High mortality rates per square mile as -
sociated with liver cancer, lung cancer,
kidney cancer, and leukemia have been
reported in San Antonio. Without taking
into account the underlying at-risk pop -
ulation, cancer mortality rates per
square mile alone may give the public a
misleading picture. This study conducts a
geographic cluster analysis of mortality
of the four types of cancer mentioned
above, considering both mortality cases
and the at-risk population. The analysis
uses statewide cancer mortality data
over an 8-year period from 1990
through 1997. Results from the study in -
dicate that only one statistically signifi -
cant cluster of liver cancer mortality
cases exists in Bexar County and its ad -
jacent counties compared with the rest of
Texas. No clusters of lung cancer, kidney
cancer, or leukemia exist in San Antonio.
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Are deaths from liver cancer, kidney cancer, and
leukemia clustered in San Antonio?
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INTRODUCTION

Concerns have arisen that cancer mor-
tality rates in San Antonio may be ele-
vated (1,2). For example, Bradshaw
(2) reported high mortality rates of
liver cancer, lung cancer, kidney can-
cer, and leukemia per square mile in
some areas of San Antonio. However,
without consideration of the underly-
ing at-risk population and its associ-
ated demographic characteristics,
mortality rates per square mile alone
may give a misleading picture of cancer
mortality rates in San Antonio. In addi-
tion, to avoid preselection bias, cancer
mortality in the entire state of Texas
should be analyzed first to determine
whether cancer mortality rates are in-
deed excessively higher in San Antonio
than in the rest of the state. Although
considerable research has been re-
ported about the characteristics of can-
cer mortality and incidences in Texas
(3-7), the current literature does not
provide a clear picture of the geo-
graphic concentration of cancer mor-
tality in Texas; hence, findings in these
reported studies cannot be used to de-
termine whether or not mortality rates
of these four types of cancer are in fact
excessive in San Antonio.

On the basis of these observations, |
conducted cluster analyses of cancer
mortality cases for the entire state of
Texas using cancer mortality data over
the 8-year period from 1990 through
1997. The analyses aim to determine
whether statistically significant mortal-
ity clusters of liver cancer, lung cancer,
kidney cancer, or leukemia exist in
Bexar County (where San Antonio is
located). A cluster in this context is de-
fined as a collection of adjacent area
units whereby cancer mortality rates
are excessive compared with the rest of
the study area, and this excessiveness is
statistically significant. The goal of the
study was achieved through a geo-
graphical cluster analysis of cancer
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mortality cases that used the spatial
scan statistic available from the Na-
tional Cancer Institute. This method
has been used in geographic cluster
analysis of cancer mortality and dis-
eases in a variety of situations (8,9).

Four separate cluster analyses, one
for each of the four types of cancer,
were conducted. County was the area
unit used for the analyses. Because San
Antonio accounts for most of the popu-
lation in Bexar County, use of Bexar
County to represent San Antonio in the
analyses seems appropriate. Another
important reason to use county as the
area unit for the analyses is that reli-
able yearly estimations of the at-risk
population at the county level were
readily available from the US Census
Bureau. Although conducting the
analysis at an area unit smaller than a
county is desirable, no accurate estima-
tion of annual population data of Texas
cross-tabulated by race, age group, and
sex for smaller area units was available
as of this writing. Needless to say, ac-
curate at-risk population data relate di-
rectly to the reliability of the clusters
detected.

DATA AND METHODS

Three types of data were needed for
the analyses: geographic location, at-
risk population, and cancer mortality.
Geographic coordinates of county poly-
gon centroids were obtained within a
Geographic Information System and
were used to represent the locations of
the 254 counties in Texas. The at-risk
population data at the county level
from 1990 through 1997 were ob-
tained from the US Census Bureau.
These data were reformatted so that
the at-risk population data were cross-
tabulated by 4 races (white, African
American, Hispanic, and other), 18 age
groups (5-year interval), and 2 sexes.
This resulted in a total of 144 combi-
nations of race, age group, and sex,
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and each combination had a popula-
tion count associated with it for each
year.

Statewide cancer mortality data
from 1990 through 1997 were ob-
tained from the Bureau of Vital Statis-
tics of the Texas Department of Health.
Four cancer mortality data sets were
used in the analyses. The first data set
contains 6607 deaths from liver cancer.
The second set is composed of 71,678

deaths resulting from lung cancer. The
third data set includes 5554 deaths re-
lated to kidney cancer. The final data
set consists of 9639 deaths caused by
leukemia. All cases in the 4 data sets
were cross-tabulated by the 4 races, 18
age groups, and 2 sexes.

The mortality data were analyzed by
using the SaTScan (Version 2.1.3) soft-
ware package. This software is based
on the spatial scan statistic (10) and

has been developed and distributed by
the US National Cancer Institute. An
article by Kulldorff (10) provides a de-
tailed description of the spatial scan
statistic, which is discussed only briefly
here. In the first step in executing the
software, circles are drawn, centered at
specified locations in the study area. At
each location, the sizes of the circles
vary continuously on the basis of a pre-
specified maximum circle size. Second,

Table 1. Cluster analysis results of liver and lunch cancer mortality in Texas, 1990-1997. (Note: Mortality rates were adusted for race, age group, and sex.)

Cluster

County Within a Cluster

No. of
Incidences

Expected No.
of Incidences

Log
Likelihood

Relative Risk Ratio P Value

Liver Cancer

Most likely cluster

Secondary cluster 1

Comal, Blanco, Hays, Kendall, Caldwell,
Guadalupe, Bexar

Tyler, Nacogdoches, San Augustine,
Sabine, Houston, Angelina, Trinity, New-
ton, Jasper, Polk, San Jacinto, Hardin,
Liberty, Orange, Jefferson

890 646.37

415 371.41

1.377 46.09 .0001

1.307 14.43 .0001

Lung Cancer

Most likely cluster

Secondary cluster 1

Secondary cluster 2

San Patricio, Victoria, Goliad, Live Oak,
Bee, Refugio, Calhoun, Aransas, Duval,
Jim Wells, Nueces, Kleberg

Sabine, Bowie, Titus, Franklin, Hopkins,
Morris, Cass, Camp, Wood, Rains,
Upshur, Marion, Kaufman, Van Zandt,
Harrison, Smith, Gregg, Rusk, Panola,
Henderson, Navarro, Cherokee, Ander-
son, Freestone, Shelby, Nacogdoches,
Limestone, San Augustine, Leon, Hous-
ton, Angelina, Trinity, Robertson, New-
ton, Jasper, Polk, Madison, Tyler, Walker,
Brazos, San Jacinto, Grimes, Mont-
gomery, Hardin, Liberty, Waller, Orange,
Jefferson, Harris, Chambers, Galveston

Wichita, Collingsworth, Childress, Hall,
Hardeman, Wilbarger, Motley, Cottle,
Foard, Clay, Montague, Grayson, Cooke,
King, Dickens, Archer, Knox, Baylor,
Jack, Wise, Denton, Haskell, Throckmor-
ton, Young, Stonewall, Palo Pinto,
Parker, Tarrant, Shackelford, Jones,
Stephens, Hood, Eastland, Callahan

2,831 2,290.03

24,498 23,242.66

9,378 9,001.01

1.236 61.50 .0001

1.054 49.72 .0001

1.042 8.92 .0222
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the number of cases inside and outside
each circle is determined. Third, the
number of cases expected inside the
circle is calculated on the basis of the
at-risk population in the area covered
by the circle and the covariates used in
the analysis.

In the fourth step of the analysis, the
most likely cluster and secondary clus-
ters are determined by computing max-
imum likelihood ratios (10). If a circle
has the largest maximum likelihood ra-
tio and the number of observed cases is
more than expected, then the area cov-
ered by this circle is considered to be
the most likely cluster. Other clusters
containing more cases than expected
are considered secondary clusters.
These secondary clusters are ranked on
the basis of their associated maximum
likelihood ratios. Clearly, secondary
clusters are less important than the
most likely cluster. Lastly, the spatial
scan statistic evaluates the statistical
significance of the most likely cluster

and the secondary clusters by using
Monte Carlo simulations. When cases
are assumed to follow the Poisson dis-
tribution in space, the null hypothesis
is that no statistically significant spatial
cluster exists. The simulated P value as-
sociated with a cluster should then be
greater than a given level of signifi-
cance, and the likelihood ratio should
be smaller than a value determined by
the software for a given significance
level. Otherwise, the null hypothesis of
no spatial cluster is rejected and the
cluster is considered as a statistically
significant cluster.

The spatial scan statistic was chosen
because it does not present the prob-
lem of multiple testing found in some
exploratory analysis methods (11-13).
These exploratory analysis methods
draw circles centered at certain loca-
tions in the study area and evaluate the
significance of the cluster covered by
each circle, one by one. This procedure
introduces the problem of multiple

testing, thus making these methods un-
suitable for hypothesis testing. In con-
trast, the spatial scan statistic evaluates
all circles in the study area at once and
uses the value of the maximum likeli-
hood ratio to select the most likely
cluster and secondary clusters. The
spatial scan statistic method evaluates
the statistical significance of only the
most likely cluster and secondary clus-
ters, not every cluster, thus avoiding
the problem of multiple testing (14). In
addition, the spatial scan statistic does
not require the user to specify the clus-
ter size before the clustering takes
place, a desirable feature needed for
the analyses conducted in this study
(14,15).

The analyses of the 4 data sets were
performed on a Dell Inspiron 7500
notebook computer. For each of the 4
cancer mortality data sets, exactly
9999 Monte Carlo simulations were
conducted to test the significance of
the clusters detected.

Table 2. Cluster analysis results of kidney cancer and leukemia mortality in Texas, 1990-1997. (Note: Mortality rates were adjusted for race, age group, and sex.)

Log
No. of Expected No. Likelihood
Cluster County Within a Cluster Incidences  of Incidences Relative Risk Ratio P Value
Kidney Cancer

Most likely cluster Karnes, Bastrop, Hays, Kendall, Cladwell, 831 751 1.107 4.79 .5740

Comal, Guadalupe, Gonzales, Bexar, Med-

ina, Lavaca, Wilson, De Witt, Jackson,

Atascosa, Victoria, Frio, Goliad, Live Oak,

Bee, La Salle, McMullen, Refugio, Cal-

houn, San Patricio, Aransas, Nueces

.8494
Secondary cluster 1 Orange, Hardin, Jefferson 175 141 1.241 3.91
Leukemia

Most likely cluster Chambers, Hardin, Liberty, Jefferson, 442 371.54 1.19 6.56 .1689

Galveston
Secondary cluster 1 Robertson, Freestone, McLennan, Lime- 369 310.58 1.188 5.36 4093

stone, Leon, Falls, Milam, Madison, Bra-

zos, Grimes, Burleson
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Fig 1. Statistically signiféant clusters of cancer mortality in Texas, 1990-1997: (a) liver cancefb) lung

cancer. (Note: Motality rates wee adjusted for race, age goup, and sex.)
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RESULTS

Analysis results related to the first and
second data sets are reported in Table 1
and Fig 1. Statistically significant clus-
ters are found in deaths resulting from
liver and lung cancer (Table 1 and Fig
1). For deaths caused by liver cancer,
the most likely cluster (P=.0001) in-
cludes the 7 San Antonio area counties
of Comal, Bexar, Blanco, Hays, Kendall,
Guadalupe, and Caldwell (Fig 1a). The
other statistically significant cluster
(P=.0002) of liver cancer mortality is
located in an area northeast of Hous-
ton. This cluster embraces 15 counties,
including Tyler, Nacogdoches, San Au-
gustine, Sabine, Houston, Angelina,
Trinity, Newton, Jasper, Polk, San Jac-
into, Hardin, Liberty, Orange, and Jef-
ferson (Fig 1a).

Three statistically significant clus-
ters of lung cancer mortality emerged
(Table 1 and Fig 1b). The most likely
cluster (P=.0001) is located in South
Texas, in the Victoria and Corpus
Christi area, including 12 counties: San
Patricio, Victoria, Goliad, Live Oak,
Bee, Refugio, Calhoun, Aransas, Duval,
Jim Wells, Nueces, and Kleberg. The
first secondary cluster (P=.0001) is a
large cluster containing 51 counties in
East Texas. These 51 counties include
Sabine, Bowie, Titus, Franklin, Hop-
kins, Morris, Cass, Camp, Wood, Rains,
Upshur, Marion, Kaufman, Van Zandt,
Harrison, Smith, Gregg, Rusk, Panola,
Henderson, Navarro, Cherokee, Ander-
son, Freestone, Shelby, Nacogdoches,
Limestone, San Augustine, Leon, Hous-
ton, Angelina, Trinity, Robertson, New-
ton, Jasper, Polk, Madison, Tyler,
Walker, Brazos, San Jacinto, Grimes,
Montgomery, Hardin, Liberty, Waller,
Orange, Jefferson, Harris, Chambers,
and Galveston. The other secondary
cluster of lung cancer mortality
(P=.0222) is also large and contains
34 counties: Wichita, Collingsworth,
Childress, Hall, Hardeman, Wilbarger,
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Motley, Cottle, Foard, Clay, Montague,
Grayson, Cooke, King, Dickens, Archer,
Knox, Baylo r, Jack, Wise, Denton ,
Haskell, Throck morton, Youn g,
Stonewall, Palo P into, Parker, Tarrant,
Shackelford, Jones, Stephens, Hood,
Eastland, and Callahan (Fig 1b).

For mortality cases r esulting from
kidney cancer and leuk emia, no statis-
tically significant clusters wer e de -
tected in the entire state. Par  ameter
values associated with the most likely
cluster and the fi rst secondary cluster
of mortality related to both kidney can-
cer and leukemia are reported in Table
2. The locations of the clusters ar e
given in Fig 2. F or example, the most
likely cluster of deaths r elated to kid -
ney cancer contains 27 counties. But
this cluster has a P value of .5740 and,
thus, is not statistically signifi cant (Fig
2a). The first secondar vy cluster of
deaths related to kidney cancer  con-
tains only 3 counties and is not statisti-
cally significant (P=.8494). The most
likely cluster of deaths due to leukemia
is in the 4 counties northeast of Hous -
ton (Chambers, Har din, Liberty, an d
Jefferson) and in Galveston County,
south of Houston (Fig 2b). This cluster
is also not statistically significant
(P=.1689). The first secondary cluster
of leukemia-related mor tality contains
11 counties in an area containing cities
like Waco, Bryan, and College Station,
and is not statistically significant
(P=0.4093).

CONCLUSIONS AND DISCUS  SION

The analyses show clearly that only
deaths from liver cancer form the most
likely and statistically signifi cant clus-
ter in Bexar County (in which San An -
tonio is located) and in its 6
surrounding counties (Comal, Blanco
Hays, Kendall, Caldwell, and
Guadalupe). These data are pr esented
in Fig 1. No statistically signifi cant
cluster exists in Bexar County or its ad-

Fig 2. Statisticallynot significant clusters of cancer mortality in Texas, 1990-1997: (a) kidney cancer

(b) leukemia. (Note: Mortality rates wer adjusted for race, age goup, and sex.)
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jacent counties for mortality r elated to
lung cancer, kidney cancer, or leukemia
(Figs 1 and 2). Therefor e, we can con -
clude that only liver cancer mortality is
an area of cr itical concern for Bexar
County and, hence, in San Antonio . In
addition, counties in the Houston area,
particularly counties northeast of
Houston, an d some counties in south
Texas in the Victoria and Corpus Christi
areas, warrant attention (Fig 1).

Notice that the counties in the clus -
ters mentioned above are in urbanized
areas, which suggests that higher can-
cer mortality rates in these ar eas may
be due largely to ur banization. While
this observation may be partly true, the
detected clusters cannot be attributed
completely to urbanization because no
cluster was detected in other urban ar -
eas such as the Dallas Fort-Worth area,
the Austin area, or the El Paso area.
Therefore, we can conclude that factors
other than urbanization also played a
role in the for mation of the clusters of
liver and lung cancer mortality in
Texas.

Further studies are needed to deter-
mine the environmental, socioeco -
nomic, behavioral, and genetic factors
associated with the cluster of liver can-
cer mortality in San Antonio and sur -
rounding counties. This suggestion
applies also to the clusters of deaths re-
lated to liver cancer and lung cancer in
the greater Houston area and in coun -
ties in the Victoria and Corpus Christi
areas.
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