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Measures of Disease Burden

A Common descriptive measures in traditional epidemiology
I Incidence
I Mortality
I LateStage Rates
I Survival

A With a geocode, we can identify the geographic patterns of
each measure

A Mapping incidence, mortality and lattage rates are
established in healtnelated geographic research

A If a diagnosis date and a date of death is available, we can
map SURVIVAL as well
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Survival in Cancer Atlases

A One ExampleCancer Atlas of the United Kingdom and Ireland
1991¢2000

A Measures of burden of disease

I & Xdompendium of trends in cancer incidence, mortality and
adzZNIA dl t Xe

i @& X R loriiricidenceand mortality and analyses of survivelNB y R & X
I Five other similar statements about incidence, mortality and survival

A Number of Maps per Measure

I 21 maps of Cancer Incidence (1 for each type of cancer)
I 21 maps of cancer mortality
I 0 maps of cancer survival

Source: Cancer Atlas of the United Kingdom and Irel@3dc2000



SURVIVAL: Summary Measures

1. Five Year Survival Rates

il | 28, ;
— e Z- N 2P (KaplanMeier)
@ ~ "i

Standardized Survival Ratio

2. Standardized Survival RategR
(Cox Proportional Hazards Model

P
LN g

1111111

ux-Cy. ] - f Dubuqu
LI .wwnTny ° t -
= . 3. Survival Clusters
r
\ 8,0

00
8
;
g
—
,fig
2
3

Y




Data and Methods



Population Characteristics

A Study Population
I All persons in lowa aged 50 and older
I Newly diagnosed with Colorectal Cancer
I between January 1, 1997 and December 31, 2008

A 18.260 Colorectal Cancer Cases
A 4.867 Colorectal Cancer deaths

A 13.393 Censored Cases



Data Overview

For each Colorectal Cancer Case:

A Attribute Data (from lowa Health Registry)
I Age at diagnosis
I Stage at Diagnosis
I Gender

A Geographic
I Addresslevel geocodes for residence of case at time of diagnosis
I Source:lowa Cancer Registry

A Temporal
I Study: January 1, 1997 to December 31, 2008
i Resolution: Monthly (144 months)
I Date of diagnosis : Month and Year
I Date of death : Month and Year
|

- SURVIVAL TIME: Computed by subtracting the number of months
from diagnosis to the number of months since death



Data Overview

A Exclusion Criteria
I SEER Stage 9
I Persons less than 50
I A recurrent diagnosis for the same individual

A Censoring Criteria

I Diagnoseeslive at the end of the study timeframe
(December 2008)
I Death from causes other than Colorectal cancer

A Defined bylCD10 SEER CauspecificDeath
A Unknown cause



Data Format

O = Colorectal Cancer Diagnosis (n = 18,260)
X = Colorectal Cancer Death (n= 4,787)
® = Censored (n =13,393)

Person A
Survival Time: 63 months

N/
N\

Person B
Survival Time: Unknown

measured as 26 months
ot ) S
Person C
Survival Time: Unknown
(measured as 130 months)
&
Person D Time(t)
: . _ t0  =Jan1,1997
Survival Time = 10 months t1  =Jan3i, 1997
B t13 =1-Year Survival
t61 =5-Year Survival
o o . v v v . . ) t144 =Dec 2008
t{0) t{13) = t61) = t(144) =

One-Year Survival Five Year Survival End of Study



Data Format

O = Colorectal Cancer Diagnosis (n = 18,260) The data to be Summa}rizeq and
X = Colorectal Cancer Death (n= 4,787) mapped are thes&urvivallimes

® = Censored (n =13,393)

Person A
Survival Timeg” 63 months o
S —— 7\
Person B
Survival Time JLiakaranin

(measuredas 26 months)
Person C

Survival Time:
(measured €5 130 months)
O &
Person D Timef)
; . C_ > t0 =Jan1,1997
o Survival Timg = 1}9 months t1 =Jan31,1997

. t13 =1-Year Survival
t61 =5-Year Survival

t144 = Dec 2008

t{0) t{13) = t{61) = t(144) =
One-Year Survival Five Year Survival End of Study



Example Survival Time Data

Case| Date of Date of Survival Cumulative Distance to Grid
Diagnosis Death Time Time at Risk Point coord coord
Jun1998 Feb 2001 63 2 miles
months
B Oct2005 -- 38 101 4 miles
months
C Jan1997 -- 143 244 5 miles
months
D Jan1997 Nov1997 10 254 10 miles
months

A If this example were the entire study population, thetal
Time-At-Risk= 254 months

A If we set a our threshold to be 250 months, case D would be
excluded from the spatial partition



Methods Overview

A Spatially Adaptive Filtering

I to create a set of spatial partitions and identify the number of diagnosees
within each partition

T ArcGIS 9.3

A KaplanMeier Survival Analysis

I to calculate Survival Probability for all persons within each spatial partition
I STATA 10

A Cox Proportional Hazards Model

I to compare survival probabilitipr all persons within eachpatial partition to
the entire state

I STATAO

A Inverse Distance Weighting

I Interpolation method betweertentroidsof the spatially adaptive filters to
ASYSNYOGS | aadz2NFIF OS¢ 2F adzZNBADE T LI

I ArcGIS 9.8 GeostatisticaAnalyst



Spatially Disaggregating the
KaplanMeler Survival Estimate
and

Cox Proportional Hazard Model



The KaplarMeier Survival Estimator

Estimates the probability of survival beyond Time (t) for a
population based on an aggregation of individual survival times
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Survival Rate
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SPATIALLY DISAGGREGATE the-Kbgéan
Survival Estimate bountyin lowa
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FiveYear Survival Rate

Counties




Standardized Survival Rate*

Counties

Standard Survival Rate

*Age-Adjusted



Standardized Survival Rate
SIGNIFICANTounties

Standard Survival Rate
County

B o1

B 062-075

[ Jo7e-090

[ Joo91-110

[ ]111-125

P 126-150
B is-153
[ significant county

*Age-Adjusted



How to Create Smoothed Maps

A SpatiallyAdaptive Filtering
I Overlapping spatial partitions (usually circles)
I Partitions share observations

I Radius increases or decreases based on aspstified
threshold

A 3600 Months

A For the cases within each spatial partition, we
compute:
I KaplanMeier 5Year Survival Estimates

I Cox Proportional Hazards Model

A Statistically validate the geographic distribution of survival
A Adjust for Age and other individual level covariates



Grid Points and Spatial Partitions

4,000 Grid Points 4,000 Spatial Partitions
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Example: 100 points and partitions
subset from the 4,000 sample points



