation that many of the OCPs
and PCBs were below the LOD.
The main purpose of this pilot
study was to generate new hypothe-
ses. The sample size was small re-
sulting in the possibility of some true
differences in the populations being
missed. While a genotype-environ-
ment interaction such as with
CYP1A1 polymorphism might be a
possible explanation, the observed
non-linear dose response for oxy-
chlordane and PCB 180 might also
be due to the small sample size. We
included four men who had received
one dose of hormonal treatment prior
to their blood draw, which might
have affected their serum OCP and
PCB levels. However, conclusions
from analyses that excluded these
four cases were similar to those pre-
sented. In addition, although none of
the controls was symptomatic, be-
cause all controls were not screened
for prostate cancer at the time of
study enrollment, there is a possihil-
ity of latent or asymptomatic carci-
noma among controls. However,
based on follow-up data of prostate
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cancer incidence among the controls,
none of the controls have been diag-
nosed with prostate cancer through
December 2002. Moreover, the re-
sults would be biased toward the null
if controls had latent prostate cancer
and yet in multivariate analyses, two
organochlorines were associated
with an increased risk of prostate
cancer.

Given the strong link between in-
flammatory states and carcinogene-
sisin other types of cancers, chronic
prostatitis has been suggested as a
possible cause for prostate can-
cer.*®® In arecent meta-analysis®’ of
eleven different case-control studies,
a significant association between
prostate cancer and prostatitis was
determined. However, it remains un-
clear as to whether prostatitis is a
cause or an effect of prostate can-
cer.®® In our study, a history of pros-
tatitis was found to be associated
with both prostate cancer status and a
few of the organochlorines including
PCB 180, suggesting that this factor
should be adjusted for in the analy-
Ses.

BMI, tobacco or alcohol use, or a
history of STDs were not identified
as significant risk factors for prostate
cancer. Most epidemiologic studies
have generally not supported an as-
sociation of BMI, tobacco or & cohol
use with prostate cancer.*>%9="* |t
has been suggested that smoking is a
stronger risk factor for prostate can-
cer mortality than for incidence and
that heavy acohol consumption may
be required to produce an increased
risk.>’* The median number of
drinks per day among our cases that
drank regularly for a year or more
was 1.7 (range 0.1-7.1), a vaue
much lower than the one suggested
as a risk factor by Dennis et a.”*
Although several investigations have
noted an elevated prostate cancer
risk among individuals reporting
ever having an STD, many have
failed to reach statistical signifi-
cance.”? This was aso observed
from our data (unadjusted OR = 2.1,
95% Cl = 0.7-6.7). None of these
other possible risks was found to be a
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confounder in the analyses involving
OCPs and PCBs.

Several case-control studies in-
volving at least 100 cases have found
that a family history of prostate can-
cer in a first-degree relative is asso-
ciated with an increased risk of pros-
tate cancer.”*"* However, it has been
estimated that only 5 to 10% of
prostate cancers are attributable to
hereditary factors possibly suggest-
ing the connection may be in shared
environmental factors.>’* In this
study, approximately 5% more of the
cases reported a family history of
prostate cancer compared to controls,
with a larger difference noted in
those 60 years of age or younger
(OR = 2.4). The lack of statistical
significance for the association with
family history of prostate cancer is
most likely due to the previously
discussed sample size issue, which
was further decreased by unknown
responses among 9% of participants.
This result may also suggest a selec-
tion bias among controls with a
higher percentage of controls with a
family history of prostate cancer par-
ticipating in the study. However,
similar to the argument concerning
the effects of latent carcinomas, the
estimates regarding the association
between organochlorines and risk of
prostate cancer would most likely be
biased toward the null if some of our
controls are at increased risk of pros-
tate cancer. When a family history of
prostate cancer among first-degree
relatives was added to the multivari-
ate model, the OR estimates for the
other factors, including PCB 180 and
oxychlordane, remained similar to
those reported in Table 5.

In conclusion, our results support
the undertaking of larger investiga-
tions using serum levels as biomark-
ers of exposure to examine whether
specific OCPs and PCBs play arole
in the etiology of prostate cancer.
Much larger studies also would a-
low examination of this relationship
within certain occupations and in-
dustries that have been suggested to
be at increased risk for prostate can-
cer, such as farmers, metal workers,

Organochlorines and Prostate Cancer - Ritchie et al

nursery workers, and meat work-
ers.8,12,14,39,52,53,75 BeSI deS peStl Ci de
and occupational exposures, men
with increased levels of sex steroid
hormone levels such as testosterone
have been shown to have a higher
risk of prostate cancer.”® Unfortu-
nately, at thistime, serum sex steroid
hormone levels and CYP1A1 poly-
morphism data were not available,
but in the future, we plan to relate
these values to the serum OCP and
PCB levels from this study.

Acknowledgment

The authors wish to acknowledge Joan
Ricks-McGillin as the research nurse coordi-
nator, Daleine Cameron for sample prepara-
tion and extraction, and David Larabee-
Zierath and Dr Michael D. Wichman for
analytical and technical assistance. We thank
Dr James McCoy, Dr Richard Williams, and
John Gerstbrein, PA, for their help with pa-
tient recruitment; Dr Badrinath Konety, Dr
Wayne T. Sanderson, and Dr Elizabeth
Whelan for manuscript suggestions; and Jea-
nine Beranek and the Department of Pathol-
ogy for the lipid determinations.

This research was supported by a grant
from NIH/NIEHS P30 ES05605.

References

1. EdwardsBK, Howe HL, RiesLAG, et a.
Annual report to the nation on the status
of cancer, 1973-1999, featuring implica-
tions of age and aging on US cancer
burden. Cancer. 2002;94:2766—2792.

2. Ries LAG, Eisner MP, Kosary CL, et al.
(eds). SEER Cancer Satistics Review,
1973-1999, National Cancer Institute.
Bethesda, MD, http://seer.cancer.gov/csr/
1973 1999/,2002.

3. West MM, Lynch CL, McKeen KM.
Cancer in lowa 2002. University of lowa
Publ #28693-3/02. Available at http://
www.shri.ug/pubs/pdf/Cancer_2002.pdf.

4. Brawley OW, Knopf K, Thompson |. The
epidemiology of prostate cancer part I1:
therisk factors. Semin Urol Oncol. 1998;
16:193-201.

5. Chan JM, Stampfer MJ, Giovannucci EL.
What causes prostate cancer? A brief
summary of the epidemiology. Semin
Cancer Biol. 1998;8:263-273.

6. Hsing AW, Devesa SS. Trends and pat-
terns of prostate cancer: what do they
suggest? Epidemiol Rev. 2001;23:3-13.

7. Dich J, Zahm SH, Hanberg A, Adami
HO. Pesticides and cancer. Cancer
Causes Control. 1997;8:420—-443.

8. Band PR, Le ND, Fang R, Threlfall WJ,

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Gallagher RP. Identification of occupa-
tional cancer risks in British Columbia
Part I: a population-based case-control
study of 1516 prostatic cancer cases.
J Occup Environ Med. 1999;41:233-247.

. Burmeister LF, Everett GD, Van Lier SF,

Isacson P. Selected cancer mortality and
farm practices in lowa. Am J Epidemiol.
1983;118:72-77.

Fleming LE, Bean JA, Rudolph M, Ham-
ilton K. Cancer incidence in a cohort of
licensed pesticide applicators in Florida.
J Occup Environ Med. 1999;41:279—
288.

Morrison H, Savitz D, Semenciw R, et al.
Farming and prostate cancer mortality.
Am J Epidemiol. 1993;137:270-280.
Krstev S, Baris D, Stewart P, et al.
Occupational risk factors and prostate
cancer in US blacks and whites. AmJ Ind
Med. 1998;34:421-430.

Parker AS, Cerhan JR, Putnam SD, Can-
tor KP, Lynch CF. A cohort study of
farming and risk of prostate cancer in
lowa. Epidemiology. 1999;10:452—455.
Sharma-Wagner S, Chokkalingam AP,
Malker HSR, Stone BJ, McLaughlin JK,
Hsing AW. Occupation and prostate can-
cer risk in Sweden. J Occup Environ
Med. 2000;42:517-525.

Toppari J, Larsen JC, Christiansen P, et
al. Male reproductive health and environ-
mental xenoestrogens. Environ Health
Perspect. 1996;104(Suppl 4):741—-803.
Lordo RA, Dihn KT, Schwemberger JG.
Semivolatile organic compounds in adi-
pose tissue: estimated averages for the
US population and selected subpopula-
tions. Am J Publ Health. 1996;86:1253—
1259.

United States Department of Health and
Human Services, Public Health Service,
Agency for Toxic Substances and Dis-
ease Registry. Toxicological Profile for
Polychlorinated Biphenyls (PCBs).
Springfield National Technical Informa-
tion Service; 2000;275-284.

Demers A, Ayotte P, Brisson J, Dodin S,
Robert J, Dewailly E. Plasma concentra-
tions of polychlorinated biphenyls and
the risk of breast cancer: a congener-
specific analysis. Am J Epidemiol. 2002;
155:629—-635.

Dorgan JF, Brock JW, Rothman N, et al.
Serum organochlorine pesticides and
PCBs and breast cancer risk: results from
a prospective analysis (USA). Cancer
Causes Control. 1999;10:1-11.
Helzlsouer KJ, Alberg AJ, Huang HY, et
al. Serum concentrations of organochlo-
rine compounds and the subsequent de-
velopment of breast cancer. Cancer Epi-
demiol Biomark Prev. 1999;8:525-532.
Hunter DJ, Hankinson SE, Laden F, et al.



JOEM - Volume 45, Number 7, July 2003

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Plasma organochlorine levels and the risk
of breast cancer. N Engl J Med. 1997;
337:1253-1258.

Krieger N, Wolff MS, Hiatt RA, Rivera
M, Vogelman J, Orentreich N. Breast
cancer and serum organochlorines: a pro-
spective study among white, black and
Asian women. J Natl Cancer Inst. 1994;
86:589-599.

Laden F, Collman G, Iwamoto K, et al.
1,1-dichloro-2, 2-bis(p-chlorophenyl)
ethylene and polychlorinated biphenyls
and breast cancer: combined analysis of
five US studies. J Natl Cancer Inst.
2001;93:768—776.

Laden F, Hankinson SE, Wolff MS, et al.
Plasma organochlorine levels and the risk
of breast cancer: an extended follow-up
in the nurses health study. Int J Cancer.
2001;91:568-574.

Moysich KB, Ambrosone CB, Vena JE,
et al. Environmental organochlorine ex-
posure and postmenopausal breast cancer
risk. Cancer Epidemiol Biomark Prev.
1998;7:181-188.

Ward EM, Schulte P, Grajewski B, et a.
Serum organochlorine levels and breast
cancer: a nested case-control study of
Norwegian women. Cancer Epidemiol
Biomark Prev. 2000;9:1357-1367.
Wolff MS, Toniolo PG, Lee EW, Rivera
M, Dubin N. Blood levels of organochlo-
rine residues and risk of breast cancer.
J Natl Cancer Inst. 1993;85:648—652.
Wolff MS, Zeleniuch-Jacquotte A, Dubin
N, Toniolo P. Risk of breast cancer and
organochlorine exposure. Cancer Epide-
miol Biomark Prev. 2000;9:271-277.
Zheng T, Holford TR, Mayne ST, et d.
Risk of female breast cancer associated
with serum polychlorinated biphenyls
and 1, 1-dichloro-2, 2'-bis(p-chlorophe-
nyl) ethylene. Cancer Epidemiol Bi-
omark Prev. 2000;9:167-174.

Hoppin JA, Tolbert PE, Holly EA, et al.
Pancreatic cancer and serum organochlo-
rine levels. Cancer Epidemiol Biomark
Prev. 2000;9:199-205.

PortaM, Malats N, Jariod M, et al. Serum
concentrations of organochlorine com-
pounds and K-ras mutations in exocrine
pancreatic cancer. Lancet. 1999;354:
2125-2129.

Baris D, Kwak LW, Rothman N, et al.
Blood levels of organochlorines before
and after chemotherapy among non-
Hodgkin's lymphoma patients. Cancer
Epidemiol Biomark Prev. 2000;9:193—
197.

Hardell L, Eriksson M, Lindstrom G, et
al. Case-control study on concentrations
of organohalogen compounds and titers
of antibodies to Epstein-barr virus anti-
gensin the etiology of non-Hodgkin lym-

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

phoma Leukemia Lymphoma. 2001;42:
619-629.

. Rothman N, Cantor KP, Blair A, et al. A

nested case-control study of non-
Hodgkin lymphoma and serum organo-
chlorine residues. Lancet. 1997;350:
240-244.

Davis DL, Bradiow HL, Wolff M, Woo-
druff T, Hoel DG, Anton-Culver H. Med-
ica hypothesis. xenoestrogens as pre-
ventable causes of breast cancer. Environ
Health Perspect. 1993;101:372-377.
Sonnenschein C, Soto AM. An updated
review of environmental estrogen and
androgen mimics and antagonists. J Ste-
roid Biochem Mol Biol. 1998;65:143—
150.

Wolff MS, Camann D, Gammon M,
Stellman SD. Proposed PCB congener
groupings for epidemiological studies.
Environ Health Perspect. 1997;105:13—
14.

Schrader TJ, Cooke GM. Examination of
selected food additives and organochlo-
rine food contaminants for androgenic
activity in vitro. Toxicol Sci. 2000;53:
278-288.

Parent ME, Siemiatycki J. Occupation
and prostate cancer. Epidemiol Rev.
2001;23:138-143.

Fleming 1D, Cooper JS, Henson DE, et
al. (eds). AJCC Cancer Staging Manual.
5th ed. Philadelphia: Lippincott-Raven;
1997:219-224.

Brock JW, Burse VW, Ashley DL, et al.
An improved analysis for chlorinated
pesticides and polychlorinated biphenyls
(PCBs) in humans and bovine sera using
solid-phase extraction. J Anal Toxicol.
1996;20:528-536.

US EPA SW 846 Method 8000B — De-
terminative Chromatographic Separa-
tions, Revision 2, December 1996. Test
Methods for Evaluating Solid Wastes,
Physical/Chemical Methods, Laboratory
Manual, Vol 1B:1996, pp. 8000B-1 —
8000B-46.

US EPA — Definition and Procedure for
the Determination of the Method Detec-
tion Limit, 40 CFR Chapter |, Revision
1.11, 1995, Appendix B to Part 136:882—
884.

. Phillips DL, Pirkle JL, Burse VW, Bern-

ert JT Jr., Henderson LO, Needham LL.
Chlorinated hydrocarbon levelsin human
serum: effects of fasting and feeding.
Arch Environ Contam Toxicol. 1989;18:
495-500.

Haldane JBS. The estimation and signif-
icance of the logarithm of a ratio of
frequencies. Ann Hum Genet. 1955;20:
309-311.

SAS System for Windows. Version 8.0.
Cary, NC: SAS Institute; 1999.

a7

48.

49.

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

701

. Cantor KP, Silberman W. Mortality
among aerial pesticide applicators and
flight instructors. follow-up from 1965—
1988. Am J Ind Med. 1999;36:239-247.
Dich J, Wiklund K. Prostate cancer in
pesticide applicators in Swedish agricul-
ture. Prostate. 1998;34:100-112.
Forastiere F, Quercia A, Miceli M, et al.
Cancer among farmers in centra Italy.
Scand J Work Environ Health. 1993;19:
382-389.

Wiklund K, Dich J, Holm LE, Eklund G.
Risk of cancer in pesticide applicatorsin
Swedish agriculture. Br J Ind Med. 1989;
46:809-814.

Sharpe CR, Siemiatycki J, Parent ME.
Activities and exposure during leisure
and prostate cancer risk. Cancer Epide-
miol Biomark Prev. 2001;10:855-860.
Van der Gulden JWJ, Kolk JJ, Verbeek
ALM. Work environment and prostate
cancer risk. Prostate. 1995;27:250-257.
Aronson KJ, Siemiatycki J, Dewar R,
Gérin M. Occupational risk factors for
prostate cancer: results from a case-
control study in Montréal, Québec, Can-
ada. Am J Epidemiol. 1996;143:363-373.

. Settimi L, Masina A, Andrion A, Axel-

son O. Prostate cancer and exposure to
pesticides in agricultural settings. Int J
Cancer. 2003;104:458—-461.

Stellman SD, Djordjevic MV, Muscat JE,
et al. Relative abundance of organochlo-
rine pesticides and polychlorinated bi-
phenyls in adipose tissue and serum of
women in Long Island, New York. Can-
cer Epidemiol Biomark Prev. 1998;7:
489—-496.

Ewings P, Bowie C. A case-control study
of cancer of the prostate in Somerset and
east Devon. Br J Cancer. 1996;74:661—
666.

Wolff MS, Toniolo PG. Environmental
organochlorine exposure as a potentia
etiologic factor in breast cancer. Environ
Health Perspect. 1995(Suppl 7);103:
141-145.

Moysich KB, Mendola P, Schisterman
EF, et a. An evauation of proposed
frameworks for grouping polychlorinated
biphenyl (PCB) congener datainto mean-
ingful analytic units. Am J Ind Med.
1999;35:223-231.

McFarland VA, Clarke JU. Environmen-
tal occurrence, abundance, and potential
toxicity of polychlorinated biphenyl con-
geners: considerations for a congener-
specific analysis. Environ Health Per-
spect. 1989;81:225-239.

Aronson K, Miller AB, Woolcott CG, et a.
Breast adipose tissue concentrations of
polychlorinated biphenyls and other organ-
ochlorines and breast cancer risk. Cancer
Epidemiol Biomark Prev. 2000;9:55-63.



702

61.

62.

63.

65.

Holford TR, Zheng T, Mayne ST, Zahm
SH, Tessari JD, Boyle P. Joint effects of
nine polychlorinated biphenyl (PCB)
congeners on breast cancer risk. Int J
Epidemiol. 2000;29:975-982.

Chen C. Risk of prostate cancer in rela-
tion to polymorphisms of metabolic
genes. Epidemiol Rev. 2001;23:30-35.
Kirsten B, Moysich KB, Shields PG, et d.
Polychlorinated biphenyls, cytochrome
P450 1A1 polymorphism, and postmeno-
pausal breast cancer risk. Cancer Epide-
miol Biomark Prev. 1999;8:41-44.

. Laden F, Ishibe N, Hankinson SE, et al.

Polychlorinated biphenyls, cytochrome
PA450 1A1, and breast cancer risk in the
nurses health study. Cancer Epidemiol
Biomark Prev. 2002;11:1560—1565.

US EPA. Welcome to superfund: clean-
ing up the nation’s hazardous waste

66.

67.

68.

69.

70.

71.

Organochlorines and Prostate Cancer - Ritchie et al

sites. Available at: http://www.epa.gov/
superfund/, March 2001.

Giovannucci E. Medical history and eti-
ology of prostate cancer. Epidemiol Rev.
2001;23:159-162.

Dennis LK, Lynch CF, Torner JC. Epi-
demiologic association between prostati-
tis and prostate cancer. Urology. 2002;
60:78—-83.

DeMarzo AM, Coffey DS, Nelson WG.
New concepts in tissue specificity for
prostate cancer and benign prostatic hy-
perplasia. Urology. 1999;53(Suppl 3A):
29-40.

Hickey K, Do KA, Green A. Smoking
and prostate cancer. Epidemiol Rev.
2001;23:115-125.

Nomura AM. Body size and prostate
cancer. Epidemiol Rev. 2001;23:126—
131.

Dennis LK, Hayes RB. Alcohol and pros-

72.

73.

74.

75.

76.

tate cancer. Epidemiol Rev. 2001;23:
110-114.

Strickler HD, Goedert JJ. Sexual behav-
ior and evidence for an infectious cause
of prostate cancer. Epidemiol Rev. 2001;
23:144-151.

Cerhan JR, Parker AS, Putnam SD, et d.
Family history and prostate cancer risk in
a population-based cohort of lowa men.
Cancer Epidemiol Biomark Prev. 1999;
8:53-60.

Stanford JL, Ostrander EA. Familial
prostate cancer. Epidemiol Rev. 2001;23:
19-23.

Elghany NA, Schumacher MC, Slattery
ML, West DW, Lee JS. Occupation, cad-
mium exposure, and prostate cancer. Ep-
idemiology. 1990;1:107-115.

Hsing AW. Hormones and prostate can-
cer: what's next? Epidemiol Rev. 2001;
23:42-58.



