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INTRODUCTION:

Nature of the Problem

Breast Cancer Incidence and Mortality:

Breast cancer is the most common cancer among women in the United States
(excluding cancers of the skin), and is second only to lung cancer in causing cancer
deaths in women (American Cancer Society, 1995a). According to the American Cancer
Society (ACS), the average woman has approximately a 12.6% lifetime risk of
developing invasive breast cancer, or about a one in eight chance (American Cancer
Society, 1995b). The ACS estimates that 184,300 new breast cancer cases will be
diagnosed among women in the United States during 1996 (American Cancer Society,
1995a). The incidence of breast cancer has risen dramatically over the past twenty years.
According to the National Cancer Institute's Surveillance, Epidemiology and End Results
(SEER) Program -- currently the best information available on national cancer incidence
-- the incidence of breast cancer increased 24% between 1982 and 1991, from 89.1 per
100,000 in 1982 to 110.2 per 100,000 in 1990 (Ries et al., 1994) (Figure 1).

In Massachusetts, 46,070 new cases of breast cancer were reported between 1982
and 1992. Breast cancer was the leading cancer among females during this period,
accounting for 30.9% of all newly diagnosed cancers. The average annual age-adjusted
incidence rate for Massachusetts females for 1982-1992 was 109.4 per 100,000, and
incidence increased more than 30% during this period (Figure 1).

Figure 1.
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Among Massachusetts females breast cancer incidence increases steadily with
age, reaching about 466 per 100,000 in ages 75-84, and then decreases in ages 85 and
over (Figure 2).

Figure 2.

BREAST CANCER AGE-SPECIFIC INCIDENCE
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For many years, breast cancer ranked as the number one killer of women both
statewide and nationally. In recent years, however, lung cancer has overtaken breast
cancer as the leading cause of cancer deaths in women. The ACS estimates that 44,300
women in the US will die of breast cancer in 1996, a slight decrease from the 46,000
deaths projected for 1995. The US mortality rate changed little between 1973 (the first
year for which SEER data is available) and 1989, when the US mortality rate was 27.5
per 100,000 (Miller, 1993). The National Cancer Institute recently announced, however,
a 4.7% decline in the breast cancer mortality rate between 1989 and 1992 (Smigel, 1995).

In 1993, the Massachusetts breast cancer mortality rate was 29.5 per 100,000.
That year, 1316 Massachusetts women died of breast cancer. Mortality rates due to
breast cancer among Massachusetts women are, on average, 18% higher than for women
nationally (Figure 3). According to data from the Centers for Disease Control and
Prevention, Massachusetts has the fourth highest breast cancer mortality rate in the
United States (Morbidity and Mortality Weekly Report, 1994). Its 1993 mortality rate
was 17% higher than the goal established in Healthy People 2000 by the federal
government to decrease the breast cancer mortality rate to not more than 25.2 per 100,000
(U.S. Department of Health and Human Services, 1991).




Figure 3.
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Risk Factors:

A variety of factors have been shown to be associated with an elevated risk of
breast cancer, including

e behavioral factors such as high dietary fat intake and daily alcohol intake;

e hormonal and reproductive events such as early age at menarche, menstrual cycle
length, late age at menopause, menopausal status (including history of
oophorectomy), late age at first childbirth or nulliparity; and

e demographic characteristics, including increasing age, race (being white for breast
cancers diagnosed at greater than 45 years of age; being black for breast cancers
diagnosed at less than 40 years of age), high socioeconomic status, having never
married, being Jewish, urban residence, and residence in the northern United States
(vs. the southern United States) (Kelsey, 1993).

Demographic characteristics related to socioeconomic status will be the variables of

primary interest in this project.

Background
Breast Cancer Staging:

Cancers are staged by site and size of tumor and the extent of spread to lymph
nodes or other organs. Neoplasms are categorized as either in sifu or invasive. In situ
designates an epithelial tumor that is bound by an intact basement membrane and has not
invaded the organ. "Invasive" designates an epithelial tumor which has broken through




the underlying basement membrane and has assumed tumorogenic potential in the
underlying tissue. Invasive tumors are further categorized as being local (within the
organ), regional (beyond the organ by direct extension to surrounding organs or lymph
nodes, or distant (metastasized to other organs or distant lymph nodes). Cancers are
staged according to the tumor's size, nodal status and extent of metastasis at the time of
diagnostic evaluation.

Previous Research:

It is postulated that the increased incidence in breast cancer seen during the 1980s
may be due to an increase in mammography utilization, with resultant detection of earlier
stage cancers than would have been detected without mammography. A study by White
et al. (1990) found that mammography usage explains the increased incidence in women
45-64 years of age, while it only accounts for half of the increased incidence in women
65-74. Using population-based cancer registry records of the metropolitan Atlanta SEER
program from 1979-1986, Liff et al. (1991) found that increased mammography detection
accounted for some but not all of the rising incidence of breast cancer in the US. Feuer
and colleagues (1992) developed an alternative model incorporating estimates of
differential lead time by age group and found that the increase in incidence is concordant
with increased mammography usage even in the older age groups. Kessler, Feuer, and
Brown (1991) have mathematically modeled long-term incidence trends for 1990-2000,
using Connecticut tumor registry data and information on availability of mammography
machines. They projected that breast cancer incidence would continue to rise until
approximately 1990 and then decline as screening rates stabilize.

There is no known primary prevention strategy for breast cancer, thus secondary
prevention through mammography screening / early detection is the only method of
breast cancer control. The first and most convincing evidence demonstrating the benefits
of mammography screening was the Health Insurance Plan (HIP) of New York study, in
which 62,000 women were randomized into two groups; half were offered annual
mammograms and breast palpation and the other half received their usual care. The 10-
year mortality rate for women 50 years and older was one-third lower among screenees
than among controls (Shapiro, 1982). Also, the results of a Swedish trial confirmed the
HIP study when it was found that single-view mammography decreased mortality from
breast cancer by 40% in 50-74 year old women, although no significant reduction was
observed in 40-49 year old women (Taber, 1985). Long-term survival of women with
breast cancer depends on diagnosis at the early stages (Farley, 1989; Chu, 1991).

The ultimate goal of breast cancer screening is to decrease breast cancer mortality.
Breast cancer mortality has remained constant since the 1930s (Kelsey, 1993), despite the
increase in mammography screening during the 1980s. It may take many years for a
decrease in mortality to be seen; thus, intermediary outcomes are necessary for evaluation
of breast cancer control programs. A change in the distribution of incidence of disease by
stage (an increase in the proportion of in situ and localized cases, and a decrease in the
proportion of regional and distant invasive cases) has been postulated as an appropriate




intermediate outcome. These “staging shifts” serve as an important indicator of the
success of cancer control activities. Robertson et al. (1990) and others have demonstrated
that mammographic screening lowers the percentage of women presenting with stage II
disease from 55% to 30% and increases the percentage presenting with stage I disease
from 16% to 42%.

The work of three research groups has been the basis of a number of the analyses
performed thus far:

Roffers and Austin: Assessment of Cancer Incidence Data

The North American Association of Central Cancer Registries (NAACCR) has
developed a set of cancer registry data measures for use in evaluating the efficacy of
breast and cervical cancer control programs (Roffers, 1992; Roffers and Austin, 1993).
Specifically, the NAACCR's Technical Advisory Committee (TAC) sought to identify
data items from population-based cancer registries which could be used to plan,
implement, monitor, and evaluate cancer control projects.

Breast cancer measures were selected to represent three different indicators of
early diagnosis. These measures are:
(1) the proportion of all breast cancers of known stage diagnosed at an in situ stage,
(2) the proportion of all invasive breast cancers of known stage diagnosed at a localized
stage,
(3) average annual age-specific and stage-specific breast cancer incidence rates, and
(4) the proportion of localized female breast cancers diagnosed with a tumor size <=2
cm in diameter (of all cases of known stage and known tumor size).
In project analyses, these measures will be referred to as "Roffers 1", "Roffers 2",
"Roffers 3" and "Roffers 4", respectively.

According to the TAC these measures provide an indication of the effectiveness
of screening mammography and early detection. For example, populations with a low
degree of screening mammography and a high reliance upon manual screening would be
expected to have a low percentage of breast cancers diagnosed at an in situ stage (less
than five percent). Populations with higher degrees of screening mammography have
higher proportions of in situ cancers, up to 15 to 20 percent. Thus, Roffers 1 serves to
indicate information about the relative frequency of screening mammography.

Roffers 2 indicates the degree to which manual screening methods are utilized.
High percentages of localized disease (above 75%) indicate relatively high levels of
manual screening, whereas lower percentages of localized disease (40 to 50%) indicate
low levels of manual screening. Evaluations of these measures have shown that Roffers 1
and Roffers 2 vary independently, reflecting different aspects of cancer control.

Roffers 4 serves as an additional indicator of early detection, although the TAC
notes that a degree of confounding may occur when assessing detection of cancers of size




2 cm or less, where detection by manual palpation is most difficult. This is because this
measure, which uses less than 2 cm as a point of dichotomizing non-metastatic disease,
would be most confounded as to which measure of early detection (mammography vs.
manual palpation) it is detecting. The TAC also recommends that age-specific and stage-
specific incidence rates (Roffers 3) be utilized, as they serve as yet another intermediate
indicator of cancer control efforts.

Andrews et al.: Assessment of Census Data

Andrews et al. (1994) utilized combinations of census-based demographic
variables and cancer-specific mortality rates to predict the incidence of cancers diagnosed
at a late stage. ("Late stage" is defined as regional or distant disease.) Specifically, they
developed a small-area multiple regression model which related cancer incidence to
mortality, census demographics, or both, in areas where cancer registry data were
available. They then used this model to estimate late-stage incidence for areas where
cancer registry data were not available. Work was done for breast, cervical and colorectal
cancers. Areas of interest were "health areas", administrative units of the New York City
Department of Health consisting of four to six census tracts.

Demographic predictors were selected on the basis of two criteria: a known
etiologic relationship to at least one of the cancers of interest, and an absence of
multicollinearity among these predictors. On this basis, fourteen variables were selected.
Multiple regression was then used to isolate four variables which accounted for nearly as
much variability in rates as the entire set of fourteen variables. These final four variables
were (1) the percentage of the population aged 65 and older, (2) the percentage of
household incomes greater than $50,000, (3) the percentage of the population aged 15
and older who were divorced or separated, and (4) the percentage of women in the labor
force with one or more children aged 16 years or younger.

Andrews found that good estimates of late-stage rates of breast, cervical and
colorectal cancers could be developed utilizing the above census-based variables. The
inclusion of site-specific mortality data further increased the accuracy of estimation.
Mortality alone was also found to be valuable in targeting areas where late-stage disease
is high, but adding these selected demographic variables added 10% to 20% to the
explained variability.

Farley and Flannery: Association of Socioeconomic Status and Late-Stage Diagnosis

Farley and Flannery (1989) used data from the Connecticut Tumor Registry to
examine trends in stage at diagnosis of breast cancer over time in relationship to
socioeconomic indicators, and to project numbers of “preventable” deaths from breast
cancer in various groups. They first examined the distribution of cancer stage at time of
diagnosis by year for 1975-1985, utilizing the stage categories of carcinoma in situ, local
(invasive cancer localized to the breast), regional (cancer in the breast with spread to
regional lymph nodes or pectoral muscles) and remote (presence of distant metastases).




Information on the census tract of residence was available as of 1984, and stage at
diagnosis was examined by race, place of residence and socioeconomic status (as
estimated from census tract information) for 1984 and 1985.

Socioeconomic status (SES) was estimated for each census tract using three
markers: median household income, percentage of persons below the poverty line, and
percentage of adults who have completed a high school education. As these three
variables were found to be highly correlated, and led to identical conclusions, one
variable was selected for use as an SES indicator. Values of this variable were used to
group women into quartiles, using the percentage of high school graduates in a woman’s
census tract as a surrogate for her socioeconomic status.

Using data on survival rates, population estimates, and the number of breast
cancer cases, Farley and Flannery calculated the projected number of deaths from breast
cancer in a cohort of women with breast cancer for 1984-85. They further divided this
estimate into estimates of “nonpreventable” vs. “preventable” deaths.

Results of these analyses showed that between 1975 and 1981, there was little
variation from year to year in stage at diagnosis, while from 1982 to 1985 there was a
statistically significant increase in the proportion of cancers diagnosed at an in situ or
local stage. For 1984 and 1985, cancer stage was significantly associated with SES.
Women in lower SES tracts were significantly more likely to present with remote disease
and less likely to present with in situ or localized disease than women in high SES tracts.
These differences persisted after adjusting for race, although black women were
significantly less likely to have in situ or local cancer, and more likely to have remote
disease. In examining projected mortality, lower SES women had a 25% higher projected
death cancer rate and a greater percentage of those deaths termed “preventable”.

Purpose of Present Work

Massachusetts is currently one of 35 states receiving comprehensive screening
funding from the Centers for Disease Control and Prevention (CDC) under the national
Breast and Cervical Cancer Prevention and Control Program. Under this program, the
Massachusetts Department of Public Health funds 37 sites throughout the state to provide
breast and cervical cancer screening services (including mammograms, clinical breast
exams, pap smears and physical exams, and instruction in breast self-examination) to
uninsured and underinsured women. Public education, professional education, quality
assurance and surveillance are also integral components of this program. Because of the
existence of the Massachusetts Breast and Cervical Cancer Initiative (BCCI), and the
availability of multiple data sources for breast cancer, this project is focusing initially on
the development of a model for the assessment of breast cancer control activities.

The purpose of this project is to integrate within a cancer registry management
system a component to evaluate the effectiveness of cancer control programs. The
evaluation components of this model include incidence, mortality, staging shifts, health




behavior regarding mammography usage, location of and access to mammography usage,
and socioeconomic factors. Often, early detection programs are implemented without a
means of evaluating the program. Through this project, an efficient, effective model for
program evaluation and modification is being designed.

An additional model aimed at estimating cancer incidence in small geographical
areas is also being considered. A small area estimation model will be useful in targeting
areas in need of cancer screening programs. An estimation of a large proportion of late
stage diagnoses would be indicative of an area in which it is necessary to target screening
programs. The main goal of such a program would be to reduce the proportion of late
stage incidence at diagnosis by identifying ix situ and localized cancer in individuals who
would otherwise have progressed to a late stage cancer by the time of diagnosis and
would have had a lower chance of survival.

Methods of Approach

This project's data is being examined by three different geographic units of
analysis. Proceeding from smallest to largest, they are:

Census Tracts:

Census tracts are geographic units designed collaboratively by the Census Bureau
and communities. They were initially created in 1970 so as to contain homogenous
groups of 2000 to 8000 persons (on average, 4000 persons). The intent of census tracts
was to create stable geographical units which do not change boundaries over time, so that
communities could monitor changes in their populations below the city/town level. Since
1970, however, some census tracts have been subdivided because of population growth,
and census tracts have been created in four previously untracted counties in
Massachusetts.

Cities and Towns:

Massachusetts has 351 incorporated cities and towns, which account for all land
in the Commonwealth. These cities and towns are equivalent to the Census Bureau’s
"Minor Civil Divisions" (MCDs).

Community Health Network Areas:

The Department of Public Health has divided Massachusetts into 27 Community
Health Network Areas (CHNAs). CHNASs have been created by aggregating cities and
towns in order to develop health networks -- consortia of health care providers, human
service agencies, schools, churches, advocacy groups, and members of the public of all
ages. These networks will identify and assess health needs in their communities, and
evaluate responses to these health needs. The major foci of the networks are increased
access to care, increased efficiency of health services delivery, and increased




communication and collaboration among health care and human service providers in
these areas.

Increasingly, the Department is analyzing data on the basis of CHNAs, so as to
provide area-wide data to these coalitions. In many parts of the state, the numbers of
persons and number of occurrences of health conditions are small, and it is difficult to
assess trends and identify problems. By examining data on a CHNA-wide level,
coalitions can more readily identify and monitor health conditions and problems in their
communities.

BODY:

The project staff has already analyzed multiple data sets, including Massachusetts
incidence and mortality, SEER incidence, California incidence, Connecticut incidence,
Massachusetts Behavioral Risk Factor Surveillance System (BRFSS) data, and
Massachusetts Census data. Massachusetts data will be utilized in the development of an
evaluation model, while other registries’ data sets were examined in order that staff
members could familiarize themselves with breast cancer incidence data, including trends
and staging shifts. A summary of cancer incidence variables collected and/or available
for analysis from the Massachusetts, SEER, California and Connecticut registries is
provided in Table A (in Appendix). A summary of analyses conducted on these data sets
is provided in Table B (in Appendix), while selected results are given in the text.

Massachusetts Incidence

The Massachusetts Cancer Registry (MCR) collects data on the incidence of
breast cancer in Massachusetts. The MCR began collecting cancer incidence data on
Massachusetts residents with cases diagnosed as of January 1, 1982. Currently, case
reports are obtained from two sources: 92 acute care hospitals, and seven state cancer
registries through reciprocal agreements (Connecticut, Maine, New Hampshire, New
York, Rhode Island, Vermont and Florida). The MCR processes data on more than
30,000 cases per year, and its data base currently consists of approximately 325,000
cases. Reporting is estimated to be 90% complete.

The information collected by the MCR on its reporting form includes
demographic variables such as age, sex, race, and town of residence as well as
information on the primary site, histology, and stage of tumor. The MCR began
collecting data on in situ carcinomas with cases diagnosed as of January 1, 1992.
Registry data go through extensive checks for quality assurance and completeness of
reporting. Case-specific data are confidential by law and are released only after a
thorough review of research requests.

The Massachusetts breast cancer incidence file contains 46,859 cases collected
over the 10 year span from 1982 to 1992. In situ cases were only collected for 1992; for
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this year, 15.3% of reported cases were diagnosed at an in situ stage, with the proportion
in situ decreasing with increasing age (Figure 4, in Appendix). For the overall period
1982-1992, localized cases accounted for 57.2% of the 46,859 cases, regional 29.2%,
distant 6.2% and unknown 5.7%. The proportion of localized cases increased over time
(Figures 5a and 6, in Appendix), while the proportion of regional and distant cases
decreased over time (Figures 5b, 5¢ and 6, in Appendix). This trend is what one would
expect after breast cancer screening programs have been implemented. When trends in
staged tumors were examined for the three age groups 0-49, 50-64 and 65+, we found
that the proportion of localized tumors increased as age increased (Figure 5a), the
proportion of regional tumors decreased as age increased (Figure 5b), and the proportion
of distant tumors increased as age increased (Figure 5¢). It is somewhat surprising that
younger women had more regional tumors than their older counterparts.

When annual age-specific breast cancer rates were analyzed by 5-year age groups,
we see that the 40-44, 45-49 and 50-54 year age groups show a trend of increased
incidence (Figure 7, in Appendix). Thus, we believe that the 30% increase in breast
cancer incidence which has been observed in Massachusetts between 1982 and 1992 is
primarily attributable to increased detection of localized cancers in women aged 40-54.
Given this trend, we will expect to observe a similar increase in detection of in situ
cancers, although data to evaluate this trend is not yet available.

Massachusetts Mortality

Data on deaths from breast cancer in Massachusetts are collected by the
Department of Public Health's Registry of Vital Records and Statistics. Established in
1841, the Registry is responsible for the legal registration, collection, and reporting of
almost 250,000 births, deaths, marriages, and divorces annually, and provides data on
cancer mortality. Each year the Registry issues its Annual Report: Vital Statistics of
Massachusetts, the oldest continually published statewide vital statistics report in the
United States. In conjunction with the Registry of Vital Records, the Division of
Research and Epidemiology publishes an Advance Data series with separate volumes for
births and deaths. This series reports community-specific information as well as
statewide information on variations in age-adjusted mortality rates, ethnic variations in
mortality, years of life lost, and trends. Registry of Vital Records and Statistics data
constitute the basis for identifying communities excessively burdened by disease -- such
as breast cancer -- and for developing programs and services to address these needs.

Age-adjusted mortality rates have been calculated by CHNA for 1993; rates
ranged from a low of 21.3 per 100,000 for CHNA 25 (Fall River) to a high of 42.2 per
100,000 for CHNA 16 (Medford). Age-adjusted mortality rates were also calculated by
CHNA for the time periods 1982-86 and 1987-92. Due to computational errors in
standardization, however, the results of these analyses are presently under revision.

The Surveillance. Epidemiology. and End Results (SEER) Program
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Through the National Cancer Institute's SEER Program, data on cancer incidence
are collected from nine geographic areas throughout the United States, which represent
approximately 9.5% of the U.S. population. This program reports data for cancers
reported in the selected areas beginning with cases diagnosed as of January 1, 1973.
Areas currently participating in the SEER Program are Connecticut, Hawaii, lowa, New
Mexico, Utah, Detroit Standardized Metropolitan Statistical Area (SMSA), Atlanta
SMSA, San Francisco-Oakland SMSA, Seattle-Puget Sound, Los Angeles County and
four counties in San Jose-Monterey Area, California. The latter two areas became SEER
registries in 1992, and data is not yet available for analysis. Analysis was conducted both
overall and on each of the first nine SEER registries listed.

As seen in Figure 8 (in Appendix), age-adjusted breast cancer incidence steadily
increased from 1982 to 1991 in all of the SEER areas. During this period, 10% of breast
cancers were diagnosed at an in situ stage, 51% localized, 30% regional, 6% distant and
4% unknown. This is consistent with the stage distribution seen in the Massachusetts
incidence file. As also noted in Massachusetts, the proportion of SEER cases diagnosed
at a localized stage increased over time from 50.6% to 64.2% between 1982 and 1991.
The proportion in situ increased from 4.7% to 13% during that same time period.

California Incidence

Data on breast cancer incidence in California were provided by the California
Cancer Registry (CCR). The CCR first collected cancer incidence data from selected
California hospitals beginning in 1947. Reporting of newly-diagnosed cancer cases has
been mandated by law since 1985, and the CCR has collected information statewide since
1988. The public use tape analyzed contains breast cancer cases diagnosed among female
California residents between January 1, 1988, and December 31, 1992, and reported to
the CCR as of November, 1994.

The age-adjusted breast cancer incidence rate for California increased slightly
from 122 per 100,000 to 125 per 100,000 between 1988 and 1992. The proportion in situ
increased from 11.1% in 1988 to 13.2% in 1991, while the proportion of localized cases
increased from 61.3% to 64.2% during this time.

Connecticut Incidence

Data on breast cancer incidence in Connecticut was provided by the Connecticut
Tumor Registry (CTR). The CTR is the oldest cancer registry in the US, with initial
operation in 1935 and population-based data available since 1941. It is a participant in
the SEER Program. The public use tape analyzed contains data for reporting years 1973
through 1992.

As expected, the proportion of breast cancers diagnosed at an in situ stage
increased over time from 4% in 1982 to 13% in 1992. Comparable calculations for the
proportion of cancers diagnosed at a localized stage are under revision at this time.
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Behavioral Risk Factor Surveillance System

Data on cancer screening practices among Massachusetts women are available
through the Behavioral Risk Factor Surveillance System (BRFSS), a telephone survey
conducted in nearly every state under the auspices of the CDC. At present, almost 3,000
Massachusetts residents are surveyed annually, including approximately 2,000 women.
They are asked a series of questions about preventive health practices, including cancer
screening. The BRFSS includes a women's health section which asks female respondents
about their use of mammography, clinical breast exams (CBEs) and pap smears. Among
the questions asked are whether or not the woman has ever had the exam, how recent her
last exam was, and the reason for the last exam. In 1994, Massachusetts added new state-
specific questions on whether women know how to perform breast self-examination, and
how often they do so.

BRFSS data files have been examined for 1990, 1991 and 1992. For these years,
the number of women surveyed were 737, 800, and 816 respectively. Some data were
also available for the 897 women surveyed in 1993. For each year available, questions
relating to use of mammography were analyzed overall and by CHNA. This CHNA-level
data is included in Table C (in Appendix). Among the findings were that the percentage
of women surveyed in 1993 who had ever had a mammogram ranged from a low of
35.7% in CHNA 9 (Fitchburg) to a high of 72.4% in CHNA 10 (Lowell). The
proportion of women surveyed that year who had had a mammogram within the last year
(among those who had ever had a mammogram) ranged from a low of 7.4% in CHNA 9
(Fitchburg) to a high of 92.1 in CHNA 24 (Taunton).

Variable Rankings by CHNA

One of the more interesting analyses conducted thus far is shown in Table C (in
Appendix). As noted previously, CHNAs (Community Health Network Areas) are one of
the geographic units of analysis for this project. Here, a number of variables analyzed
separately are ranked by CHNA. [As an example, values for the first variable --
%insitu92, or the proportion of 1992 breast cancer incidence cases diagnosed at an in situ
stage -- ranged from a low of 9% in CHNA 9 (Fitchburg) to a high of 23% in CHNA 15
(Woburn).] The variables utilized include breast cancer incidence data (proportion of
cases diagnosed at an in situ stage, crude incidence rates), BRFSS data on mammography
screening, breast cancer mortality data, and census demographic variables (per capita
income, percentage below poverty level, percentage with household income >$50,000,
percentage of home ownership, and several education variables).

In examining these multiple data sources in this way, interesting patterns
emerged. For example, CHNA 9 (Fitchburg) showed a low percentage of in situ
diagnoses, a low percentage of recent mammography or ever mammography, and a high
breast cancer mortality rate. CHNA 18 (Newton/Waltham), conversely, showed a high
proportion of in situ diagnoses, a high proportion of recent mammography and ever




mammography, and a high level of education. CHNA 15 (Woburn) showed a high
proportion of in situ diagnoses, a high income level, high levels of home ownership, and
high educational levels. Overall, we found that high mammography usage was
“associated” with CHNAs that had greater than 15% in situ diagnoses, and had high per
capita income, high percentage of home ownership, and higher levels of education.

Census Data

Population counts by sex and age for Massachusetts cities and towns for 1980 and
1990 were brought together in order to interpolate sex/age counts per town/city for the
intercensal years 1982-1989. These numbers are the denominators for subsequent rate
(incidence, mortality, etc.) determinations. A similar effort was made with census tracts.
However, the absence of 1980 census tracts in four Massachusetts counties rendered
impossible intercensal interpolations for all of the Commonwealth’s census tracts.

Demographic variables deemed to be associated with health and/or access to
adequate health care were identified in the Census Bureau's Summary Tape File 3A for
1980 and 1990. Most of the responses were from the "long form" of the census
questionnaire sent to an approximately 16% sample of the nation's residents. The items
are available for the 351 Massachusetts cities and towns, and for the state's census tracts.

These computations have resulted in a data set of 1,177 census tracts for which
socioeconomic characteristics and other relevant data were collected in the 1990 US
Census. Data for these 1,177 tracts remained after data from some tracts had been
omitted or combined for various reasons (such as too few women -- €.g., a tract which
recorded the male prison population in a community, or too little data -- e.g., college
dormitories with large numbers of women with no income, no working mothers with
children, etc.). The geographic location of the center of each tract was given by its
latitude and longitude in degrees.

The census variables retained were measured as rates (percents) of the appropriate
populations: (1) Non-whites, (2) Blacks, (3) Asians, (4) Asian language spoken at home,
(5) Hispanics, (6) Spanish spoken at home, (7) Elderly (65+ years of age), (8) Mothers in
the labor force with children younger than age eighteen, (9) Women separated or
divorced, (10) Foreign-born; (11) Educational attainment of less than 9 grades, (12)
Educational attainment of some high school, (13) Educational attainment of high school
and some college, (14) Educational attainment of four years of college, (15) Unemployed,
(16) Persons below poverty level, (17) Persons living in the same house for the past five
years, (18) Persons owning their own home, and (19) Per capita income.

Incidence data were collected from two periods: 1982-1986 and 1987-1992; the
data were the stages reported at diagnosis, from which incidence could be aggregated and
Roffers’ proportions could be determined. The frequency distribution of ages suggested
that those women of age 30 through 94 years would be a suitable universe. This




population in each tract was the denominator for incidence and stage rates. These data
sets are those used in the following statistical analyses among census tracts.

Modeling of Socioeconomic Variables

Recent attention has focused on those census variables that may reflect
socioeconomic status. Some of the selected variables are shown in Table D along with
their means and standard deviations. Currently analyses are being done at the level of
the census tract, with 1,177 census tracts in Massachusetts. The data are also available at
the level of the towns, with 351 in Massachusetts, or at the level of CHNA, with 27 in
Massachusetts.

Table D. Census variables associated with socioeconomic status.

Variable Label Census Variable Mean Std Dev
PBLK % black 6.7% 15.97%
PHSP % Hispanic 6.0% 11.32%
PFORN % foreign-born 10.3% 8.88%
PEDCL9 % <9 grades school 9.6% 9.52%
PCOLL4 % 4-yr college degree 26.3% 17.02%
PHS13 % some hs but not 12.9% 6.87%
completed
PCVUNEM % unemployed 7.5% 4.54%
PBLWPOV % annual income below 10.6% 10.37%
poverty level
PFMKD % women in labor force 6.8% 5.4%
spouseless with children
<18
PFSPDV % females separated or 11.0% 4.87%
divorced
PERCAP Per capita annual income $16783.50 $6663.99
POWNR % owning own homes 56.3% 25.22%
PTEGT65 % of population 65 or over  14.0% 5.74%
STG1RTE Stage 1 incidence rate 121.1 per 121.61
100,000
PRPSTGI1 Prop Stage 1 of all 0.57 0.36

diagnoses

From Table D it is evident that for many of the measures, the standard deviations
are as large or larger than the means, suggesting non-normal distributions. Figures 9, 10,
and 11 (in Appendix) show the distributions for several of these measures. In fact, there
is statistically significant skewness and kurtosis for each of these variables separately,
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and when they are examined as a multivariate set, there is serious departure from
multivariate normality.

The violation of the assumption of multivariate normality poses problems to the
investigation of a possible measurement structure underlying these data. Most of the
approaches to exploratory factor analysis assume multivariate normality. The approach
in this project, therefore, has to use confirmatory factor analysis, where possible
measurement structures can be tested proactively. Furthermore, under conditions of non-
normality, our approach was to analyze the covariance matrix rather than the correlation
matrix since most forms of correlation assume multivariate normality. It has been shown
that under conditions of non-normality, weighted least squares ensures correct estimates
of model parameters (Browne, 1984).

So far, a number of alternative measurement structures have been proposed and
tested. One model hypothesizes a single theoretical variable, SES, underlying the census
measures. A second model, with its path diagram sketched in Figure 12 (in Appendix),
hypothesizes three theoretical variables, Race/Ethnicity, Education, and Economics. A
third model hypothesizes the same three theoretical variables, but a second order factor,
SES, underlying those three, as sketched in Figure 13 (in Appendix).

Confirmatory factor analysis not only offers a proactive approach to testing
measurement structures underlying the data, it also provides goodness of fit indices to
determine how well each model fits the data. In this way, one model can be compared to
another. Furthermore, it provides an extensive amount of diagnostic information to help
understand where the model fits badly, or where certain measures are redundant,
unreliable, or do not contribute useful information. Its most important potential
contribution is parsimony, whereby, starting with some 19 candidate census tract
variables, all reflecting some aspect of socioeconomic status, it provides a way of
reducing these data to a much smaller set without serious loss of their information
content. Table E shows a grouping of the candidate variables according to the three
hypothesized variables: Race/Ethnicity, Education, Economics.
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Table E. Census variables organized by hypothetical variables.

Race/Ethnicity Education Economics

% non-white % < 9 grades of school % unemployment

% black % with some high school % below poverty

% Asian % with some college % in same house

% Asian language % with 4-yr college degree % owning own home

% Hispanic Per capita annual income

% Hispanic language % women spouseless in
labor force with children
<18

% Foreign born % females separated or
divorced

Using the three sets of measures shown in the above table, the most recent
analysis tested each set separately, to determine whether it was justifiable to hypothesize
a single underlying measurement structure for each set. The process of testing each set
also served to identify problems and to eliminate measures because of poor fit arising
from excessive measurement error, redundancy, or information value.

The results of this process provide a Race/Ethnicity factor consisting of a
combination of three of the seven candidate variables. The linear combination and their
standardized regression coefficients consisted of: 0.552*PBLK, 0.714*PHSP, and
0.606*PFORN. This process reduced the education measures from four to two, PHS13
and PCOLL4, but with only two measures it is not possible to characterize the fit
statistically.

By far, the measurement structure of the economic measures had the best
statistical characteristics. The number of measures was reduced from seven to four:
-0.875*PCVUNEM, -0.851*PLBPOV, 0.669*PERCAP, and -0.697* PFMKD.
Furthermore, the fit indices were all supportive of a model with a single underlying
structure. It will be possible to create a single economics variable from this analysis to
use in future studies.

The economics model and the race/ethnicity model were next combined to test a
two factor structure, that is, to determine whether it is reasonable to assume that two
distinct, yet correlated, variables underlie these measures. The fit indices for the two
factor structure were acceptable, but the race/ethnicity and economic factors are so highly
correlated that the model amounts to a distinction without a difference. So, an additional
model was tested to determine whether the race/ethnicity and economics factors could be
combined into a single theoretical variable. According to the fit indices, the combined
single factor model fits the data better than the two construct model. This analysis
provides us with a second useful economics variable which also contains a race/ethnicity
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component. In future analyses this will mean that we will have more than one way to
control for or account for socioeconomic influences.

While a stable education factor could not be justified statistically, combinations of
the educational measures were found to complement racial/ethnic measures in such a way
that a useful two factor model could be developed. The two factors are correlated in the
moderate to high range, 0.748. The factor score regression weights for the two measures
are shown in Table F.

Table F. Factor score regressions for two factor model.

% <9 grades % some hs % black % Hispanic % foreign
Education 0.659 0.212 0.009 0.075 0.032
Race/ 0.197 0.063 0.068 0.540 0.288

Ethnicity

Tests of the three factor model produced statistically acceptable fit indices, but
revealed again the highly correlated nature of these factors. The correlations between
pairs of factors are shown in Table G. Clearly the correlation between the economics
factor and the education factor is high, 0.930, as is the correlation between the economics
factor and the race/ethnicity factor, 0.965, while the correlation between the
race/ethnicity factor and the education factor drops to 0.731.

Table G. Correlations between factors in the three factor model.

Economics Education Race/Ethnicity
Economics 1.000
Education 0.930 1.000
Race/Ethnicity 0.965 0.731 1.000

It would seem from the above analyses that the project now has available a
number of alternative measures which parsimoniously capture the economics
information, the race/ethnicity information, and the education information available from
the census data. The extent to which the dependent variables investigated in this project
are affected by these socioeconomic factors should now be accessible.

Integration of Statistical Model into MCR-CIMS

In order to ensure that the Cancer Control Automated Evaluation Model to be
developed is fully integrated into the Massachusetts Cancer Registry-Cancer Information
Management System (MCR-CIMS), the project software engineers have focused on
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familiarizing themselves with the production system. This has included meeting with the
software developers of MCR-CIMS and discussing in detail the design and
implementation strategy, as well as how the system will be used by MCR staff. To
ensure that the software engineers were familiar with MCR-CIMS, it was decided to have
them make all the necessary modifications and/or enhancements to specific components
of the system. This step was necessary to prepare MCR-CIMS for having the Cancer
Control Automated Evaluation Model become an integral component to the system.

The software engineers began by first identifying the components that needed to
be modified and/or enhanced to ensure compatibility with the Evaluation Model. The
components identified in MCR-CIMS provide the end user with the ability to create ad
hoc queries and perform statistical and mapping analyses on cancer incidence data. Once
the components had been identified, a project schedule was created and implemented.
Completion is expected in December 1995. During this phase, a set of requirements for
the Cancer Control Automated Evaluation Model is being prepared for the software
engineers to implement beginning January 1996, providing that the necessary
modifications and/or enhancements to MCR-CIMS have been completed.

CONCLUSIONS:

Year 1 activities have focused on examining the distribution of breast cancer in
Massachusetts and throughout the US. Using data from Massachusetts, SEER,
Connecticut and California, we have explored trends in cancer incidence, staging,
mortality and mammography screening, and begun integration of these data sources. We
have also analyzed census data, prepared population data for multiple geographic units of
analysis and multiple time periods, and examined correlations between various
socioeconomic factors. Additionally, we have compiled a master file of data sources in
preparation for developmental modeling. We anticipate more complete and better-
founded results of this modeling because of the improved quality and completeness of
data being used in these analyses, particularly census data.

Year 2 activities will focus upon completion of the statistical model, and
integration of this model into the Massachusetts Cancer Registry’s database (MCR-
CIMS). In Year 2, the following tasks will be done in order to integrate a Cancer Control
Automated Evaluation Model into MCR-CIMS:

1. End user polling
Requirements analysis
Finalization of features and capabilities
Comprehensive formal system design
Software development
System integration
Beta-testing ,

System modifications
Final release.
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(An overview of MCR-CIMS is provided in Figures 14, 15 and 16, in the Appendix.)

Future Analyses

In addition to the socioeconomic variables created from our measurement
modeling of the census tract measures, other known covariates will be analyzed. Age, for
instance, is an extremely important covariate, and is available at the level of the census
tract in many forms. The percent of the female population equal to or greater than 65
years of age has already emerged in our data as highly correlated with the incidence of
breast cancer. The literature has also revealed that the availability of mammography
facilities is also critical. The project staff is assembling mammography site information
and integrating that information into the census tract database. While such information is
useful in its own right as a measure of diagnostic availability, it may also be useful as a
covariate in our modeling efforts.

Latitude and longitude data have also been incorporated into the census tract data
base for use with spatial scan statistical analysis (Kulldorff, 1994). Kulldorff is currently
incorporating the time dimension into his program, a feature that may also be useful.

While current analyses are being conducted at the level of the census tract as the
unit of analysis, it will also be possible to conduct analyses at different levels, using
towns or CHNAs as the unit of analysis. One scenario envisions the CHNA as client with
interest in examining breast cancer information and relevant covariates for the CHNA as
a whole first, and then calling for analyses at the level of the towns within the CHNA,
and finally the census tracts within the CHNA. In this way, CHNAs would have
available overall information as well as detailed maps of variation within their region.
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Table A. Variables collected* and/or available for analysis** from selected registries.

Variable MA* SEER** CA** CT**
Hospital name X X
Hospital code X X
Date of admission X

Date of diagnosis X X X X
Record number X X

Region ID X

Region patient number X

Region tumor number X

SEER registry X

Coding procedure X

Name X

Sex X X X

Race X X X X
Spanish name or origin X X

Maiden name X

Address X X (town code)
County of residence X X

Census tract X X

Zip code X X
Birthdate X X (year)

Age X X X X
Place of birth X X X

Smoking status X X
Marital status X X

Primary site X X X (breast only)
Histology X X (inmorph.) | X X
Morphology X X

Differentiation X (inmorph.) | X

Stage X X X X (EOD)
Laterality X X X
Extent of disease (EOD) X X
Sequence number X X X

Confirmation method X X X

Place of diagnosis X

Reporting source X X

Treatment X X
Vital status X X X X
Date of last contact X
Cause of death X X X
Occupation X
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Table B. Summary of operations performed on data files, Year 1.

File Year(s)

92 MASS INCIDENCE 1992

82-92 MASS INCIDENCE 1982-1992
1992

1982-1992
(by single yrs)

1982-1986

1987-1992

1982-1992
1982-1992

1992

1982-1992

82-92 MASS MORTALITY 1982-1986
1987-1992

93 MASS MORTALITY 1993

Operations

Roffers prop 1

Roffers prop 2

Avg. annual age-specific incidence
Avg. annual stage-specific incidence
Roffers prop 4

Frequency distribution for all variables
Roffers prop 1 in situ by age (3 grps)

by age (18 grps)
Roffers prop 2 localized by age (3 grps)

by age (18 grps)
proportion regional by age (3 grps)

by age (18 grps)
proportion distant by age ( 3 grps)

by age (18 grps)
Roffers prop 2 by age (3 grps)

by age (18 grps)
Roffers prop 2 by age (3 grps)

by age (18 grps)

unknown stage/ unknown race by hosp.

Merged with Allcodes and aggregated
byCHNA
% in situ by CHNA

Annual age-specific inc. rates (18 grps)
Age-adjusted mortality rates by CHNA
Age-adjusted mortality rates by CHNA
Merged with Allcodes and aggregated

by CHNA
Age-adjusted mortality rates by CHNA
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Table B. Summary of operations performed on data files, Year 1 (continued).

File Year(s)
73-91 (9) SEER AREAS 1973-1991
1982-1991

Operations

Cumulative incidence by: gender
race
age (18 grps)
marital status
stage
age X stage
race X stage
Total SEER sample:

(1982+ has in situ) Freq by year x stage

1982-1986
1987-1991

1982-1986
1987-1991

1982-1986
1987-1991

1982-1986
1987-1991

1988-1991

Roffers prop 1 by year

Roffers prop 2 by year
Individual SEER areas:

Freq by year x stage

Roffers prop 1 by year

Roffers prop 2 by year

Age-adjusted incidence by SEER area
Age-adjusted incidence by SEER area

Age-adjusted incidence by age (18 grps)
Age-adjusted incidence by age (18 grps)

Age-specific incidence by SEER area
Age-specific incidence by SEER area

Stage-specific incidence by SEER area
Stage-specific incidence by SEER area

Roffers prop 4 (<2cm ) by SEER area

(1988 + has tumor size)

1982-1991
1982-1991
1982-1991
1982-1991

Annual age-specific inc. by SEER area
Total age-specific inc. by SEER area
Annual age-adjusted inc. by SEER area
Total age-adjusted inc. by SEER area
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Table B. Summary of operations performed on data files, Year 1 (continued).

File

88-92 CALIFORNIA INCIDENCE

73-92 CONNECTICUT INCIDENCE

90-92 MASS BRFSS

Year(s)

1988-1992

1988-1992

1988-1992
1988-1992

(by single yrs)
1988-1992

1988-1992
(by single yrs)
1988-1992
1988-1992
1988-1992

(by single yrs)
1988-1992
1988-1992

(by single yrs)
1988-1992

1973-1992

1990-1992

Operations

Frequency and % of breast cancer by:
stage
race X stage
age X stage
Roffers proportion 1
Roffers proportion 2
Freq. and % of breast cancer by:
age (by single yrs)
race
stage
race x stage
age x stage
Roffers proportion 1
Roffers proportion 2
Cum. age-specific inc. by age (18 grps)
Age-specific incidence by age (18 grps)

Cumulative age-specific incidence by
age (3 grps: 0-49, 50-64, 65+)
Age-specific incidence by age (3 grps)

Age x stage incidence (18 grps)
Age x invasive stage incidence (3 grps)
Age x invasive stage incidence (3 grps)

Cum. age-adjusted incidence by year
(18 grps) and (3 grps)

Age-adjusted incidence

(18 grps) and (3 grps)

Cum. age-adjusted incidence by stage
(18 grps) and (3 grps)

Roffers 1 & 2 for each year

Freq. and % of mammography ques.
2,3, 4, and 6 by CHNA
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Table B. Summary of operations performed on data files, Year 1 (continued).

File Year(s)

1981-1989
1991-1994

MASS SES

1990

Operations

Population interpolations
Population interpolations

Demographic/SES variables by census

tract, town, and CHNA
Proportion of localized, regional, distant
by census tract, town and CHNA

SEER time trend:
% in situ for each SEER area
% localized for each SEER area
California time trends:
% in situ by age (3 grps)
% in situ by race
% in situ by age & race
% localized by age
% localized by race
% localized by age & race
Mass incidence 1982-1992:
% in situ by age (3 grps) 1992
% in situ by age (18 grp)1992
% localized by age (3 grps) &
time (2 grps)
% regional by age (3 grps)
& time (2grps)
% distant by age (3 grps)
& time (2 grps)
trends of invasive cases over
time from 1982-1992
trends.: age specific incidence
over time from 1982-1992

SUMMARY graphs:

graphs:

graphs:

Variables by CHNA: Mass92 % in situ, Mass90 per capita $,
income < poverty, income >$50,000, education,
Mass90-92 BRFSS mammography questions

Frequency distribution of variables by CHNA (histograms)
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Figure 12

Three-Factor Model of SES
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Figure 13
Second Order Factor Model
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Figure 14.

Overview of Cancer Information Management System

[ Adhoc App. ] [ Statistical App. ] [ Patient App.

A 4 X

CIMS Query Server CIMS Table Server

CIMS Administration ]

Cancer Information Management System
Master Databases

* This is not a complete overview of the CIMS
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Figure 15.
Cancer Case Data Flow
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Figure 16.

Cancer Information Management System’s
Master Databases Structure
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