
Cancer mortality-to-incidence ratios in Georgia: describing
racial cancer disparities and potential geographical
determinants

Sara E. Wagner, PhD1, Deborah M. Hurley, MSPH2, James R. Hébert, ScD3,4, Chrissy
McNamara, MSPH5, A. Rana Bayakly, MPH5, and John E. Vena, PhD1

1College of Public Health, Department of Epidemiology and Biostatistics, University of Georgia,
Athens, GA
2South Carolina Central Cancer Registry, Office of Public Health Statistics and Information
Services, South Carolina Department of Health and Environmental Control, Columbia, SC
3Arnold School of Public Health, Department of Epidemiology and Biostatistics, University of
South Carolina, Columbia, SC
4South Carolina Statewide Cancer Prevention and Control Program, Columbia, SC
5Georgia Comprehensive Cancer Registry, Georgia Department of Public Health, Atlanta, GA

Abstract
Background—To evaluate racial cancer disparities in Georgia (GA) by calculating and
comparing mortality-to-incidence ratios (MIR) by health district and in relation to geographical
factors.

Methods—Data sources included: cancer incidence (GA Comprehensive Cancer Registry),
cancer mortality (GA Vital Records), and health factor (County Health Rankings) data. Age-
adjusted incidence and mortality rates were calculated by cancer site (all sites combined, lung,
colorectal, prostate, breast, oral, and cervical) for 2003–2007. MIRs and 95% confidence intervals
were calculated overall and by district for each cancer site, race, and gender. MIRs were mapped
by district and compared to geographic health factors.

Results—186,419 incident cases and 71,533 deaths were identified. Blacks had higher MIRs
than Whites for every cancer site evaluated, with especially large differentials observed for
prostate, cervical, and oral cancer in men. Large geographic disparities were detected, with larger
MIRs, chiefly among Blacks, in GA as compared to national data. The highest MIRs were
detected in west and east central GA; the lowest MIRs were detected in and around Atlanta.
Districts with better health behavior, clinical care, and social/economic factors had lower MIRs,
especially among Whites.

Conclusion—More fatal cancers, particularly prostate, cervical, and oral cancer in men were
detected among Blacks, especially in central GA, where health behavior and social/economic
factors were worse. MIRs are an efficient indicator of survival and provide insight into racial
cancer disparities. Additional examination of geographical determinants of cancer fatality in GA
as indicated by MIRs is warranted.
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Introduction
Racial disparities in cancer incidence and mortality are often large and may result from
complex causes. Mortality rates from many common cancers are higher among Blacks as
compared to any other racial/ethnic group.1, 2 For all cancer sites combined in the United
States, the mortality rate among Blacks is 25 percent higher than among Whites.3 Incidence
also is higher among Blacks, although not for all cancer sites; and racial differences in
incidence tend to be smaller than mortality differentials. Blacks are diagnosed with more
aggressive tumors and tend to present at younger ages; facts that help explain why the racial
gap in mortality from cancer is so large. Racial cancer disparities are especially prominent in
the Southeast;4, 5 however, explanations remain unclear.

Calculation of the mortality-to-incidence ratio (MIR) provides a unique quantification of
racial cancer mortality disparities. Given complete and reliable incidence and mortality data,
the MIR is a valid6 indicator of the fatality ratio.6–8 The MIR approximates a standard,
population-based measure of fatality (1/survival), given incidence.4 Most have used MIRs to
quantitatively evaluate the completeness and validity of cancer registration,7–9 to evaluate
the effectiveness of secondary prevention methods,10 or to estimate incidence or mortality
when direct data are unavailable.11–13 Few studies have used the MIR to compare cancer
rates.4, 14–16

Recently, Hébert et al., used MIRs to compare cancer fatality by race in South Carolina
(SC).4 They were the first to map MIRs, which allowed them to highlight geographies where
mortality disparities may be particularly pronounced.4 Georgia (GA), like SC, has large
racial cancer disparities. Despite the presence of a Surveillance Epidemiology and End
Results (SEER)-affiliated cancer registry with valid and complete data and a large
proportion of Black residents that enables statistically stable comparisons across racial
subgroups, there is a paucity of published research describing cancer throughout GA.

Deriving inspiration from the work of Hébert et al., the purpose of this study was to evaluate
racial cancer disparities in GA by calculating and comparing MIRs for a variety of cancer
sites. We calculated MIRs for all cancer sites combined, and for lung and bronchus,
colorectal, prostate, female breast, oral cavity, and cervical cancers by race, sex, and GA
public health district. This study also assessed the geographic pattern of MIRs overall and in
relation to spatial variables including environmental characteristics, socioeconomic factors,
and health care accessibility.

Methods
Data Sources

Cancer incidence data were obtained from the GA Comprehensive Cancer Registry (GCCR)
for 2003–2007. The GCCR is a statewide population-based cancer registry that collects
information on all cancer cases diagnosed among GA residents. The GCCR is a participant
in the National Program for Cancer Registries and the North American Association of
Central Cancer Registries (NAACCR). The GCCR meets national standards for cancer
registration and is gold certified for data quality and representativeness. Each cancer case
was associated with a county-level geographic identifier, demographic, and tumor
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characteristics. Cancer sites were selected using the SEER Site Groups Primary Site variable
based on ICD-0-3 coding.17

Cancer mortality data from GA Vital Records in the GA Department of Public Health’s
standardized health data repository were obtained through the GCCR. Each cancer death
was associated with a county-level geographic identifier and demographic characteristics.
Cancer deaths for specific cancer site subgroups were identified via the ICD-10 code for
underlying cause of death.

Incidence and mortality data were obtained for all cancer sites combined and for lung and
bronchus, colorectal, prostate, female breast, oral cavity, and cervical cancers; and were
obtained by race (White, Black) and gender, when applicable. Incident cases and deaths
were excluded if they were of unknown or ‘other’ race or gender. Only malignant tumors
were included. Ethnicity was not used because the mortality data did not contain reliable
ethnicity information. To avoid unstable statistical calculations, incidence and mortality data
were aggregated to the public health district level (N=18). All analyses were performed for
the state of GA or by health district.

Age-specific GA population data for 2003–2007 were obtained from the National Center for
Health Statistics bridged population estimates. Health factor data were obtained from the
County Health Rankings 2011 data portal,18 which synthesizes health data from national
data sources including the Behavioral Risk Factor Surveillance System, National Center for
Health Statistics, and the CDC Environmental Protection Agency Collaboration, among
others.

Statistical Analysis
Age-adjusted mortality and incidence rates were calculated using direct standardization for
GA, public health district, and race/gender subgroups.19 The 2000 United States standard
million population was used. Rates were not calculated for cancer sites with fewer than 20
cases per health district. The MIR, a measure of mortality that adjusts for underlying
differences in incidence, was calculated as the age-adjusted mortality rate divided by the
age-adjusted incidence rate. MIRs were calculated overall and by health district for each
cancer site and for race/gender subgroups. Rates and MIRs were generated using Microsoft
Excel (2007) and SAS version 9.1.3 (SAS Institute, Cary, NC). We modeled the statistical
analysis approach used by Hébert et al.4 in our neighboring state, SC, so that direct
comparisons to their findings could be made.

Special methods previously used for MIRs were implemented to calculate 95% confidence
intervals (CI) using F intervals.20 These F intervals, which approximate directly
standardized rate intervals, are useful for scenarios in which some data cells are sparse (e.g.,
districts with few cases) while others are large (e.g., districts with many cases). The
resulting CI’s guarantee nominal coverage, yet provide conservative estimates.20 CI’s were
generated using R software version 2.12.1 (The R Foundation for Statistical Computing,
Vienna, Austria).

A geographic information system (ArcMAP® software version 10.0, ESRI, Redlands, CA)
was used to map MIRs for each cancer site by GA health district. For comparison to national
rates, display cut-points introduced by Hébert et al. were used. Four categories were defined
for each cancer site - Category 1: the mean MIR for Whites nationally; Category 2: the
upper bound 10% higher than the upper bound of Category 1; Category 3: the upper bound
20% higher than the upper bound of Category 1; and Category 4: the upper bound >20%
higher than the upper bound of Category 1.4 The data for the computation of Category 1
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were obtained from the North American Association of Central Cancer Registries’ Cancer in
North America: 2003–2007 report.17

To explore potential geographic risk factors of cancer fatality, MIRs were compared to
health factor groupings by health district. Health factors were represented by data metrics,
chosen and weighted based on their relative importance while considering data reliability
and availability. Specifically, we used data for four health factors including health
behaviors, a composite measure of tobacco use (adult smoking rate, 10%), diet and exercise
(adult obesity rate, 10%), alcohol use (excessive drinking, 2.5%; motor vehicle crash death
rate, 2.5%), and unsafe sex (sexually transmitted infection rate, 2.5%; teen birth rate, 2.5%);
clinical care, a composite measure of access to care (adult uninsured rate, 5%; primary care
providers, 5%) and quality of care (hospitalization rates for ambulatory-sensitive conditions,
5%; diabetic screening rate, 2.5%; mammography screening rate, 2.5%); social/economic
factors, a composite measure of education (high school graduation rate, 5%; adults with
college degrees, 5%), employment (unemployment rate, 10%), income (children in poverty,
10%), family and social support (social and emotional support, 2.5%; single-parent
households, 2.5%), and community safety (violent crime or homicide rate, 5%); and
physical environment, a composite measure of environmental quality (unhealthy air quality
due to particulate matter, 2.5%; unhealthy air quality due to ozone, 2.5%) and built
environment (access to healthy foods, 2.5%; access to recreational facilities, 2.5%). The
County Health Rankings, which were created around the model of the United Health
Foundation’s Annual State Health Rankings, were originally developed to use publicly
available data to describe variation in population health measures for community health
assessment in Wisconsin.21 The Mobilizing Action Toward Community Health (MATCH)
project was initiated with funding from the Robert Wood Johnson Foundation and expanded
Wisconsin’s County Health Rankings in 2010 to the entire country.22 These rankings
provide a concrete picture of overall community health and a simple method for
communities to describe and track progress.23 As part of the Rankings metric, health
determinants are described using measures that are chosen based on certain criteria
including, “being a direct or proxy measure of important aspects of public health, available
publicly and updated periodically at the county level, consistently collected across counties,
and of sufficient quantity to have moderately stable county-level estimates”.24

County-level Z-scores (i.e., standardized measures of each health measure relative to other
GA counties) for each health factor were averaged to obtain an overall Z-score for each
health district. A positive average Z-score indicated an average value higher (i.e., ‘greater
risk’ for worse health outcomes) than the average of all GA counties; a negative average Z-
score indicated an average value lower (i.e., ‘lower risk’ for worse health outcomes) than the
average of all GA counties. For each health factor, correlations of Z-scores to MIRs at the
health district-level were calculated. Pearson correlation coefficients and one-sided p-values
were calculated for each cancer site by race and gender. Maps of the health factor groupings
by health district were generated.

Results
A total of 186,419 incident cancers (all sites) were identified. Incident cases were excluded
if they were of unknown or ‘other’ race/gender (N=2,987, 2%). Only tumors with malignant
behavior were included in the analysis (thus 3,300 cases, or 2% with in situ behavior were
excluded). A total of 71,533 cancer deaths from all cancer sites were identified. Deaths were
excluded if they were of unknown or ‘other’ race (N=602, 1%). All deaths were male or
female.
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Table 1 displays the MIRs and 95% CI’s for all cancer sites combined, female breast, cervix,
colorectal, lung and bronchus, oral cavity, and prostate cancers by race and gender. As
expected, when considering all cancer sites combined, White females had the lowest MIRs
(0.37) and Black men had the highest (0.47) (Table 1). MIRs were larger (i.e., cancers were
more fatal) among Blacks for each and every cancer site and gender combination as
compared to Whites. These differences were statistically significant for all groups except for
lung and bronchus cancer in both genders and oral cancer among women (Table 1). As in
SC,4 the largest racial differences were for oral cancer among men (Black MIR 1.81 times
greater than White MIR), prostate (Black MIR 1.55 times greater than White MIR), and
cervical cancer (Black MIR 1.52 times greater than White MIR). MIRs among males were
larger than among females. Among all the cancer sites, lung cancer was the most fatal
(MIRs ranging from 0.72 to 0.83) and prostate cancer was the least fatal (MIRs ranging from
0.16 to 0.24) (Table 1).

We compared GA MIR calculations to those computed for SC.4 SC had higher MIRs among
Blacks for all cancer sites except cervical cancer, where the MIR in GA was equivalent
(0.42 versus 0.41). Among Whites, MIRs were strikingly similar for all cancer sites
combined, breast, cervical, and colorectal cancers for SC and GA. MIRs for lung, oral, and
prostate cancers among Whites were lower in GA than SC.

Figures 1–7 display the MIRs by GA health district and race using display cut-points that
compare MIRs against national values for Whites. MIRs were higher in GA, chiefly among
Blacks, as compared to national data. For all cancer sites combined among males (Figure
1A), the highest MIRs were observed in Southeast GA, with more Category 4 (i.e., >20%
higher than mean MIR for Whites nationally) districts among Black males (6 versus 4). For
all cancer sites combined among females (Figure 1B), the MIRs between races were
remarkably different, with a one-category difference in every district and a two-category
difference in most districts for Blacks throughout the state. Large differences in MIRs also
were observed by race for breast cancer (Figure 2). Five districts had a three-category
difference from Category 1 (comparable to the mean MIR for Whites nationally) among
Whites to Category 4 among Blacks. Many of the districts have suppressed data for cervical
cancer; however, it should be noted that all of the districts highlighted among Black women
were in the two highest MIR categories (Figure 3).

For colorectal cancer, high MIRs were detected in Midwest GA with all but three districts
having higher MIRs for Blacks and four districts with a three-category difference for Blacks
compared to Whites (Figure 4). Racial differences in MIRs were less drastic for lung cancer
(Figure 5) and eight districts had MIRs in a higher category for Blacks versus Whites. For
oral cancer, all of the available districts were in MIR Category 4 (Figure 6). Finally, for
prostate cancer, the majority of GA was in Category 4 for Blacks with a three-category
difference in eight districts for Blacks versus Whites (Figure 7). Across all maps, the
districts with the most Category 4 MIRs were the West Central Health District 7-0 (9
appearances in Category 4; 6 Black, 3 White) and the East Central Health District 6-0 (8
appearances in Category 4; 5 Black, 3 White). Conversely, the districts with the most
Category 1 MIRs were the Cobb Douglas Health District 3-1 (7 appearances in Category 1;
7 White), the Fulton Health District 3-2 (7 appearances in Category 1; 2 Black, 5 White),
and the Dekalb Health District 3-5 (7 appearances in Category 1; 7 White).

Table 2 displays the correlations between health district MIRs and health factor groupings.
Expectations were that higher average Z-scores (i.e., health districts at a ‘higher risk’ for
worse health outcomes) would be positively correlated with higher average MIRs (i.e.,
health districts with more fatal cancers). Correlations with moderate (ρ: 0.30–0.70) to strong
(ρ: 0.70–1.00) coefficients and statistically significant (p<0.05) p-values were detected
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between increasing Z-scores for health behavior (5 cancer/race/gender subgroup
combinations with strong correlations (ρ≥0.70 and p<0.05); 3 with moderate correlations (ρ:
0.30–0.70 and p<0.05)), clinical care (2 strong; 6 moderate), and social/economic factors (11
moderate) and increasing MIRs, especially among Whites for all cancer sites combined and
lung cancer. Overall, the most (11 of 30 cancer/race/gender subgroups) positive, statistically
significant correlations were observed between social/economic factor Z-scores and MIRs
(Table 2). Z-scores for physical environment were most weakly correlated with increases in
MIRs. The health districts highlighted for health behavior and social/economic factors were
almost identical, and the physical environment groupings were the most dissimilar (Figure
8). Five health districts, all in southwest and south central GA (07-0, 05-2, 05-1, 08-1, and
09-2) had poor rankings for three of four health factors (Figure 8). As noted above, the West
Central Health District 7-0 also had the most Category 4 MIRs for both races. No health
district was ranked poorly for all health factors.

Discussion
This study described racial cancer mortality disparities and their potential geographical
determinants by calculating, comparing, and mapping MIRs throughout GA. Blacks in GA
had more fatal cancers than Whites for all evaluated cancer sites. Although this observation
has been made for the nation2 and GA,5 the use of MIRs in this study allowed an efficient
description of these disparities in cancer mortality using pre-existing data, while
standardizing for incidence. This standardization is especially important for racial cancer
disparities, as Blacks are diagnosed more frequently and with more aggressive tumors than
Whites.

MIRs provide an efficient and accurate indication of cancer fatality that has previously been
unreported for GA. This is meaningful when describing racial disparities in cancer
outcomes, as cancer originating at different anatomical sites may present differently in terms
of aggressiveness. In contrast to simply mapping mortality (or incidence) rates, calculating
and mapping MIRs, especially by race, allows a broader and perhaps more complete
depiction of the survival experience.

The MIR differential is an indicator of a difference in mortality in excess of what one would
predict based on incidence alone. For prostate cancer, for example, the MIR for Blacks in
this study was 1.6 times the MIR for Whites. This is the amount of excess mortality among
Blacks controlling for the fact that Blacks have a higher incidence than Whites. This
observation demonstrates that even controlling for the fact that Blacks get more cancer than
Whites, they still have a disproportionately large mortality burden. Using MIRs to assist in
quantifying this difference is an essential first step and highlights where efforts need to be
focused, an important task given limited resources.

Higher MIRs were observed among Blacks in SC as compared to Blacks in GA. MIRs
among Whites were comparable. The main exceptions were for cervical cancer, where GA
had similar MIRs to SC among Blacks. Compared to SC, GA had lower MIRs for lung, oral,
and prostate cancers among Whites. A large difference was observed for cervical cancer in
GA, for which the MIR among Blacks was 1.52 times the MIR among Whites. This
difference is similar to that observed for SC (Black MIR 1.50 times higher).4 This mortality
difference is alarming because Black women are more likely to receive Pap tests than White
women. Racial differences in cervical cancer screening follow-up or lack of culturally- and
linguistically-specific educational messages about cervical cancer and the meaning of
abnormal Pap test results may be contributing to this disparity25, 26 and interventions,
educational materials and/or programs should be targeted in GA based on these findings. In
addition, Hispanic women in GA have higher incidence rates of cervical cancer
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(14.1/100,000) as compared to national rates (12.5/100,000).27 This may be one reason that
higher MIRs were detected for cervical cancer in GA, but we were unable to examine the
issue directly because ethnicity data were not evaluable. However, based on the incidence
data, 0.8% of Black women and 2.5% of White women were classified as Hispanic.
Inclusion of this small percentage is unlikely to meaningful alter our results and, in fact, the
larger percentage of potential misclassification was among White, not Black women, in
whom the larger MIR was detected. This suggests that GA is performing slightly better in
terms of cancer outcomes as compared to SC, except for cervical cancer, where efforts
should be focused.

When compared to national data, GA had higher MIRs for each and every cancer site
examined. Overall, the worst outcomes were detected in the West and East Central health
districts. Identification of districts with large disparities provides support for the
development of area- and population-specific health programs and/or focused research
studies with the aim of better describing etiologic mechanisms behind these disparities. The
best outcomes were detected in the Atlanta area in Cobb-Douglas, Dekalb, and Fulton health
districts. When compared to health factors, which rank counties based on health behaviors,
clinical care, and social/economic factors,18 there appeared to be a relationship between the
overall health of the county and MIRs. We chose to further examine the geographic
relationship of MIRs at the health district-level by comparing MIRs by health factors from
this same data repository. We found that districts whose population had worse health
behavior, worse clinical care choices and access, and worse social/economic factors tended
to have higher MIRs when compared to those health districts whose population ranked better
in these factors. For all cancer sites combined, higher MIRs (i.e., more fatal cancers) were
strongly associated with worse health behavior, worse clinical care (overall and among
men), and moderately associated with a worse social/economic environment and worse
clinical care among women. Similar relationships were detected for lung cancer and, to a
smaller extent, prostate cancer. Although this does not imply causality, these relationships
may warrant further investigation or may suggest opportunities for health behavior
interventions, such as tobacco cessation for lung cancer, and/or screening programs, such as
community-based education about screening practices or treatment decisions28 among
Blacks for prostate cancer. In general, this trend was more apparent among Whites,
suggesting that other factors are at work among Blacks in terms of cancer outcomes. A more
detailed examination of geographical risk factors related to MIR disparities is certainly
warranted, but this analysis serves as a starting point for developing more specific and
testable hypotheses to further explain and eventually mitigate these disparities.

The County Health Rankings system used to describe geographic health risk factors in
relation to MIRs is not without limitation. Because the Rankings were not designed to be a
statistically robust measure of community health24 and individual metrics may have
questionable reliability because of sparse data,18 these Rankings should not be used as the
statistical basis for assessing policy change or priority settings nor should small rank-order
changes be over interpreted.23 However, a thorough process supported the choice of
measures and weights, including literature reviews of the impact of factors and health
outcomes, the ability for factors to be modified through community action, a review of
America’s Health Rankings methodology, the availability and reliability of indicators at the
county-level, and feedback from an expert panel.18 When considered in summary, the
County Health Ranking system provides a high-quality picture of overall community
health18 and can be used to generate hypotheses about possible drivers of racial disparities,
as done in the current study.

Because direct age-adjustment was performed and GA has a large number of counties
(N=159), public health districts (N=18) were used to describe the geographic pattern of
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MIRs throughout GA, while ensuring a sufficient sample size for the calculation of stable
rates. The GCCR suppresses rate calculations where cell counts are less than 20. Therefore,
rates for more rare cancer sites (e.g., cervical, oral) were considered unstable and suppressed
based on this criterion. Although this may have limited our ability to see patterns for these
cancer sites throughout the entire state, this conservative approach ensured that the
calculated rates were stable and reliable.

The MIR is an efficient indicator of fatality (or survival). Despite its utility, most studies
have generated the MIR for other purposes, particularly to validate cancer registration,7, 8, 29

and only a few4, 14–16 have used the MIR to compare cancer rates across populations. Given
appropriate mortality and incidence data, an MIR can be easily calculated and avoids the
limitations of traditional survival studies, which require active follow-up and potential
financial and logistical constraints.6 Cancer registry data in GA is thorough, with a
completeness meeting the NAACCR gold standard (95% completion) overall and by racial
subgroup (completeness for Whites: 106%; completeness for Blacks: 99%). Not only is the
MIR an efficient way to calculate and compare survival, a recent study confirmed that the
measure provides a valid approximation of the 5-year survival rate for most tumor sites.6

In summary, this study used MIRs to describe racial cancer mortality disparities in GA.
Larger MIRs were detected for Blacks compared to Whites for all cancer sites and gender
subgroups, with the largest racial differentials detected for prostate, cervical, and oral cancer
in men. More fatal cancers were detected in west and east-central GA; less fatal cancers
were detected in and around Atlanta. When compared to national MIRs, geographic
differentials were detected with GA having drastically larger MIRs for each and every
cancer site examined. Better health behavior, clinical care characteristics, and social/
economic factors were correlated with lower MIRs, especially among Whites. MIRs are an
efficient indicator of survival and are useful in describing racial cancer disparities.
Additional examination of geographical determinants of cancer fatality in GA as indicated
by these MIRs is warranted.

The consistency of our findings with the gender and racial disparities in SC suggest that
there are many fundamental issues contributing to differentials in survival that need to be
investigated further and addressed. Our analysis highlights regional patterns in racial
disparities in cancer mortality that encourages additional research collaborations and
evaluation of potential regional-specific determinants. Targeted race- and geographic-
specific prevention, treatment, and follow-up practices are needed to address the observed
differences in MIRs.
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Figure 1.
Figure 1A. Mortality-to-incidence (MIR) ratios by Georgia public health district for all
cancer sites combined in males.
Figure 1B. Mortality-to-incidence (MIR) ratios by Georgia public health district for all
cancer sites combined in females.
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Figure 2.
Mortality-to-incidence (MIR) ratios by Georgia public health district for female breast
cancer.
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Figure 3.
Mortality-to-incidence (MIR) ratios by Georgia public health district for cervical cancer.
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Figure 4.
Mortality-to-incidence (MIR) ratios by Georgia public health district for colorectal cancer.
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Figure 5.
Mortality-to-incidence (MIR) ratios by Georgia public health district for all lung cancer.
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Figure 6.
Mortality-to-incidence (MIR) ratios by Georgia public health district for oral cancer.
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Figure 7.
Mortality-to-incidence (MIR) ratios by Georgia public health district for prostate cancer.
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Figure 8.
Average health factor measure by Georgia public health district.
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