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Lung Cancer in a U.S. Population with Low to Moderate Arsenic Exposure

Julia E. Heck,"2 Angeline S. Andrew.,>* Tracy Onega,>* James R. Rigas,®® Brian P. Jackson,®
Margaret R. Karagas,>* and Fric J, Duell 4

YInternational Agency for Research on Cancer, Lyon, France; 2School of Public Health and Jonsson Comprehensive Cancer Canter,
University of California, Los Angeles, California, USA: 3Norris Cotton Cancer Center, and *Section of Biostatistics and Epidemiology,
Department of Community and Family Madicine, Dartmouth Medical School, Lebanon, New Hampshire, USA; 5-Comprehensive Thoracic
Oncology Program, Dartmouth-Hitchcock Medical Center, Lebanon, New Hampshire, USA; ®Department of Earth Sciences, Dartmouth

Collage, Hanovar, New Hampshire, USA

Arsenic in drinking water is a major environ-
mental carcinogen. Worldwide, millions of
people suffer debilitaring health cffects from
inorganic arsenic exposure, including cancer
and vascular, pulmonary, hematologic, neurc-
logic, and developmental disorders [Heck et al.
20082; International Agency for Research on
Cancer {IARC) 2004). In the United Seates,
an estimated 13 million people are exposed
to arsenic concentrations that exceed the TS,
Environmental Protection Agency’s (EPA)
maximum contaminan level of 10 ppb (U.S.
EPA 2001).

An increase in the incidence of skin, blad-
der, and lung cancers at high arsenic con-
centrations is well established (IARC 2004).
However, the cancer risk from exposure to
lower levels (< 100 pg/L) of arsenic is largely
unknown. The results from other studies have
been inconsistent (Ahsan et 2l. 2000; Chen
et al. 2004; Ferreccio er al. 1998; Karagas
et al. 2001, 2002; Lamm et al. 2004; Lewis
et al. 1999), perhaps due, in part, o expo-
sure variation in settings where people have
access to noncontaminated warer sources.
Inconsistencies in results may also be related o
a lack of information on individual cofactors,
such as smoking or relevant health conditions,
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or to rcgional differences in factors associated
with arsenic suscepribility, such as nutrition
{(Heck er al. 2007, 2009).

Lung cancer js the leading cause of cancer-
related mertality in the United States and
worldwide, IARC (2004) has classified arse-
nic as a group 1 carcinogen for lung cancer
(IARC 2004). This assessment was-based
on studies in which arsenic exposure was
inferred by using area of residence or the arse-
nic concentration the in well water rather
than using an individual biomarker of expo-
sure (Chen et al. 1985, 1986, 1988a, 1988b;
Chen and Wang 1990; Chiou ec al. 1995;
Ferreccio et al. 2000; Hinwood et al. 1999;
Hopenhayn-Rich et al. 1998; Lewis et al.
1999; Nakadaira et al. 2002; Rivara et al.
1997; Smith et al, 1998; Tsai et al. 1999;
Tsuda et al. 1995; W et al. 1989). The smd-
ies not induded in the IARC evaluation and
those that have been published since also
have been based on local or regional well-
water concentrations (Baastrup et al. 2008;
Chen et al. 2004; Ferreccio et al. 1998; Guo
2004; Han et al. 2008; Marshall et al. 2007;
Mostafa et al, 2008; Smith et al. 2006).

The use of a biomarker of arsenic expo-
sure may help to improve the assessment of

low-dosc health cffects, mcludmg cancer inci-
dence (Karagas et al. 2002). Trivalent inor-
ganic arsenic binds w the sulthydryl groups
in nail keratin cells and thus makes toenail
arsenic a reasonable measure of arsenic expo-
sure, Depending on the toe and the speed of
nail growth, toenail measurements represent
exposures that occurred 3-12 months before
sample collection. This finding has been found
1o be relatively stable over time (Garfand et al.
1993). In this study, we used toenail arsenic
concentration as a biomarker of exposure ro
examine the risk of lung cancer among persons
in the 118, population who had been exposed
to low levels of arsenic in drinking water,

Materials and Methods

The New England Lung Cancer Study
{NELCS), a population-based case—control
study of lung cancer, was conducted in seven
New Hampshire counties (Belknap, Carroll,
Cheshire, Coos, Grafton, Merrimack, and
Sullivan) and in three Vermont counties
(Orange, Windham, and Windsor). We used
the New Hampshire State Cancer Registry,
the Dartmouth-Hitchcock Tumor Registry
of the Norsis Cotton Cancer Centet, and the
Dartmouth-Hitchcock Medical Center in
Lebanon, New Hampshire, to identify per-
sons from 2005 to 2007 who had received a
dlinical diagnosis of lung cancer. We obtained
the names of cases within 1 to 6 months of
their initial diagnosis. Cases who had histo-
logically confirmed primary incident lung
cancer (World Health Organization 2000},
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