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Iowa Cancer Maps 
http://www.uiowa.edu/iowacancermaps/  
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Measures of Disease Burden 

ÅCommon descriptive measures in traditional epidemiology 
ïIncidence 
ïMortality 
ïLate-Stage Rates 
ïSurvival 

 

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

ÅMapping incidence, mortality and late-stage rates are 
established in health-related geographic research 
 

ÅIf a diagnosis date and a date of death is available, we can 
map SURVIVAL as well  



Current Activity in Small Area  
Survival Mapping 

  
Å Cramb ŜǘΦŀƭ όнлммύ άvǳŜŜƴǎƭŀƴŘ !ǘƭŀǎέΦ  LƴǘŜǊƴŀǘƛƻƴŀƭ WƻǳǊƴŀƭ ƻŦ 

Health Geographics. 
 

Å Henry, K. A., X. L. Niu & F. P. Boscoe (2009) Geographic disparities in 
colorectal cancer survival. International Journal of Health 
Geographics, 8, 13.  
 

Å Huang, L., M. Kulldorff & D. Gregorio (2007a) A spatial scan statistic 
for survival data. Biometrics, 63, 109-118.  
 

Å Huang, L., L. W. Pickle, D. Stinchcomb & E. J. Feuer (2007) Detection 
of spatial clusters - Application to cancer survival as a continuous 
outcome. Epidemiology, 18, 73-87. 
 
 



Survival in Cancer Atlases 

ÅOne Example: Cancer Atlas of the United Kingdom and Ireland 
1991ς2000 
 

ÅMeasures of burden of disease 
ïάΧŀ compendium of trends in cancer incidence, mortality and 
ǎǳǊǾƛǾŀƭΧέ 

ïάΧŘŀǘŀ on incidence and mortality and analyses of survival ǘǊŜƴŘǎΧέ 
ïFive other similar statements about incidence, mortality and survival 

 
Å Number of Maps per Measure 
ï21 maps of Cancer Incidence (1 for each type of cancer) 
ï21 maps of cancer mortality 
ï0 maps of cancer survival 

 

Source:  Cancer Atlas of the United Kingdom and Ireland 1991ς2000 



SURVIVAL:  Summary Measures 
 
 
1.  Five Year Survival Rates 
(Kaplan-Meier) 
 
 
 
 
 

2.  Standardized Survival Rate (SSR) 
(Cox Proportional Hazards Model) 
 
 
 
 
 
 
3. Survival Clusters 
 
 
 
 



Data and Methods 

 



Population Characteristics 

ÅStudy Population 
ïAll persons in Iowa aged 50 and older  

ïNewly diagnosed with Colorectal Cancer  

ïbetween January 1, 1997 and December 31, 2008 

 

Å18,260 Colorectal Cancer Cases 
 

Å4,867 Colorectal Cancer deaths 
 

Å13,393 Censored Cases 



Data Overview 
For each Colorectal Cancer Case: 

 
Å Attribute Data (from Iowa Health Registry) 
ïAge at diagnosis 
ïStage at Diagnosis 
ïGender  

 
ÅGeographic 
ïAddress-level geocodes for residence of case at time of diagnosis 
ïSource:  Iowa Cancer Registry 

 
Å Temporal 
ïStudy:  January 1, 1997 to December 31, 2008 
ïResolution:  Monthly (144 months) 
ïDate of diagnosis :  Month and Year 
ïDate of death :  Month and Year 
ïSURVIVAL TIME:  Computed by subtracting the number of months 

from diagnosis to the number of months since death 
 



Data Overview 

ÅExclusion Criteria 
ïSEER Stage 9 

ïPersons less than 50 

ïA recurrent diagnosis for the same individual 

 

ÅCensoring Criteria 
ïDiagnosees alive at the end of the study timeframe 

(December 2008) 

ïDeath from causes other than Colorectal cancer 
ÅDefined by ICD-10 SEER Cause-specific Death 

ÅUnknown cause 

 

  
 



Data Format 

(n = 18,260) 
(n =   4,787) 
(n = 13,393) 

t144 = Dec 2008 

t(144) =  
End of Study 



Data Format 

(n = 18,260) 
(n =   4,787) 
(n = 13,393) 

The data to be summarized and 
mapped are these Survival Times 

t144 = Dec 2008 

t(144) =  
End of Study 



Example Survival Time Data 
Format 

Case Date of 
Diagnosis 

Date of 
Death 

Survival 
Time 

Cumulative 
Time at Risk 

Distance to Grid 
Point 

X-
coord 

Y-
coord 

A Jun 1998 Feb 2001 63 
months 

63 2 miles 

B Oct 2005 -- 38 
months 

101 4 miles 

C Jan 1997 -- 143 
months 

244 5 miles 

D Jan 1997 Nov 1997 10 
months 

254 10 miles 

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

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



Methods Overview 

 
Å Spatially Adaptive Filtering 

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

ï ArcGIS 9.3 

 
Å Kaplan-Meier Survival Analysis 

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

 

Å Cox Proportional Hazards Model 
ï to compare survival probability for all persons within each spatial partition to 

the entire state  
ï STATA 10 
 

Å Inverse Distance Weighting 
ï Interpolation method between centroids of the spatially adaptive filters to 
ƎŜƴŜǊŀǘŜ ŀ άǎǳǊŦŀŎŜέ ƻŦ ǎǳǊǾƛǾŀƭ ǇǊƻōŀōƛƭƛǘƛŜǎ  

ï ArcGIS 9.3 ς Geostatistical Analyst  



Spatially Disaggregating the 
Kaplan-Meier Survival Estimate 

and  

Cox Proportional Hazard Model 
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The Kaplan-Meier Survival Estimator 
Estimates the probability of survival beyond Time (t) for a 

population based on an aggregation of individual survival times   

Time 
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Time (months) 
  

Colorectal Survival Rates in Iowa  
(1997 to 2008)  

5-Year Survival* 
= 66.7% 

1-Year Survival * 
= 77.2% 

10-Year Survival* 
= 63.2% 



SPATIALLY DISAGGREGATE  the Kaplan-Meier 
Survival Estimate by County in Iowa 



Five-Year Survival Rate 
Counties 



Standardized Survival Rate* 
Counties 

*Age-Adjusted 



Standardized Survival Rate 
SIGNIFICANT Counties 

*Age-Adjusted 



How to Create Smoothed Maps 
 

ÅSpatially Adaptive Filtering 
ïOverlapping spatial partitions (usually circles) 
ïPartitions share observations 
ïRadius increases or decreases based on a user-specified 

threshold 
Å3600 Months 

 
ÅFor the cases within each spatial partition, we 

compute: 
ïKaplan-Meier 5-Year Survival Estimates  
ïCox Proportional Hazards Model 
ÅStatistically validate the geographic distribution of survival 
ÅAdjust for Age and other individual level covariates 

 
 

 
 



Grid Points and Spatial Partitions 

4,000 Grid Points 4,000 Spatial Partitions  



Example:  100 points and partitions 
subset from the 4,000 sample points 


