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Abstract

Objectives: To measure and interactively visualize female breast cancer (FBC) incidence rates in
Missouri by age, race, stage and grade, and senate district of residence at diagnosis from 2008 to 2012.

Methods: An observational epidemiological study. The FBC cases in counties split by senate districts
were geocoded. Population database was created. A database was created within SEER*Stat. The
incidence rates and the 95% Confidence Interval (Cl) were age standardized using US 2000 Standard
Population. The Census Bureau’s Cartographic Boundary Files were used to create maps showing
Missouri senate districts. Incidence results were loaded along with the maps into InstantAtlas™
software to produce interactive reports.

Results: Cancer profiles were created for all 34 Missouri senate districts. An area profile and a double
map that included interactive maps, graphs, and tables for the 34 Missouri senate districts were built.

Conclusion: The results may provide an estimation of social inequality within the state and could
provide clues about the impact of level of coverage and accessibility to screening and health care
services on disease prevention and early diagnosis.
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Introduction

Breast cancer incidence rates could be increased by increasing the intensity of breast cancer
screening measures and interventions. These rates might be decreased by increasing prevention
measures for cancer risk factors [1].

The central cancer registry database is considered to be a high-quality source to estimate the
epidemiological rates because it follows very strict regularly updated measures and standards [2].
Many studies have shown that there are inequalities between cancer cases according to age, race,
and stage and grade at diagnosis [3-9].

Numerous evidence-based studies have concluded that the use of interactive geographic mapping
software could allow users to interact easily with the datasets and help in publishing high-quality
interactive reports. Distribution of geospatial health data could help public health leaders and
decision makers in designing, developing, and adopting effective and efficient strategies and
programs to improve public health outcomes targeting the heavily affected geographical areas with
the visualized health event [10-12].

The aims of the current study were to: 1) measure female breast cancer (FBC) incidence rates in
Missouri from 2008 to 2012 according to the FBC cases’ age at diagnosis, race, and the Senate
District of residence at diagnosis; 2) visualize the measured incidence rates in InstantAtlas™
interactive mapping reports; and 3) compare spatial variances and potential disparities in incidence
data between some senate districts and the state of Missouri.

Methods

The study’s design was an observational epidemiological study. The investigators did secondary
analysis of all FBC cases in the Missouri Cancer Registry (MCR) database from January 1, 2008
through December 31, 2012.

The calculated incidence rates were age standardized using US 2000 Standard Population for
comparability across regions with differing age structures. We calculated the 95% confidence
interval (CI) for these rates using SEER*Stat statistical package [13]. The investigators compared
the calculated Missouri demographic and geographical incidence rates using the same statistical
package. The FBC cases in counties split by senate districts were geocoded to determine their
district of residence; obtaining the denominator for districts with split counties presented a
challenge. The investigators used TIGER/Line® Shapefiles and ESRI ArcMap™ to assign these
FBC cases to senate districts [14].

Population data at the district, age, race, and year level for these cases was created by combining
Census American Community Survey (ACS) and Population Estimation Program (PEP) data. A
database was created in (SEER*Stat), a statistical software package for analyzing cancer data;
variables were created and imported to aid analyzing MCR’s FBC in SEER*Stat. The Census
Bureau’s Cartographic Boundary Files were used to create maps showing Missouri counties and
state senate districts [15]. Incidence results were loaded along with the Cartographic Boundary
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Files into the InstantAtlas™ software to produce interactive mapping reports that display our
study’s results. We will attach our interactive mapping reports to the MCR-ARC website. The
interactive reports include maps, graphs, and tables for Missouri’s 34 senate districts.

The senate district assignment process included all of MCR’s FBC cases diagnosed from 1996
through 2012 who were residents of Missouri at diagnosis; the final analysis and maps only include
those diagnosed from 2008 through 2012 with a known county of residence. To keep the registered
FBC cases’ confidentiality, we suppressed cells with small counts, using a commonly-used
threshold of five or fewer FBC cases [16].

Race was assessed due to persistent disparities between African-American and white FBC patients,
these data are collected by reporting facilities and may be a mixture of self-reported and assigned
values. For the years included in this study, fairly detailed racial categories could be specified (e.g.,
Vietnamese) and up to five races could be recorded.

Results

The senate districts’ incidence rates of FBC were classified, as shown in tables 1-3, along with the
following variables: All malignant FBC cases, age at diagnosis (<50, 50-64, and 65+), race
(African-American or white), late stage (regional + distant), and high grade (111 + 1V). The tables
contain the incidence rates for all 34 senate districts and Missouri and the 95% confidence intervals
of the measured incidence data for all the above-mentioned variables.

Table 1. Female breast cancer (FBC) incidence rates across different age groups of females in
Missouri (2008-2012).

<50 Years Old 50-64 Years Old 65+ Years Old
Senate District | Rate| LL | UL | Rate | LL UL Rate | LL UL
1 46.2 | 38.8 | 54.6 | 284.9 | 252.8 | 320.1 | 509.4 | 461.1 | 561.4
2 454 | 38.5|53.1|304.5|267.8 | 344.9 | 483.3 | 425.4 | 546.8
3 36.4 | 29.6 | 44.4 | 276.5 | 242.3 | 314.2 | 410.4 | 363.6 | 461.6
4 44,1 | 36.7 | 52.7 | 283.6 | 249.5 | 321.1 | 508.7 | 457.5 | 563.9
5 395 |32.3|47.8|278.7 | 242.4 | 319.0 | 475.0 | 413.6 | 543.0
6 42.4 | 35.0 | 51.0 | 232.6 | 202.0 | 266.5 | 403.0 | 357.9 | 452.1
7 42.2 | 34.8 | 50.6 | 270.3 | 236.0 | 308.1 | 464.4 | 409.2 | 524.9
8 40.5 | 33.7 | 48.3 | 273.0 | 239.5 | 309.8 | 392.1 | 340.8 | 449.0
9 41.1 | 33.7 | 49.6 | 305.4 | 268.4 | 346.1 | 468.3 | 415.0 | 526.4
10 41.7 | 34.6 | 49.9 | 268.4 | 235.1 | 305.1 | 412.7 | 364.1 | 465.8
11 35.5 | 28.6 | 43.7 | 256.8 | 222.8 | 2945 | 417.8 | 371.4 | 468.2
12 43.0 | 35.6 | 51.5 | 252.0 | 220.3 | 287.0 | 392.7 | 349.5 | 439.7
13 46.5 | 39.2 | 54.7 | 314.6 | 278.5 | 354.0 | 436.0 | 387.9 | 488.3
14 54.9 | 46.5| 64.4 | 330.0 | 293.0 | 370.3 | 437.9 | 387.9 | 492.5
15 51.1 | 43.5|59.8 | 326.0 | 292.8 | 361.9 | 544.7 | 494.5 | 598.6
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16 38.0 | 30.7 | 46.3 | 236.5 | 205.5 | 270.8 | 419.0 | 372.4 | 469.8
17 42.1 | 35.1 |50.1 | 296.3 | 260.5 | 335.7 | 469.1 | 414.5 | 528.8
18 42.2 | 345|510 263.1 | 230.4 | 299.1 | 407.0 | 364.0 | 453.6
19 41.9 | 34.4150.4 | 281.6 | 245.5 | 321.5 | 492.3 | 432.4 | 558.1
20 425 | 354 |50.5|276.1 | 242.8 | 312.7 | 395.5 | 348.8 | 446.8
21 36.7 | 29.9 | 44.7 | 254.9 | 222.2 | 291.1 | 385.6 | 341.5 | 433.8
22 44.4 | 37.2 |52.6 | 237.0 | 205.8 | 271.5 | 373.3 | 321.6 | 431.0
23 47.4 139.8 |56.0 | 299.2 | 265.8 | 335.6 | 430.1 | 379.4 | 485.7
24 47.1 | 39.4|55.9 | 295.3 | 263.3 | 330.2 | 542.6 | 494.0 | 594.6
25 39.8 | 32.5[48.2 | 225.3 | 195.4 | 258.6 | 363.2 | 322.7 | 407.3
26 44.2 | 37.0 | 52.3 | 323.9 | 289.9 | 360.7 | 461.3 | 413.1 | 5135
27 44.5 | 36.9 | 53.3 | 239.5|208.1 | 274.4 | 371.8 | 329.2 | 418.4
28 33.9 | 27.241.7 | 264.8 | 232.8 | 299.9 | 391.0 | 350.6 | 434.7
29 32.7 1 26.3|40.1 | 193.3 | 166.6 | 223.0 | 408.3 | 366.5 | 453.7
30 41.2 | 33.5|50.2 | 292.8 | 256.1 | 333.3 | 435.9 | 388.5 | 487.4
31 43.2 | 35.8 | 51.7 | 256.3 | 223.9 | 292.1 | 409.6 | 364.4 | 458.7
32 33.2 | 26.840.7 | 205.2 |176.4 | 237.3 | 339.3 | 298.4 | 384.2
33 31.2 | 24.738.8 | 194.3 | 166.6 | 225.4 | 346.6 | 306.9 | 390.0
34 41.4 | 34.5|49.4 | 260.1 | 227.8 | 295.7 | 404.2 | 355.7 | 457.4
Missouri 41.9 | 40.6 | 43.2 | 268.9 | 263.1 | 274.8 | 428.0 | 419.6 | 436.5

Table 2. Female breast cancer (FBC) incidence rates by race (African-American and white) in
Missouri (2008-2012).
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13 133.1 | 119.0 | 148.6 | 139.8 | 125.0 | 156.0

14 145.2 | 128.6 | 163.5 | 144.3 | 130.2 | 159.5

15 155.6 | 145.5 | 166.4 | 100.8 | 42.3 | 201.8

16 117.9 1108.3 | 128.1 | 66.1 | 26.3 | 138.9

17 136.2 | 125.6 | 147.6 | 99.8 |52.2 |171.0

18 120.6 | 111.1 | 130.6 | 186.0 | 114.3 | 284.1

19 132.0 | 120.6 | 144.2 | 175.5 | 126.6 | 235.7

20 123.5]114.0 | 133.7 | * A A

21 114.6 | 105.3 | 124.6 | 87.9 | 46.5 |151.0

22 115.3 1055|1258 | " A A

23 134411241 | 1454 | 147.8 | 90.3 | 2285

24 153.8 | 142.7 | 165.5 | 132.0 | 102.4 | 167.5

25 108.7 1 99.6 | 118.6 |101.2 | 72.7 |136.9

26 140.2 | 130.3 | 150.7 | 84.3 | 32.8 | 198.6

27 115.2 1 105.8 | 125.3 | 128.4 | 82.2 | 190.3

28 111.8|103.1 | 121.0 | » A N

29 1049 | 96.6 |1138 | " A A

30 130.4 | 1199 | 1415|784 | 334 |1525

31 121.1 | 1116 | 131.2 | 117.3 | 53.4 | 2205

32 994 1908 |1086 |7 A A

33 96.1 | 878 |1049 ~ A n

34 120.3 | 110.6 | 130.6 | 105.8 | 60.4 | 170.4
Missouri 123.8 | 122.1 | 125.6 | 134.8 | 129.4 | 140.5

A: Incidence statistics based on small number of new cases are suppressed to help protect
confidentiality. As commonly used by MCR-ARC and other central cancer registries, the
threshold of five (5) was utilized.

Table 3. Incidence rates of all malignant, high grade, and late stage of female breast
cancer (FBC) cases in Missouri (2008-2012).

High Grade (111 + Late Stage
All Malignant 1V) (R+D)

Senate District |Rate | LL | UL | Rate |LL | UL |Rate|LL |UL
437 {39.9 |47.8|28.0 | 25.1 [31.2 |29.3|26.6|32.1
347 130.8139.0|278 |244 |314 |28.9 |259]32.1
50.8 | 46.4 | 555|375 |33.6 |41.6 |33.4 |30.0]|36.9
50.3 | 45.9|55.0|34.3 |31.0 |37.8 |29.6 | 26.8 | 32.6
541 | 48.8|59.8 469 |[425 |51.3 |38.6 | 349|423
421 | 38.346.3|29.2 | 256 [33.1 |244 214|275
38.0 134.0|42.4|329 |29.2 |36.8 |30.0 | 26.9 | 33.3
38.0 {33.9|425(33.2 [29.3 |37.2 |29.1 | 259|325

0 N0 W(IN (-
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9 51.7 146.9 156.8 |38.0 |34.1 | 419 |36.1 |32.7|39.5
10 445 403 |48.9 242 |20.8 | 27.7 | 29.5 | 26.2 | 32.8
11 44.4 140.3 1489 |29.1 | 254 | 329 |33.8 1304|374
12 455 [ 41.6 | 49.7 | 33.7 | 30.0 [375 |31.1 | 279|345
13 48.6 | 44.2 |153.3 |36.6 |33.0 |40.2 | 325 |29.5|35.6
14 50.6 | 46.0 | 55.6 | 42.4 |38.7 |46.1 |32.2 |29.2 | 35.2
15 46.2 | 42.3 150.4 1299 |27.0 |32.9 |26.3 | 239|288
16 45.6 | 414500355 | 315 395 335301371
17 42.7 1383 | 473|312 |27.6 | 34.9 | 30.0 | 26.8 | 33.3
18 524 148.2 1569296 |26.1 | 333 |31.0 279|343
19 40.9 [ 36.4 |45.7 | 319 |28.1 [359 | 255 |22.3|28.38
20 364 1326 405[374 |33.7 |413 | 274 | 244 30.6
21 46.1 {41.9 1505|324 |28.6 [36.4 |34.1 |30.7|37.7
22 44.9 140.2 150.1 | 35.0 | 30.9 [39.2 | 29.6 | 26.2 | 33.2
23 40.5 | 36.4 1449|305 |27.1 | 34.0 |31.2 |28.2|344
24 40.3 | 36.7 | 44.1 | 30.7 | 27.7 | 33.8 | 26.2 | 23.7 | 28.8
25 52.8 1485574351 | 312 |39.2 | 345 |31.0]38.2
26 39.7 136.043.8 320 |28.8 | 353 |25,5|229 283
27 43.1 | 39.2 1473 |36.2 | 323 |40.2 | 30.7 | 273 |34.2
28 42.7 | 39.1 | 46.7 | 417 | 37.9 456 | 33.1 | 299|364
29 39.8 | 36.2|43.6 348 |31.1 |38.7 | 339 | 305|374
30 42.8 | 38.7 473|376 |33.9 |415 |27.7 |24.7]30.9
31 46.2 | 42.1 | 50.6 | 36.3 | 32.6 [ 40.2 | 325 | 29.3 | 359
32 46.1 | 42.1 |50.5 | 44.7 404 [49.1 | 305 |27.0]34.2
33 455 (415 |49.8 381 | 339 [424 |26.2 | 229 |29.7
34 44.3 1 40.1 | 48.9 30.7 |27.0 [ 345 |26.4 | 23.3 | 29.7
Missouri 445 | 438 |45.2 1340 | 334 | 346 | 30.2 | 29.7]30.8

From the current study’s results, as shown in tables # 1, 2, & 3, we can build FBC incidence
profiles for the 34 Missouri senate districts. These profiles enable us to compare individual
district’s results to the state of Missouri and to other districts’ incidence data.

The current study investigators produced senate districts interactive reporting maps using the
Census Bureau’s Cartographic Boundary Shapefiles. Our senior statistician uploaded these
mapping data along with our FBC incidence results obtained by analyzing MCR data using
SEER*Stat to InstantAtlas™ data visualization software to generate interactive maps [17,18].
These interactive maps, in addition to the FBC incidence rates, also display mortality for FBC and
other cancers and survival data on county, senate district, and senate district grouped to county
boundaries (SDGC). The maps visualize FBC incidence data and the mapping reports are in two
layouts: Area profile and double map formats. These maps consist of joint spatial and statistical
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data. The following figures show the final layouts of the InstantAtlas™ mapping reports we
constructed at the Missouri Cancer Registry and Research Center (MCR-ARC) to present Missouri
FBC incidence data.

Map Data

Senate district = Peona
339.3-391.0 1 ﬂ\,
391.1- 408.3 | 7
408.4-435.9 2 (
W 436.0- 475.0 \\ \
We7s5.1-5447 " ¥
Hospitals (April 2011) /b
3
N,

ILLINOI'S peingficld Help/Print/etc.

See Double Map

Topska ¢ VL LI Map | Tabular
awrence @7
- x
e .

USA topographic map

World imagery

400

I
%
Rate (Age 50-64) Sen 281.6 193.3 1 e 330
Rate (Age 65+) Sen 92.3 3239.3 1 * 5447
Rate (White race) 132 96.1 1 [ ] 155.6
Sen; 1755 66.1 1 ® 186
Sen; 255 244 B 1 38.6
11 and 1V, Sen 319 222 L | 6.3
-ause-specifi
S5 3 26 75 | ] 90
S t 87.1 €9 le 92,9
S t 87.2 817 leo 92.3
S t 83.4 72 1 & 88.7
Sen: t 85.1 81.6 el S0
S t 92,1 49.6 1 @ 100
2 t 95.7 2.1 le 97.8
S t 73 60.4 le 80.4 v
o La a

Spine | Bar

# Sig. higher ® Sig. lower ® No sig. difference @ Not tested | Missouri’ Q010 Q17 Q1t0 Q3 Q310 Q¢

Figure 1. Area Profile Interactive Instant Atlas™ Report Displaying Female Breast Cancer (FBC)
Incidence Data by Senate District (Age 65+ Years Old) 2008-2012 [17].

Both mapping reports displayed our results in different formats (example: charts, tables, maps)
[17,18]. The area profile report shows a single map and focuses on displaying many indicators for
every senate district and compares the districts’ findings to each other and to Missouri. The double
map focuses on exploring the inferential statistical relationships between the selected indicators
[17,18].
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Choose Geography Help/Print/etc.

Choose Indicator 1 See Area Profile

o Plot | Tabular

Correlation (r) = 0.34, R-squared = 0.12,
Regression Equation: y = 72.17 + 0.33x
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Missouri outline
World topographic map
World st

World b aries anc pla:

USA topographic map
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Choose Indicator 2
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40 45 50
Rate (Age <50)

O || BRFSS 2007 region
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ence rates end percent lste stage & high grade

ar cause-specific survival by demographics, stage, & grade

Figure 2. Double Map Interactive InstantAtlas™ Report Displaying Female Breast Cancer (FBC)
Incidence Rates and Percent Late Stage and High Grade by Senate District (Age <50 Years Old)
Compared to the Female Breast 5-Year Cause-Specific Survival by Senate District (Age <50
Years Old) 2008-2012 [18].

Discussion

The central cancer registry database is created from different data sources, including hospitals
(inpatient and outpatient settings), pathology labs, ambulatory surgical centers, long-term care
facilities, physician offices and free-standing cancer clinics and treatment centers (192.650-
192.657 RSMo) and data exchange with other states’ central registry. The MCR data undergo strict
quality control measures and the data have been assessed continually according to nationwide
standards [1,2]. For all these reasons, central cancer registry databases are considered the best
population-based sources to estimate the distribution of cancer incidence within the studied states.

Calculation and visualization of the FBC age-standardized incidence rates could help public health
officials and policy makers to be informed about FBC distribution by age, race, grade and stage at
diagnosis, and senate district. This might effectively impact FBC policy and research, determine
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female at-risk groups, support targeting FBC geographical foci, and evaluate and compare
diagnostic and treatment strategies all over Missouri.

Potential Problems

In high population density areas — Kansas City metropolitan area, Saint Louis metropolitan area
and the City of Springfield — district limits do not follow county boundaries [19]. In these areas,
the Census Bureau’s TIGER/Line shapefiles software was used to determine the district containing
the latitude and longitude of the address at diagnosis [14].

A problem encountered is that we did not have successfully geocoded street addresses of all FBC
cases due to missing or inaccurate addresses. In these situations, we categorized them as residents
of the most likely senate district by matching to cases that were successfully assigned into their
senate district with the same county (if known), race (if known and categorized as white, African-
American, and other), year of diagnosis (categorized into two time periods), and the nine-digit
Postal ZIP Code. When multiple senate districts matched, then the most common one was selected,;
when none matched, then the process was iteratively repeated by removing the least significant
digit of the Postal ZIP Code until a senate district was imputed for every case.

Unlike with county-level data, a detailed population file by age (in 19 groups of mostly 5-years
except with <1 year-olds and 85+), race (bridged single-race), year, and sex was not found at the
senate district level and had to be constructed. The limitations of this population file are that for
senate districts that do not follow county boundaries, there is a mismatch between the Office of
Management and Budget (OMB) 1977 and 1997 race classifications; granular age-groupings were
approximated; and there is an increasing inaccuracy as one moves away from 2009-2013.

Conclusion

Measurement of incidence rates by race, age, stage and grade at diagnosis and district of residence
may provide an estimation of social inequality within the state and could provide clues about the
impact of level of coverage and accessibility to screening and health care services on disease
prevention and early diagnosis [1]. The detailed and visually presented FBC age-adjusted
incidence profiles by senate district might lead researchers and policy makers to understand
effectiveness of current breast cancer initiatives and interventions and give clues about possible
environmental and socioeconomic risk factors on breast cancer.

According to the study results and by future research based on these results, policy makers might
embrace new effective breast cancer screening and prevention initiatives and interventions in
Missouri, nationally, and internationally.
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