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METHODS

CANCER DATA

Data for this investigation were obtained from the Utah Cancer Registry, which receives reports

on newly diagnosed cases from Utah hospitals, radiation therapy facilities, pathology

laboratories, nursing homes, and physicians. Information was available on cancer site/type, sex,

age group, residence, and year of diagnosis from 1973 through 2003.The year 2003 was the most

recent year for which complete data were available and 1973 was the earliest year census tract

information was available. Cases from the registry were examined in five-year intervals except

for the last time period, which had six years (1973-1977, 1978-1982, 1983-1987, 1988-1992,

1993-1997, and 1998-2003). A single five or six-year interval will be referred to as a period.

Separate analyses were also performed on combined data for the full study period (1973-2003).

There have been several contaminants of concern in Monticello and those contaminants have

been associated with various cancer types. All cancer types with one or more cases during the

study period were analyzed, however the analysis particularly focused on cancer that have been

associated with exposure to the contaminants of concern in the Monticello area.


…

POPULATION OF INTEREST

The population chosen for analysis included residents of the city of Monticello and surrounding

area. Residence in the zip code 84535 was used as proxy for residence in the Monticello area

since many addresses in the Utah Cancer Registry were PO Boxes in this zip code and did not

have a specific physical address. Therefore, it was not possible to limit the study to residents

who lived within the city limits of Monticello. The 84535 zip code includes the city of

Monticello and the surrounding area; no other population centers are located within the 84535

zip code.

Information on where persons may have lived prior to a diagnosis was not available from the

Utah Cancer Registry; therefore it was not possible to include former residents of Monticello in

this analysis. In addition, persons continue to be exposed to environmental contaminants of

other types after moving away from Monticello. The type of analysis performed in this study

was unable to account for this. Therefore, persons who may have been residents of Monticello

prior to their diagnosis of cancer were excluded from the analysis. A cancer case was only

included if the person was a resident of the 84535 zip code at the time of diagnosis. In five

cases, the street or city address listed in the cancer registry was not within the 84535 zip code,

despite the fact that this was the listed zip code for the cases; these five cases were excluded

since it was not possible to confirm the actual zip code of residence of these individuals.

…

The state of Utah was selected as the comparison population for this investigation. A cancer case

was included in the comparison population if the person was a resident of the state of Utah at the

time of diagnosis. For the purpose of analysis, zip code 84535 will be referred to as Monticello

and the state of Utah will be referred to as Utah, unless otherwise specified.
STATISTICAL ANALYSIS

Observed and expected numbers of cancer cases were compared using Standardized Incidence

Ratios (SIR) for each period (Kelsey, et al 1986; Aldrich and Griffith 1993). The expected

number of cancer cases was calculated by applying age-specific cancer rates for Utah as a whole

to the age-specific population of Monticello. Five-year age groups were used for the direct

standardization. A single SIR was calculated for each cancer in a single period. No sub-analyses

by age-group (e.g. for persons under 18 years old) were calculated due to small sample sizes.

The statistical significance of the SIR was evaluated using 95% confidence intervals. 
Interpreting SIRs and Confidence Intervals

An SIR is used to evaluate whether one population has a higher number of cancers than we

would expect if that population had the same age-specific cancer rates as the state as a whole. An

SIR is calculated by dividing the number of observed cancer cases by the expected number of

cancer cases. An SIR of one (1.0) indicates that age-adjusted rates were equal and there was no

increased risk. A SIR greater than one (1.0) suggests an increased risk for the study group, while

a SIR less than one (1.0) suggests a decreased risk for the study group. SIR might not be 1.0

either because there is a true difference in the number of cases or because of random variation in

cancer rates. The confidence interval helps determines whether a high or low SIR is likely to

have occurred due to chance or due to a real difference.

A confidence interval is used to determine statistical significance. Whenever an SIR, or other

measure of association, is calculated, the result is only an estimate of the true result. A 95%

confidence interval gives a range of values for the result; there is a 95% chance that the true

value of the result exists somewhere in that range. If the confidence interval of an SIR includes

1.0, then the result is not statistically significant, because there is a greater than 5% chance that

the difference found is due to chance alone. If a confidence interval does not include 1.0, then the

result is statistically significant; however, statistical significance alone does not prove that cancer

risk is truly higher or lower than expected. Confidence intervals are generally wide when the

sample size (or the number of people in the study) is low. A wide confidence interval indicates

that the SIR is not very reliable or precise. 

RESULTS

CANCER FROM ALL SITES

Cancer from all sites in Monticello residents was examined by 5- or 6-year time periods. Two

time periods had statistically significantly decreased SIRs, 1988-1992 and 1998-2003 (See Table

2). The cumulative SIR for all time periods was 0.74 and was statistically significantly decreased

(95% CI = 0.63, 0.87). Trend analysis did not demonstrate any statistically significant trends in

either direction over the time period of the study.

Table 2. Annual age-adjusted incidence rates for all cancers by five- and six-year periods and cumulative from 1973-2003 comparing Monticello to Utah – 1973-2003

	Time Period
	Monticello Rate per 100,0000
	Utah Rate per 100,000
	Monticello Observed number cases
	Monticello expected number cases
	SIR
	95%  Confidence Interval

	1973-1977
	276.8
	310.9
	15
	19.6
	0.76
	0.43,  1.20

	1978-1982
	293.5
	316.1
	20
	22.3
	0.90
	0.55,  1.33

	1983-1987
	313.0
	321.5
	24
	24.6
	0.97
	0.62,  1.40

	1988-1992
	207.1
	353.8
	19
	34.2
	0.56
	0.33,  0.83

	1993-1997
	271.4
	346.0
	32
	42.4
	0.76
	0.52,  1.04

	1998-2003
	191.3
	349.2
	31
	57.6
	0.54
	0.37,  0.74

	1973-2003
	264.8
	336.3
	141
	189.6
	0.74
	0.63,  0.87
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LIMITATIONS

In areas with small populations (such as Monticello) the numbers of expected cases of a given

cancer are sometimes too small to be appropriately analyzed. These types of cancer cluster

investigations lack the statistical power to detect small or medium elevations in cancer rates. For

example, during the 1978-1982 period, the power of the study to statistically detect a 50%

difference in lung cancer rates in Monticello compared to Utah was 0.20. In other words, there

was only a 20% chance that this study would have been able to detect an elevation or decrease in

rates if one actually existed. Therefore, the failure of this study to detect an increased risk of

cancer does not prove that an increased risk does not exist. Unfortunately, there are few

statistical methods available to improve detection of elevated cancer rates in this type of

situation.

It is also possible that the Utah Cancer Registry has not fully captured all cancer cases associated

with Monticello. Due to the location of the town and the lack of a full-service medical facility in

the immediate area, residents may have pursued medical care outside of the state (e.g. in

Colorado, Arizona or New Mexico). If a cancer diagnosis is made in a Utah resident in another

state, that diagnosis should be reported to that state’s cancer registry. Cooperative agreements

with those states’ cancer registries to share those reports with the Utah Cancer Registry were not

established until 1991 for Colorado, 1998 for Arizona, and 2005 for New Mexico. Cancer

diagnosed in Utah residents receiving care in those states prior to those agreements would not

have been reported to the Utah Cancer Registry. If cases were not ascertained for those reasons,

this could have led to an underestimate of Monticello cancer rates.

According to local residents, Monticello has had substantial migration over the past 30 years.

This is a common issue in rural areas that have seen stable or declining populations over the past

century (Census, 2006). Due to the long latency period of many cancers, it is possible that

persons who were exposed to cancer-causing contaminants would not receive a cancer diagnosis

until years after they had left the area where they were exposed. Additionally, persons who have

left an area continue to be exposed to environmental contaminants and behavioral risk factors

that can affect their cancer risk. Therefore, if a person was diagnosed with cancer, it would not

be possible to determine whether their cancer was due to a recent exposure in their new

environment or a past exposure. Persons who move into areas have also been exposed to

environmental contaminants in their previous locations. Unfortunately, the methodology of this

type of investigation is not able to analyze such migration. To the extent that this migration

occurred, it may have decreased the ability of this study to detect an increased risk of cancer in

Monticello residents.
It is also important to note that the analysis was conducted by zip code of residence and not

specific address. Many persons in the cancer registry provided a Post Office (PO) Box rather

than a street address. A PO Box is insufficient to determine whether someone lived within the

city limits of Monticello or outside of the city in a more rural area. Physical proximity to the mill

site may have a substantial impact on the exposures experienced by residents. Therefore,

including residents who may have lived several miles from the mill-site in the analysis could

have reduced the chance of detecting an increased risk in those who lived closest to the site. This

study was unable to address this issue since physical address was not available for analysis.

Additionally, it is possible that people moved within the Monticello area and experienced

different levels and different types of exposures to contaminants. The effect of this type of

movement is unclear and would depend on many individual level factors and behaviors.

An additional limitation of this study is the lack of data prior to 1973. The mill was operational

from 1943 through 1960. The latency period of cancers associated with uranium milling is not

fully established. Latency periods of 20 years have been seen in some studies, however these

studies are predominantly done in adult uranium workers and do not address latency time in

children who are exposed to uranium milling (ATSDR, 1999a). Even assuming a latency period

of 20 years, cancers possibly associated mill-related exposures may have developed as early as

1963. Unfortunately, there are no reliable sources of data on cancer incidence for the time period

before 1973.

As with most cancer cluster investigations, this study was unable to address individual-level

factors that are related to the development of cancer, such as personal habits, diet, occupational

exposures, and familial history. Humans live and work in many environments and are exposed to

complex mixtures of toxic pollutants at home and at work. The lack of adequate information on

other exposures, such as tobacco, limits our ability to conclude that a statistically significantly

elevated level of cancer in a study area is due to a specific exposure, or to conclude that the

absence of elevated cancer rates is because exposure resulted in no adverse health effect.

The lack of information on the timing of exposure relative to the development of cancer is

another limitation in this kind of study. If cancer is diagnosed before or immediately after an

individual experiences an exposure, it is unlikely that the exposure caused the cancer. In the case

of Monticello, the prolonged period of possible exposures make it unlikely for this to be an issue.

In order to more completely describe a relationship between an exposure and cancer, additional

information is needed on the timing of individual exposures, the dose received the duration of

exposure and the development of cancer.
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