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Breast Cancer Clusters in the Northeast United States: A Geographic
Analysis

Martin Kulldorff,12 Eric J. Feuer,1 Barry A. Miller,1 and Laurence S. Freedman1

High breast cancer mortality rates have been reported in the northeastern part of the United States, with
recent attention focused on Long Island, New York. In this study, the authors investigate whether the high
breast cancer mortality is evenly spread over the Northeast, in the sense that any observed clusters of deaths
can be explained by chance alone, or whether there are clusters of statistical significance. Demographic data
and age-specific breast cancer mortality rates for women were obtained for all 244 counties in 11 northeastern
states and for the District of Columbia for 1988-1992. A recently developed spatial scan statistic is used, which
searches for clusters of cases without specifying their size or location ahead of time, and which tests for their
statistical significance while adjusting for the multiple testing inherent in such a procedure. The basic analysis
is adjusted for age, with further analyses examining how the results are affected by incorporating race,
urbanicity, and parity as confounding variables. There is a statistically significant and geographically broad
cluster of breast cancer deaths in the New York City-Philadelphia, Pennsylvania, metropolitan area (p =
0.0001), which has a 7.4% higher mortality rate than the rest of the Northeast. The cluster remains significant
when race, urbanicity, and/or parity are included as confounding variables. Four smaller subclusters within this
area are also significant on their own strength: Philadelphia with suburbs (p = 0.0001), Long Island (p =
0.0001), central New Jersey (p = 0.0001), and northeastern New Jersey (p = 0.0001). The elevated breast
cancer mortality on Long Island might be viewed less as a unique local phenomenon and more as part of a
more general situation involving large parts of the New York City-Philadelphia metropolitan area. The several
known and hypothesized risk factors for which we could not adjust and that may explain the detected cluster
are most notably age at first birth, age at menarche, age at menopause, breastfeeding, genetic mutations, and
environmental factors. Am J Epidemiol 1997;146:161-70.
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It is well known that breast cancer mortality is
higher in the northeastern part of the United States
compared with the rest of the country (1-3). During
1988-1992, the 11 most northeastern states and the
District of Columbia had a mortality rate 15.6 percent
higher than the remaining 39 states. When ranking the
50 states and the District of Columbia, the top eight
were in the Northeast, with Maryland, Vermont, Con-
necticut, and Maine ranked 11, 14, 20, and 22, respec-
tively (1). There have also been reports of more local-
ized clusters of the disease, most notably on Long
Island, New York (4-6).

The high mortality rates from breast cancer on Long
Island, as well as public concern about the environ-
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ment, prompted the US Congress to mandate an in-
vestigation by the National Cancer Institute. The in-
vestigation is to include Long Island as well as the two
northeastern counties with the highest mortality rates
during 1983-1987 and at least 30 cases (Tolland
County in Connecticut and Schoharie County in up-
state New York) (7).

Typically with reported clusters, a statistical test is
performed to assess whether the number of cases is
significantly greater than what would be expected.
This is often done for the cases in one specific area
(e.g., Long Island); however, if that area is chosen
because it has many cases, then this approach intro-
duces preselection bias, since the same cases are used
to define the hypothesis as well as to test it.

To evaluate an area with an apparently increased
disease incidence or mortality rate, a more appropriate
statistical approach is to use the spatial scan statistic
(8-10). The method scans a larger encompassing area
for possible disease clusters without a priori specifi-
cation of their location or size; it identifies the approx-
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imate location of clusters, and it performs a signifi-
cance test for each cluster in a way that compensates
for the multiple testing inherent in such a procedure.

If we detect significant clusters using this method, a
logical next step is to see whether they can be ex-
plained by known or suspected risk factors. There are
a number of such risk factors for breast cancer (11,
12); and within the limit imposed by the availability of
population-based data, we can adjust for these factors
to see whether they explain the detected clusters. In
this study we report, in addition to age, adjustments for
parity (13), race (1), and urbanicity (14, 15).

MATERIALS AND METHODS

Geographic, population, and mortality data

The geographic area under study consists of Maine,
New Hampshire, Vermont, Massachusetts, Rhode Is-
land, Connecticut, New York, New Jersey, Pennsyl-
vania, Delaware, Maryland, and the District of Colum-
bia. Herein, we refer to this collection of states as the
Northeast. The analysis is based on the 245 counties
and county equivalents in this area (16). The statistical
method requires that we specify the geographic posi-
tion of each county, and we used the latitude and
longitude of the county centroid as specified by the
1990 Census (17). For three counties, the census cen-
troids were replaced by visual estimation to better
reflect the geographic and population-weighted cen-
troid, since the former had been greatly influenced by
a small outlying island (e.g., Block Island in Wash-
ington County, Rhode Island).

We used mortality data from publicly available
computer tapes provided by the National Center for
Health Statistics. During 1988-1992, there were a
total of 58,943 deaths from breast cancer among
women in the Northeast. Of these, 7,076 were younger
than 50 years. For each death, we have data on the
county of residence, age at death, and race.

Demographic data were obtained from the 1994 cen-
sus revision, taking the average July 1 population esti-
mates for 1988-1992. For each county, we obtained the
total female population subdivided by age group (5-year
intervals) and by race (white, black, other). The numbers
are not adjusted for the census undercounL The average
total population was 29,535,210 women.

Statistical methodology

To test for the presence of disease clusters and to
identify their approximate location, we used a spatial
scan statistic (8-10). We assumed the number of
deaths in each county to be Poisson distributed. The
method tests the null hypothesis that within any age
group, the risk of death from breast cancer is the same

in all counties. This means that the expected age-
adjusted mortality rate is constant over the whole area.

The method imposes a circular window on the map
and allows its center to move over the area so that at
any given position, the window includes different sets
of neighboring counties. If the window contains the
centroid of a county, then that whole county is in-
cluded in the window. For practical reasons, the center
of the window is positioned only at the 245 county
centroids; and at each position, the radius of the cir-
cular window is varied continuously from zero up to a
maximum radius so that the window never includes
more than 50 percent of the total population. In this
way, the circular window is flexible both in location
and size. In total, the method creates a very large
number of distinct circular windows, each with a dif-
ferent set of neighboring counties within it, and each a
possible candidate for containing a cluster of breast
cancer deaths. For each window, the method tests the
null hypothesis against the alternative hypothesis that
there is an elevated risk of breast cancer mortality
within, compared with outside, the window.

Under the Poisson assumption, the likelihood func-
tion for a specific window is proportional to

N -

N ~

where N is the total number of deaths over the whole
area, n is the number of deaths within the window, and /x
is the indirectly age-adjusted expected number of deaths
within the window under the null-hypothesis. / is an
indicator function that is equal to 1 when the window has
more deaths than expected under the null hypothesis, and
0 otherwise. Note that n//x and (N — n)/(N — /a) are
proportional to the age-standardized mortality ratios
within and outside the window, respectively. For fixed N
and /x, the likelihood increases with the number of
deaths, n, in the window.

This likelihood is maximized over all the windows,
identifying the window that constitutes the most likely
disease cluster. The likelihood ratio for this window is
noted and constitutes the maximum likelihood ratio
test statistic. Its distribution under the null hypothesis
and its corresponding simulated p value is obtained by
repeating the same analytic exercise on a large number
(we chose 9,999) of random replications of the data set
generated under the null hypothesis in a Monte Carlo
simulation (18). The calculations were performed us-
ing the program SaTScan (19), designed specifically
to implement the spatial scan statistic.

Compared with other statistical methods for spatial
epidemiology (20-22), the spatial scan statistic has the
following features that make it particularly suitable as a
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screening tool for evaluating reported disease clusters:

1) It adjusts both for the inhomogeneous population
density and for any number of confounding vari-
ables (in the description above, we used the term
"age-adjusted expected ratio," but this can be ex-
tended to include adjusting for other confounders as
explained subsequently.
2) By searching for clusters without specifying their
size or location, the method ameliorates the problem
of preselection bias.
3) The likelihood ratio-based test statistic takes mul-
tiple testing into account and delivers a single p
value for the test of the null hypothesis.
4) If the null hypothesis is rejected, we can specify
the approximate location of the cluster that caused
the rejection.

In addition to the most likely cluster, the method
identifies secondary clusters in the data set and can
order them according to their likelihood ratio. There
will always be sets of counties that overlap in part with
the most likely cluster and that have a likelihood
almost as high, since adding or subtracting a few
counties does not normally change the likelihood
greatly. We do not report on all clusters of this type
since most of them provide little additional informa-
tion; however, their existence means that although we
can pinpoint the general location of a cluster, its exact
boundaries must remain uncertain. Thus we always
refer to the "approximate location" of a cluster. Some-
times it is of interest to see whether a significant
cluster can be decomposed into two nonoverlapping
subclusters, each of which would allow rejection of
the null hypothesis on its own strength. One way to do
this, which we have adopted, is to continuously limit
the maximum cluster size in a sequential manner until
no additional partitions can be made.

There also may be secondary clusters that do not
overlap the most likely cluster. We report secondary
clusters of this type if the likelihood ratio is larger than
the likelihood ratio for the most likely cluster for at
least one data set simulated under the null hypothesis
(i.e., p < 1.0). It can be shown that the simulated p
values for secondary clusters are conservative, i.e.,
they overestimate their true values (9).

Confounding variables

To adjust the analysis for any number of confound-
ing variables, we used indirect standardization. The
mortality rates for each cross-classification of the con-
founding variables were pooled across the entire
Northeast and served as our standard. These rates were
then applied to the appropriate population in each
county to obtain confounder-adjusted expected counts.

To incorporate urbanicity, we classified each county as
either urban or rural; and by knowing the county of
residence for each individual, we could then proceed
with indirect standardization. For the classification, we
first selected all counties that are located within a met-
ropolitan statistical area, a consolidated metropolitan sta-
tistical area, or a New England county metropolitan area
with a total population of 500,000 or more according to
the 1990 Census (17). We then used a concept of the US
Department of Agriculture whereby metropolitan coun-
ties are divided into central and fringe metropolitan coun-
ties (23). Only the former were classified as urban, and
they are marked on the map in figure 1.

In one analysis, we adjusted for parity, the number of
live births that a woman has had during her lifetime.
Because information on parity was not available from
death certificates or for the general population, we esti-
mated mortality rates as a function of parity using the
relative risks for breast cancer incidence calculated by
Layde et al. (13) from the Cancer and Steroid Hormone
study. These risks are given in figure 2 and were adjusted
for age, history of surgically confirmed benign breast
disease, family history of breast cancer, menopausal sta-
tus, irregular menses as a teenager, and adiposity.

From the 1990 Census, data are available on the av-
erage number of children bom to the women in each
county in each of five age groups. Under an assumption
that each additional child lowers the risk of breast cancer
by the same number of percentage points, we calculated
the parity-adjusted expected number of deaths based on
the estimated relative risks. This assumption cannot hold
throughout the entire range of parity since this would
mean that women with many children would have a
negative risk; however, as can be seen in figure 2, it gives
a reasonable approximation for the range of no children
to six children where the vast majority of women fall. By
fitting a linear regression line, we estimated a risk reduc-
tion of 8.8 percent per child.

It has been suggested that breast cancer may have a
different etiology among pre- and postmenopausal
women. For this reason, we also conducted separate
analyses for women older and younger than 50 years.

RESULTS

In figure 3, we show the indirectly age-adjusted
mortality rates for each county, depicting the percent-
age above or below the Northeast average. The results
of applying the age-adjusted scan statistic to these data
are shown in figure 4 and table 1, part A. The method
found the most likely cluster in a region encompassing
the New York City-Philadelphia metropolitan area
(figure 4), with a mortality rate 7.4 percent higher than
in the rest of the Northeast. This cluster was signifi-
cant at the level p = 0.0001.
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FIGURE 1. Counties classified as urban In the Northeast United States.

Additional areas in the Northeast that had higher
than average mortality rates during 1988-1992 were
Buffalo, the District of Columbia, Boston with sub-
urbs, and eastern Maine. However, none of these had
a statistically significant excess.

As mentioned in Materials and Methods, there are
often many windows that overlap with the most likely
cluster and that have only slightly lower likelihood
values. Thus the exact borders of the cluster must
remain uncertain. For example, in the age-adjusted
analysis, with a log likelihood ratio of 34.4, the
Philadelphia-New Jersey cluster was almost as strong
as the larger Philadelphia-New York City cluster. This
means that moving just a handful of cases could have
changed the specific borders of the most likely cluster.
Moreover, there are some counties within the most
likely cluster with mortality rates considerably below
the Northeast average, as well as counties just outside
the cluster with a considerably higher rate (figures 3
and 4). The correct interpretation of the analysis is as
follows: First, within the northeast United States, there
is strong evidence for the existence of at least one
disease cluster. Second, this cluster appears to include,
but is not confined to, Long Island.

RELATIVE RISK
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FIGURE 2. The relative risk of breast cancer incidence among
women in relation to parity, as estimated by Layde et al. (13), and a
linear least square fit to that data.
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