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Study title

Analysis of Environmental Exposures and Cancer Risk for U.S. Navy and Marine Corps
Active Duty and Family Members Located in Naples, Italy.

Background

In 2006, Italian researchers suggested that an excess risk of cancer mortality
(Comba et al. 2006) in the Campania Region of Italy might be associated with a history
of illegal dumping and disposal of hazardous wastes. Italian press interest in the article
followed the 2007 trash collection strike and subsequent increase in illegal trash burning
in the streets. These events prompted Commander, Navy Region Europe, Africa,
Southwest Asia (CNREURAFSWA) to request a public health evaluation from the Navy
and Marine Corps Public Health Center to assess the public health risk to U.S. military
and civilian personnel and their families living in the greater Naples area. As part of
these efforts, this cancer study was conducted to determine if there were any observable
differences in cancer rates related to the chemicals that exceeded the recommended
screening levels in outdoor air, tap water, and surface soil.

As part of Phase | of the Naples Public Health Evaluation, selected off-base rental
homes and government sites were sampled for environmental contaminants in tap water,
soil, and soil gas. In addition, regional ambient (outdoor) air monitoring was conducted.
The Phase 1 sampling results were reviewed to determine specific chemicals of concern.
Chemicals of concern were defined as those chemicals detected in the ambient air, soil, or
tap water that were above the U.S. Environmental Protection Agency Regional Screening
Levels (RSLs). An RSL is defined as a risk-based concentration that is protective for
human health and is used as an initial cleanup goal for remediation of contaminated sites.
RSLs apply to drinking-water, ambient air, soil and soil gas, and can be combined to
calculate total risk from these media.

Methods

Due to limitations on access to complete historical and current medical data for all
Naval Support Activity (NSA) Naples residents, this study was limited to U.S. Navy and
Marine Corps active duty members and their beneficiaries stationed at NSA Naples
between 1 January 1997 and 15 May 2009. Housing data were obtained from the
electronic Family Housing Database (eFH) maintained by the Naval Facilities Command,
Commander Naval Installations Command (CNIC) Fleet and Family Readiness Division.
Available housing data were matched to the Defense Enroliment Eligibility Reporting
System (DEERS) to obtain unique identifiers for matching with medical databases. Study
members with missing unique identifiers or date of arrival at NSA Naples were excluded
from the study. Also, those with less than six months in residence at NSA Naples were
also excluded.



A literature review was conducted to determine if these chemicals of concern
could be potentially associated with an increase in cancer. Table 1 provides a list of the
chemicals that exceeded the RSLs, the type of cancer associated with exposure to each
chemical, and the latency period for developing cancer. For this study, it was assumed
that the disease process began at the time of first exposure (e.g. arrival in the greater
Naples area) for the outcome to be possibly associated with exposures that occurred
while living in Naples.

Table 1: Chemicals of concern, cancer types, and latenc

1,1,2,2-Tetrachloroethane liver IRIS 20-30 years Schottenfeld et al
1,2-Dichloropropane liver Cal EPA  20-30 years Schottenfeld et al
1,3-Butadiene lymphosarcoma, reticulosarcoma IRIS 10-20 years IRIS

Acrylonitrile lung, colon, prostate, brain, lymph, stomach  IRIS 13+ years Chen 1987
Benzene leukemia (AML) IRIS 1-5 years IRIS
Bis(2-Chloroethyl)ether liver IRIS 20-30 years Schottenfeld et al
Chloroform liver IRIS 20-30 years Schottenfeld et al
Chloromethane kidney IRIS 20-30 years Vamvakas 1998
Ethylbenzene liver, kidney, endocrine Cal EPA  20-30 years Schottenfeld et al
Hexachlorobutadiene kidney IRIS 20-40 years Vamvakas 1998
Tetrachloroethene liver IRIS 20-30 years Schottenfeld et al

Dioxin Toxic Equivalent (TEQ) soft tissue sarcomas, liver 20+ years Ketchum 1999
Benzo-a-pyrene (BaP) TEQ Lung 20+ years Schottenfeld et al

liver, gastric, lymphosarcoma, rectal, 10-20 years IRIS
hematopoietic, esophagus, lung

Formaldehyde lung, nasopharyngeal 10-20 years IRIS

liver, lung, kidney, bladder IRIS 10-20 years Schottenfeld et al
Arsenic skin IRIS 5 years WHO 2003
Chromium VI lung IRIS 10-20 years Luippold 2003

Cal EPA - California Environmental Protection Agency
IRIS — Integrated Risk Information System

References for target organs: (California Environmental Protection Agency 2009; U.S. Environmental
Protection Agency 2009)

References for latency periods: (Schottenfeld and Fraumeni 1996; U.S. Environmental Protection Agency
2009; Chen et al. 1987; Howard 2003; Ketchum et al. 1999; Luippold et al. 2003; Vamvakas et al. 1998)

Based on the latency periods for each type of cancer, it was determined that acute
myelogenous leukemia, non-melanoma skin cancer, and melanoma would be included in
the study. Cases were obtained from inpatient and outpatient electronic medical
encounter records for visits at military healthcare facilities and reimbursed care at non-
military health care facilities from 1 January 1997 to 15 May 2009.

a. Non-melanoma skin cancer (NMSC). All incident cases of basal cell
carcinoma (BCC) and squamous cell carcinoma (SCC) (International Classification of
Diseases, 9" edition, Clinical Modification (ICD-9-CM) codes 173.0-173.9) diagnosed
on at least two separate medical encounters were considered for the study. Because the
latency of skin cancer associated with exposure to arsenic in tap water is five years, the




first known diagnosis of skin cancer had to be at least five years after the person first
resided in Naples to be included in the study. Although arsenic exposure is primarily
associated with BCC and SCC, a recent study suggests that it may also lead to increased
rates of malignant melanoma (Beane Freeman et al 2004). Several similar health studies
recommend using a minimum of two medical visits as part of the case definition because
using just the first visit was associated with a high percentage of false positives.

b. Malignant melanoma. All incident cases of malignant melanoma
(ICD-9-CM codes 172.0-172.9) diagnosed on at least two separate medical encounters
were also considered because of their potential relation to arsenic exposure. Cases of
melanoma had to be diagnosed five years after the initial diagnosis because the latency of
skin cancer related to arsenic exposure is five years. Although arsenic exposure is
primarily associated with BCC and SCC, a recent study suggests that it may also lead to
increased rates of malignant melanoma (Beane Freeman et al 2004).

c. Acute myelogenous leukemia (AML). All incident cases of AML
(1CD-9-CM codes 205.0 and 207.0) diagnosed on at least two separate medical
encounters were considered for the study. Because the latency period for AML
associated with exposure to benzene is one year, the first known diagnosis of AML had to
be at least one year after the person first resided in Naples to be included in the study.

Person-time at risk for each study member was calculated based on data of first
arrival at NSA Naples and by the month a person was diagnosed with the selected
outcome, left active service or the end of the study period (15 May 2009), whichever
came first. If a person left active service before the end of the study, then the ability to
track the case status for the study would end and person-time would stop accumulating.
The Poisson distribution was used to estimate the 95% confidence intervals (95% CI) for
the observed incidence rate. Five or more cases were required to reliably calculate
incidence rates (Greenland 1989) and 16 or more cases were required to reliably calculate
age-adjusted rates (Singh et al. 2003).

Results

The study population began with 17,624 Navy and Marine Corps active duty
members and beneficiaries. When the study criteria were applied, 1,490 people (8.4%)
were excluded because they lived less than six months in Naples, leaving a final study
population of 16,134 active duty Navy and Marine Corps sponsors and family members
that resided in Naples during the study period. The average person-time contributed by
each person was 5.25 years, ranging from 6 months to 12.2 years. The total person-time
available for this study was 84,703 person-years. The study identified nine cases of
NMSC, less than five cases of melanoma, and less than five cases of AML. The
unadjusted incidence rate for NMSC was 14.4 cases per 100,000 person-years with a
95% CI of 6.6-27.4 cases per 100,000 person-years based on 62,384 person-years and a
five-year latency period.



Discussion

The observed incidence rate of skin cancer was lower, but not significantly
different from the range of incidence rates reported in the literature or U.S. cancer
registry reports. The NMSC unadjusted incidence rate for the study population was 14.4
(95% CI 6.6-27.4) cases per 100,000 person-years. NMSC is not a reportable cancer and
standardized rates were not available from the National Cancer Institute. In the U.S., skin
cancer is typically treated as an outpatient visit in a dermatology clinic or doctor’s office
and compliance with cancer registry requirements is unknown, leading to an
underestimation of the true incidence rate (Chen 1995). The most recent journal article
provided separate rates by gender for BCC and SCC in the U.S. population, limiting the
ability to draw direct comparisons with the rates observed in Naples. Miller and
Weinstock (1994) reported age-adjusted incidence rates of SCC at 26 cases per 100,000
person-years in women and 81 cases per 100,000 person-years in men. The rates for
BCC were 212 cases per 100,000 person-years in women and 407 cases per 100,000
person-years in men. Other studies reported higher rates of NMSC ranging from 233
cases (including BCC and SCC) per 100,000 person-years in the U.S. (Scotto et al. 1983)
to 321 cases of SCC per 100,000 person-years and 788 cases of BCC per 100,000 person-
years in Australia (Staples et al. 1998).

There were several factors that limited the study, and the results should be
carefully interpreted. First, the study population was small and relatively young. Most
cancer cohort studies include a wide distribution of ages and have a large population from
which to find cases. When cancer is rare in a population and the population is small, the
rates are typically unstable due to low study power. Second, almost all cases of cancer
diagnosed in a military beneficiary population are captured by the electronic data systems
used to track medical visits. Cancer registries may not have comparable data collections
systems as many are passive and require the health care provider to file a report. Because
the military healthcare system has a more efficient method for identifying cases, the
military beneficiary population may appear to have a higher rate than a comparable
civilian population. Finally, the active duty population has a lower prevalence of some
risk factors for cancer, like obesity and sedentary lifestyles. The best population to use
for a comparison to the study population would be another military group. At this time,
there are no published studies of NMSC in a military population for comparison.

Because it takes 20 to 50 years from first exposure for most cancers to develop
(Schottenfeld and Fraumeni 1996), it was unlikely that this study would find an excess in
the other cancers (see Table 1) associated with exposure to chemicals found in the tap
water, soil, and ambient air at this time. While the reported sampling results in Phase 1
of the Naples Public Health Evaluation have several instances that exceeded the
recommended screening levels, the risk for cancer at these levels is based on a lifetime of
exposure and conservative screening levels. It is unlikely that a person will accumulate
sufficient exposure time for the lifetime risk of cancer to be significantly increased.
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