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What this paper adds?
• Environmental exposures may play a role in breast cancer occurrence but they have not
been studied extensively.
• The study of male breast cancer may help to identify occupational risk factors for the
disease as occupational exposures to most potential carcinogens occur more frequently
in men than in women.
• The incidence of male breast cancer was increased in motor vehicle mechanics, pointing
to a possible role of occupational exposures to gasoline and petroleum solvents.
• The incidence of male breast cancer was associated with occupational exposures to
endocrine disrupting chemicals such as alkylphenolic compounds.
• These results suggest that some occupational chemicals are mammary carcinogens and
may offer new clues for cancer prevention.
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ABSTRACT
Objectives: Male breast cancer is a rare disease of largely unknown etiology. Besides genetic
or hormone-related risk factors, a large number of environmental chemicals are suspected to
play a role in breast cancer. The identification of occupations or occupational exposures
associated with an increased incidence of breast cancer in men may help to identify mammary
carcinogens in the environment.
Methods: Occupational risk factors of male breast cancer were investigated in a multi-centre
case-control study conducted in 8 European countries, including 104 cases and 1901 controls.
Lifetime work history was obtained during in-person interviews. Occupational exposures to
endocrine disrupting chemicals (alkylphenolic compounds, phthalates, PCBs and dioxins)
were assessed on a case-by-case basis from expert judgment.
Results: Male breast cancer incidence was more particularly increased in motor vehicle
mechanics (OR=2.1, CI 1.0-4.4) with a dose-effect relationship with duration employment. It
was also increased in paper makers and painters, and in workers in forestry and logging,
health and social work, and manufacture of furniture. The odds ratio for exposure to
alkylphenolic compounds above median was 3.8 (CI 1.5-9.5). This association persisted after
adjustment for occupational exposures to other environmental estrogens.
Conclusion: These findings suggest that some environmental chemicals are possible
mammary carcinogens. Gasoline, organic petroleum solvents or PAH can be suspected from
the consistent elevated risk of male breast cancer observed in motor vehicle mechanics.
Endocrine disruptors such as alkylphenolic compounds may play a role in breast cancer.

Abstract word count: 236
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INTRODUCTION
Male breast cancer is a rare disease, representing less than 1% of all breast cancers, with
incidence rates of approximately 1 per 100,000 men per year in Europe.[1] Factors linked to
hormonal or reproductive function in women have been studied extensively as etiologic
factors in female breast cancers, but little is known about the etiology of male breast cancer.
The risk factors reported for this disease include mutations of the BRCA2 gene, the presence
of an extra X chromosome (Klinefelter syndrome), infertility, cryptorchidism, mumps
orchitis, or alcohol drinking.[2]
Certain environmental exposures, such as organic solvents [3] or endocrine disrupting
chemicals that interfere with hormonally mediated processes and can stimulate the growth of
breast cancer cells in laboratory studies are also suspected risk factors for breast cancer.[4-6]
Many studies on female breast cancer risk in the community have been conducted in relation
to a few endocrine disrupting chemicals such as DDT or PCBs with mainly negative
results.[7, 8] However, occupational studies on female breast cancer where exposures are
higher and better characterized compared with community settings have rarely been
conducted. These studies have shown associations between female breast cancer and exposure
to certain organic solvents,[9, 10] pesticides,[11, 12] PCBs [13] or other endocrine
disruptors.[14] There is also growing evidence that disruption of circadian rhythm during
night shift work increases the risk of female breast cancer.[15] For the purpose of identifying
mammary carcinogens in occupational settings, the study of male breast cancer offers several
advantages over female breast cancer for identifying environmental mammary carcinogens,
because exposures to the occupational agents of interest, such as PAHs, occur more
frequently in jobs held by men than by women. In addition, confounding from female
reproductive risk factors is not a concern in men. Occupational studies have inconsistently
reported associations between male breast cancer and exposure to heat,[16-19] gasoline,
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PAHs or combustion products,[19, 20] and electromagnetic fields.[19, 21-23] None of these
studies has specifically investigated the role of exposure to endocrine disrupting chemicals.
The first objective of this study was to examine the risk of male breast cancer by occupation
to give possible clues about potential occupational carcinogens. A second objective was to
test the hypothesis that exposure to environmental estrogens present in occupational settings
[24, 25] increased the risk of male breast cancer. More specifically, we investigated
occupational exposures to alkylphenolic compounds,[14] phthalates,[26, 27] PCBs and
dioxins,[28] and pesticides.[12]
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MATERIAL AND METHODS
We conducted a European multi-centre case-control study for 7 sites of rare cancers including
male breast (gallbladder and extra-hepatic bile ducts, small intestine, bone, eye melanoma,
thymus and mycosis fungoides). Cases and controls were recruited in selected areas of 8
European countries. The recruitment was population-based in Denmark, France, Germany,
Italy and Sweden, and hospital-based in Latvia, Portugal and Spain. Findings on alcohol
drinking in relation to male breast cancer have been reported previously for the countries that
used a population-based design.[29] The study design and the procedures of data collection
have been described in detail earlier [30] and are summarized below.
Recruitment of cases and controls
Cases were men living in the participating study areas who were diagnosed with a breast
cancer between January 1st, 1995 and June 30th, 1997. Only men aged 35-70 years at
diagnosis were eligible for the study. Inclusion was restricted to this age range because the
study focused on occupations and because occupational exposures that occurred in early
periods among older subjects may be hard to recall, and difficult to assess by study
investigators due to changes in work processes. Case ascertainment was based on regular
contacts with clinical and pathology departments in each study area. For each case an expert
pathologist reviewed the pathology report and one slide representative of the tumor. In total
122 male breast cancer patients were eligible for the study. Eighteen cases could not be
contacted because the doctor did not give permission or the patient refused to participate. In
total 104 cases (85%) were interviewed and were available for the analysis (table 1).
Controls were selected randomly during case recruitment and were frequency-matched to the
cases by year of birth (5-year strata), sex, and study area. Controls were selected from
population registers in Denmark, Italy and Sweden, from electoral rolls in France and from
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municipality registers in Germany. Colon cancer patients were regarded as appropriate
alternatives to population controls in some cases, as no occupational exposure to chemicals is
known to play a role in colon cancer. Hospital-based cancer controls were selected randomly
among incident colon cancer patients in Latvia and Spain, and among the colon and a few
stomach cancer patients in Portugal. The controls served as a common pool of controls for
each of the seven groups of rare cancer cases included in the European study. For the present
study we selected only control men in the study areas where at least one male breast cancer
patient was included. The participation rate among population controls was high in France
(81%) and Italy (74%) but it was lower (<60%) in Denmark, Germany, and Sweden. In
countries using a hospital-based design, the participation rate among cancer controls was
above 95%. The overall participation rate in controls was 67%, and 1901 controls were
available for the analysis (table 1).
Table 1: Number of men eligible for the study and number of respondents by country –
European study on male breast cancer
Cases
Controls
%
%
Interviewed Eligible interviewed Interviewed Eligible interviewed
Populationbased design
Denmark
France
Germany
Italy
Sweden

8
29
10
20
7

12
30
13
20
10

67%
97%
77%
100%
70%

195
308
542
210
140

457
382
972
284
245

43%
81%
56%
74%
57%

Hospitalbased design
Latvia
Portugal
Spain

3
8
19

4
11
22

75%
73%
86%

69
72
365

69
75
366

100%
96%
100%

104

122

85%

1901

2850

67%

Total
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Data collection
A structured questionnaire was first developed in English, translated into the language of each
participating country and then back-translated into English for quality control. This
questionnaire was used during a face to face or a telephone (Denmark, Sweden) interview by
a trained interviewer. We obtained information on socio-demographic characteristics,
previous medical conditions, lifestyle factors, anthropometric characteristics, alcohol and
tobacco consumption. A detailed occupational questionnaire was used for each job held for
more than 6 consecutive months during lifetime. Questionnaires specific to 27 work tasks
such as welding or painting were also used whenever relevant to search for particular
occupational exposures.
Coding of jobs and occupational exposures
Each job held for more than 6 month was coded for occupation and industry by trained
coders. Occupation was coded according to the International Standard Classification of
Occupation (ISCO) of the International Labor Office, 1968 revision. Industry was coded
according to the Classification of Activities in the European Community (NACE), 1996
revision.
Exposure to endocrine disrupting chemicals was assessed for each job held during the
subjects’ work history by an expert in occupational hygiene. Exposure assessment was
conducted by individually reviewing the job-specific questionnaires to collect information on
the production of the plant, the work tasks performed, or the type of equipment and chemical
products used by the worker. In order to decrease the total number of jobs to be reviewed by
the expert, we made a preliminary selection of the job questionnaires based on their ISCO and
NACE codes and discarded the jobs where exposure to endocrine disrupting chemicals had no
chance to occur. Based on the expert’s judgment and a literature review, exposure to
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alkylphenolic compounds, phthalates, PCBs and dioxins was coded using semi-quantitative
indicators for exposure probability (0: not exposed; 1: possibly exposed; 2: probably exposed;
3: certainly exposed), exposure frequency (1: < 30% of working hours; 2: 30-70%; 3: > 70%)
and exposure intensity, based on the expert judgment about airborne concentration or dermal
contact (1: low; 2: medium; 3: high). Coding of exposure was blind as to case-control status.
Exposure to pesticides was assessed in the same way, but a detailed assessment by type of
pesticide was beyond the scope of the present paper.
We calculated an exposure score for each job in the subject’s work history as the product of
exposure probability, frequency and intensity and the duration of the job period in years. The
lifetime cumulative exposure of each study subject consisted of the sum of the job-specific
exposure scores over the entire work history.
Statistical analysis
Odds ratios were calculated for workers ever employed in an occupation or industry using
workers who were never employed in that occupation or industry as a reference group.
Occupations and industries were defined by the 2- or 3- digit level of the ISCO code and by
the 2-digit level of the NACE code, respectively. Only job groups with at least 5 cases are
presented.
In the analyses by occupational exposure to endocrine disrupting chemicals, we categorized
ever-exposed subjects into 2 groups according to the median of the cumulative exposure
distribution among controls, and used never exposed subjects as the reference category. For
pesticides, exposed workers were divided according to exposure tertiles.
All analyses were conducted using unconditional logistic regressions using the SAS® software
package (version 9, Cary, NC). Odds ratios were adjusted for age (5-year age group) and

9

29370986-file00

22.02.2010

country, the stratification variables, as well as for potential confounders coded as categorical
variables, including alcohol drinking, body mass index and education.
We also conducted several rounds of analyses (i) restricting to countries that used a
population-based design and no colon cancer controls; (ii) restricting to the cases with know
estrogen positive receptor status (48 out of 54 cases with known status); and for the
occupational exposure analyses (iii) calculating cumulative exposure scores with a lag time of
5, 10, or 15 before diagnosis or interview for the controls; (iv) excluding jobs with low
exposure probability from the cumulative exposure scores. These sensitivity analyses did not
modify our findings and are not shown.
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RESULTS
Study sample
The distribution of cases and controls by age, alcohol consumption, and education are
presented in Table 2. The age distribution of cases and controls did not differ significantly. As
reported earlier, alcohol consumption was strongly associated with male breast cancer.[29]
Lower education was associated with some increase in risk, although the odds ratios did not
reach statistical significance. No statistically significant excess risk was observed in any BMI
category. Because BMI was weakly associated with male breast cancer in some countries,[29]
we adjusted for this variable in further analyses.
Table 2: Comparison of cases and controls for selected characteristics – European study on male breast cancer
cases
controls
N=104
%
N=1901
%
OR*
95% CI
Age
<40
6
5.8
218
11.5
40-44
6
5.8
193
10.2
45-49
10
9.6
190
10
50-54
14
13.5
202
10.6
55-59
16
15.4
264
13.9
60-64
20
19.2
329
17.3
≥65
32
30.8
505
26.6
Alcohol consumption (g/day)
0-30
>30-60
>60

43
31
30

41.3
29.8
28.8

1130
503
268

59.4
26.5
14.1

1.0
1.3
2.6

Reference
[0.8;2.2]
[1.5;4.4]

Education
Left school at age 18 or before
Professional training
University

63
25
16

60.6
24
15.4

866
515
516

45.6
27.1
27.1

1.5
1.5
1.0

[0.8;2.8]
[0.8;2.9]
Reference

Body Mass Index (kg/m2)
<18.5
18.5-25
25-30
>30

8
40
40
16

7.7
38.5
38.5
15.4

83
733
883
202

4.4
38.6
46.4
10.6

2.0
1.0
0.8
1.5

[0.9;4.7]
Reference
[0.5;1.3]
[0.8;2.7]

*

OR adjusted for age and country
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Occupations and industries
Odds ratios for male breast cancer were increased in wood preparation workers and paper
makers (OR=2.4, CI 0.9-6.5), motor vehicle mechanics (OR=2.1, CI 1.0-4.4), and painters
(OR=2.3, CI 1.0-5.2) (table 3). The odds ratio increased markedly for workers employed for
10 or more years as motor vehicle mechanics (OR=5.9, CI 2.4-14.6) (not shown). Conversely,
a non-significantly decreased odds ratio was observed for farmers and agricultural workers.
Table 4 presents odds ratios associated with specific industries. Increased odds ratios were
observed in forestry and logging (OR=2.4, CI 1.0-5.6), health and social work (OR=2.3, CI
1.1-5.1), and sale and repair of motor vehicles (OR=1.8, CI 1.0-3.2). This later increase
(NACE 50) was explained by the increased odds ratio in motor vehicle mechanics (ISCO 843), with 9 cases and 57 controls being classified in both NACE 50 and ISCO 8-43. Odds
ratios in the manufacture of rubber and plastic (OR=1.9, CI 0.8-4.6), manufacture of electrical
machinery (OR=2.0, CI 0.8-5.3), and manufacture of furniture (OR=1.8, CI 0.9-3.7), were
also increased but did not reach the level of statistical significance.
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Table 3 – Odds ratios* by occupation (ISCO codes†)– European study on male breast cancer
Ever employed as

ISCO

Architects, engineers
Administrators and managers
Clerical and related workers NEC‡
Salesmen, shop assistants
Cooks, waiters, bartenders
Protective service workers
Farmers
Agricultural and animal husbandry w.
Metal processers
Wood preparation workers, paper makers
Food and beverage processers
Cabinet makers
Blacksmiths, toolmakers, machine-tool op.
Machinery fitters, machine assemblers
Motor vehicle mechanics
Machinery fitters, machine assemblers NEC
Electricians
Plumbers and pipe fitters
Welders and flame cutters
Painters
Bricklayers, carpenters, construction workers
Material handling op., dockers
Transport equipment operators
Laborers NEC

0-2/0-3
2-0/2-1
3-9
4-5
5-3
5-8
6-0/6-1
6-2
7-2
7-3
7-7
8-1
8-3
8-41
8-43
8-49
8-5
8-71
8-72
9-3
9-5
9-7
9-8
9-9

*

Cases Controls
N=104 N=1901
7
7
9
7
7
6
7
17
6
5
6
5
14
5
9
6
8
6
6
7
8
16
15
11

153
161
174
186
77
63
118
278
91
26
96
75
218
73
74
139
178
55
65
54
177
193
288
143

OR

95% CI

0.9
0.9
0.8
0.6
1.5
1.7
0.7
0.8
1.1
2.4
1.0
1.1
1.1
1.2
2.1
0.7
0.9
2.0
1.4
2.3
0.8
1.4
0.9
1.1

[0.4;2.1]
[0.4;1.9]
[0.4;1.6]
[0.3;1.4]
[0.7;3.3]
[0.7;4.0]
[0.3;1.5]
[0.5;1.4]
[0.4;2.5]
[0.9;6.5]
[0.4;2.3]
[0.4;2.7]
[0.6;1.9]
[0.5;3.1]
[1.0;4.4]
[0.3;1.7]
[0.4;1.9]
[0.8;4.8]
[0.6;3.4]
[1.0;5.2]
[0.4;1.4]
[0.8;2.3]
[0.5;1.6]
[0.6;2.1]

Odds ratios are adjusted for age, country, alcohol consumption, body mass index and education
International Standard Classification of Occupation (ISCO) of the International Labor Office, 1968 revision
‡
NEC: not elsewhere classified
†
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Table 4 – Odds ratios* by industry (NACE code†) – European study on male breast cancer
Cases Controls
Ever employed in
NACE
OR
95%CI
N=104 N=1901
Agriculture and related activities
01
24
363 0.9
[0.6;1.4]
Forestry, logging
02
7
39 2.4
[1.0;5.6]
Manufacture of food and beverages
15
5
158 0.5
[0.2;1.3]
Manufacture of rubber and plastic
25
6
54 1.9
[0.8;4.6]
Manuf. other non-metallic mineral products
26
5
90 0.9
[0.4;2.4]
Manufacture of basic metals
27
6
130 1.1
[0.5;2.5]
Manuf. of metal products excl. machines
28
10
194 0.9
[0.5;1.7]
Manufacture of machinery and equipment
29
14
195 1.3
[0.7;2.2]
Manufacture of electrical machinery
31
5
53 2.0
[0.8;5.3]
Manufacture of other transport equipment
35
5
95 1.3
[0.5;3.2]
Manufacture of furniture
36
9
80 1.8
[0.9;3.7]
Construction
45
29
497 1.0
[0.7;1.5]
Sale and repair of motor vehicle
50
13
122 1.8
[1.0;3.2]
Wholesale trade and commission trade
51
8
186 0.8
[0.4;1.7]
Retail trade; repair of household goods
52
14
275 0.9
[0.5;1.5]
Hotels and restaurants
55
5
98 0.9
[0.4;2.3]
Land transport
60
9
156 1.0
[0.5;2.0]
Supporting transport activities
63
5
78 1.3
[0.5;3.3]
Other business activities
74
8
119 1.2
[0.6;2.5]
Public administration and defense
75
18
368 1.2
[0.7;1.9]
Health and social work
85
8
93 2.3
[1.1;5.1]
Recreational, cultural & sporting activities
92
5
64 1.6
[0.6;4.2]
*

Odds ratios are adjusted for age, country, alcohol consumption, body mass index and education
Classification of Activities in the European Community (NACE : Nomenclature des Activités dans la
Communauté Européenne), 1996 revision.
†
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Occupational exposures
In table 5, the odds ratio adjusted for non-occupational risk factors was elevated for
alkylphenolic compounds above median (ORa=3.8, CI 1.5-9.5), and a dose-response trend
was apparent (p<0.01). The odds ratio for exposure to PCBs and dioxin above the median was
also increased (ORb=2.1, CI 1.0-4.5) and at the limit of statistical significance. When
adjusting further for exposures to other endocrine disruptors (ORb in table 5), i.e. including
all occupational exposure variables in a single model, male breast cancer incidence remained
associated with alkylphenolic compounds (OR=3.3, CI 1.1-9.9 exposure above median), but
the dose-response trend was not statistically significant. No increased risk was observed for
phthalates, and for PCBs and dioxins. Exposure to pesticides was not associated with male
breast cancer in either model. Confounding between occupational exposures is thus apparent
from table 5, indicating that multiple exposures to endocrine disruptors occurred among
workers in our data.
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Table 5: Odds ratios associated with occupational exposure to environmental estrogens.
European study on male breast cancer
Cumulative
exposure
scores
Not exposed
< median
≥ median

cases controls
ORa*
N=104 N=1901
94
3
7

1845
26
26

Not exposed
< median
≥ median

98
3
3

1848
23
26

PCB and
dioxins

Not exposed
< median
≥ median

91
4
9

1722
87
88

Pesticides

Not exposed
1st tertile
2nd tertile
3rd tertile

77
7
10
10

1461
144
138
154

Alkylphenolic
compounds

Phthalates

*

95% CI

1.0
1.7
3.8

reference
[0.5;6.1]
[1.5;9.5]

2.9
1.7

reference
[0.8;10.4]
[0.5;6.2]

0.9
2.1

reference
[0.3;2.7]
[1.0;4.5]

1.0
1.2
0.8

reference
[0.4;2.3]
[0.6;2.5]
[0.4;1.7]

ptrend ORb†

0.01

0.20

0.14

0.88

95% CI

ptrend

1.0
1.3
3.3

reference
[0.3;6.0]
[1.1;9.9]

0.11

2.3
0.8

reference
[0.5;9.7]
[0.2;3.7]

0.51

0.9
1.6

reference
[0.3;2.6]
[0.7;3.7]

0.51

0.9
1.2
0.8

reference
[0.4;2.1]
[0.6;2.4]
[0.4 ;1.7]

0.92

ORs adjusted for age, country, alcohol drinking, body mass index and education

†

ORs adjusted for age, country, alcohol drinking, body mass index and exposures to other environmental
estrogens listed in the table
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DISCUSSION
We found that the incidence of male breast cancer was increased in wood preparation workers
and paper makers, in motor vehicle mechanics, and in painters as well as in workers in the
industry of forestry and logging, in health and social work, in the manufacture of furniture,
and in sale and repair of motor vehicles. We also investigated occupational exposures to
endocrine disrupting chemicals, and found that male breast cancer incidence was more
particularly associated with alkylphenolic compounds.
Study strengths and limitations
This is a relatively large study on male breast cancer conducted in 8 European countries.
Despite the large study base, the high participation rate among male breast cancer patients
[30] and the large number of controls, some analyses were based on relatively low statistical
power. We calculated for example that a 2-fold increased odds ratio was detectable with a
statistical power of 80% (alpha=5%, two-sided) if the exposure prevalence among control was
at least 15%, a condition that was not met in all calculations. Chance findings due to multiple
testing are also possible. Nevertheless, if the observed associations are real, they may have
been difficult to detect in epidemiological studies on female breast cancer based on higher
numbers of cases but much lower exposure prevalence.
The overall participation rate among controls was 67%, with large disparities across countries.
A selection bias, e.g. according to socioeconomic status or education, was thus possible, but
should be controlled for, at least in part, by adjusting for education. Restricting to countries
with high participation rates among controls such as France and Italy did not alter the
findings, giving reassurance that selection bias does not constitute a major problem.
Using colon cancer controls in countries with a hospital-based design could have biased our
results if colon cancer was associated with the occupational risk factors of interest. However,
17
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with the exception of low physical activity,[31] there is no recognized occupational risk factor
for colon cancer. Our results were unchanged when the analyses were conducted separately in
countries that did not use colon cancer controls.
Occupational exposures to estrogenic chemicals were assessed by expert judgment reviewing
the job-specific questionnaires blindly as to the case-control status. This case-by-case
exposure assessment method may lead to non-differential exposure misclassification errors,
but it is considered as more efficient than a job-exposure matrix, since the exposure is
evaluated for individual workers rather than for groups of workers with the same job.[32]
Exposures to estrogenic chemicals arising from the general environment could not be
evaluated in our study. This should not be a major problem considering that environmental
exposures occur at lower levels than in occupational settings, and that they should be equally
distributed among occupationally and non-occupationally exposed subjects.
Occupations and industries
Few studies have investigated male breast cancer risk in relation to occupational risk factors,
but most of them have several drawbacks, including low statistical power,[16-18] the use of a
mortality rather than incidence register to recruit male breast cancer patients,[19] or
information on occupation known from census data at only one point in time instead of
lifetime occupational history.[20, 23, 33]
We found a 2-fold increased incidence of male breast cancer in motor vehicle mechanics, with
an indication of a dose-response relationship with duration of employment (OR= 5.9 in men
employed for 10 or more years in that occupation). Similarly, a registry-based case-control
study in Denmark [20] reported an increased incidence of male breast cancer in workers
employed in service stations, vehicle maintenance, wholesale trade of gasoline, or car repair
shops. Exposure to solvents, gasoline and vehicle combustion products, containing suspected
mammary carcinogens such as benzene and polycyclic aromatic hydrocarbons (PAH) may be
18
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causal explanations for these associations,[3, 34] and previous studies on female breast cancer
provided some evidence of a link with exposure to solvents.[9, 10] This link is of interest and
needs to be investigated further in male and in female breast cancer.
We reported an increased incidence of male breast cancer in painters (OR=2.3, CI 1.0-5.3)
suggesting a potential adverse effect of solvents again, or paint additives. The elevated
incidence in wood preparation workers and paper makers, and in men employed in forestry
and logging, also suggests that chemicals with endocrine disrupting properties, such as
volatile organic compounds in wood,[35] could play a role in breast cancer.
Conversely, no increased incidence of male breast cancer was detected in our study among
metal processors (ISCO 7-2, table 3) or among men employed in the metal manufacturing
industry (NACE 27, table 4). These findings do not confirm the elevated risks of male breast
cancer reported in workers employed in blast furnaces, steel work and rolling mills,[16-19]
and hence do not support the hypothesis that exposure to heat [36] which is common in these
industries, may be carcinogenic to the breast. Our results do not point either toward a role of
electromagnetic fields in male breast cancer, as suggested by other investigators,[21, 37, 38]
since occupations with potentially high exposures such as electricians or welders were not at
increased risk in our data.
Occupational exposures to endocrine disrupting chemicals
This is the first study examining a possible association between male breast cancer and
exposure to endocrine disrupting chemicals. Many hormonally active compounds suspected to
affect breast cancer due to their estrogenic or anti-estrogenic properties were identified in
laboratory studies [39], but only a few have been investigated in epidemiological studies. We
examined estrogenic compounds that can be found in occupational settings,[24, 25] and
excluded chemicals with very low exposure prevalence in the study such as bisphenol A or
parabens.
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Exposure to alkylphenolic compounds was associated with male breast cancer in our data.
Alkylphenol polyethoxylates surfactants and alkylphenols are used in a broad range of
occupations and industries, but are mainly used as detergents, in plastics, rubber products or
in cosmetics,[24, 25] and in the textile industry.[40] The workers exposed to alkylphenolic
compounds in the present study can be better characterized by their industry, and were mainly
employed in finishing of textiles, in the manufacture of leather clothes, in the industry of pulp
and paper, plastics, paints and varnishes, soap and detergents, and rubber products. To our
knowledge, only one study in women has examined the relation between exposure to
alkylphenolic compound and breast cancer.[14] In this population-based case-control study,
the possibility of exposure to 18 xenoestrogens was determined using a job-exposure matrix
derived from the US National Occupational Exposure Survey database. Probable exposure to
4-octylphenol, an alkylphenolic compound, was associated with an odds ratio of 2.9 (0.810.8) after adjustment for potential confounders. Overall, our findings provide some support
to the hypothesis that alkylphenolic compounds may play a role in breast cancer incidence. It
should be noted however that multiple exposures to endocrine disruptors occurred in our data,
and that confounding made it difficult to disentangle the effects of individual compounds. It is
thus possible that the main association observed between male breast cancer and
alkylphenolic compounds should be accounted for multiple exposure to different classes of
estrogenic compounds, which can have synergistic effects.[41]
The odds ratio associated with exposure to dioxins and PCBs above median was increased 2fold, although this association was not apparent after adjusting for alkylphenolic compounds.
PCBs and dioxins are two groups of persistent organochlorine compounds. PCBs were used
as dielectric fluids in electrical capacitors, but also for miscellaneous uses in adhesives, oils or
paint [28]. Most studies on the association between breast cancer and environmental exposure
to PCBs, based on measurements in the blood or fat of cases or controls, reported no
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increased risk of female breast cancer.[8] In a cohort study of women employed in capacitor
facilities, no overall increase of breast cancer incidence was detected after exposure to PCBs,
as estimated from a job-exposure matrix.[13] Several studies, however, point to a possible
role of PCBs in breast cancer for the subgroup of potentially predisposed women who carry a
genetic variant in the CYP1A1 gene.[42-45] There also remain uncertainties concerning the
role of certain PCB subgroups, such as dioxin-like PCBs.[8] Dioxins have been investigated
less frequently in relation to breast cancer. In the cohort of women exposed to 2,3,7,8-TCDD
- the main dioxin - following the explosion of a trichlorophenol manufacturing plant near
Seveso, Italy, an increase in female breast cancer incidence was observed in the most
contaminated areas [46] and among women with higher TCDD serum levels.[47] Increased
mortality from breast cancer in both women and men was also reported in an international
cohort of workers exposed to phenoxy herbicides contaminated with dioxins.[48] Overall
these data provide some support to the hypothesis that some PCBs and dioxins may increase
the risk of breast cancer, and requires further attention.
Phthalates have been widely used as plasticizers in soft plastics or in cosmetics,[49] but they
have never been investigated thoroughly in relation to breast cancer incidence in an
epidemiological study. We found no significant association of male breast cancer with
exposure to phthalates possibly because of confounding by alkylphenolic compounds.
Because of their widespread use, their effects in hormone-related cancers would deserve
further attention. The role of environmental exposures to persistent organochlorine pesticides,
such as DDT, was investigated in many studies with mainly negative findings[7]. Other
studies in female farmers reported increased breast cancer risk in women likely exposed to
pesticides,[11] or living closer to pesticide application areas.[12] Our data provide no support
for an association between pesticide exposure and breast cancer in men, but the lack of
information on specific pesticides may account for these negative findings.
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Conclusion
The elevated risk of male breast cancer in certain occupations provided some clues about
possible environmental mammary carcinogens. The elevated risk of male breast cancer among
motor vehicle mechanics, points to a role of PAH and gasoline or petroleum solvents in breast
carcinogenesis, that needs to be investigated further in studies of male or female breast
cancer. For the first time in male breast cancer, we have shown that endocrine disrupting
chemicals could affect breast cancer risk. These results support the growing evidence that
breast cancer may be linked to exposure to environmental pollutants and should encourage
further studies on this issue.
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