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2. CANCER IN HUMANS

2.1 Cohort studies of occupational

exposure

Commercial mixtures of congeners of poly-
chlorinated biphenyls (PCBs) were manufac-
tured starting in the 1920s in Austria, France,
Germany, Italy, Japan, Spain, Poland, the Russian
Federation, the United Kingdom, and the USA.
No published epidemiological studies of cancer
among PCB-production workers were available
to the Working Group.

2.1.1 Capacitor manufacture

Studies of cancer mortality and incidence
among workers exposed to PCBs in the manu-
facture of capacitors have been conducted in
Italy (Bertazzi et al., 1982, 1987; Tironi et al.,
1996; Pesatori et al., 2013), Sweden (Gustavsson
et al., 1986; Gustavsson & Hogstedt, 1997), and
the USA (Brown & Jones, 1981; Brown, 1987;
Sinks et al., 1992; Kimbrough et al., 1999, 2003;
Mallin et al., 2004; Prince et al., 2006a, b; Ruder
et al., 2006; Silver et al., 2009). The details of
cohort studies among capacitor-manufacturing
workers are presented in Table 2.1.

Bertazzi et al. (1982, 1987) studied 544 male
and 1556 female former capacitor-production
workers exposed between 1946 and 1980 at one
capacitor-manufacturing plant in Monza, Italy.
Cancer mortality until 1991 was non-statistically
significantly increased among men (standard-
ized mortality ratio, SMR, 1.1; 95% CI, 0.7-1.7; 20
deaths) and women (SMR, 1.2; 95% CI, 0.7-1.8;

19 deaths) (Tironi ef al., 1996). The most recent
update also included 373 male and 97 female
workers at a second plant that operated from 1950
to 1982 (Pesatori ef al., 2013). There was no excess
overall cancer mortality; however, mortality due
to cancers of the digestive tract, not otherwise
specified, was statistically significantly increased
(SMR, 2.5; 95% CI, 1.2-5.3; seven deaths). Deaths
due to cancer of the brain (SMR, 1.8; 95% CI,
0.9-3.6; eight deaths) and lymphoma (SMR, 1.9;
95% CI, 1.0-3.3; twelve deaths) were in excess,
especially for Hodgkin disease (SMR, 4.0; 95%
CI, 1.3-12; three deaths) among women. Men
were at increased risk of mortality from cancer
of the biliary tract (SMR, 3.9; 95% CI, 1.5-10.4;
four deaths) and cancer of the prostate (SMR, 1.7;
[95% CI, 0.8-3.5]; seven deaths). [This cohort was
notable for the high proportion of women.]
Gustavsson & Hogstedt (1997) studied cancer
incidence and mortality until 1991 among
242 male capacitor-manufacturing workers
employed for at least 6 months between 1965 and
1978 at a plant in Sweden. Individuals were clas-
sified as “high-exposed” if they had ever worked
in the impregnation or repair departments.
Cancer mortality was not significantly elevated
among highly exposed workers (SMR, 1.9; 95%
CI, 0.8-3.9; seven deaths). Two cases of cancer
of the liver and bile duct were diagnosed (SMR,
6.7; 95% CI, 0.0-37 for highly exposed workers).
Mortality from non-Hodgkin lymphoma (NHL)
was increased among highly exposed workers
based on one case (SMR, 9.1; 95% CI, 0.2-51).
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Polychlorinated biphenyls

[Findings based on this small cohort were difhi-
cult to interpret because of limited precision.]

A cohort of 2885 white workers employed
between 1944 and 1977 at a capacitor-manufac-
turing facility in Illinois, USA, who were exposed
to PCBs (1952-1977), chlorinated naphthalenes
(1944-1981), and other chemicals, was followed
until 2000 (Mallin et al., 2004). Plant records
were incomplete and short-term workers (less
than 1 year employment) were least likely (83%)
to have been traced. There was excess mortality
from cancers of the stomach [SMR, 1.9; 95% CI,
1.1-3.1], liver and biliary tract [SMR, 2.4; 95% CI,
1.3-4.1] and breast [SMR, 1.2; 95% CI, 0.9-1.6].
Women with 5 or more years employment during
the period of PCB use had significantly elevated
mortality from cancers of the liver and biliary
tract (SMR, 5.6; 95% CI, 1.5-14; four deaths)
and intestine (SMR, 2.3; 95% CI, 1.0-4.3; nine
deaths). Men had excess mortality from cancer
of the thyroid (SMR, 15.2; 95% ClI, 3.1-45; three
deaths), while women had excess mortality from
NHL, which was not related to the duration of
employment (SMRs, 1.6-2.1). Data on NHL were
not reported for men. [Exposure assessment was
limited and workers were exposed to multiple
chemicals, which hampered attribution of cancer
outcomes to PCB exposure.]

The United States National Institute for
Occupational Safety and Health (NIOSH) cohort
(Ruder et al., 2014) included 25 000 workers at
facilities in three states, originally studied sepa-
rately, in Indiana (Sinks ef al., 1992; Ruder et al.,
2006) and Massachusetts and New York (Brown
& Jones, 1981; Brown, 1987; Prince et al., 2006a,
b), and combined for an analysis of cancer of the
breast (Silver et al., 2009). Separate job-exposure
matrices were developed for each of the plants,
based on department, job title, era, company
records, information about job tasks, and
sampling data (Nilsen ef al., 2004; Hopf et al.,
2009, 2010), with each worker receiving an esti-
mated cumulative exposure score, so that cancer

outcomes could be analysed by level of relative
exposure.

Updating vital status until 1998 for the
Indiana subcohort (which comprised 3569
workers exposed to PCBs between 1957 and
1977) confirmed the earlier findings of excess
melanoma and cancer of the brain (Sinks ef al.
1992). Melanoma remained in excess (SMR,
2.4; 95% CI, 1.1-4.6), particularly in the lowest
tertile of estimated cumulative exposure (SMR,
3.7; 95% CI, 1.2-8.7; five deaths). Mortality from
cancer of the brain (SMR, 1.9; 95% CI, 1.0-3.3)
increased with exposure, with a standardized
mortality ratio of 2.7 (95% CI, 0.9-6.3; five
deaths) in the highest quartile and a significant
exposure-response trend in the standardized
rate ratio (SRR) (P = 0.02). Among those having
worked > 90 days, both melanoma (SMR, 2.7;
95% CI, 1.1-5.2) and cancer of the brain (SMR,
2.1;95% CI, 1.1-3.8) were elevated, especially for
women (melanoma: SMR, 6.0; 95% CI, 1.2-17.5;
three deaths; cancer of the brain: SMR, 2.9; 95%
CI, 0.6-8.4; three deaths). The standardized
mortality ratio for mortality from NHL was 1.2
(95% CI, 0.6-2.3) (Ruder et al., 2006).

Theoriginalstudiesinthe Massachusetts-New
York subcohorts (Brown & Jones, 1981; Brown,
1987) included only 2567 workers considered to
be highly exposed to PCBs during 1938-1977
(Massachusetts) or 1946-1977 (New York). The
update until 1998 expanded the study population
to include 14 458 workers with at least 90 days of
potential exposure to PCBs (Prince ef al., 2006b).
Cancer of the liver, leukaemia and aleukaemia
[aplastic anaemia], and NHL were not in excess
overall, but mortality from multiple myeloma
was (SMR, 1.85; 95% CI, 1.23-2.67). In the New
York subcohort, mortality from melanoma was
elevated (SMR, 1.79; 95% CI, 0.98-3.0). Mortality
from cancer of the stomach was elevated among
men (SMR, 1.53;95% CI,0.98-2.28) and increased
with cumulative exposure (trend, P = 0.039).
Mortality from cancer of the prostate was not
elevated overall (SMR, 1.0; 95% CI, 0.72-1.45),
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but increased with cumulative exposure (trend,
P < 0.001). Mortality from intestinal cancer was
elevated among women (SMR, 1.31; 95% CI,
1.02-1.66), especially in categories with higher
cumulative exposure, but did not show a clear
trend.

[The NIOSH studies were originally reported
in multiple, overlapping publications based on
several plants, but were subsequently merged into
a single cohort. The Working Group regarded
the quality of the NIOSH studies as high, and
noted that they represented considerable effort to
enumerate, expand and update the cohorts and
assess exposure using objective job-exposure
matrices.]

In addition to the NIOSH studies, separate
analyses were conducted independently for
the New York plant (Kimbrough et al., 1999,
2003). These studies, which used duration of
employment and whether hourly or salaried as
surrogates for exposure, reported on virtually
the same workers as in the NIOSH New York
subcohort (mortality until 1998, employed at
least 90 days, 7075 workers versus the 6941
studied by NIOSH), but found no significant
excess mortality for any cancers (Kimbrough
et al., 1999, 2003). [The Working Group noted
that the analyses by Kimbrough included 134
more workers than did Prince et al. but was not
able to determine the reason for the discrepancy.
In addition, Kimbrough et al. presented results
only in subgroups defined by sex and pay grade,
limiting the power of the analyses.]

The NIOSH study of cancer of the breast
(Silver et al., 2009) included 5752 women
employed for at least 1 year in any one of the
three capacitor-manufacturing facilities studied
previously by NIOSH. Exposure to PCBs was
estimated semiquantitatively using job-exposure
matrices and information about incident cancer
of the breast, parity, age at first live birth, breast
cancer in a first-degree female relative, hormone
use, and smoking was used in analyses for 3952
women who completed questionnaires. Cancer
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registries and death certificates up to 1998 were
used to identify 281 incident cases. The overall
standardized incidence ratio (SIR) for cancer of
the breast was 0.8 (95% CI, 0.7-0.9), with little
effect of employment duration or cumulative
exposure. However, for the 282 women of race
identified by questionnaire as “other than white,”
there was a positive, statistically significant asso-
ciation with cumulative exposure, with a hazard
ratio for cancer of the breast of 1.3 (95% CI,
1.1-1.6) per 1000 unit-years of estimated cumula-
tive exposure, while no association was observed
in “white” women.

2.1.2 Transformer manufacture and repair

Studies of cancer mortality and inci-
dence among workers exposed to PCBs in the
manufacture or repair of transformers have
been conducted in Canada (Yassi ef al., 1994,
2003), Italy (Caironi et al., 2005), and the USA
(Greenland et al., 1994; Table 2.2).

Cancer mortality among a subset of deceased
former workers at a transformer-manufacturing
plant in Massachusetts, USA, was evaluated for
(ever having had) exposure to PCBs (Pyranol)
(Greenland et al., 1994). There were positive
associations with cancer of the liver and biliary
tract (odds ratio, OR, 2.4; 95% CI, 0.6-9.7) and
lymphoma (OR, 3.3; 95% CI, 1.1-9.3). In an anal-
ysis adjusted for age at death, year of death, and
year of hire, the adjusted odds ratio was 2.2 (95%
CI, 0.8-6.5) for cancer of the liver and biliary tract
and 1.5 (95% CI, 0.55-4.3) for lymphoma. [The
Working Group noted that numbers of deaths by
site associated with exposure to PCBs were not
reported, and job histories were unavailable for
34% of the study population.]

Cancer incidence and mortality until 1995
were studied in a cohort of 2222 men working
between 1946 and 1975 at a transformer-man-
ufacturing plant in Manitoba, Canada, where
PCBs (Askarels) were used from 1956 to fill large
transformers (mineral oils were used in other
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transformers) (Yassi et al., 2003). The mortality
study showed an increased risk of mortality
for cancer of the digestive tract, particularly
cancers of the stomach and pancreas, among
workers in the transformer-assembly depart-
ment. The incidence study included ten cases
of malignant melanoma in the full cohort (SIR,
2.2;95% CI, 1.1-4.0). Increased risk of cancers of
the gall bladder and pancreas was also observed
among all workers, and an excess of cancer of
the pancreas was reported among workers in the
transformer-assembly department (SIR, 7.2; 95%
CL 1.5-21.1) (Yassi ef al., 2003). [The Working
Group noted that the authors did not assess indi-
vidual exposure to PCBs, which makes it difficult
to attribute effects specifically to PCBs.]

In a study in Bergamo, Italy, among 471
workers who built transformers between 1950
and 1988, using PCBs until 1980 and mineral
oils thereafter, and who repaired transformers
from 1988 until the early 1990s, mortality from
cancer of the intestine was significantly elevated
(SMR, 2.6; 95% CI, 1.6-3.5; 11 deaths), but
mortality from cancer of the stomach or liver, or
leukaemia, was not (Caironi et al., 2005). [This
was a small study, but it focused on transform-
er-repair workers who would have had substan-
tial dermal exposure to PCBs.]

2.1.3 Electric power and telecommunications

Studies of cancer mortality and incidence
among workers exposed to PCBs in the elec-
tric-power and telecommunications industries
have been conducted in Canada (De Guire ef al.,
1988; Hay & Tarrel, 1997), Italy (Cammarano
et al., 1984, 1986), Norway (Tynes ef al., 1994),
and the USA (Savitz & Loomis, 1995; Loomis
et al., 1997; Charles et al., 2003; Table 2.3).

De Guire and coworkers found increased
incidence of and mortality from malignant mela-
noma among 9590 employees of a telecommuni-
cations company in Montreal, Canada, who had
been employed for 6 months or more between
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1976 and 1983 (De Guire et al., 1988, 1992). Three
deaths were identified among men (SMR, 3.0;
95% CI, 0.6-8.8), with a stronger association for
those with < 20 years latency (SMR, 9.4; 95% CI,
1.1-34; two deaths) than for those with > 20 years
latency (one death; SMR, 1.3; 95% CI, 0.0-7.1).
Only one case occurred among women (SMR,
4.8; 95% CI, 0.1-27). [This was a reasonably large
cohort, but the number of incident cases was
small. Exposure to PCBs may have occurred, but
was not assessed.]

Cancer incidence among 5088 workers in
the hydroelectric-power industry in Norway
employed for at least 1 year between 1920 and
1991 was examined in relation to magnetic fields
or electric sparks, and to exposure to PCBs
(Lynes et al., 1994). Workers were classified as
ever or never exposed to PCBs, based on work
histories. The incidence of malignant melanoma
was increased in the full cohort (SIR, 1.1; 95%
CI, 0.7-1.8) and among power-supply electri-
cians (SIR, 2.1; [95% CI, 1.0-3.7]). Significantly
increased incidence was also reported among
workers ever exposed to PCBsand to > 15 uT-years
of magnetic fields (SIR, 2.7; [95% CI, 1.2-5.2]).
[This study investigated exposure to PCBs and to
electric and magnetic fields. Exposures to PCBs
and to electric and magnetic fields may be corre-
lated through associations with certain jobs, but
exposure is unlikely to confound the association
with PCBs, as such exposure is not known to be
associated with melanoma.]

Loomis and colleagues assessed risk of cancer
in relation to PCB exposure among 138 905 male
employees of five utility companies in California,
North Carolina, Pennsylvania, Tennessee, and
Virginia, USA, who were employed for at least 6
months between 1950 and 1986 (Savitz & Loomis,
1995; Loomis et al., 1997). Exposures were
assessed jointly by representatives of employees
and management and by industrial hygien-
ists. Mortality from melanoma increased with
increasing exposure to PCBs, from 1.2 (95% CI,
0.6-2.5) for those with < 2000 hours cumulative
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exposure to PCBs, to 1.7 (95% CI, 0.7-7.1) among
those with 2000-10 000 hours cumulative expo-
sure, to 1.9 (95% CI, 0.5-7.1) for those with
> 10 000 hours of cumulative exposure over their
career. When exposure waslagged by 20 years, the
respective relative risks were 1.3 (95% CI, 0.8-2.2),
2.6 (95% CI, 1.1-6.0), and 4.8 (95% CI, 1.5-15.0).
When the risk of melanoma was modelled with
a continuous variable for cumulative exposure to
PCBs, the relative risk per 2000 hours of expo-
sure was 1.05 (95% CI, 1.01-1.09) with a 20-year
lag. There was no association with cancer of the
liver, and the association with cancer of the brain
was less strong: the relative risk was 1.6 (95% CI,
0.9-3.0) among those with < 2000 hours cumu-
lative exposure and 1.8 (95% CI, 0.8-4.0) among
those with 2000-10 000 hours cumulative expo-
sure, but there were no deaths from cancer of the
brain among those with > 10 000 hours cumula-
tive exposure (Loomis ef al., 1997).

A nested case—control study within this util-
ity-worker cohort investigated mortality from
cancer of the prostate relative to exposure to
electromagnetic fields and PCBs (Charles ef al.
2003). Cases were 387 prostate-cancer dece-
dents; 1935 controls (5 per case) were randomly
selected from the risk sets of the cases. The
odds ratio for cumulative exposure to PCBs for
> 2821.4 hours and mortality from cancer of the
prostate, adjusted for age and race, was 1.2 (95%
CI, 0.8-1.7). For workers with > 2763.2 hours of
exposure to PCBs and > 4.4 puT years of exposure
to magnetic fields, the adjusted odds ratio was 1.5
(95% CI, 1.0-2.2).

[The Working Group considered that,
because of the size of the cohort and the efforts
to assess exposure, the Loomis—Charles studies
were the strongest in this group, especially the
results showing an exposure-response effect.
The lagged analysis of melanoma mortality was
informative about exposure-time windows.]

Some information about cancer risk among
electrical workers with exposure to PCBs was
reported in two smaller studies. Hay & Tarrel

(1997) investigated mortalityin 1958-1991 among
power-company workers in Canada who applied
mixtures of the pesticides 2,4-D (2,4-dichloro-
phenoxyacetic acid) and 2,4,5-T (2,4,5-trichlo-
rophenoxyacetic acid) and waste transformer
oil that contained up to 10% PCBs. All-cancer
mortality was increased among workers who
first sprayed in 1958 or earlier (SMR, 1.5; 95%
CI, 0.9-2.3; 18 deaths), but not among those first
exposed in 1959 or later, when used transformer
oil was added to the pesticide mix (SMR, 1.1;
95% CI, 0.2-3.2; three deaths). [The Working
Group noted that the results were not presented
by cancer site and concluded that exposures to
PCBs were likely to have been negligible.]

Mortality until 1985 was investigated among
270 men who had worked for at least 6 months
in a thermoelectric power plant in Italy and
who were exposed to PCBs, chromium, nickel,
beryllium, polycyclic aromatic hydrocarbons
(PAHs), asbestos, and hydrazine (Cammarano
et al., 1984, 1986). Among workers with > 10
years exposure, 18 cancer deaths occurred [SMR,
2.2; 95% CI, 1.3-3.4] (Cammarano et al., 1986).
[The Working Group noted that workers were
exposed to several human carcinogens and that
the study was very small, with only one death for
most cancer sites, making it difficult to interpret
site-specific mortality.]

2.1.4 Miscellaneous industries

AsPCBshave been used in many applications,
workers in many industries have been exposed,
and as structures and equipment that contain
PCBs are repaired, demolished, or replaced,
workers involved in these operations and/or in
waste recycling and disposal may be exposed.
There have been many reports of PCB exposure
levels and existing or potential health effects
associated with exposure to materials containing
PCBs, but studies of cancer are very limited.

Robinson et al. (1999) conducted a propor-
tionate mortality study of 31 068 deceased,
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unionized, electrical workers employed in the
construction industry, who might have been
exposed to PCBs (and other agents) during their
working lives. Excess mortality occurred for
melanoma (proportionate mortality ratio, PMR,
1.23; 95% ClI, 1.02-1.47) and cancer of the pros-
tate (PMR, 1.07; 95% CI, 1.00-1.14). [Although
this very large death-certificate study found an
excess risk for cancers that have been associated
with exposure to PCBs in other PCB-exposed
cohorts, exposure in this cohort could not be
confirmed.]

Unspecified industrial uses of PCBs have been
associated with an increased risk of cancer. Bahn
and colleagues reported two cases of malignant
melanoma among 31 workers in research and
development and refinery industries in New
Jersey, USA, who were exposed to PCB mixtures,
where 0.04 cases would be expected [SIR, 50.0;
95% CI, 5.6-217] (Bahn ef al., 1976).

2.2 Cohort studies of environmental
exposure

2.2.1 Accidental exposure to PCBs

(a)  Cancer mortality in Yusho patients, Japan

The first evaluation by IARC of the possible
carcinogenic risk of human exposure to PCBs
reported theaccidental exposure to PCBs through
ingestion of rice oil contaminated by Kanechlor
400 in 1968 in western Japan (see Section 1).
In an early analysis of deaths occurring up to
5.5 years after exposure among 1200 Yusho
patients, nine deaths from malignant neoplasms
were reported, including three tumours of the
stomach, two tumours of the lung, one cancer of
the liver, one of the breast, and two lymphomas
(Urabe, 1974; Kuratsune, 1976). A first update
considered mortality among 1761 Yusho patients
followed up until 1983 (Kuratsune ef al., 1988).
Among men, there was a statistically significant
increase in mortality from all neoplasms (SMR,
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2.13; 95% CI, 1.5-3.0), and particularly cancer
of the liver (SMR, 5.6; 95% CI, 2.6-10.7), and
lung (SMR, 3.2; 95% ClI, 1.4-6.3). No statistically
significant increase in tumours was reported
among the women.

After these early reports, two other mortality
analyses of this cohort have been published with
follow-up periods up to 1990 and up to 2007
respectively (see Table 2.4). The first report (Ikeda
& Yoshimura, 1996) analysed the mortality of
1815 patients (916 men and 899 women), with
an average follow-up of 17 years. In the 40-year
follow-up of the total of 1918 patients registered
as of 31 December 2007 (Onozuka ef al., 2009),
254 cases who had not been diagnosed as Yusho
from the beginning of the incident were excluded,
leaving 1664 cases for analysis (860 men and 804
women). Of the 269 deaths among men, there was
a significant excess mortality from all cancers
(SMR, 1.37; 95% CI, 1.11-1.66), and from cancers
of the lung (SMR, 1.75; 95% ClI, 1.14-2.57) and
liver (SMR, 1.82; 95% CI, 1.06-2.91). For women,
mortality for cancer of the liver was in excess,
although not significantly so (SMR, 1.95; 95%
CI, 0.78-4.01). Analysis of different periods since
the incident showed that the increased risk for
all malignancies, and for cancers of the lung and
liver tended to decrease over time.

A morerecentanalysis that did not exclude the
254 patients diagnosed after 1977 (Yoshimura
2012) reported essentially the same pattern of
mortality, with slightly weaker standardized
mortality ratios for cancers of the lung and liver
(Table 2.4).

Finally, another analysis of mortality of
Yusho patients followed up until 2007 was
restricted to the area of Tamamoura in the Goto
Archipelago (Nagasaki prefecture), because it was
the most severely affected (Kashima et al., 2011).
Standardized mortality ratios for all cancers,
lung cancer, and liver cancer were estimated
using the rates of Nagasaki prefecture as the
reference and compared for the years 1968-77
and 1978-2002. A slight excess cancer of the
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lung was observed in Tamamoura in 1968-77
(SMR, 1.37; 95% CI, 0.76-2.48) [data for cancer
of the liver not reported for that period] and no
increase in mortality was seen during the later
period (Table 2.4). However, significant excess
mortality for all cancers, and for cancers of the
lung or liver, were observed for the rest of the
Goto Archipelago (excluding Tamamoura) in
1978-2002.

[The Working Group noted that excess
cancer mortality was largely restricted to men.
In addition the excesses of cancers of the lung
and liver were observed in the full population
of Yusho patients in analyses using national
references rates, but not in the subset from the
Tamamoura area analysed using local reference
rates. Important confounders such as tobacco
smoking for cancer of the lung, or viral hepatitis
for cancer of the liver could not be taken into
account directly, although they may have been
partially controlled for by using local reference
rates, if the distribution of such confounders
in the local reference population were similar
to that of the study population. Yusho patients
were also exposed to PCDFs. The possibility of
confounding by other exposures therefore could
not be completely ruled out.]

(b)  Cancer mortality in Yucheng patients,
Taiwan, China

In 1979, about 10 years after the incident in
western Japan, a similar food poisoning inci-
dent occurred in three counties (Taichung,
Changhua, and Miaoli) of central Taiwan, China
(see Section 1). About 2000 residents from these
counties had ingested rice oil contaminated
with PCBs, and showed clinical manifestations
similar to those described for Yusho (skin erup-
tions and pigmentation, ocular hypersecretion,
and peripheral neuropathy); the syndrome was
named ‘Yucheng’ (‘oil disease’ in Chinese) (see
Section 4). Two mortality analyses have been
carried out on this exposed cohort, after 12 and
24 years of follow-up, and are summarized in
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Table 2.4. The first study cohort was based upon
2038 cases registered until 1979; after excluding
99 cases for which vital status could not be
assessed, 1940 [sic] Yucheng patients (929 men,
1011 women) remained for analysis of mortality
(Hsieh et al., 1996). During 1980-91, 11 deaths
from malignancies were observed (8 men, 3
women); overall and sex-specific mortality was
non-significantly lower than among the general
population, using either local or national refer-
ence rates. Data for specific tumour sites were
sparse, and included one death from Hodgkin
lymphoma and two deaths from cancer of the
liver (one man and one woman). Another anal-
ysis of the same study population was conducted
with the same follow-up (1980-91), but further
exclusions, leaving 1837 patients for analysis and
10 observed deaths from cancer (Yu et al., 1997).
Although the standardized mortality ratio for
all cancers differed substantially from that in the
previousanalysis, it was not significantly different
from that expected based on national rates (SMR,
1.2;95% CI, 0.6-2.3). Data for specific cancer sites
were not reported. [The Working Group noticed
the discrepancy between estimates of standard-
ized mortality ratio based upon apparently very
similar data sets.]

Data for updated analyses of Yucheng patients
are shown in Table 2.4. Tsai ef al. (2007) extended
the follow-up to 2003. From a list of 2061 regis-
tered patients, 70 exposed in utero and 168
who could not be traced were excluded, leaving
1823 patients. Forty-one deaths by cancer were
observed between 1980 and 2003. Mortality from
all neoplasms was not statistically different from
that in the population in Taiwan, China, overall
or by sex; mortality from cancers at several sites,
including liver, lung, and the lymphatic and
haematopoietic system, was also similar to that of
the national population. As in a previous study,
mortality from chronicliver disease and cirrhosis
was significantly increased. [The Working Group
noted that chronic liver disease and cirrhosis are
important risk factors for cancer of the liver,
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together with infection with hepatitis B and C
viruses, and tobacco smoking.]

A second updated analysis of Yucheng
patients extended the follow-up to 2008 (Li et al.
2013). As referents for comparison, the authors
used subjects from the registry set up in 1979,
residents of the same community, of the same
sex and age (within 3 years) as the Yucheng
patients, but who did not meet the criteria to be
considered as Yucheng patients. After exclusions
because of missing or inconsistent data, a total of
1803 Yucheng subjects and 5170 neighbourhood
referents were considered for analysis; a total of
67 Yucheng patients died from cancer during
1980-2008. No significant association with all
cancer mortality was found overall or among
women. Among men, increased mortality was
reported for cancer of the stomach (SMR, 3.5;
95% CI, 1.5-7.0, seven deaths) and neoplasms
of lymphatic and haematopoietic tissue (SMR,
3.0; 95% ClI, 1.1-6.6, five deaths). Mortality from
cancer of the liver was elevated among women
(SMR, 2.1; 95% CI, 0.9-4.5, six deaths), but not
among men (SMR, 0.4; 95% CI, 0.1-1.1, four
deaths). [The neighbourhood referent population
used in this study may also have been exposed,
which would lead to underestimation of relative
risks.]

[The Working Group noted that the excess
mortality from all cancers and tumours of
the liver observed in Yusho patients was not
present in Yucheng patients. The composition
of PCDF isomers differed markedly between
the two incidents: the main PCDF isomer in
Yusho patients was 2,3,4,7,8-pentachlorinated
dibenzofuran, which has a higher toxic equiv-
alency factor than the main isomer affecting
Yucheng patients, 1,2,3,4,7,8-hexachlorinated
dibenzofuran (Onozuka ef al, 2009). On the
other hand, no excess mortality for cancers
of the stomach or lymphatic and haematopoi-
etic tissue was observed in the Yusho patients.
The same other limitations mentioned for the
Yusho cohort applied to the Yucheng studies:

residual confounding, or chance due to multiple
comparison made in these analyses could not be
discounted.]

2.2.2 Dietary exposure to PCBs

See Table 2.5

Apart from incidental contamination,
chronic exposure to PCBs may occur through a
diet rich in foods with a high content of PCBs;
such exposure has been observed in northern
Europe in populations with a high consumption
of fish.

Cohorts of fishermen from the east coast and
west coasts of Sweden were established in 1968
and 1965 respectively (Rylander & Hagmar,
1995; Svensson et al., 1995). Women who were,
or had been, married to these fishermen were
identified from national and local population
registries. After exclusion because of death,
divorce, or emigration, the respective cohorts of
fishermen’s wives included 1986 women on the
east coast and 6605 women on the west coast
(Rylander & Hagmar, 1995). Information on
vital status and cancer incidence up to 1989 was
gathered from Swedish statistics and the Swedish
cancer registry. Cancer incidence was compared
directly between the cohorts on the east coast
(contaminated) and west coast (control), with
adjustment for age and calendar year. The inci-
dence rate ratio (IRR) for all cancers was 1.19
(95% CI, 1.00-1.41). Among specific cancer sites,
risk was increased for cancer of the breast (IRR,
1.35; 95% CI, 0.98-1.86), cervix (IRR, 1.93; 95%
CIL, 0.83-4.50) and corpus uteri (IRR, 1.16; 95%
CI, 0.61-2.20). All cancer mortality was also
significantly more elevated in the east-coast
cohort when compared with the regional rates
(SIR, 1.17; 95% CI, 1.00-1.36). Dietary informa-
tion showed modest differences in consumption
of fatty fish between the east and west coasts. In a
recent update extending the follow-up until 2002
(Mikoczy & Rylander, 2009) expected mortality
and cancer incidence were based on national
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rates,and no direct comparison between east- and
west-coast cohorts were reported. Standardized
mortality ratios for all cancers combined were
0.98 (0.91-1.06) for the west-coast cohort and
1.15 (95% CI, 0.98-1.34) for the east-coast
cohort. Statistically significant excess incidence
was reported for cancer of the colon in the east-
coast cohort (SIR, 1.61; 95% CI, 1.14-2.21) and
non-melanoma cancer of the skin in the west-
coast cohort (SIR, 1.43; 95% CI, 1.09-1.84). [The
Working Group noted that the excess of cancer
incidence observed using regional rates as refer-
ence became nonsignificant when national rates
were used. Because of the lack of specific expo-
sure information, the possibility of confounding
cannot be ruled out.]

In Finland, a cohort of Baltic Sea fishermen
was identified from the Professional Fishermen
Register, and their wives were identified from
the Population Register (Turunen ef al., 2008). A
cohort of 4260 women was linked with Statistics
Finland’s national cause-of-death data from
1980 to 2005, and expected deaths were calcu-
lated according to national rates. Furthermore, a
cross-sectional substudy was conducted among
94 cohort participants who undertook a health
examination in 2004-2005, including a food-fre-
quency questionnaire and fasting-blood collec-
tion; data from a population-based survey were
used for comparison. No statistically significant
standardized mortality ratios were found for all
cancers, or for any specific tumour site.

After an accidental spill of oil contaminated
with PCBs from the brass works industry in
Gusum, Sweden, in 1972, elevated levels of PCBs
were measured in local fish in 2006. Among the
population of the contaminated area, 641 cases of
cancer were identified in 1960-2003, which was
not above the expected number based on national
rates for the same period (Helmfrid ef al., 2012).
Among men, 22 lymphomas were observed, with
a statistically significant increased standardized
incidence ratio (SIR) of 1.60 (95% CI, 1.00-2.42).
There was also an increased risk of cancer of the

testis (SIR, 2.46; 95% CI, 0.99-5.08; seven cases)
and malignant melanoma of the skin (SIR, 1.56;
95% CI, 0.87-3.94) in the contaminated area
when compared with the general population,
while the risk for cancer of the prostate was near
unity (SIR, 1.06; 95% CI, 0.86-1.29). In addition
to the cohort analysis, a case-control study based
upon a dietary questionnaire was carried out
on 67 cases of cancer, including cancers of the
colorectum, skin (including melanoma), cervix,
breast, prostate, and lymphoma, and 326 controls
resident in the same area. The case—control anal-
ysis reported an increased risk of cancer of the
female breast associated with consumption of
fish more than twice per month, but with only
two cases. Excess risks of lymphoma (five cases,
including men and women) were also observed
with consumption of fish more than twice per
month. Consumption of locally produced foods
was also analysed, but no other statistically
significant increased risks associated with poten-
tial sources of exposure to PCBs were reported in
the case—control analysis. [The Working Group
noted that subjects from this area could have
also been exposed to other contaminants, such
as metals. The case-control analysis was based
upon a very small number of subjects, and there
was poor assessment of dietary exposure and
control for potential confounders.]

Regular consumption of predatory fish consti-
tutes a large source of exposure to several persis-
tent pollutants, including PCBs, for residents of
the Great Lakes Basin (Falk ef al., 1999). A cohort
of regular consumers of sport fish from the Great
Lakes, and residents in the same communities
who consumed no sport fish from the Great
Lakes (referents), were recruited in 1993-94
(Tomasallo et al., 2010). A total of 3757 subjects
(2275 fish consumers and 1482 referents) were
followed from 1995 to 2006, and mortality was
compared with national death rates. Information
about fish consumption and other lifestyle char-
acteristics was obtained by telephone interview,
and a blood sample for measurement of PCBs
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was collected for a subgroup of 610 individuals.
During the 12-year follow-up period, 342 deaths
were recorded, including 134 deaths from cancer.
Cancer mortality rates did not differ from those
of the general population for fish consumers or
referents: SMRs for all cancers were 0.92 (95% CI,
0.74-1.13) and 0.87 (95% CI, 0.64-1.13), respec-
tively. However, fish consumers had non-sta-
tistically significant excesses of cancers of the
pancreas, brain and combined breast, uterus and
ovary. Although blood PCB levels were positively
associated with fish consumption among fish
consumers (P < 0.001 for comparison of mean
PCB concentrations according to three levels
of fish consumption), there was no association
between fish consumption and cancer mortality.
[The Working Group regarded this study as
informative because it included information
about PCB exposures, as well as fish consump-
tion. However, the possibility of confounding
from concurrent exposure to other contaminants
could not be ruled out.]

[Compared with cohorts of Yusho or Yucheng
patients, who consumed food contaminated with
a high level of PCBs for a short period, potential
exposure to PCBs through diet is a long-term,
low-level exposure. Fish or local vegetables
contaminated by PCBs are often also contami-
nated by other compounds such as DDT, PCDFs,
PCDDs, or heavy metals. Furthermore, as
detailed information on other risk factors for the
tumours analysed (i.e. lymphoma, breast, colon,
skin) was lacking, residual confounding could
not be ruled out as a potential explanation for
the associations found in these studies.]

2.2.3 Nested case—control studies of PCB
concentrations in blood or adipose
tissue

Since the 1980s, several cohort studies have
addressed the potential relationship between
risk of cancer and internal measurements of
exposure to PCBs. The most commonly used
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marker of past exposure to PCBs is the serum
or plasma concentration of a set of PCB conge-
ners, although a few studies have measured PCB
concentrations in adipose tissue. Most studies
used a case—control design nested within a cohort
as an efficient method for analysis: PCB concen-
trations were measured in all incident cases diag-
nosed within a defined follow-up period, and in
a sample of at-risk subjects (controls) selected
within the same cohort. A few studies have used
a case—cohort approach, in which the referent
group is formed by a random sample of the whole
cohort selected at baseline. Various sets of PCB
congeners were measured; PCB-118, PCB-138,
PCB-153, and PCB-180 were reported more often
because they were frequently analysed and prev-
alent in human biological samples (see Section
1.2 for more information on analytical methods).
In some instances results for individual conge-
ners were provided but, unless otherwise speci-
fied, the summary estimate refers to the sum of
all measured PCBs.

(a)  Cancer of the breast
See Table 2.6

(i)  USA

The New York University Women’s Health
Study (NYUWHS) enrolled 14 290 women
from New York City between 1985 and 1991;
these women donated a 30 mL blood sample
while attending a mammography screening
clinic (Wolff ef al., 1993). During this period,
women who were diagnosed with cancer of the
breast 1-6 months after entry into the study
were defined as cases. Controls were selected at
random from all cohort members who were alive
and free of cancer at the time of the cancer diag-
nosis in a case patient, matched on menopausal
status, age at entry and day of menstrual cycle
at the time of blood collection. Concentrations
of PCBs were measured without correction for
serum lipids. [Since cases were diagnosed only
1-6 months subsequent to entry, the disease
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could have been present when the blood sample
was collected, despite negative mammography
findings, and could therefore have affected the
measured concentration of PCBs.] Additional
cases and controls were included in an extended
follow-up of this cohort to 1994, giving totals of
148 cases and 295 controls (Wolff et al., 2000a). In
this update, only incident cases were considered
(thus excluding those with a lag time of 6 months
or less). Serum lipids were measured and PCB
concentrations were calculated on a lipid basis.
The risk estimates were further adjusted for
family history of cancer of the breast, reproduc-
tive risk factors, height, and body mass index
(BMI). Odds ratios increased across quartiles of
serum PCB concentrations, reaching 2.02 (95%
CI, 0.76-5.37) in the highest quartile; the trend
was not statistically significant. [The Working
Group noted that this was a well-designed study;
however, the follow-up was relatively short and
the analysis thus had limited power.]

Krieger et al. (1994) performed a nested
case—control study among women in Northern
California, USA, who were members of the
Kaiser Permanente Medical Care Program and
who underwent a health examination, including
giving a sample of blood, between 1964 and 1969,
and were followed up until 1990. Among the
2072 patients identified with cancer of the breast,
150 cases were randomly selected (50 white, 50
black, and 50 Asian) and matched to 150 controls
by race, age, date of entry, and date of follow-up.
After adjustment for reproductive factors, meno-
pausal status and BMI, no association was seen
between risk of cancer of the breast and serum
PCB concentrations for all subjects (OR, 0.93;
95% CI, 0.83-1.05 per ppb). In subgroup analyses
by ethnic group, there was an inverse association
for white women (OR, 0.21; 95% CI, 0.05-0.88;
and OR, 0.17; 95% CI, 0.03-0.89 for the second
and third tertiles respectively, P for trend = 0.04)
and a positive association for black women (OR,
1.74; 95% CI, 0.56-5.43 and OR, 2.13; 95% CI,
0.70-6.50, respectively, P for trend = 0.18). [This
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was a well-designed study with adjustment for
relevant confounders, with more than 2000
cases of cancer of the breast identified during
the follow-up; however, only 150 were selected
for measurement of PCBs and thus power was
limited, especially for subgroup analyses.]

The Nurses’ Health Study was established
in 1976 and included more than 120 000 regis-
tered nurses in the USA, who were subsequently
followed by questionnaire every 2 years and
32 826 women from the cohort provided a blood
sample between 1989 to 1990. Results were
reported from follow-ups until 1992 (Hunter
et al., 1997) and 1994 (Laden et al., 2001a). In
the first follow-up, no association was found
between cancer of the breast and PCB concen-
trations after adjustment for family history
of cancer of the breast, reproductive factors,
BMI, and cholesterol (Hunter et al., 1997). The
extended follow-up to 1994 included 370 case—
control pairs, and provided results for individual
congeners (Laden ef al., 2001a). The pattern of
risk by quintile did not change and no associa-
tion was found for PCB-118, PCB-138, PCB-153,
or PCB-180. In subgroup analyses, a significant
increase in risk was reported for exposure to the
sum of 16 PCBs in nulliparous women (OR, 5.30;
95% CI, 1.06-26.6 for the third tertile of PCB
serum concentrations when compared with the
first tertile, but the overall trend was not signifi-
cant; P = 0.11). An inverse association was found
for women with BMI > 30; the odds ratio for
the highest versus lowest tertile was 0.26 (95%
CI, 0.09-0.76; P for trend = 0.01), while elevated
odds ratios were found for women in the highest
tertile of PCB exposure with BMI of 25-29.9
and < 25. Since PCB exposure induces activity
of cytochrome P450 1A1 (CYP1A1l), and PCBs
themselves can be metabolized to carcinogenic
intermediates by this enzyme, it was explored
whether the potential effect of PCBs was modified
by the CYP1A1 polymorphism using the same
data set (Laden et al., 2002). In 367 case-control
pairs, CYPIAI exon 7 and MspI polymorphisms
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were determined. The relative risk increased
across tertiles of PCB exposure among those with
the variant exon 7 genotype, but not among those
with the wild-type genotype. When the analysis
was restricted to postmenopausal women, the
odds ratio was 2.78 (95% CI, 0.99-7.82) for the
highest tertile of PCB exposure, with a P value for
interaction of 0.05. No gene—environment inter-
action was seen for Mspl polymorphism. [The
Working Group noted that this was a well-de-
signed study with good controls for most rele-
vant confounders, including reproductive factors
and family history of cancer of the breast. The
sample size was reasonable when compared with
previous studies, and estimates for specific PCB
congeners were reported. The only statistically
significant associations were limited to specific
subgroups after several subgroup analyses and
multiple comparisons.]

In another study in the USA, 7224 female
volunteers were identified through the Breast
Cancer Detection and Demonstration Project
(BCDDP) and donated blood to the Columbia
Missouri Breast Cancer Serum Bank; active
follow-up continued until 1989 (Dorgan et al.,
1999). Among these women, 105 were diagnosed
with histologically confirmed cancer of the
breast, and two controls for each were selected,
matched on year of age, date of blood sampling,
and history of benign breast disease at the time of
enrolment. No association was reported between
risk of cancer of the breast and lipid-corrected
concentrations of total PCBs (sum of 27 PCB
congeners measured), or serum concentrations
of PCB-118 and PCB-138, after adjustment for the
main risk factors for cancer of the breast. [This
study had a relatively small number of cases and
was therefore of limited power].

A case-control study was conducted among
residents of Washington County, Maryland,
USA, who had participated in one of two studies
conducted in 1974 and 1989 to obtain blood
samples for a serum bank (Helzlsouer et al.,
1999). Participants were followed up until 1994

by linkage with the Washington County Cancer
Registry. Of the 346 cases of cancer of the breast
diagnosed, valid measurements of PCBs were
available for 340 cases, which were matched to
340 participating women without cancer of the
breast by age, menopausal status and date of
blood collection. Taking into account relevant
confounders including family history of cancer
of the breast, reproductive history and BMI, no
association was found with total PCB serum
concentration or with specific congeners. There
were no statistically significant associations after
stratifying for menopausal status, estrogen-re-
ceptor (ER) status or polymorphism in GSTMI,
GSTT1, GSTP1, COMT, or CYPI7. [The Working
Group noted that this study, with an analysis
adjusting for most relevant confounders, inves-
tigated the hormone-receptor status of tumours,
and also considered possible effect modification
by polymorphisms in several genes with a role
in metabolism. Although the sample size was
adequate for the main analysis, it was limited for
subgroup analyses.]

A nested case-control study compared
serum concentrations of 16 PCBs in archived
early-postpartum serum samples collected
between 1959 and 1967 from 112 cases of cancer
of the breastand 112 age-matched controls (Cohn
et al. 2012). Subjects were residents of Oakland,
California, participating in the Child Health
and Development Studies. Cases of cancer of the
breast were identified by linkage to the California
Cancer Registry, and the California Vital Status
Records. The median time from blood draw to
diagnosis was 17 years, and mean age of cases
at diagnosis was 43 years. No associations were
reported between risk of cancer of the breast and
sum of total PCBs, or with PCB groups (Wolff
et al., 1997). [No odds ratios were reported for
these analyses]. PCB-167 was associated with a
lower risk (OR for highest versus lowest quar-
tile, 0.2; 95% CI, 0.1-0.8), as was PCB-187 (OR
for highest versus lowest quartile, 0.4; 95% CI,
0.1-1.1). In contrast, PCB-203 was associated
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with an increased risk (OR for highest versus
lowest quartile, 6.3; 95% CI, 1.9-21.7). [This was
the only nested case-control study to include
mostly premenopausal women. The study had
limited power.]

(i) Northern Europe

Serum samples were obtained in 1976 from
a cohort of 7712 women aged 20 years or older
who participated in the Copenhagen City Heart
Study (Denmark) and provided information and
a non-fasting blood sample (Hoyer ef al., 1998).
Case ascertainment was achieved by linkage to
the Danish Cancer Registry up to 1993. For each
case, two women free of breast cancer and alive
at the time of diagnosis and matched for age and
date of examination were selected from the rest
of the cohort. After excluding subjects without a
valid serum sample, 240 cases and 447 controls
were included in the study. Concentrations of
28 PCB congeners were measured in serum. No
association was reported between risk of cancer
of the breast and lipid-adjusted concentrations of
the sum of PCBs or specific congeners.

Participants in the same cohort study were
invited for a second examination 5 years after
recruitment; 155 cases and 274 controls from the
previous study had a second serum sample avail-
able (Hoyer et al., 2000). Analyses were carried
out in this group for four common PCB conge-
ners. A statistically significant increased risk
and trend was found for subjects in the highest
quartile of PCB-138 concentration (average of
two measurements; OR, 2.1; 95% CI, 1.0-4.4;
P for trend = 0.04). Elevated odds ratios were
reported for the highest quartile of exposure to
total PCBs and congeners PCB-118 and PCB-153
(OR, 1.6, 1.9 and 1.3, respectively), but the asso-
ciation was not significant for these congeners or
for PCB-180.

Within the same cohort, a total of 161 cases
with ER status information and 318 matched
controls who were free of breast cancer were
included in an analysis according to ER status
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(Hover et al., 2001). No association was found
between incidence of cancer of the breast and
PCB concentrations regardless of ER status.
Finally, paraffin embedded tumour-tissue
specimens were retrieved for 162 cases and 316
controls and found to be suitable for p53 analysis
(Hovyer et al., 2002). A non-significant increased
risk of cancer of the breast (OR, 3.00; 95% CI,
0.66-13.62) was observed in the highest level of
exposure to PCBs among women with mutant
p53. [Several analyses were carried out using data
from this Danish study, but power was limited,
particularly for subgroups.]

The JANUS Serum Bank contains serum
samples collected between 1973 and 1991 from
almost 300 000 individuals undergoing routine
health examinations in Norway. Cases of cancer
of the breast were identified among 25431 women
working outside home and resident on a farm who
were followed until 1993 through linkage with the
Norwegian Cancer Registry (Ward ef al., 2000).
From the 272 cases diagnosed during this period,
150 women with a blood sample taken 2 or more
years before diagnosis were randomly selected;
an equal number of controls were matched to
cases by date of sample collection and date of
birth. The mean lipid-corrected concentration of
serum PCBs (sum of 36 congeners) was similar
for cases and controls (P value, 0.47 for paired
t-test). No association was found for specific PCB
congeners or for PCB groups as defined by Wolff
et al. (1997). [The Working Group noted that this
study was well designed and considered most
relevant confounders for cancer of the breast but,
similar to other nested case—control studies with
serum PCB measurements, had limited power.]

Between 1993 and 1997, 29 875 Danish women
aged 50 to 64 years were enrolled in a prospec-
tive study of diet and cancer and followed until
December 2000 through linkage with Danish
Cancer Registry (Raaschou-Nielsen et al., 2005).
During this period, 409 women were diagnosed
with postmenopausal cancer of the breast;
each case was matched to one control by age,
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postmenopausal status (known/probable), and
use of hormone replacement therapy, and meas-
urements of 18 PCBs in adipose-tissue biopsies
were obtained. No association was found between
concentrations of PCBs and risk of cancer of the
breast in the whole data set. However, an inverse
association was observed when the analysis was
restricted to the 75 ER-negative (ER-) cases (OR,
0.3; 95% CI, 0.1-0.9). This inverse association for
ER- cases was also observed for the congeners
PCB-138, PCB-153, PCB-170, PCB-180, PCB-183
and PCB-187. [The Working Group noted that
this was the largest nested case-control study
of cancer of the breast with PCB measurements,
and the only one to measure PCBs in adipose
tissue rather than serum. The inverse association
of concentrations of total PCB and some PCB
congeners among women with ER- tumours
does not have a clear interpretation.]

(b) NHL
See Table 2.7
(i) USA

Seventy-four cases of NHL (ICD-8200 or 202)
identified during follow-up from 1975 to 1994 of
the cohort from Washington County, Maryland,
USA (described in the previous section) and
147 controls matched by race, sex, and age were
included in a case-control study (Rothman ef al.,
1997). PCB concentrations were measured in
serum collected before diagnosis and corrected
for lipids. There was a significant dose-response
relationship between risk of NHL and quartiles
of lipid-corrected serum concentrations of PCBs
(sum of 28 measured congeners). The odds ratios
for the third and fourth quartiles when compared
with the first quartile were 2.8 (95% CI, 1.1-7.6)
and 4.5 (95% CI, 1.7-12.0) respectively; these
estimates were adjusted, in addition to matching
variables, for education, cigarette smoking and
occupational exposure to suspected risk factors
for NHL. There was also an indication that sero-
positivity for the Epstein-Barr virus early antigen

(EBV-EA) potentiated the effects of serum PCBs,
with a statistically significant interaction (P value
= 0.025).

An analysis of the same data set focusing on
the effect of specific congeners reported a signif-
icant exposure-response relationship between
risk of NHL and increasing concentrations of
PCB-118, PCB-138, and PCB-153 (P for trend
< 0.05) (Engel et al., 2007). [The Working Group
noted that this was the only nested case-control
study on PCB concentrations and NHL that
adjusted for occupational exposure to potential
risk factors.]

An analysis of the association between
NHL and exposure to PCBs conducted within
the Nurses’ Health Study cohort (described in
the previous section) was reported in the same
publication (Engel ef al., 2007). Thirty women
with incident NHL diagnosed between the
date of blood collection and May 1994 (median
follow-up, 1 year) were included as cases and
78 cohort members selected previously as
controls for a study of cancer of the breast served
as controls. Plasma samples were analysed for
PCB concentrations for cases and for controls
at the same time. A statistically significant
exposure-response relationship was observed
between risk of NHL and increasing concentra-
tions of lipid-corrected PCBs (sum of 21 conge-
ners), with an odds ratio of 4.7 (95% CI, 1.2-18.9)
for the third tertile, adjusted for age, BMI, and
smoking status. A significant exposure-response
relationship was also observed for PCB-118 and
PCB-138 (P for trend < 0.05), but not for PCB-153.

An extended follow-up of the Nurses’
Health Study cohort (median time to diagnosis,
5.8 years) included 145 cases of NHL and selected
two controls for each case (n = 290) matched on
age, race, month of blood draw, and fasting status
(Laden et al., 2010). Women with NHL were
identified by annual follow-up questionnaires
and confirmed by review of medical records and
pathology reports. No association was observed
between total serum concentrations of PCBs
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(sum of 51 congeners measured as lipid-corrected
concentrations) or for specific congeners (PCB-
118, PCB-138, PCB-153, PCB-180) after adjust-
ment for several confounders. The same pattern
of no association was observed in the subgroup
analysis by the main subtypes of NHL, diffuse
large B-cell lymphoma (DLBCL), follicular
lymphoma, and chronic lymphocytic leukaemia/
small lymphocytic lymphoma. [This was the
only nested case—control study on non-Hodgkin
lymphoma to include women only. The Working
Group noted that it was a well-designed study.
The positive association observed in the initial
study was not confirmed in the second, larger
study, after adjustment for additional relevant
confounders. However, in the second study
the time since blood draw was prolonged and
different laboratories and laboratory methods
were used for analysis.]

The Physicians’ Health Study began in 1982
in the USA as a randomized trial for the primary
prevention of cardiovascular disease and cancer
inmale physiciansaged 40-84 yearsatenrolment.
A total of 14 916 participants provided a blood
sample in 1982-84 (before randomization) and
were followed until 2003 using annual question-
naires confirmed by review of medical records to
identify newly diagnosed NHL (Bertrand et al.,
2010). After excluding those with a diagnosis
within 6 months after blood collection, prior
diagnosis of cancer, NHL of uncommon subtypes
(i.e. mantle cell lymphoma), or lacking sufficient
information for subtype classification, 205 cases
with available blood samples were included. For
each case, two subjects who were at risk of NHL
when the case occurred were randomly selected
as controls matched by race, age, and date of blood
collection. Lipid-corrected concentrations of 51
PCB congeners in serum were determined for
cases and controls. The odds ratio for the highest
versus lowest quintile of total PCBs adjusted for
matching variables was 1.9 (95% CI, 1.1-3.2),
which was reduced to 1.6 (95% CI, 0.91-2.9)
after adjustment for region, BMI, smoking
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status, alcohol intake, and height, in addition to
matching variables. However, using the natural
log of lipid-corrected concentrations of PCBs,
the association was statistically significant for
the fully adjusted model (P value < 0.01, OR not
reported). The association was also significant
for the log-concentrations of PCB-138, PCB-153
and PCB-180, as well as for the sum of PCBs -118,
-138, -153 and -180. [The Working Group noted
that this was a well-designed study with reason-
able sample size. The multivariable adjustment
weakened the association with total PCBs, but
did not substantially change the interpretation.]

(i) Northern Europe

Within the JANUS cohort, described in the
previous section, 194 histologically confirmed
cases of NHL were ascertained with follow-up to
1999 (median time to diagnosis, 16.6 years) (Engel
et al., 2007). Information, including lipid-cor-
rected concentrations of 36 PCB congeners, was
available for 190 case—control pairs matched by
age, sex, county, and date of examination. In
the analysis further adjustments were made for
BMI and smoking status. The odds ratio for the
association of NHL with the sum of PCBs was
1.7 (95% CI, 0.8-3.4) when comparing the fourth
quartile with the first. A statistically significant
increase in risk was reported for the highest to the
lowest quartile of PCB-153 concentrations (OR,
2.0; 95% CI, 1.0-3.9), with a significant upward
dose-response trend (P < 0.05). Odds ratios of
1.7 in the fourth exposure quartile and signifi-
cant trends were also reported for PCB-118 and
PCB-138. [The Working Group noted that the
sample size, and therefore the power of the study,
was in the range of that of the remaining nested
case—control studies. It was not clear, therefore,
why significant associations were found for
three congeners, namely PCB-118, PCB-138, and
PCB-153, but not for all PCBs combined.]

The association between NHL and PCB
concentrations in adipose tissue was also studied
among participants in the Danish diet and cancer
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study (Raaschou-Nielsen et al., 2005) described
in section 2.2.3(a)(ii) (Brduner et al., 2012). Up
to July 2008 (mean follow-up, 9.6 years), 278
initially cancer free cohort members were diag-
nosed with NHL; a subcohort of 256 participants
was randomly selected for analysis using a case—
cohort approach. Valid measurements of concen-
trations of 10 PCB congeners in adipose tissue
were available for 239 cases and 245 subcohort
members. Age was used as the timescale for the
analysis, stratified by sex and adjusted for BMI.
No association was observed between lipid-cor-
rected concentrations of total PCBs in adipose
tissue and risk of NHL. There was also no
consistent association and no significant trend
with PCB congeners. However, odds ratios were
greater than 1 for all concentrations of PCB-99.
[The Working Group noted that this was the
largest nested case—control study on NHL and
PCB concentrations measured in adipose tissue;
estimates were adjusted only for age, sex, and
BMI. The study explored the potential effect of
all PCBs and a list of 10 specific congeners, with
a consistent pattern of no association for all of
them.]

(c)  Cancer of the male genital tract

See Table 2.8

A nested case-control study on the risk of
testicular germ cell tumours was carried out
within the Norwegian JANUS cohort, described
in Section 2.2.3(a)(ii) (Purdue ef al., 2009). Cases
and controls were selected from cohort members
with baseline blood collection without prior
history of cancer. One male control was matched
to each case by region, age group (2 years), and
year of blood draw. Lipid-corrected measure-
ments of the concentrations of 34 PCBs were
available for 49 cases and 51 controls; 34 of the 49
cases were seminomas, 8 were non-seminomas, 5
were of mixed histology, and 2 were of unknown
histology. There was no statistically significant
association between risk of testicular germ cell
tumours and total PCB concentration (OR, 1.3;

95% CI, 0.5-3.8 for the third versus the first
quartile); however, there was an increased risk
of testicular germ cell tumours for the highest
versus the lowest tertile of PCB-99 concentra-
tion (OR, 2.2; 95% CI, 0.8-5.9) and of PCB-167
(OR, 4.4; 95% CI, 1.0-19.8). Cases of seminoma
had significantly lower concentrations of conge-
ners PCB-44, PCB-49, and PCB-52 and signif-
icantly higher concentrations of congeners
PCB-99, PCB-138, PCB-153, PCB-167, PCB-183,
and PCB-195. Similar patterns of elevated odds
ratios were seen for PCB-99 and PCB-167 in this
subgroup of cases. [The Working Group noted
that this was a well-designed study, but with
small sample size and very limited power.]
McGlynn et al. (2009) analysed concentra-
tions of 15 PCBs in pre-diagnostic serum samples
of 736 incident cases of testicular germ cell
tumours and 913 controls matched to the cases
on age, race, and serum draw date in a cohort
of men in the United States military. The sum
of PCB concentrations was significantly associ-
ated with decreased risk of all testicular germ
cell tumours, and with non-seminoma and semi-
noma. Statistically significantly decreased risks
of all testicular germ cell tumours were also asso-
ciated with eight specific congeners (PCB-118,
PCB-138, PCB-153, PCB-156, PCB-163, PCB-170,
PCB-180, and PCB-187). Similar decreases in
risk were observed for non-seminoma with the
same congeners, while decreased risk of semi-
noma was associated with PCB-138, PCB-153,
PCB-156, PCB-163, and PCB-170. Other conge-
ners and groups of congeners were not associated
with testicular germ cell tumours. In another
study using data from 568 cases and 698 controls
enrolled in the same cohort, Chia et al. (2010)
examined associations between testicular germ
cell tumours and 11 PCB congeners in relation to
polymorphisms in hormone-metabolizing genes.
A statistically significant reduced risk of testic-
ular germ cell tumour for PCB-118 and PCB-138
was found only among subjects with the major
homozygous allele for HSD17B4. [These appear
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to have been large, well-designed and well-imple-
mented studies, but the consistent inverse asso-
ciations of cancer risk with exposure to PCBs
could not be explained biologically.]

The Japan Public Health Center-based
Prospective Study was initiated in 1990. After
excluding subjects from Tokyo for whom cancer
information was not available, the cohort
consisted of 65 657 men, of whom 14 203 (28%)
donated blood between 1990 and 1995 (Sawada
et al., 2010). Up to December 2005, 201 newly
diagnosed cases of cancer of the prostate were
identified using several information sources
(97% pathologically confirmed). For each case,
two controls were selected from among subjects
with no history of cancer of the prostate when
the case was diagnosed, matched by age (within
3 years), public health-centre area, residence, date
and time of day of blood collection, and duration
of fasting. Lipid-corrected plasma concentra-
tions of 41 PCB congeners were measured. Apart
from matching variables, comparisons between
cases and controls were further adjusted for BMI,
smoking, alcohol, marital status, and intakes of
green tea and miso soup. No statistically signif-
icant association with all cancers of the prostate
was seen for total PCBs, for individual PCBs,
or for PCBs grouped according to Wolff et al.
(1997). No statistically significant differences
were found for total PCBs according to stage
(localized or advanced) at diagnosis of cancer
of the prostate. [The Working Group noted that
this was a well-designed and -conducted study
showing null results; although the sample size
was limited, power was reasonable for the main
analysis, but limited for subgroup analyses.]

2.3 Case-control studies of
occupational and environmental
exposure

2.3.1 NHL
See Table 2.9

216

In a case—control study in Australia (Fritschi
et _al, 2005), including 694 histologically
confirmed cases of NHL, and 694 controls,
exposure to PCBs was coded by an expert indus-
trial hygienist based on questionnaire informa-
tion. After adjusting by age, sex, residence and
ethnicity, ever exposure to PCBs was not notably
related to increased risk of NHL (OR, 1.10;
95% ClI, 0.49-2.44) or to the subgroup of B-cell
NHL (OR, 1.18; 95% CI, 0.53-2.62); however,
risk was elevated among the subjects probably
exposed (OR, 4.54; 95% CI, 0.97-21). Indicators
of frequency, intensity, and duration of exposure
did not show clear trends in risk. Occupational
exposure to PCBs was very rare in this study,
with only 25 subjects (13 cases and 12 controls)
possibly or probably exposed. [The Working
Group noted that this general-population case-
control study may have been underpowered to
detect associations with PCBs, given the low
prevalence of exposure.]

A case-control study was conducted in an
area of northern Italy where environmental
exposure had resulted from soil contamination,
most likely generated by spills from an adja-
cent factory producing PCBs and organochlo-
rine chemicals. PCB concentration in the soil
was used to define four areas with increasing
concentrations of exposure. Overall, 495 cases
of NHL, including 208 prevalent cases and 287
incident cases, identified in the Cancer Registry
of the Brescia Local Health Authority, and 1467
population controls, randomly selected from
the resident population, frequency-matched to
cases by age and sex, participated in the study.
Exposure to PCBs was assigned according to
residence in one of three contaminated zones or
a control zone, using three metrics: main life-
time residence; residence for at least 10 years in
a given area; and duration of residence. Risk of
NHL was elevated for subjects having resided 10
or more years in any of the three contaminated
areas (OR, 1.4; 95% CI, 1.1-1.8), and particularly
in the most polluted (OR, 1.9; 95% CI, 0.9-3.9).
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Risk was highest for those who had resided 10-19
years in the most polluted area (OR, 3.8; 95%
CI, 1.5-9.8) (Maifredi et al., 2011). [The authors
used the ICD-9 classification to define NHL, and
therefore did not include chronic lymphocytic
leukaemia among their cases, which precluded
any feasible analysis of specific NHL subtypes.]

Several small case-control studies in Sweden
used adipose tissue or serum levels of total
PCBs and individual congeners as the exposure
indicator. In a first study with 27 cases and 17
controls (Hardell ef al., 1996, 1997), risk of NHL
was elevated for total PCB concentrations [17
congeners] above the median among controls
(OR, 1.8; 95% CI, 0.4-7.4), after adjusting for
age and sex. Thirty-six PCB congeners were
measured in a second study with 82 cases of
NHL and 83 controls. The odds ratio was signif-
icantly increased for concentration of immu-
notoxic PCBs (Moysich et al., 1999a) above
the median among the controls (OR, 3.2; 95%
1.4-7.4) (Hardell et al., 2001). An interaction was
observed between elevated concentrations of
total and immunotoxic PCBs above the median
and EBV-EA antibodies: EBV-EA seropositivity
(EBV-EA antibody titre >80) and adipose total
PCB concentrations were associated with an
increase in risk of NHL of two- to fourfold,
which was highest when the immunotoxic PCB
subgroup was considered (OR, 6.4; 95% CI,
1.9-24). When the low-grade B-cell NHLs were
analysed separately, risk associated with elevated
median concentrations of immunotoxic PCBs
among subjects with EBV-EA seropositivity was
increased 17-fold (95% CI, 3.1-150; 16 cases)
(Hardell et al., 2001).

Another case-control study in Sweden
included 99 cases of NHL and 99 population
controls, matched to cases by age, sex, and
health-service region (Hardell ef al, 2009).
After adjusting by age, sex, and BMI, risk of
NHL was elevated for values above the median
among controls for the sum of PCBs (OR, 2.0;
95% CI, 0.99-3.9), and to a lesser extent for the
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subgroups of moderately chlorinated PCBs,
highly chlorinated PCBs, or immunotoxic PCBs.
Risk was highest for follicular lymphoma for the
subgroup of highly chlorinated PCBs (OR, 9.6;
95% CI, 1.9-49; 18 cases); immunotoxic PCBs
(OR, 3.0; 95% CI, 0.9-11); and less chlorinated
PCBs (OR, 2.8; 95% CI, 0.9-9.0). Risks were only
moderately and non-significantly elevated for
diffuse large B-cell lymphoma. When stratified
by EBV-EA antibody titre, risk of NHL associ-
ated with total PCB concentration above the
median was 5.2 (95% CI, 1.9-14) among EBV-EA-
positive subjects, and ranged from 3.0 to 5.0 for
the above-mentioned PCB subgroups; risk for
diffuse large B-cell lymphoma ranged from 3.8 to
7.0 by PCB subgroup (all statistically significant),
and was 6.2 (95% CI, 1.6-25) for immunotoxic
PCBs (Hardell et al., 2009).

A case-control study focused on 54 cases of
hairy cell leukaemia [a rare subtype of NHL]
identified in the Swedish Cancer registry, and
54 controls drawn from the national popula-
tion registry, matched to cases by age, sex, and
county (Nordstrom ef al., 2000). Concentrations
of 36 PCBs were measured in plasma. Overall,
risk was not elevated for total PCB concentra-
tion greater than the median value (OR, 0.8; 95%
CI, 0.3-1.9). When stratifying by EBV-EA anti-
body titre, the odds ratio for exposure above the
median of values was 4.4 (95% CI, 1.2-18.5; 13
cases) for total PCBs and 11.3 (95% CI, 2.3-73.1;
15 cases) for immunotoxic PCBs among subjects
with EBV-EA titres > 40 (Nordstrom et al., 2000).
[The Working Group highlighted some method-
ological concerns about this group of studies,
including poor precision, recruitment of cases
and controls at different times, some with PCB
measurements in adipose tissue and others with
measurements in plasma.]

The largest case—control study of PCB body
burden in relation to risk of NHL was conducted
in Canada (Spinelli et al., 2007). Lipid-adjusted
concentrations of 14 PCB congeners were meas-
ured in pretreatment samples of plasma from
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422 cases of NHL and 460 population controls,
frequency-matched to cases by 5-year age-groups,
sex, and residence. Odds ratios were adjusted for
age, sex, education, BMI, ethnicity, farming, and
family history of NHL. Risk of NHL was found
to be highest in the highest quartile of the sum of
dioxin-like PCBs (OR, 2.40; 95% CI, 1.53-3.77)
and of non-dioxin-like congeners (OR, 2.18; 95%
CI, 1.41-3.38). Individual congeners showing
a significant excess risk in the top quartile of
plasma concentration included PCB-118 and
PCB-156, among the dioxin-like PCBs, and
PCB-138, PCB-153, PCB-170, PCB-180, and
PCB-187, among the non-dioxin-like PCBs. The
observed associations were consistent across the
four NHL subtypes examined, including DLBCL,
follicular lymphoma, T-cell lymphoma, and
other B-cell lymphomas (Spinelli et al., 2007).
[This was one of the largest studies of NHL and
PCBs, and accounted for relevant confounders.
The Working Group judged it to be a high-quality
study, which was notable for providing results for
individual congeners and lymphoma subtypes.
While the participation rate for controls was
less than 50%, the Working Group noted that
this was typical of the available case-control
studies and that potential confounding factors,
including education, were comparable between
cases and controls despite differences in partic-
ipation. The most consistent associations were
seen for follicular lymphoma and exposure to
dioxin-like PCBs.]

A multicentre European study of NHL
included 174 cases and 203 controls from France,
Germany, and Spain (Cocco et al., 2008). Patients
admitted to the same hospital as the cases for
non-cancer diseases not related to known risk
factorsfor NHL wereselected as controlsin France
and Spain; controls in Germany were a random
sample of the general population. Concentrations
of nine PCB congeners were measured in plasma,
and risk estimates were adjusted by age (contin-
uous), sex, education, and centre. Risk of NHL did
not increase by quartile of plasma concentration

of total PCBs, or specific congeners, or the
functional PCB congener groups as defined by
Hansen (Hansen, 1998). When exploring risk
by lymphoma subtype, a nonsignificant increase
was observed for chronic lymphocytic leukaemia
in the top quartile of concentration of immuno-
toxic PCBs and BRCA1l-inhibiting PCBs, with
no indication of an increasing trend, or of an
association with specific PCB congeners. No
association was observed with risk of diffuse
large B-cell lymphoma. However, risk of chronic
lymphocytic leukaemia associated with plasma
concentrations of immunotoxic PCBs above the
median showed a threefold increase (OR, 3.2;
95% CI, 0.9-11.5), increasing to sixfold (OR,
6.1; 95% CI, 1.0-37.8) in the upper quartile, in
subgroup analyses of the German and French
subgroups combined, but not in the Spanish
subgroup; a significant heterogeneity by country
was observed for risk of chronic lymphocytic
leukaemia associated with immunotoxic PCBs,
but not for the sum of total PCBs. [The Working
Group judged this international study to be high
in quality; the classification of lymphoma was
particularly meticulous. Although the overall
results were null, the association of immuno-
toxic PCBs with chronic lymphocytic leukaemia
in two of the three centres is noteworthy. The
heterogeneity between countries may have been
a result of differences in PCB exposure or distri-
bution of confounding factors.]

Pretreatment plasma samples were available
in a subset of 100 cases with a histologically
confirmed diagnosis of NHL and 100 controls
out of the 1321 cases and 1057 general popula-
tion controls who participated in a case—control
study on NHL conducted by the United States
National Cancer Institute in 1998-2000 in four
areas with population-based cancer registries
(Iowa, Los Angeles, CA, Detroit, MI, and Seattle,
WA) (De Roos et al., 2005). Concentrations of 36
non-coplanar and 4 coplanar congeners were
measured in plasma. Risk of NHL overall and
of its major subtypes was analysed in relation
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to 28 PCB congeners detected in at least 30% of
samples. Values below the detection limit were
estimated by multiple imputation. Odds ratios
were adjusted for the matching factors, age, sex,
study site, and date of blood draw. Other potential
confounders were tested, including education,
race, BMI, and family history of NHL, but no
confounding was observed. The results showed
significant upward trends in risk of NHL with
increasing quartiles of plasma concentration of
the subgroup of highly chlorinated PCB conge-
ners (test for trend, P = 0.04), which included
PCB-156, PCB-180, and PCB-194. An increase
of 10 TEQ pg/g lipid was associated with a 35%
excess risk of NHL (95% CI, 1.02-1.79). Some
associations were stronger among the 14 cases of
DLBCL than the 25 cases of follicular lymphoma,
both in men and women, and trends by expo-
sure quartiles became significant for follicular
lymphoma for PCB-180 and PCB-187 (De Roos
et al., 2005). [Despite the extensive analysis, this
was a relatively small study, with wide confidence
intervals.]

Colt et al. (2009) used the same data set to
explore the interaction between common vari-
ants in genes implicated in the immune and
inflammatory response and PCB-180, (the
non-dioxin like PCB that showed the strongest
association between NHL and levels measured in
plasma (100 cases and 100 controls) and carpet
dust (682 cases and 513 controls) in the analysis
by De Roos et al. (2005). Sixty-one single nucleo-
tide polymorphisms in 36 proinflammatory and
other immunoregulatory genes were analysed in
samples of blood or buccal cells. Relative risk esti-
mates were adjusted for sex, age, race, education,
and study centre. The concentration of PCB-180
in plasma was associated with increased risk of
NHL (OR, 8.3%;95% CI, 1.9-14.6% per 10% incre-
ment), but the concentration in carpet dust was
not (OR, 0.7%; 95% CI, 0.0-1.3% per 10% incre-
ment). Significant increases in risk of NHL were
observed for PCB-180 in both plasma and carpet
dust and for IFNG (C-1615T) TT, IL4 (5-UTR,
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Ex1-168C>T) CC, ILI6 (3-UTR, Ex22-871A>G)
AA, IL8 (T-251A) TT, and IL10 (A-1082G) AG/
GG genotypes (Colt et al., 2009).

Another analysis was conducted on the same
data set to explore the interaction between status
of HLA-DRBI1*01:01 class II leukocyte surface
antigen and of the extended ancestral haplotype
(AH) 8.1 (HLA-A*01-B*08-DR*03-TNF-308A)
and blood concentrations of PCB-180 above the
median in the control group. Risk of NHL overall
was elevated among study subjects lacking the
HLA-DRBI1*01:01 allele or the AH 8.1 allele
(OR, 3.93; 95% CI, 1.49-10.35). No significant
increase in risk was observed with PCB-180 in
carpet dust or for DLBCL or follicular lymphoma
(Wang ef al., 2011). [These related studies were
well conducted, but the subgroup analyses were
based on small numbers.]

2.3.2 Cancer of the breast
See Table 2.10

(a)  Smaller studies

Case—control studies of cancer of the breast
with 100 or fewer cases, most published before
2000, are reviewed here briefly and are not
presented in the table. Most of these studies
did not present risk estimates according to PCB
concentrations.

One of the earliest studies looked at PCB
concentrations in samples of breast adipose
tissue from 14 living and 18 deceased patients
with cancer of the breast, 21 similar samples
from non-cancer patients, and samples of adipose
tissue from 35 non-cancer autopsies, and found
no significant differences (Unger ef al., 1984).

In another study, mean concentrations of
PCBsin the breast tissue of 20 women with cancer
of the breast were significantly higher (P = 0.02)
than in 20 women with benign breast disease,
and the association persisted after controlling for
age, smoking, and BMI (Falck ef al., 1992).
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In a study in Quebec City, Canada, in 17
women with cancer of the breast and 17 controls
(Dewailly et al., 1994), the concentration of
PCB-99 was higher in the breast adipose tissue
of women with ER-positive (ER+) infiltrating
adenocarcinoma than in controls, while there
were no significant differences for ER- women
with cancer of the breast compared with controls,
or for other PCB congeners or total PCBs.

In a study in Sweden, PCB concentrations
were measured in non-tumour breast adipose
tissue of 43 women with breast cancer and 35
controls (Liljegren ef al., 1998). Odds ratios
adjusted for age and parity showed no associa-
tion with concentrations of total PCB congeners
in all subjects. However, among the subgroup of
women with ER+ tumours, increased risk was
observed for PCB-77 (OR, 33; 95% CI, 1.8-588)
and PCB-126 [odds ratio not calculated as there
were no unexposed cases].

In Hesse, Germany, concentrations of 12 PCB
congeners in breast tissue from 45 women with
cancer of the breast were compared with those in
breast tissue from 20 women with benign breast
disease: the average concentration of PCB-118
was significantly higher in the cases, with no
statistical difference for other congeners (Giittes
et al., 1998).

A case-control study in eastern Slovakia
included 24 cases of cancer of the breast diag-
nosed between 1997 and 1999 and 88 popula-
tion controls, and measurements were made of
15 PCBs in serum (Pavuk et al., 2003). Median
concentrations of total PCBs were slightly higher
among controls, and although odds ratios were
less than unity, no finding was statistically
significant.

In two reports of studies of 100 cases of
cancer of the breast and 100 surgical controls in
Belgium (Charlier et al., 2003), concentrations of
PCB-101 and PCB-153 were significantly higher
for cases than controls. A second study of 60
cases and controls by the same authors reported
an association only for PCB-153 (OR, 1.8; 95%
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CI, 1.4-2.5) after adjusting for age and reproduc-
tive risk factors (Charlier et al., 2004). [It was not
clear whether the same population was studied
in both articles.]

In a case-control study in Mexico, 70 cases
of cancer of the breast were compared with 70
hospital controls, and blood samples were taken
for measurement of 20 PCB congeners (Recio-
Vega et al., 2011). An increased risk of cancer
of the breast was apparent for total PCBs (OR,
1.09; 95% CI, 1.02-1.16) and for the exposure
groups 2b (OR, 1.90; 95% CI, 1.25-2.88), 3 (OR,
1.81; 95% CI, 1.08-3.04), and 4 (OR, 1.57; 95% CI,
1.20-2.07) defined according to Wolff & Toniolo
(1995). Elevated odds ratios were reported for
several PCB congeners (PCB-118, PCB-128,
PCB-138, PCB-170, PCB-180, PCB-187, PCB-195,
PCB-206 and PCB-209) and risks were generally
higher in postmenopausal women. [Although
this was a small study, several increased risks
were reported. However, the analytical approach
was unclear to the Working Group and the
age distribution was notably different in cases
and controls, suggesting potential for residual
confounding by age.]

Using a registry of banked serum collected
between 1981 and 1987 from 63 Alaskan native
women who subsequently developed cancer of the
breast and 63 age-matched cancer-free women,
analyses adjusting for ethnicity, family history of
cancer of the breast, and parity showed no asso-
ciation with PCB exposure (Rubin et al., 2006).
In a study in Greenland of 31 cases of cancer of
the breast and 115 controls, all of Inuit descent,
some evidence of higher serum concentrations
of PCBs was found for patients with cancer of
the breast compared with controls; however, the
odds ratios for total PCBs did not demonstrate
any association (Bonefeld-Jorgensen ef al., 2011).
[The populations included in these studies were
of special interest due to their documented high
exposures to PCBs.]
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(b)  Larger studies of PCB concentrations in
blood

In a case—control study in western New York
State, USA, 154 postmenopausal women with
incident cancer of the breast and 192 postmeno-
pausal community controls were compared in
terms of serum concentrations of 73 detected
congeners (Moysich ef al., 1998). No associa-
tion with total PCBs, moderately chlorinated
PCBs or highly chlorinated PCBs was found, but
increased risk was apparent for less chlorinated
PCBs above the detection limit (OR, 1.66; 95%
CI, 1.07-2.88 for the combined second and third
tertiles); among parous women who had never
lactated the magnitude of risk was higher in
association with total PCBs (OR, 2.87; 95% CI,
1.01-7.29) and moderately chlorinated PCBs (OR,
3.57; 95% CI, 1.10-8.60). In a subsequent study
on PCBs and CYPIAI polymorphism (found to
be induced by PCBs in experimental studies, see
Section 4), no association with CYPIA1I genotype
was found among women with a low PCB body
burden; among women with a PCB burden above
the median for the control group, an increased
risk of cancer of the breast was observed when
at least one valine allele was present (OR, 2.93;
95% ClI, 1.18-7.45) when compared with women
who were homozygous for the isoleucine allele
(Moysich et al., 1999b). Adjustment for serum
lipidsand BMIdid notaffect the magnitude of this
association. [Although not large, this study was
rigorous in terms of design and implementation.]

Among patients of several ethnic groups in a
hospital-based case-control study in New York
City, USA, 175 patients with cancer of the breast
and 355 control patients were frequency-matched
by age and race/ethnicity (Wolft et al., 2000b).
Highly chlorinated and less chlorinated biphe-
nyls and other chlorinated compounds were
measured in serum, and the tumour markers
ER, progesterone receptor (PR), p53, and erbB-2
were assessed. Concentration of PCBs was not
associated with risk of cancer of the breast. Risk

of cancer of the breast was not examined with
respect to tumour stage or markers, but PCB
concentrations did not differ according to these
factors. [This was a high quality study notable for
the number of tumour markers investigated, but
the analysis focused largely on exposure markers,
rather than exposure-disease associations.]

In a population-based case-control study
of cancer of the breast in African-American
and white women in North Carolina, USA, 748
cases and 659 controls were enrolled (Millikan
et al., 2000). Lipid-adjusted concentrations of 35
PCB congeners were measured in plasma, but
detailed analyses were presented only for total
PCBs. Odds ratios were adjusted for age and age
squared, and additionally for race, menopausal
status, BMI, parity/lactation, hormone replace-
ment therapy, and income, depending on the
stratification factors. Results were presented in
strata of race, parity plus lactation, BMI and
history of farming. Risk of cancer of the breast
was increased with total PCB exposure among
African-American women (third tertile OR, 1.74;
95% CI, 1.00-3.01), but not among white women
(third tertile OR, 1.03; 95% CI, 0.68-1.56). This
risk was particularly high for African-Americans
with BMI > 34.2 (third tertile total PCBs, OR,
4.92;95% CI, 1.63-14.83). [ This was a large, high-
quality study, and included African-Americans.]

In the same study population as Millikan
etal. (2000), Li et al. (2005) investigated CYPIAI
polymorphisms and their interaction with PCB
exposure in relation to risk of cancer of the breast
among the 612 cases and 599 controls who had
provided blood. Results showed no evidence of
joint effects between CYPIA1 MlI-containing
genotypes and total PCBs for either race. Among
white women, statistically significant multi-
plicative interactions were observed between
CYPIAI M2-containing genotypes and total
PCBs (P = 0.02), but the association between
PCBs and cancer of the breast was inverse. A
multiplicative interaction was suggested among
African-American women between CYPIAI
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M3-containing genotypes and total PCBs,
with an odds ratio of 1.6 (95% CI, 0.8-3.2) for
women with total plasma PCB concentrations
> 0.430 ng/mL and any CYPIAI M3 genotype
compared with lower PCB concentration and
no M3 genotype (P for interaction = 0.10). [This
large study was able to assess interactions with
CYPIAL]

In a case-control study conducted in 1994-7
in Quebec City, Canada, plasma concentra-
tions of 14 PCB congeners were measured in
314 women with cancer of the breast and 523
controls (219 hospital controls, 304 population
controls) (Demers ef al., 2002). Analyses in rela-
tion to cancer of the breast excluded five conge-
ners that were detected in < 70% of the women.
The remaining PCB congeners were correlated
(Pearson correlation coeflicients, 0.29 to 0.96).
Risk of cancer of the breast was associated with
the highest quartile of concentration of PCB-118
(OR, 1.60; 95% CI, 1.01-2.53) and PCB-156 (OR,
1.80; 95% CI, 1.11-2.94). Among the subgroup
of premenopausal women, the odds ratio for the
highest quartile of concentration of PCB-118
was 2.87 (95% CI, 1.13-7.31), and for PCB-156
it was 2.90 (95% CI, 1.18-7.15). No significant
increase in risk was seen in postmenopausal
women. When PCB-105, PCB-118 and PCB-156
were grouped, higher concentration was associ-
ated with increased risk of cancer of the breast
(OR, 2.02; 95% CI, 1.24-3.28), but the PCBs that
were the most abundant (PCB-138, PCB-153 and
PCB-180) were not associated with risk of cancer
of the breast. An earlier publication from this
study investigated associations between organo-
chlorine compounds and cancer of the breast,
specifically in relation to axillary-lymph-node
involvement and tumour size (Demers ef al.,
2000). PCB-153 was selected as a surrogate for
all PCB congeners because it was the most abun-
dant in plasma samples and was strongly corre-
lated with other prevalent congeners (r > 0.72;
P < 0.0001). The relative risk of having a tumour
size > 2 cm was increased, but not significantly,
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withincreasing plasma concentration of PCB-153.
However, a higher concentration of PCB-153
was significantly associated with increased risk
among those with axillary lymph-node involve-
ment (OR, 2.12; 95% CI, 1.05-4.30, adjusted for
confounders) and when tumour size > 2 cm and
node involvement were considered together,
(OR, 3.51; 95% CI, 1.41-8.73), with an exposure-
response trend. [This was a well-designed and
well-implemented study with two control groups
and stratification for menopausal status.]

In a large population-based case-control
study of environmental exposures and cancer
of the breast conducted in 1996-7 on Long
Island, NY, USA, serum concentrations of 24
PCB congeners were measured for 646 cases and
429 controls, with results presented for the four
most commonly occurring congeners (PCB-118,
PCB-138, PCB-153 and PCB-180) (Gammon
et al., 2002). There was no association between
cancer of the breast and the sum concentration of
the four PCBs, or any specific congener, and there
was no effect of lactation, menopausal status,
stage of disease, or hormone receptor status.
[This was a large, well-designed and well-imple-
mented study.]

In a population-based case-control study of
African-American women, serum concentrations
of PCBs [congeners not specified] were measured
in 355 cases and 327 controls (Gatto ef al., 2007).
Risk of cancer of the breast was not associated
with total PCBs (OR comparing highest with
lowest quintile, 1.01;95% CI, 0.64-1.63),and BMI,
parity, breastfeeding, and menopausal status did
not modify the measures of effect. PCBs were
not associated with an increase in the risk of any
subtype of cancer of the breast as defined by PR,
ER, p53, or HER-2/neu status. [Statistical power
was limited for subgroup analyses.]

In a hospital-based case-control study of
cancer of the breast in Nagano, Japan, including
403 matched pairs collected from 2001 to 2005,
serum concentrations of total PCBs were asso-
ciated with decreased risk of cancer of the
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breast for the highest versus lowest quartile of
concentration of total PCBs (OR, 0.33; 95% CI,
0.14-0.78) (Itoh et al., 2009). For the specific
congeners PCB-153 and PCB-180, the odds ratios
were 0.40 (95% CI, 0.18-0.91) and 0.29 (95% CI,
0.13-0.66), respectively. The trend in the inverse
relationship persisted when results were stratified
by hormone-receptor and menopausal status.
[The Working Group was not able to explain the
inverse associations reported in this study.]

(c) Larger studies of PCB concentrations in
blood and breast adipose tissue

Five publications from a research group in
Connecticut, USA, were informative, although
their potential overlap was not clear. In 1994-
1997, 304 cases of cancer of the breast and 186
controls aged 40-79 years were recruited and
breast adipose tissue was analysed for nine
PCB congeners (PCB-74, PCB-118, PCB-138,
PCB-153, PCB-156, PCB-170, PCB-180, PCB-183
and PCB-187) (Zheng et al., 2000a). Age- and
lipid-adjusted risk estimates were null in relation
to total PCBs, PCB groups, and any of the conge-
ners. Stratification by type of breast disease,
menopausal status, parity, lactation, and body
size showed null associations with concentra-
tions of PCBs. From the same study population,
Holford et al. (2000) calculated risk in relation
to both linear logistic and logistic ridge regres-
sion analyses for nine PCB congeners by incre-
mental (10 ng/g) changes in exposure: PCB-153
and PCB-156 were associated with decreased risk
and PCB-180 and PCB-183 were associated with
increased risk of cancer of the breast. In analyses
using ridge regression and adjusting for covar-
iates, no congeners remained associated with
cancer of the breast. In another case-control
study from this research group, subjects were
recruited in 1995-1997 (overlap in years of study
with Zheng et al., 2000a): 475 incident cases
of cancer of the breast were included, and 502
controls were randomly selected from the popu-
lation or from patients with newly diagnosed

benign breast disease at the same hospital (Zheng
et al., 2000b). Serum concentrations of nine PCB
congeners were determined. After adjustment
for confounding factors, all odds ratios were
null. A related study focused on the potential
interaction between CYP1A1 and lipid-adjusted
serum concentrations of PCBs on risk of cancer
of the breast among Caucasian women recruited
in 1999-2002, with 374 cases and 406 controls
(Zhang et al., 2004). The odds ratio for high
exposure (> 610 ng/g) to PCBs was 1.2 (95% CI,
0.9-1.6). With respect to CYPIAI genotype, the
risks associated with higher serum concentra-
tion of total PCBs was highest for carriers of the
m2 variant genotype both among all women
combined (OR, 3.6; 95% CI, 1.5-8.2), and in post-
menopausal women (OR, 4.3; 95% CI, 1.6-12.0).
No significant association was reported for
CYPIAI ml or m4 genotypes or among premen-
opausal women. Finally, in another publication
on a subset of 266 cases of cancer of the breast
and 347 controls with benign breast disease, there
was no association for total subjects, adjusted
for standard risk factors, between cancer of the
breast by joint ER/PR status and serum concen-
trations of total PCBs and adipose-tissue concen-
trations of nine PCB congeners (Rusiecki et al.,
2004). However, among postmenopausal women,
increased risk of cancer of the breast was seen in
relation to increased concentrations of PCB-183
among women with ER+PR+ tumours (third
versus first tertile, OR, 2.4; 95% CI, 1.0-6.0; P for
trend = 0.03). [While there appeared to be overlap
between this group of studies from Connecticut,
the extent of the overlap was difficult to deter-
mine, therefore the independence of the findings
was not known. Controls were drawn from a
mix of hospital and population sources, and the
impact of this selection method was difficult to
gauge. The large number of subgroup analyses,
particularly in the study by Rusiecki ef al. (2004),
which presented 80 odds ratios, increased the
probability of chance findings.]
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(d) Larger studies of PCB concentrations in
adipose tissue

On Long Island, New York, USA, concen-
trations of 14 PCB congeners in adipose tissue
did not differ for 232 women with cancer of the
breast and 323 hospital controls with benign
breast disease or non-breast-related conditions,
after adjustment for age, race, and BMI (Stellman
et al., 2000). No increase in risk was observed for
total PCBs, but congeners PCB-156 and PCB-183
were associated with significantly increased risk
(OR, 1.9; 95% CI, 1.1-3.0 for the second tertile of
exposure distribution for PCB-156; and OR, 2.0;
95% 1.2-3.4 for the highest tertile of PCB-183).
No other congener was associated with risk of
cancer of the breast, and no clear difference in
risk was seen for ER+ and ER- tumours. [This
was a large, well-designed study, but results were
only presented for total PCBs and two congeners.]

In a case-control study in Kingston and
Toronto, Ontario, Canada, noncancerous breast
adipose tissue collected before treatment from
217 incident cases of cancer of the breast and 213
controls undergoing biopsy was analysed for 14
PCB congeners (Aronson ef al., 2000). PCB-105
and PCB-118 were associated consistently with
risk of cancer of the breast after adjusting for
other factors (OR, 3.17; 95% CI, 1.51-6.68; and
OR, 2.31; 95% CI, 1.11-4.78, respectively, for the
fourth versus first quartile of the exposure distri-
bution) and these effects increased monotoni-
cally. PCB-138 was also associated consistently
with increased risk, but the odds ratios were
imprecise. Stronger associations were apparent
among premenopausal women (PCB-105: OR,
3.91; 95% CI, 1.73-8.86; and PCB-118: OR, 2.85;
95% CI, 1.24-6.52, for the highest exposure cate-
gory). Among postmenopausal women, risks
associated with PCB-170 and PCB-180 were also
elevated in the second of three exposure groups
(OR, 3.27; 95% CI, 1.44-7.44; and OR, 2.43; 95%
CI, 1.09-5.43, respectively), but declined below
significance in the highest group (ORs 1.63 and
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1.77, respectively). No other PCB congener was
significantly associated with risk. Although
the odds ratios did not differ significantly by
subtype of cancer, the odds ratios for total PCBs
were higher for ER- than for ER+ cancer of the
breast (Woolcott et al., 2001). Investigation of
specific genotype-PCB interactions among 68
cases and 52 controls with blood samples in this
study showed increased risk of cancer of the
breast for CYPIAI M1 wildtype homozygotes
with high exposure to PCB-105 (OR, 3.20; 95%
CI, 1.14-8.98) (McCready ef al., 2004). [This was
a large, well-designed study.]

(e)  Exposure estimates from occupational or
dietary histories

A few case-control studies have estimated
PCB exposures from occupational or dietary
histories.

A population-based case-control study in
Massachusetts, USA, included 261 incident cases
of cancer of the breast diagnosed between 1983
and 1986 and 753 controls. The subjects were
interviewed to ascertain all full-time jobs held
since age 18 years. Probable exposure to PCBs
was associated with non-significant increases
in the risk of cancer of the breast (adjusted OR,
3.2;95% CI, 0.8-12.2; five exposed cases and six
exposed controls) (Aschengrau ef al., 1998). [The
Working Group noted imprecise findings.]

Consumption of fish from the Great Lakes as
a source of exposure to PCBs was investigated
as a potential risk factor for cancer of the breast
in a population-based case-control study in
Wisconsin, USA (McElroy et al., 2004). There
were 1481 cases aged 20-69 years, diagnosed in
1998-2000 in the Wisconsin Cancer Reporting
System, and 1301 controls of similar age were
randomly selected from licensed drivers and
Medicare lists; telephone interviews were used to
obtain information on consumption of all sport-
caught (Great Lakes and other lakes) fish and risk
factors for cancer of the breast. After adjustment
for risk factors, including age, education, weight,
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alcohol consumption, reproductive history,
and family history of cancer of the breast, no
association was found between risk of cancer
of the breast and recent consumption of sport-
caught fish (OR, 1.00; 95% CI, 0.86-1.17), recent
consumption of fish from the Great Lakes (OR,
1.06; 95% CI, 0.84-1.33), or the number of fish
meals per year. Menopausal status appeared to
be an effect modifier, with recent consumption
of fish from the Great Lakes not associated with
postmenopausal cancer of the breast (OR, 0.78;
95% CI, 0.57-1.07), but with premenopausal
breast cancer (OR, 1.70; 95% CI, 1.16-2.50). [ This
was a large study with exposure assessment that
used consumption of sport fish as a proxy for
PCB exposure, but did not use biomarkers.]

(f)  Combined analysis of five studies in the
USA

The results of five case—control studies in the
north-east USA conducted before 2000 (of which
three are nested in cohort studies) (Moysich et al.,
1998; Helzlsouer et al., 1999; Laden et al., 2001a,
b and Hunter et al., 1997; Zheng et al., 2000a,
b; Wolff ef al., 2000b) and in which plasma or
serum concentrations of PCBs were measured
have been combined into an analysis of 1400
cases and 1642 controls using a standardized
approach to confounder and effect-modifica-
tion assessment, and a random-effects model to
estimate associations (Laden ef al., 2001b). For
women in the fifth quintile of lipid-adjusted
values compared with those in the first quintile,
the multivariate pooled odds ratio for cancer of
the breast associated with the sum of PCBs (PCB-
118, PCB-138, PCB-153 and PCB-180) was 0.94
(95% CI, 0.74-1.21). No consistent increase in
risk was observed in subgroups defined by parity
or lactation. [This combined analysis focused on
the most prevalent PCBs that were analysed in all
five studies; while this enhanced precision for the
overall relationship, it did not show associations
for specific PCB congeners and PCB subgroups.

The Working Group noted that several inform-
ative studies were published after this combined
analysis.]

2.3.3 Cancer of the prostate

Several epidemiological studies have inves-
tigated possible associations between cancer
of the prostate and exposure to PCBs. These
studies differed in study design (i.e. case—control
studies, nested case-control studies) and in the
assessment of PCBs (i.e. job-exposure matrices,
measurement of PCB concentrations in blood or
adipose tissue).

Seidler et al. (1998) described the results
of a case-referent study including 192 patients
with cancer of the prostate and 210 controls
from medical practices or clinic in Germany.
Occupational exposure to PCBs was estimated
using a British job-exposure matrix (Pannett
et al., 1985). Most subjects had no or low expo-
sure to PCBs and no association between expo-
sure and risk of cancer of the prostate was
reported. [Due to the relative low participation
rate among controls (55%), selection bias could
not be excluded. Furthermore, the validity of the
job-exposure matrix was unknown and signif-
icant exposure misclassification could not be
ruled out.]

Ritchieetal.(2003,2005) conductedahospital-
based case-control study in Iowa, USA, in
which 30 PCB congeners were measured in
serum samples from 58 patients with cancer
of the prostate and 99 age-matched controls.
Odds ratios were elevated for total PCBs, and for
PCB-153, and PCB-180. A monotonic, not statis-
tically significant, exposure-response trend was
observed for total PCBs. For PCB-180, the odds
ratio was significantly increased (OR, 3.13; 95%
CI, 1.33-7.34) only in the middle (but not the
highest) category of exposure. [This study was
small with multiple comparisons.]

In a population-based case-control study
in Sweden, Hardell et al. (2006a) compared
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concentrations of 37 PCB congeners in samples
of fat tissue from 58 cases of cancer of the prostate
and 20 controls with benign prostate hyperplasia.
The odds ratio for the sum of PCBs and cancer
of the prostate was 1.21 (95% CI, 0.42-3.50) in all
men. PCB-153 was associated with an increased
risk of cancer of the prostate (OR, 3.15; 95% CI,
1.04-9.54). Stronger associations were observed
in men with prostate-specific antigen (PSA)
> 16.5 ng/mL; the odds ratio was 1.91 (95% ClI,
0.55-6.55) for total PCBs, and risks for enzyme
and phenobarbital-inducing PCBs (Wolff et al.
1997) and for less chlorinated PCBs (Moysich
et al., 1999a) were significantly increased in this
subgroup of men. [This study was small and
involved multiple comparisons.]

Aronson et al. (2010) conducted a case—
control study among urology patients in Ontario,
Canada. Concentrations of 14 PCB congeners
were measured in serum of 79 men with inci-
dent cancer of the prostate and 329 age-matched
controls. No association was observed between
concentrations of individual PCB congeners or
the sum of PCBs, and the risk of prostate cancer.
[As both cases and controls underwent the same
diagnostic procedures and were screened by PSA
and digital rectal examination, selection bias was
unlikely in this study].

2.3.4 Melanoma

(a)  Cutaneous malignant melanoma

See Table 2.11

Gallagher et al. (2011) conducted a case-
control study of 80 patients with malignant
melanoma of the skin and 310 controls. The
cases were part of a larger case-control study
and were originally recruited to evaluate the
effect of exposure to ultraviolet (UV) light and
gene variants on risk of melanoma, and the
controls were recruited using population-based
registries. Lipid-adjusted plasma concentrations
of 14 PCB congeners were determined and data
were reported for 8, as well as for total PCBs,
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and dioxin-like and non-dioxin-like PCBs.
Statistically significant associations with malig-
nant melanoma were observed for the highest
compared with the lowest quartile for: total PCBs
(OR, 6.02; 95% CI, 2.0-18.17); summed non-di-
oxin-like PCBs (OR, 7.02; 95% CI, 2.30 -21.43);
summed dioxin-like PCBs (OR, 2.84; 1.01-7.97),
and all of the individual PCB congeners exam-
ined (PCB-118, PCB-138, PCB-153, PCB-156,
PCB-170, PCB-180, PCB-183 and PCB-187). [The
Working Group considered that, in light of its
appropriate design and control of relevant poten-
tial confounders, this was a high-quality study,
despite the relatively small sample size and being
described as “preliminary” by the authors. The
positive associations for all the individual PCB
congeners may have been a result of correla-
tions among congeners. Multiple comparisons
were not formally addressed, but it is likely that
adjustment for multiple comparisons would not
change the interpretation of the results.]

(b)  Uveal melanoma

See Table 2.11

In a multicentric case-control study in nine
European countries, Behrens ef al. (2010) inves-
tigated the association between risk of uveal
melanoma and exposure to PCBs. The 293 men
and women with uveal melanoma were frequen-
cy-matched to 3198 population and hospital
controls by country, age, and sex. Exposure to
transformer oils was assessed by questionnaire,
with exposures to PCBs classified as “potential”
or “confirmed,” depending on whether subjects
reported exposure to a named brand of oil with
known PCB content. Analyses were adjusted
for age, country, eye colour, and history of
ocular damage from ultraviolet light. Only men
reported exposure to transformer/capacitor oils.
The odds ratio for any exposure was 2.74 (99.3%
CL, 1.07-7.02), and was similar in magnitude for
men with more than 10 years of exposure and for
“confirmed” exposure. For exposure to Pyralene
(the most frequently reported PCB-containing
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oil), the odds ratio was 6.43 (99.3% CI, 1.17-35.30;
four cases). [This study was notable in being
the only large study of a rare cancer. Multiple
comparisons were addressed via adjusted 99.3%
confidence intervals, but exposure was rare and
estimates were imprecise.]

2.3.5 Other cancers

(a)  Urothelial cancer

Steineck et al. (1990) carried out a popula-
tion-based case-referentstudyofurothelial cancer
in men in Stockholm, Sweden. Occupational
exposures to PCBs and several other agents were
assigned by an industrial hygienist. The adjusted
odds ratio for estimated exposure to PCBs was
3.3 (95% CI, 0.6-18.4). [The precision of this
study was quite limited and the definition of the
cancer sites was broad.]

(b)  Cancer of the testis

Hardell ef al. (2003) analysed 38 PCB conge-
ners in blood samples collected from 61 incident
cases of cancer of the testis and 58 age-matched
controls from the Swedish population registry.
No association between cancer of the testis and
the sum of PCB concentrations in blood was
found. Mothers of 44 cases and 45 controls also
provided blood samples; significantly higher
PCB concentrations were found for mothers of
cases compared with mothers of controls (OR,
3.8; 95% CI, 1.4-10). A difference in the sum of
PCBs between mothers of cases and mothers of
controls was also reported in two subsequent
publications by the same authors (Hardell ef al.
2004, 2006b). [Due to the timing of blood collec-
tion of the mothers, which was decades after the
cases’ births, the interpretation of these results
was difficult. PCB concentrations in women may
be affected by weight changes, child bearing,
lactation, and subsequent exposure. Thus it
could not be assumed that the concentrations
measured in women at the time of the study were
representative of their sons’ exposures in utero.]

()  Cancer of the lung

Recio-Vega et al. (2012) investigated the asso-
ciation between PCB concentrations, CYPIAI
polymorphisms and the risk of cancer of the
lung in a case-control study in northern Mexico
including 43 cases of cancer of the lung and 86
controls without cancer who were recruited from
two hospitals. Information including history
of exposure to PCBs was collected through
in-person interview and 20 PCB congeners were
measured in serum. Odds ratios were adjusted
for age, agricultural occupation, and tobacco
smoking. There was a significant association
between PCB-18 and cancer of the lung (OR,
1.13; 95% CI, 1.04-1.38). Odds ratios for PCB-52,
PCB-118, and PCB-170 were similar in magni-
tude, but did not reach statistical significance,
while odds ratios for other congeners were close
to unity. CYPIAI polymorphism was not asso-
ciated with serum concentrations of total PCBs.
[The Working Group noted that this study
provided information about less chlorinated
PCBs, which are rarely measured; however, the
etiological relevance of measurements of PCBs
of short half-life was questionable. In addition,
the methods used for subject recruitment and
for statistical analysis were not clearly described,
and the possibility of residual confounding by
age was noted.]

(d)  Cancer of the colorectum

Howsam et al. (2004) assessed associations
between cancer of the colorectum and exposure
to PCBs and gene-environment interactions in
132 cases and 76 controls sampled from a larger
hospital-based case-control study in Barcelona,
Spain. Serum concentrations of PCB-28, PCB-52,
PCB-101, PCB-118, PCB-138, PCB-153, and
PCB-180 were measured. Point mutationsin K-ras
and p53 genes and expression of p53 protein were
assessed in tumour tissue. PCB-28 and PCB-118
were significantly associated with an increased
risk of cancer of the colorectum (ORs, 2.75;
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95% CI, 1.29-5.83; and 2.02; 95% CI, 1.00-4.08,
respectively), for the more exposed category. A
statistically significant exposure-response trend
was observed for the mono-ortho PCB group
that combined PCB-28 and PCB-118 (P for
trend = 0.004). Odds ratios for the other PCBs
were not consistently or significantly increased.
No significant interaction of mono-ortho PCBs
with p53 or K-ras mutations was found. [The
use of controls representing several diagnostic
groups and control for potential confounding
factors were strengths of this study. However, the
case definition combining cancers of the colon
and rectum may mix diseases with potentially
different etiologies.]

(e)  Cancer of the pancreas

In a population-based case-control study
of cancer of the pancreas in the San Francisco
area, USA, Hoppin ef al. (2000) analysed 11
PCB congeners in serum samples from 108
cases of cancer of the pancreas and 82 controls
matched by sex and age-group. Total lipid-ad-
justed PCB concentrations were estimated using
the sum of all congeners. A statistically signifi-
cant dose-response relationship (P < 0.001) was
observed for total PCBs, with an odds ratio of
4.2 (95% CI, 1.8-9.4) for = 360 versus < 185 ng/g.
Significantly elevated odds ratios were also
observed for the highest tertiles of PCB-153 (OR,
3.0; 95% CI, 1.4-6.6) and PCB-180 (OR, 8.4; 95%
CI, 3.4-21). Odds ratios remained elevated after
adjusting for dichlorodiphenyldichloroethylene
(DDE) content, and in a sensitivity analysis of
the effects of bioconcentration. [A strength of
the study was that the issue of confounding by
bioconcentration in fat due to adipose-tissue loss
was addressed. Nevertheless, the small number
of subjects limited a clear interpretation of the
results.]
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(f)  Cancer of the biliary tract

Ahrens et al. (2007) investigated the asso-
ciation between cancer of the extrahepatic
biliary tract and occupational exposure to endo-
crine-disrupting compounds in a European
multicentre case—control study of 183 men with
histologically confirmed carcinoma of the extra-
hepatic biliary tract and 1938 matched controls.
Self-reported job descriptions were converted
to semiquantitative indicators of occupational
exposure to 14 types of suspected endocrine-dis-
rupting compounds, including PCBs, hormones,
phthalates, and pesticides. Odds ratios were
adjusted for age, country, and history of gall-
stones. The adjusted odds ratio for cancer of the
extrahepatic biliary tract and ever-exposure to
PCBs was 2.8 (95% CI, 1.3-5.9). When exposure
intensity was analysed, the highest odds ratio was
observed in the low-intensity category. [These
results were based on a small number of exposed
cases and trends were inconsistent.]

(g)  Childhood cancer

Ward et al. (2009) conducted a popula-
tion-based case-control in California, USA of
184 children aged 0-7 years with acute lympho-
cytic leukaemia and 212 controls from birth
certificates matched by birth date, sex, race, and
ethnicity. Concentrations of six PCB congeners
in residential carpet dust were used as an expo-
sure indicator. The odds ratio for detection of
any PCB in dust was 1.97 (95% CI, 1.22-3.17)
and the odds ratio for the highest quartile of total
PCBs compared with the lowest was 2.78 (95%
CIl, 1.41-5.48). Significant exposure-response
trends were reported for PCB-118, PCB-138
and PCB-153. [The study was well-designed and
the method of exposure assessment used was
a strength. The authors were able to rule out
confounding by several organochlorine pesti-
cides. The Working Group was unable to repli-
cate the P values for trend tests.]
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(h)  Cancer of the endometrium

Sturgeon ef al. (1998) conducted a multicen-
tric hospital-based case—control study of cancer
of the endometrium in five areas of the USA.
Serum concentrations of 27 PCB congeners were
measured for 90 individually matched case-
control pairs. No associations were observed
between elevated serum concentrations of
several PCB groups, including total PCBs and
potentially estrogenic PCBs, and risk of cancer
of the endometrium. [The results did not appear
to be affected by selection bias, but precision was
limited.]

Weiderpass et al. (2000) measured serum
concentrations of 10 PCB congeners in a popu-
lation-based case—control study of 154 cases of
cancer of the endometrium and 205 controls in
Sweden. After adjustment there was no increase
in risk associated with high concentrations of
any of the congeners evaluated, and there were
no significant trends in risk. [The power of this
study was limited due to the small number of
subjects. However, selection bias was unlikely,
as the main reason for non-participation was
the failure of the hospital staff to collect blood
samples before surgery.]

Hardell et al. (2004) conducted a hospi-
tal-based case-control study with 76 cases and
39 controls to evaluate the risk of cancer of the
endometrium associated with environmental
endocrine disruptors. Concentrations of 37 PCB
congeners were measured in adipose tissue. No
association was found for the sum of PCBs or for
any grouping of PCBs by structure or activity.
[The power of this study was limited due to the
small number of subjects.]

(i)  Cancer of the male breast

Occupational risk factors for cancer of the
male breast were investigated in a multicentric
study of 104 cases and 1901 controls in eight
European countries (Villeneuve et al., 2010).
Lifetime work history was obtained by in-person

interviews, and potential occupational exposures
including to PCBs were assessed using expert
judgment. Results were reported for PCBs and
dioxins combined, for which the fully-adjusted
odds ratio was 1.6 (95% CI, 0.7-3.7). [This study
had limited power to detect excess risk.]
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