Geographical Science for Beginner
GIS Users 1n Cancer Registries

Gerard Rushton, Ph.D.

Department of Geography and The College of Public Health
The Umversity of lowa

Presented at the NAACCR Symposium on “Cancer Informatics:
Essential Technologies and Methodologies for Registries™

Toronto, Canada, June 9, 2002




Topics

Mapping geographic access to cancer treatment
facilities

Mapping changing spatial patterns of use of
cancer facilities

What can be learned by mapping spatial patterns
of residuals from statistical models of stage at
diagnosis for colorectal cancer and breast cancer?

Introduction to web site




Geographic access to cancer
treatment

« Two basic sets of information for maps of
access to treatment:

— Distances from grid points to treatment facilities.
« Example: access to radiation treatment facilities

— Dastances from individuals with known
characteristics to treatment facilities.

« Example: percent with localized breast cancer who
choose lumpectomy with radiation treatment rather than
mastectomy.
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Cases of Breast Cancer in Iowa 1993-1997

9,870 cases

Y 738 included
because of of no zip code
particular morphology

418 Unstaged @ 9,320 Staged

Early 90.1°8 Late 9.9%




[llustration of Spatial Data:
south-east lowa

Basic spatial unit 1s the five digit zip code

There are approximately 940 such areas in
lowa

The breast cancer cases are geo-coded to the
centroid of the zip code areas

Radiation facilities are geo-coded to their
street address




[lustration of the raw data: number of breast cancer
cases 1n the six-year period: south east Iowa.

Breast Cancer Cases 1991-1996 in ZipCode Areas
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Don’t make maps like these next
two!

* Why not?




Proportion of Women with Localized Breast Cancer who
Selected Lumpectomy with Radiation (per thousand)
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Changing Colors doesn’t help!

LumpRad Rates
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Five Mile Grid and 10 Mile Filters
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Compare areas of high rates of lumpectomy/radiation with
locations of radiation treatment facihities

Choices per 1,000 cases of localized breast cancer, 15 mule filter
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Comment on difference between
the two maps

+ The two spatial patterns are not obviously similar
are they?

So, 1s there a relationship between access to a
racdhation treatment center and choice of treatment
type?

Consider people at the same distance from their

closest radiation facility. Are they more likely to
use rachation treatment when they are close to a

rachation facility?




Distance to Closest Radiation
Facility and Treatment Choice

Distance All Cases # Mast 2ahast.  # LumpRad. % LurmmpRad
0-4 1628 985 60.5 494 30.3

4 3 1141 693 60.7 362 317
012 032 537 64.5 219 263
12-16 H04 373 63.9 151 25.9
16-20 627 456 66.4 165 24 .0
20-24 219 564 65.9 181 221
24-25 9F 7 666 65.2 226 231
20-32 936 654 69.9 192 20.5
32-36 53 520 f0.1 131 17 .4
36-40 522 355 63.0 108 207
40-44 451 325 2.1 a3 124
44487 331 252 6.1 44 133
43-52 160 133 231 21 131
52-56 173 141 a21.5 23 13.3
56-60 114 91 o8 13 114
60+ 2f2 202 4.3 49 12.0

Total 103580 6955 67.0 2462 237



Percent Selecting
Lumpectomy/Radiation Treatment
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Percent Selecting Mastectomy Treatment
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distance to closest radiation facility (miles)




LumpRad - UnSmoothed - Graph Set 1

Percent LumpRad vs. Distance to Nearest Facility
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LumpRad - Smoothed - Graph Set 1

Percent LumpRad vs Distance to Nearest Facility
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Adjust the map of areas of high rates of
lumpectomy/radiation for the different numbers of
cases within the 15 mile spatial filter

In the dark areas, 90 percent of the
simulated maps had
lumpectomy/radiation choice rates
less than the observed rate at that
location
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Topics

e Mapping geographic access to cancer treatment
facilities

 What can be learned by mapping spatial patterns
of residuals from statistical models of stage at
diagnosis for colorectal cancer and breast cancer?

 Introduction to web site




Figure 2
Cases of Colorectal Cancer in Iowa 1993-1997

8,460 cases

8403 included
because of of no zip code
particular morphology

81 Unstaged 7962 Staged




Closest Place Where One or More Persons
Were Diagnosed with Colorectal Cancer
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Closest Place Where One or More Persons
Were Diagnosed with Colorectal Cancer
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Place of First Diagnosis for Colorectal Cancer, lowa 1993-97
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Figure 14

Distance to Place of First Diagnosis

Miles Count % of Total
=h 3663 446
=10 4578 65.7
=156 5225 63.6
=20 85736 9.8
=25 B264 76.2
=30 8597 80.3
<35 6884 B35
<40 Fd4 Ba./
=45 T208 Br.y
=50 T3 9.1

Percent of Total

Miles Count % of Total
=10 45759 85.7
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=50 7532 81,6
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=00 94 a6.0
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Figure 15
Difference Between Distance to Place of First Diagnosis and
Distance to Closest Place Where Such Diagnoses are Made

Miles Count % of Total
0 arsT 457
=1 4651 56 6
<2 5127 624
=3 o471 6G6.6
= 4 56832 G685
=5 5804 T0.6
< B 5883 T1.6
=7 5946 723
=8 6015 73.2
=8 6082 T4.0
<10 5151 4.8

Percent of Total

Miles Count % of Total
=10 6151 74.8
<20 6665 B1.1
= 30 7004 85.2
< 40 7282 BB.6
= 50 7471 80.9
< 60 7622 92.7
=70 7745 84.2
< 80 7826 852
=90 7835 86.5
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Colorectal Cancer Diagnoses for lowa Towns, 1993-97
Actual # - Clcsest Allucatlan #
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Colorectal Cancer Diagnoses for lowa Towns, 1993-97
Actual #/ Closest Allocation #
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Change in Rate of Local Colorectal Cancer Diagnosis
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Topics

Mapping geographic access to cancer treatment
facilities

Mapping changing spatial patterns of use of
cancer facilities

Introduction to web site




Choice of Lumpectomy with Radiation

Individual-level model: Logistic regression:

Generalized Linear Model

Coefficients: t value
(Intercept)
AGE
RACE
histology1
histology2

estrogen.receptor
size.of tumor

All coefficients are significant at p< .03




Note: The binary logit model 1s the simplest form of the logit choice model
family and predicts the probability of choosing one of two alternatives (here
lumprad over mastectomy). In preparing the data for a binary logit model
estimation, you must decide on one of the two alternatives as the ‘important’
one and then create a field with an indicator of which of the two alternatives
was chosen, by coding the value 1 for the important alternative and 0 for the
other. The model has

the form

=a+bx,+bx,+...




Notes on Logistic Regression Results

The coefficients are used to compute for each individual the
expected value of choice of lumpectomy with radiation.

=

(I+e )

P is the probability of choosing the alternative coded as 1 and U 1s the relative utility
of alternative 1. Note thatif U is large (alternative 1 1s much better) then the
probability of choosing alternative 1 approaches 100 percent.

If U 1s very negative (alternative 1 i1s much worse), then the probability of choosing
alternative 1 approaches 0 percent. Finally, if U =0 (no difference between the
alternatives) then the probability of choosing alternative 1 1s 50 percent.




Predicted choice rate for lump/rad

county lumprad rate
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Predicted choice rate for lump/rad (15mui filter)
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Significance of Predicted Choice of lump/rad
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Now distance 1s added




Individual-level model: Logistic regression:

Generalized Linear Model

coefficients Value Std. Error t value
(Intercept)
distance to nearest facility

age

ptor
size of tumaor
grade of tumor

All coefficients are significant at p< .03




glm: lumprad rate w/distance (10mu filter)




glm: lumprad significance w/ glm probability (10mu filter)




Even beginners should have a sense of where
gcographic information science 1s going

* One direction 1s “geographic feature
1dentification”

For example, if, because of “the small number
problem” you can expect to see many “spatial
clusters™ of high cancer rates even when you have
simulated the geographic pattern of cancer

incidences, how many such “clusters™ should
YOU expect to see in YOUR area?

* We counted the number of discrete clusters in
1,000 simulated maps of breast cancer in Iowa... .




The observed number of clusters (defined as p < .05—mnot adjusted
for multiple comparisons) was eight. 99.8 % of the simulated
maps had more than 8 clusters, most considerably more.
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Size of Largest Significant Region
(1000 Simulations, 15 m1 filter)
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Methods for making such GIS-based analyses
arc described on this web site

For the moment, the site 1s password protected but
will soon be available to all.

The site uses SIMULATED spatial data for breast

cancer 1n lowa for the web-based exercises,
although 1t shows the results of the analyses on real
lowa Cancer Registry data.

The exercises with data have been tested 1n a class
at the University of Iowa but have not yet been
tested in a distance education setting.
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Questions?

This presentation will soon be
available at

www.uiowa.edu/~giscancr




