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Abstract

The association of male breast cancer (MBC) with a positive breast cancer (BC) family history and with BRCA1/2 germ-line
mutations points to a genetic component; a relationship with occupation has also been reported. Recently, we identified patho-
genetic BRCA1/2 mutations in a population-based series of Italian MBC patients: here in, we investigated interactions between a
carrier status for BRCA1/2 mutations and occupation using a case—case design and estimating case-only odds ratios (CORs).
Truck-driving was the most frequent occupation (3/4 BRCA-related cases and 2/19 unrelated cases). An interaction between carrier
status and working as a truck-driver emerged, when we classified MBC cases as “ever/never-held” this job title (COR 25.5; 95%
Confidence Limits (CL): 1.1-1,412.5) or according to truck-driving as the ‘“longest-held” work (COR 54.0; 95% CL: 1.6
2,997.5). The possible modifying effect on MBC risk in subjects carrying BRCA1/2 germ-line mutations of an occupation charac-
terised by exposure to chemicals such as polycyclic aromatic hydrocarbons (PAH) that are capable of inducing DNA damage,

may provide clues to the role of environmental exposures in modifying BC risk in mutation carriers in both genders.

© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Male breast cancer (MBC) is rare compared with fe-
male breast cancer (FBC). In Western countries, FBC is
the most commonly diagnosed malignancy among wo-
men, while MBC accounts for less than 1% of all cancers
in men. It is generally accepted that breast cancer repre-
sents the same disease entity in both genders. However,
the current knowledge on FBC risk factors, involving
primarily reproductive and hormonal factors, cannot
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be readily transferred to males, since MBC occurrence
obviously cannot be related to the female hormonal
and reproductive factors involved in the aetiology of
FBC. By contrast, epidemiological studies on the deter-
minants of MBC are not confounded by hormonal and
reproductive factors and could provide clues to the envi-
ronmental causes of BC, such as exposure(s) to occupa-
tional carcinogens.

The consistently reported association of MBC risk
with a positive family history of breast cancer points
to a relevant genetic component in disease predisposi-
tion [1]. Evidence provided by several studies implicates
pathogenetic germ-line mutations of BRCA2 and, at a
lower frequency, of BRCAI in MBC, and possibly other
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susceptibility genes. Mutations in BRCAI and BRCA2
were estimated to be responsible for 16% and 76%,
respectively, of the MBCs occurring in high-risk
breast/ovarian cancer families [2,3].

MBC has been associated with advancing age, pri-
mary and secondary hyperoestrogenism, and Klinefel-
ter’s syndrome. Several studies have addressed the
relationship between occupational exposures and
MBC, suggesting an association with ionising radia-
tions, high temperatures and extremely low electromag-
netic fields [4]. Furthermore, an increased MBC risk has
been reported in occupational groups exposed to engine
exhaust and gasoline combustion products [5-7], an
environmental exposure that has also been associated
with an increased FBC risk [8]. Most of these studies
were case-control studies due to the rarity of disease,
but a few cohort studies focusing on occupational expo-
sures have also provided results. In general, no detailed
information on the family history of breast cancer and
other malignancies was collected.

Some observations suggest that exogenous exposures
could modify the risk of developing BRCA related-tu-
mours [9]. Environmental and life-style factors, particu-
larly occupational carcinogen exposures, could possibly
contribute to the MBC risk and interact with genetic
characteristics.

We have recently estimated the prevalence of patho-
genetic BRCA1/2 mutations in a well-characterised pop-
ulation-based series of 25 MBC patients from Florence,
Central Italy; constitutional BRCA1/BRCA2 mutations
accounted for 16% (4/25) of our male breast cancer cases
[10]. A detailed occupational history of these MBC cases
has been collected with the aim of evaluating a possible
interaction between a carrier status for BRCAI/BRCA?2
mutations and occupation reported at interview.

2. Patients and methods

A detailed description of the study protocol has been
reported in our previous report in Ref [10]. Briefly, we
have identified a series of MBC cases newly-diagnosed
in the area of Florence in the period 1990-1998. After
exclusion of those who were deceased and patients
who had migrated, the remaining subjects were traced
and invited to participate in the study. Overall, a series
of 31 unrelated MBC patients were contacted; six cases
refused to participate, mostly because of advanced age
or because they were severely ill. Twenty-five cases
agreed to participate and signed an informed consent
with a detailed description of the study protocol includ-
ing information about the mutational analysis of
BRCAIl and BRCA2. The entire coding sequence of
the two genes was analysed by using Protein Truncation
Test and Single Strand Conformational Polymorphism
assay, followed by sequencing [10]. Each subject pro-

vided: (1) a blood sample; (2) detailed information on
his personal history of cancer at any site; (3) detailed
information on his family history for cancer at any sites,
including all first- and second-degree relatives of both
genders (with particular attention to breast and ovarian
cancers); (4) a detailed smoking history (including age at
start, number of cigarettes smoked per day, age at quit-
ting). A detailed working history up to the date of BC
diagnosis was also collected for 23 out of 25 subjects,
including the starting and ending year for each job re-
ported, the main activity of the company where the sub-
ject worked and a brief description of the tasks carried
out at his workplace. The mean number of jobs reported
at interview was 2.0 (11 subjects reported only one job
and a subject reported five different jobs). For each sub-
ject, we identified the occupation that they had held for
the longest period of time (“longest-held’’) and all other
jobs that they had “ever-held”.

The existence of interactions between carrier status
for BRCAI/BRCA2 and occupations was investigated
using a case—case design. Study subjects were classified
according to a specific occupation (yes/no or ever/never),
potentially associated with exposure to carcinogens of
interest, and according to mutational carrier status
(present/absent) either in a 2x 2 table or in a logistic
model including a term for age. The case-only odds ratios
(CORs) and 95% Confidence Limits (CLs) were com-
puted as a measure of gene-environment interactions
that can only be interpreted as a departure from a multi-
plicative effect between the exposure and the genotype
[11]. The case-case design does not allow us to assess
the independent effects of the exposure alone or the
genotype alone [11].

Table 1
Distribution of occupations reported at interview (as “longest-held” or
“ever-held”) in a series of 23 male breast cancer cases (Florence, Italy)

Occupation Longest-held Ever-held
N (%) N (%)
Truck-driver 4 (17) 5(11)
Farmer 209 409
Textile worker 209 3(7)
Storekeeper 209 3(7)
Army 209 2 (4)
Construction worker 1 (4) 3(7)
Shopkeeper/assistant 209 24
Land surveyor 1 (4) 1(2)
Industrial machinery fitter 14 24
Lawyer 14 1(2)
Clerk 14 1(2)
University teacher 1(4) 1(2)
Electroplater 14 12
Wholesale dealer 14) 12
Pharmacist 14 12
Other - 15 (33)
Total 23 46
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3. Results

In this population-based series of MBC cases, four
BRCAI/BRCA2 mutation carriers (4/25, 16%) were
identified [10]. In particular, mutational screening of
the entire coding sequence of these two genes revealed
four pathogenetic germ-line mutations, one in BRCAI
(BRCAI 3345delAG) and three in BRCA2 (BRCA2
1003delA, BRCA2 6010G > T, BRCA2 6696delTC).

A detailed working history was available for 23 of the
25 study subjects. The mean age at diagnosis was 65.8
years (range 42-87 years). The distribution of the “long-
est-held” occupation and jobs “‘ever-held” are shown in
Table 1. The “longest-held” occupation most frequently
reported was truck-driver; all other jobs were reported
by only one or two individuals, thus precluding any
analyses for the other occupations. In addition for the
“ever-held” analysis, truck-driving was again the job
that was most frequently reported.

Four subjects reported truck-driving as their “long-
est-held” job (range 18-31 years); in addition another
subject reported having worked as truck-driver for six
years, although his longest occupation was as a store-
keeper. Thus, overall, 5/23 subjects reported to have
“ever” been employed as truck-driver (22%).

The “ever-held” prevalence of truck-driving was 75%
(3/4) among the four mutation carriers, and 11% (2/19) in
19 non-mutation carriers, thus leading to an estimated
case-only odds ratio of 25.5 (95% exact CL 1.1-1,412.5;
Table 2(a)). The age-adjusted COR was 33.0 (95% CL
1.4-752.6). We also calculated the same association
measure classifying all MBC cases according to truck-
driving as the “longest-held”” occupation (three subjects
among the 4 mutation carriers, 1 among the 19 non-mu-
tation carriers): the resulting COR estimate increased to
54.0 (95% exact CL 1.6-2,977.5; Table 2(b)).

Among the five truck-drivers, the three MBC cases
carrying a pathogenetic BRCA 1/2 germ-line mutation
were diagnosed at 53, 60 and 63 years of age and re-
ported to have worked as truck-drivers for 30, 20 and
31 years, respectively; in contrast, the two MBC cases
without evidence of BRCA 1/2 germ-line mutations were
both diagnosed at 70 years of age and reported shorter
durations (6 and 18 years).

All three BRCA-related MBC cases with a long-term
history of truck-driving also reported a positive first-de-
gree family history of breast or ovarian cancer: (i) the
BRCA2 6696delTC carrier had a sister with an ovarian
cancer diagnosed at 62 years; (i) the BRCAI 3345delAG
carrier had two sisters with BC (at 45 and 41 years);
(iii) the BRCA2 6010G > T carrier had three sisters with
BC. An updated follow-up of these three patients al-
lowed us to identify two additional female relatives diag-
nosed with cancer of the ovary (one of the sisters of the
BRCAI 3345delAG carrier already affected with BC)
and BC (a fourth sister of the BRCA2 6010G > T car-

Table 2

Association between BRCAI/2 mutation carrier and occupation of a
truck-driver: (a) “ever/never-held”’; (b) “longest-held” occupation yes/
no) in a population-based series of 23 male breast cancer cases; CORs
and 95% exact CLs (Florence, Italy)

(a) “Ever-held”

"Ever-held" Germline
BRCA1/BRCA2
Mutation
Total
Yes No
Ever 3 2 5
Truck
Driver
Never 1 17 18
Total 4 19 23
COR=25.5 (95% exact CL: 1.1-1,412.5)
COR = 25.5 (95% exact CL: 1.1-1,412.5)
(b) “Longest-held” occupation
"Longest-Held" Occupation
Germline
BRCAI1/BRCA2
Mutation
Total
Yes No
Yes 3 1 4
Truck
driver
No 1 18 19
Total 4 19 23

COR= 54.0 (95% exact CL: 1.6-2,997.5).

COR = 54.0 (95% exact CL: 1.6-2,997.5)

rier, diagnosed at 53 years). The fourth BRCA-related
MBC case (BRCA2 1003delA) was diagnosed at 64
years, did not report a family history of breast or ovar-
ian cancer and had worked as shop assistant for 42
years.

According to the information on smoking history col-
lected at interview, 9/25 (36%) cases were classified as
current smokers at diagnosis, 12/25 (48%) as former
smokers and 4/25 (16%) as never smokers. Among the
four BRCA-related MBC cases, two were current smok-
ers and two former smokers: all had started smoking
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between 15 and 20 years of age and, at diagnosis, re-
ported a cumulative exposure of 15, 35, 72 and 96
pack-years. Additional details on the whole series of
25 MBC cases (including histopathology) are reported
in Table 1 of Ref. [10].

4. Discussion

We have identified a possible gene-environment inter-
action between an occupational exposure and BRCAI/2
germ-line mutations in a relatively small population-
based series of MBC cases, by measuring the association
between mutational carrier status and occupation in a
case-only study. A strong approximately 25-fold interac-
tion with working as a truck-driver emerged when we
classified subjects as “‘ever/never-held” this specific job
title. This association was confirmed and actually be-
came more evident when we carried out analyses strati-
fied by age or classified our study subjects according to
their “longest-held” job. The results of our analysis can
only be interpreted as a departure from a multiplicative
effect for the two factors combined: this means that the
joint effect of the two characteristics (BRCAI/2 muta-
tions and truck-driving) on MBC risk is 25-fold higher
than the independent effect of the genotype alone multi-
plied by the independent effect of the exposure alone.
The independent effects of the genotype alone or the
exposure alone cannot be estimated in this case-only
study [11].

For all three BRCA -related MBC cases reporting to
have worked as truck-drivers, the duration of this occu-
pation was at least 20 years, while they were diagnosed
at a younger age than the median value in this series.
All of them also reported a positive family history for
breast and/or ovarian cancer.

Overall, the MBC risk has been repeatedly associated
with occupations involving exposures to engine exhaust.
An increased risk of MBC deaths (with two cases ob-
served, standardised mortality ratio (SMR) 14.36; 95%
CL 1.73-51.9) has been reported in a cohort of urban
policemen in Rome, Italy, an occupational group ex-
posed to engine exhaust during traffic control [5]. An ex-
cess risk of MBC for policemen (SMR 2.90; 95%CL
1.08-7.80) was also reported in a Swedish register link-
age study [6]. In a case-control study on MBC, based
on 230 cases identified and 12800 controls randomly se-
lected from the files of the National Danish Pension
Fund, an excess risk for breast cancer among men was
found, when a lag time of at least 10 years was included
in the model, for workers who had potentially been ex-
posed to gasoline and combustion products (odds ratio
(OR) =2.2; 95% CL 1.4-3.6), defined as blue-collar
workers who had worked for at least three months in
vehicle maintenance, wholesale trade of gasoline or car
repair shops [7]. A national United States (US) mortal-

ity survey, based on the longest-held occupation, re-
ported a five-fold increased MBC risk for taxi-cab
drivers [12], while no association emerged for long-term
lorry drivers.

Some epidemiological studies have suggested a possi-
ble role of exposure to gasoline and combustion prod-
ucts (including motor vehicle repair) on the breast
cancer risk in women [8,13,14]. Components of engine
exhaust, including polycyclic aromatic hydrocarbons
(PAHs) such as benzo[a]pyrene (B[«]P), have a carcino-
genic effect on the mammary gland in experimental set-
tings [15,16].

Perera et al. [17] reported a higher level of PAH-
DNA adducts in breast cancer patients (tumour and
non-tumour tissues) than in mammoplasty controls,
using **P-post labelling with propidium iodide (PI) nuc-
lease extraction as the method of detection. A subse-
quent study, also using the **P-post labelling method,
found similar results [18] in 89 breast cancer cases and
29 reduction mammoplasty patients. A more recent
case-control study using benign breast disease patients
as controls found that elevated levels of PAH-DNA ad-
ducts in breast tissue were significantly associated with
case-control status [19]. PAH-DNA adducts were also
higher in blood samples obtained from breast cancer
cases than from healthy women [20]. We have recently
shown that workers who are exposed to traffic, in the
Florence area of both sexes (including drivers) have in-
creased levels of DNA-adducts in their peripheral white
blood cells [21]. Other studies have suggested a role for
metabolic polymorphisms [22] or polymorphisms of
DNA repair genes in the modulation of PAH-DNA
adducts [23].

Active cigarette smokers are exposed to a large series
of human carcinogens, including PAH, and have re-
cently been reported to be at significantly increased risk
for female BC in a large prospective study carried out in
the US [24], although tobacco smoke has anti-oestro-
genic effects. By contrast, the association of cigarette
smoking with MBC is not clear and results are contro-
versial [4,25]; it has also been shown that smoking is
not associated with BC risk among carriers of BRCA
mutations [26]. The smoking history of MBC cases in
our series agreed well with available data provided by
a population-based series in the same area of Florence
[27], although it is interesting that all four BRCA-
related MBC cases started smoking at an early age.

The specific role of BRCAI/2 in breast cancer carcin-
ogenesis is not yet completely understood, but the pro-
teins encoded by these two genes have been implicated
in DNA repair [28]. It has been suggested that the risk
of hereditary breast and ovarian cancer can be modified
by external factors. Hormonal factors related to oestro-
gen exposure and deprivation have been suggested as
possible modifiers of BC risk, particularly in BRCAI
mutation carriers; furthermore, the role of genotoxic
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agents, such as PAHs, that can induce DNA damage
cannot be excluded as modifiers of BC risk in BRCA1/
2 mutation carriers [29].

In this case-only study, we found a strong interaction
between a specific occupation and the development of
breast cancer in male BRCAI/2 mutation carriers. Our
study design allows us to estimate the departure from a
multiplicative effect of genotype and exposure, under
the assumption of independence between these two fac-
tors [11,30]; such an assumption appears to be reasonable
in this setting. This is a population-based series of MBC
cases, and thus the occurrence of a selection bias in case
identification may be considered unlikely, although a
few eligible cases refused to participate because they were
too old or too ill. While the issue of multiple comparisons
might be considered, we actually carried out our analyses
focusing on truck-driving, the only frequently reported
occupation in this series. In addition, the a priori plausi-
bility of the hypothesis we have tested agrees with both
experimental and epidemiological studies that support
the association we have found.

In conclusion, the identification of a possible modifier
effect of an occupational exposure to engine exhaust,
and particularly to PAHs, on the breast cancer risk in
male BRCAI/2 mutation carriers may provide clues to
the possible role of environmental exposures in modify-
ing cancer risk in mutation carriers of both genders.
Overall, this finding is consistent with results of previous
epidemiological studies suggesting an association of
male breast cancer with occupational exposure to engine
exhaust and gasoline combustion products and,
although limited by the small size of our series, may
add to the knowledge that is being accumulated on the
role of PAHs in breast carcinogenesis.
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