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CAMS
Cancer Analytics & Maps for Small Areas

e Age-adjusted Prostate Cancer Incidence Rates (2016-2020)
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Age-adjusted Rate
il 17161984

This map shows the estimated number of
new prostate cancer cases per 100,000

people in the 2016-2020 group, after 154.2 1716
adjusting for age. 136.7 - 154.2
state average
For example, say a ZIP code has an age- 119.3-136.7
adjusted rate of 58. This means, after . 101.8-1193
adjusting for age, it is estimated that the . 9651018
number of new prostate cancer cases for the
ZIP code is 58 per 100,000 people.
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ZCTA + City Age-adjusted Rate AAR Standard Deviation Risk Probability Population Density (/km2)

50001 Ackworth 128.7824 18.9515 0.4833 54719

50002 Adair 130.2158 19.6702 05117 2.2832

50003 Adel 146.5837 15.7012 0.885 10.7639

50005 Albion 143.6043 25.1656 0.7143 5.6265

50006 Alden 120.8082 16.1544 0.307 27538

50007 Alleman 154.2391 22,7408 0.8793 17.9777

50008 Allerton 108.2772 18.9999 0.145 1.9501

50009 Altoona 146.9269 14.5636 0.9097 1232708 -




Project Goals

- Small area estimates?
—ZCTA, Census Tract, County

* Rural population?
— Small counts

- Model estimates?
— Useful results
— Adjust for factors?

- InWA College of Public Health
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Where we started

Showcasing Cancer Incidence and Mortality in Rural
o MS Preceptorship for ZCTAs Using Risk Probabilities via Spatio-Temporal Bayesian

. OoThs teng B
Caitlin Ward isease Mapping

Caitlin Ward' - Jacob Oleson’' - Katie Jones? - Mary Charlton®

- Create maps using spatial statistical methods that quantify
cancer risk and are easy to understand

- ldentify geographic disparities and potential areas to target
with prevention programs

- Depict change over time 2004-2007, 2008-2011, 2012-2015

- InWA College of Public Health



Lowa
CANCER

REGISTRY

STATE HEALTH REGISTRY 2F [OWA,

Search Q

Cancer Data - Research - Health Care Providers - Registrars -

2004-2008 2009-2013 2014-2018

ZCTA: 51530
City: Earling
Risk Probability: 0.82
Relative Risk: 1.1

Relative Risk Distribution by Time Period

Time Period Minimum 25th _ Median Average 75th _ Maximum Stal_ldard
Percentile Percentile Deviation
2004-2008 0.72 1.04 1.13 1.13 1.21 1.59 0.12
2009-2013 0.82 0.96 1.00 1.00 1.05 1.25 0.07
2014-2018 0.80 0.91 0.95 0.95 0.99 1.15 0.06

- InWA Co”ege Of PUbllC Health Total 072 0.94 . ) 109




Data

- Zip Code Tabulation Area (ZCTA), age, sex, year of diagnosis/death
stage for every cancer in lowa 2004-2015

— Breast, cervical, colorectal, liver, lung, non-Hodgkin lymphoma, melanoma,
prostate

— 935 ZCTAs in lowa

 Colorectal: 21,651 total cases
—2004-2007: 7,787 cases, 747 ZCTAs with < 10 cases
—2008-2011: 7,137 cases, 759 ZCTAs with < 10 cases
—2012-2015 6,727: cases, 766 ZCTAs with < 10 cases

« 2010 U.S. Census Bureau ZCTA level population in lowa stratified by
age and sex

- InWA College of Public Health



Hierarchical Bayesian Poisson Model

» Assume ZCTA observed counts, 0;;, follow a Poisson

distribution conditional on the SIR for each ZCTA and time-
period

O;j~Poisson(E; * 6;;)
» A log-normal model was implemented for 6;;

—log(6;;) = Bo+ Z; + T; + e DIC = 11140
—log(6;;) =Bo+uj+v; +T;+e; DIC =11170
—log(6;;) = Bo + Z; + T; + 6;T; DIC = 11100

- InWA College of Public Health



Priors

- The spatial effects, Z;, u;, 6;, are an intrinsic conditionally auto-
regressive (ICAR)
— Allows each ZCTA to borrow strength from its neighboring ZCTAs

» The correlation over time T; is specified according to an

autoregressive model (AR(1))
Ty = peTj_q1 + ey

- InWA College of Public Health



Colorectal Cancer Results Relative Risk
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Risk Probability

- We were interested in computing a meaningful probabilistic quantity
of risk

- The probability measure puts all maps for all cancers on the same
scale (0.0 to 1.0)

- Bayesian exceedance probability computed as part of MCMC
process

K
1
RP;; = Ez 1(6:x > v)
k=1

- We set our threshold to y = 1.0

- InWA College of Public Health



Relative Risk
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Goals of ITCR UO01

- Provide age adjusted cancer rates per zip-code
- Identify hot spots and cold spots ]
- Account for demographics
— Sex
— Race A
- Scalable

— Produce for other states
— Allow other states to upload their data

o IOWA

College of Public Health




- The proportion of zero counts in the datasets are further
inflated when the data are stratified by age group

Cancer Proportion of zeros before  Proportion of zeros after age group
age group stratification stratification

Liver 0.41 0.88

Colorectal 0.04 0.63

- We propose a Bayesian hierarchical hurdle model for

estimating age-adjusted rates in disease mapping with excess
Zeros

Statistics -
RESEARCH ARTICLE : WILEY

A Bayesian approach for estimating age-adjusted rates for
low-prevalence diseases over space and time

Melissa Jay'© | Jacob Oleson' | Mary Charlton® | Ali Arab®

- InWA College of Public Health



Measures of risk in disease mapping

#of deaths
fdeaths 100,000
population size

— Often highly dependent on the underlying age distribution

» Crude rate=

- Age-adjusted rate= Y5x_, wy, * (crude rate for age group k)
— Direct standardization
— Weighted average of age-group-specific crude rates

—wy,'s reflect the proportion of individuals in age group k in a selected
standard population

— Each age-group-specific rate is modeled separately and combined into
an age-adjusted rate afterward

- InWA College of Public Health



Bayesian Hierarchical Hurdle Model

- Stage 1: The probability of a non-zero count, ; 4, is modeled
using a Bernoulli regression model

- Stage 2: Positive counts are modeled using a zero-truncated
Poisson regression model with parameter 6,

1=y Yijk =0

.p(y.. — V.. ‘n-- .. )= Yijk _0.:.
Ljk Yijk|Tijk, Yijk - . Bijk exp{ euk}
Lk Vijk'(1—exp{-0;k})

Vijk > 0

- InWA College of Public Health



Linear Predictors in Regression Models

- Stage 1: Bernoulli Regression Model
g9(mix) = a1 xy + Bpop log(nijr) + az log(nijx ) * X + ya; + 64

- g(m;j1 ) is the complementary log log link (log[—log(1 — m)])

- x;, contains the age information (dummy variables) using 6 age groups
- y4; is a spatial random effect (ICAR)

» §;; is a temporal random effect

- Log of the population size is included as a covariate in stage 1 since there is
not a natural way to incorporate a population offset

- InWA College of Public Health



Linear Predictors in Regression Models

- Stage 1: Bernoulli Regression Model
g(mijx) = a1x, + Bpop log(niji) + @z log(niji) * X + ya; + 815
- Stage 2. Zero-truncated Poisson Regression Model
log(@ijk) = log(nijk) + x?{"ﬁ + V2 + 025 + €

* x;, contains the age information (dummy variables) using 6 age groups
- v4; and y,; are spatial random effects (ICAR)
* §1; and §,; are temporal random effects

* €;; accounts for uncorrelated heterogeneity

- InWA College of Public Health



Additional Priors

- Age group coefficients

— a and B have diffuse independent normal priors
- Random effects

—y1~ICAR (Tyl)

— Y,~ICAR (Tyz)

—8,~N(0,04,)

— 8,~N(0,04,)
* Hyperparameters

— Correlation parameters have Uniform(-1,+1) priors
— Standard deviation parameters have Half-Cauchy(10) priors

- InWA College of Public Health



Age-adjusted rates

- The age-group-specific rate for region i during year j is calculated by
dividing E(Y;ji) by n;j, and then multiplying by 100,000 individuals
Tk * Ok
1-— exp{—Hijk}
Nijk
- Thus, the age-adjusted rate for each region and year is

K
Rij = 2 Wi * Rijg
k=1

- We obtain 1,000 posterior samples of m;;;, and 6, to compute the
posterior mean and variance of each age-adjusted rate

- InWA College of Public Health

Rijk = + 100,000



Age-adjusted rates

- Bayesian exceedance probabilities computed the
same way as before for hot spots

- General code in R
—We have code in OpenBUGS, INLA, and NIMBLE
— Compute crude rates, age-adjusted rates, cancer risk, specify cancer

- Mapping performed in R, ArcGIS, Leaflet

- InWA College of Public Health



2000 2010 2017

Liver cancer =
' S Sl
{ : 5 L H -

Age-adjusted rate 15.25 25.30 30.356 2520 o es
(per 100,000) [ L] [ ] [] []
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Additional Goals Since Getting Started:
Missing puzzle pieces

- More useful for cancer patients, survivors, friends, and family
- More Color Options

- Better Descriptions

C

- Better Graphics

- Subset by Sex, Race O O

O

fil\en!

L Z 7
o IOWA

College of Public Health




Current Tool Capabilities: version 2.0

* Interactive web-based application

* Eight cancers:
—Colorectal, breast, cervical, liver, lung, melanoma, NHL, prostate

» Geographic units:
—ZIP code tabulation areas (ZCTA), County

» Stratification options:
—Sex, year group, race/ethnicity

* Different measures:
—Age-adjusted rate, risk probability, population estimate

« Highlight clusters/hot spots

B 1)U/ /. |



CAMS
Cancer Analytics & Maps for Small Areas

e Age-adjusted Prostate Cancer Incidence Rates (2016-2020)
Areal Units o Hover over an area unit to see details 0@ w
ZCTA A —_
Measure o
Age-adjusted Rate v
Cancer @
Prostate v
Outcome o
Incidence v
Stratification @
Year Group ~

Year Group @

2016-2020 v
Filter by ©
None v

Age-adjusted Rate
il 17161984

This map shows the estimated number of
new prostate cancer cases per 100,000

people in the 2016-2020 group, after 154.2 1716
adjusting for age. 136.7 - 154.2
state average
For example, say a ZIP code has an age- 119.3-136.7
adjusted rate of 58. This means, after . 101.8-1193
adjusting for age, it is estimated that the . 9651018
number of new prostate cancer cases for the
ZIP code is 58 per 100,000 people.
= Lesfle
Search: = i |

ZCTA + City Age-adjusted Rate AAR Standard Deviation Risk Probability Population Density (/km2)

50001 Ackworth 128.7824 18.9515 0.4833 54719

50002 Adair 130.2158 19.6702 05117 2.2832

50003 Adel 146.5837 15.7012 0.885 10.7639

50005 Albion 143.6043 25.1656 0.7143 5.6265

50006 Alden 120.8082 16.1544 0.307 27538

50007 Alleman 154.2391 22,7408 0.8793 17.9777

50008 Allerton 108.2772 18.9999 0.145 1.9501

50009 Altoona 146.9269 14.5636 0.9097 1232708 -




Age Adjusted Rates

—
Areal Units . :
real Units Age-adjusted Colorectal Cancer Incidence Rates (2006-2010)
ZCTA v «
ZCTA: 50014 s ; O @ ||+
Measure © City: Ames ; " : i :
g Age-adjusted Rate: 39.5684 : 1 2 ; 1 ¢ y =
Age-adjusted Rate v AAR Standard Deviation: 3.9128 ; : : :
Risk Probability: 0.0853
C ®
ancer Population Density (fkm2): 193.4961
Colorectal v
Outcome @ i ; ! ‘ : il ! [dx

Incidence v 5 ; | ] ¥ . . - ] ]
Stratification ¢ ] . 5 I ; ‘ L £ w5 * N

Year Group v

Year Group o

o

2006-2010 v ; . ; ‘ ] X j
Filter by o i ; J‘ _ ; u‘ .

None v AL ! Tt : : g -
This map shows the estimated number of k . o y T . B Age-adjusted Rate
new colorectal cancer cases per 100,000 : ) ¥ o) : f : & : 57.7 - 65.5
people in the 2006-2010 group, after ‘ o L : * : ) ) 53.5-57.7
adjusting for age. 2 3 - F ; 1 492 -535

) 1 = g state average

For example, say a ZIP code has an age- g ) gk s ¥ 45 - 49.2
adjusted rate of 58. This means, after : t ' : g - 40.7 - 45
adjusting for age, it is estimated that the : . ] : : » - 37-40.7
number of new colorectal cancer cases for : .
the ZIP code is 58 per 100,000 people.

== | eaflet
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Risk Probability

Areal Units o Risk Of Incidence Rate Greater Than The 2016-2020 State Rate

ZCTA v Hover over an area unit to see details . e "_&_ i o @ +
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Risk Probability v -
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Outcome o
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Year Group v
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Filter by ©
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Il oe7s5-+

This map shows the measure of evidence 0.75-0.875

of elevated risk for female breast cancer 0.625 - 0.75
for the 2016-2020 group, after adjusting 0.5 - 0.625

for age. Values greater than 0.5 mean the state average
estimated risk is above the state average 0.375-0.5

and values below mean the risk is below 0.25 - 0.375
the state average. Values closer to 1 0.125 - 0.25

signify the highest risk while values closer
to 0 mean the lowest risk for the location
compared to state risk.

W o-o12s

B | eaflet




Hot Spots

~ Risk Of Incidence Rate Greater Than The 2016-2020 State Rate
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Filter by © of elevated risk for female breast cancer ST 0.625-0.75
above 95% v for the 2016-2020 group, after adjusting ‘ bt i 0.5 -0.625
for age. Values greater than 0.5 mean the ! R = e T . 3 ) state average
estimated risk is above the state average ¢ ‘ [ o | N S : p) 0.375-0.5
and values below mean the risk is below [ N LT A 2 by oy ] ¥ 0.25 - 0.375
the state average. Values closer to 1 PRV BV T Py . 2t <2 {ornp & o LA N 0.125 - 0.25
signify the highest risk while values closer By p ] s T g i LSV
Jo L ‘ = 1 [ . ] 0-0.125
to 0 mean the lowest risk for the location 2 : LV .
compared to state risk.
= | eaflet
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Layering features

o Risk Of Incidence Rate Greater Than The 2016-2020 State Rate
- ~ e
Areal Units © Hover over an area unit to see details § ) ) ! : - ) +
¥ (e S Nt ] I . W : ‘ Health Planning
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This map shows the measure of evidence - ‘ E g e 2 J o ‘ £ anning Areas
Filter by © of elevated risk for female breast cancer o R i . Risk Probability
above 95% v for the 2016-2020 group, after adjusting i . . 1, g S D 0.875 -1
for_age. Val.ues.greaterthan 0.5 mean the e i '“ ‘ — ‘ : j — T ; 0.75 - 0.875
estimated risk is above the st.ate. average (. 1. . e I 0.655 - 0.75
and values below mean the risk is below ¢ T e - ol L ¥
the state average. Values closer to 1 TS e oral) ~ -1 \6 0.5-0625
ST B i ! tat
signify the highest risk while values closer 7 ) ‘ I /H = \ 0.375 S; ;average
to 0 mean the lowest risk for the location d : \ A ) M D ' '
Ve [ Nno25 _NAa78

compared to state risk.
== | eaflet

- IBWA View >> Header and Footer >> Add Unit Name
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Questions?

Jacob Oleson
Department of Biostatistics

https://shri.public-health.uiowa.edu/cancer-data/cancer-maps/iowa-cancer-maps/

319-384-1595
Jacob-Oleson@uiowa.edu
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