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Abstract 

Introduction  

Prior reports and studies demonstrate differences in incidence and staging at diagnosis of 

various populations in the State of Arizona, no prior research has assessed if any differences 

exist amongst rural and urban patients. We hypothesize that rural patients will present with 

later stage of disease.  

Methods 

All patients with a primary colorectal cancer malignancy diagnoses in Arizona between 2009 

and 2013 were queried from the Arizona Department of Health Services Cancer Registry. Race, 

Beale Code (Rural-Urban Continuum 2003), Age, Diagnosis year, Derived SEER Summary Stage 

2000 (SS 2000) were all gathered from the registry.  

Results 

10,330 CRC cases were analyzed. A total of 4036 CRC cases were present in the rural category, 

while 6294 were present in the urban category. Of the rural cases, 65% were classified as 

advanced based on a SS2000 code of 1-7, while early stages of disease were defined as code 0. 

66% of the urban cases were classified as advanced based on the same criteria. Logistic 

regression (Odds Ratio, 95% CI) demonstrated urban CRC patients were more likely to present 

at a later stage than rural patients. Hispanic Whites and American Indians with later disease at 

presentation were less likely to live in an urban setting OR 0.69 (0.61, 0.77) p-value <0.001 and 

0.38 (0.28, 0.51) p-value <0.001. 

Discussion 

Analysis of the data revealed that overall, urban patients tend to present with later disease 

than rural patients, the opposite of the hypothesis. When assessing by age and race, it was 

discovered that patients 19-49 years of age, Rural Native Americans, and Rural Hispanic Whites 

were more likely to present at a later stage of disease. Further research is needed to find the 

factors causing these disparities. 
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Introduction 

Colorectal Cancer: Background, Diagnosis, and Prevalence 

 Colorectal cancer (CRC) is the fourth leading cause of cancer related deaths in the 

United States.1 Around 150,000 people are diagnosed with CRC every year and more than 

50,000 people die from this cancer.1 Most of these deaths are preventable through appropriate 

screening. Patients who are diagnosed early through screening have about a 90% 5-year 

survival rate.2 The United States Preventative Services Task Force (USPSTF) recommends (Grade 

A) that adults’ ages 50-75 years old be screened through either Fecal Occult Blood Testing 

(Guaiac/Fecal Immunochemical Tests), flexible sigmoidoscopy, or colonoscopy. FOBT is 

recommended every 3 years, flexible sigmoidoscopy every 5 years, and colonoscopy every ten 

years.3  

The current national screening rate for Americans between 50-75 years old is hovering 

around 65%, a much lower rate when compared to other cancers.4 The current screening rate 

in Arizona according to the most recent data from the Center for Disease Control is around 

63.6-68.9%. The national screening rate is even lower for uninsured populations with a 

screening rate of around 37%.5 According to the most recent data released by the Census 

Bureau, 17.1% of the state’s population is uninsured compared to the national average of 

14.5%.6 The current rate for underinsured populations in Arizona is not quantified as it is data 

that may be difficult to gather. Arizona falls below the national average for incidence of CRC 

(36/100,000 vs. 43.3/100,000 for the national average).4 Stratifying this data by county 

demonstrates a stark difference throughout the State. According to data from the National 

Cancer Institute, Mohave County has the highest incidence of CRC with 45.1/100,000 while 

Apache County has the lowest incidence with 21.8/100,000.4 The incidence for colorectal 

cancer in Arizona has been steadily decreasing according to data collected from 2007-2011.4 

The majority of this can be attributed to the decreasing incidence in Maricopa County, Arizona’s 

most populous county. All other counties’ incidence rates have remained stable. The following 

figure demonstrates the areas considered urban and rural based on the United States 

Department of Agriculture and data collected from the Census Bureau. Interestingly enough, 
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when correlating incidence of CRC and setting, Urban areas seem to correlate with higher level 

of incidence, especially with counties that house tribal land.   
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Figure 1. Map of Arizona Demonstrating Urban and Rural locations as defined by US 

Census 
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Differences in incidence of CRC appear to vary in Arizona based on county. No studies 

have been conducted in Arizona about differences in staging at diagnosis and whether that 

correlates with a residents setting of living. Other studies have demonstrated that rural patients 

may present with later disease. A study out of Georgia demonstrated that African Americans 

living in rural areas were twice as likely to present with late stage malignancy when compared 

to those living in urban Atlanta.7 A study out California however, found no difference in staging 

at diagnosis for urban vs rural patients when controlling for socioeconomic factors.8 Differences 

in race have also been clearly delineated along with treatment. Hines and Markossian, 2011 

demonstrated that African Americans in Georgia were not only more likely to present at a later 

stage, they were also less likely of having surgical intervention. However, they found no clear 

difference in stage at diagnosis with rural vs urban patients.9 

The most recent report from the Arizona Cancer Registry published in 2015 highlighted 

the differences in staging at diagnosis amongst minorities compared to whites in the State. The 

report also highlighted the differences amongst age groups, specifically those below the age of 

50 versus those greater than or at the age of 50.10 While these differences have been well 

established no previous studies have sought out to discover whether any differences at staging 

of diagnosis exist amongst rural versus urban CRC patients in Arizona. The aim of this study is to 

measure whether any such differences exist in the staging at diagnosis for rural versus urban 

patients. The distribution of the population in Arizona is approximately 40% of the state lives in 

a rural setting. With an overall population of nearly 7 million, that is approximately 2.8 million 

rural patients, highlighting the importance of identifying if any disparities exist among these 

populations. We hypothesize that patients living in a rural setting will present at a later stage 

when diagnosed with CRC when compared to patients living in an urban setting. 
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Methods 

All patients with a primary colorectal cancer malignancy diagnoses in Arizona between 

January 2009 and December 2013 were queried from the Arizona Department of Health 

Services Cancer Registry. All cases were de-identified and instead assigned a case number 1 

through “n” in random order to ensure privacy. A total of 10,330 cases were queried from the 

database. All cases were queried for Race, Beale Code (Rural-Urban Continuum 2003), Age, 

Diagnosis year, Derived SEER Summary Stage 2000 (SS 2000). Patients were assigned to an 

urban (code 1) or rural (code 2-7) category based upon the Beale code. The SS2000 stage at 

diagnosis was used to determine whether a patient had early (code 0) vs late (1-7) disease. The 

demographic characteristics were ascertained with frequencies and proportions. The data was 

analyzed using Pearson’s Chi squared in order to determine if a significant difference in staging 

at presentation was present among residence (Urban vs Rural), race, and age. 

 A logistic regression was then completed to ascertain the odds ratio to determine the 

relationship between urban and rural patients and tumor staging. A secondary logistic 

regression was completed to determine the relationship between late stage diagnosis, race, 

and living urban vs rural.  
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Results 

A total of 10,330 cases spanning from 2009 to 2013 were queried from the ACR. Of the total 

cases, 4036 (39%) were classified as rural based on the definition provided above while 6294 

(61%) were classified as Urban (Figure 2). Further stratifying that information by age, a total of 

992 (9.6%) cases were patients under the age of 50 while 9338 (90.3%) were above the age of 

50. A total of 331 (7.7% of total rural cases) individuals under 50 were considered to live in a 

rural setting while 661 (10.8% of total urban) lived in an urban setting. When looking at race, 

78.8 % of cases were patients of Caucasian race, 12.9% were Hispanic-White, 2.8% were African 

American, 1.9% were American Indian and 1.5% were Asian. The remaining 0.89% were of 

unknown race or other race separate from the categories above. 44.6% of the cases queried 

were staged as in-situ while 55.4% of cases were staged as localized to metastatic. When 

looking at rural patients, of the 4036 cases 45.1% were staged as in situ while 54.8% were 

staged as localized to metastatic based on the SS2000 codes. For urban patients, of the 6294 

cases 44.3% were classified as in situ while 55.7% were staged as localized to metastatic. (Table 

1)  
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Figure 2. Distribution of Population across Arizona Counties coded via Rural-Urban Continuum . 

1 = > 1 million people 

2 = 250,000-1 million 

3 = < 250,000 

4 = Urban population  >20,000 adjacent to a metro area. 

6 = 2,500-19,999 adjacent to a metro area. 

7 = 2,500-19,999 not adjacent to a metro area. 
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Table 1. Percent Age (A), Race (B), and Cancer Staging (C) in Rural versus Urban Setting. P-

values calculated using χ2 analysis 
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The distribution of staging of disease amongst rural populations were as follows: 3.9% of 

cases were staged as in situ (SS2000 code 0), 41.2%(SS2000 code 1) were staged as localized 

disease only, 9.6% was staged as regional by direct extension (SS2000 code 2), 12.8% was 

staged as regional lymph nodes only (SS2000 code 3), 10.9% was stages as direct extension and 

lymph nodes (SS2000 code 4), and 21.6% of rural cases were staged as metastatic (SS2000 code 

7). Urban cases had a distribution of staging of disease as follows: 1.5% were staged as in situ 

(SS2000 code 0), 42.8% were staged localized only (SS2000 code 1), 10.7% were staged as 

regional by direct extension only (SS2000 code 2), 14.6% were staged as regional lymph nodes 

involved only (SS2000 code 3), 10.3% were staged as Direct Extension and lymph nodes, and 

20.1% were staged as metastatic. (Figure 3) 
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Figure 3.  Comparing Tumor Staging between Rural and Urban Patients.  P-value calculated 

using χ2 analysis. Tumor Staging: 

1 = Localized only 

2 = Regional by direct extension only 

3 = Regional lymph node(s) involved only 

4 = Direct extension and lymph nodes 

7 = Distant sites and nodes involved 
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Reviewing the staging as it pertains to age, regardless of location the distribution was as 

follows for patients ages 19-49. 2% were staged as in situ (SS2000 code 0), 33.5% were staged 

as localized only (SS2000 code 1), 9.8% were staged as regional by direct extension only 

(SS2000 code 2), 12.3% and 12.5% were staged as regional lymph nodes involved only and 

direct extension and lymph nodes respectively (SS2000 code 3 and 4). 29.9% of individuals 

under the age of 50 were staged as metastatic (SS2000 code 7.) (Figure 4) 
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Figure 4.  Comparing Tumor Staging between ages of CRC patients.  P-value calculated using χ2 

analysis. Tumor Staging: 

1 = Localized only 

2 = Regional by direct extension only 

3 = Regional lymph node(s) involved only 

4 = Direct extension and lymph nodes 

7 = Distant sites and nodes involved 
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The distributions of staging at diagnosis for individual races amongst the state of Arizona 

were as follows and demonstrated in figure 5. For Caucasians 2.1% of cases were classified as in 

Situ, 43.2% were considered localized only (SS2000 code 1), 10.0% of cases were classified as 

Regional by Direct Extension Only (SS2000 code 2), 14.2 percent were classified as Regional 

Lymph node(s) involved only (SS2000 code 3), 10.9% were classified as Direct Extension and 

Lymph nodes (SS2000 code 4), and 19.6% were classified as Distant Sites and Nodes Involved. 

For Hispanic Whites 1.8% of cases were classified as in Situ, 37.2% were considered localized 

only (SS2000 code 1), 9.9% of cases were classified as Regional by Direct Extension Only 

(SS2000 code 2), 14.5% were classified as Regional Lymph node(s) involved only (SS2000 code 

3), 10.9% were classified as Direct Extension and Lymph nodes (SS2000 code 4), and 25.7% 

were classified as Distant Sites and Nodes Involved. For African Americans, 3.4% of cases were 

classified as in Situ, 34.5% were considered localized only (SS2000 code 1), 7.6% of cases were 

classified as Regional by Direct Extension Only (SS2000 code 2), 14.5 % were classified as 

Regional Lymph node(s) involved only (SS2000 code 3), 11.0% were classified as Direct 

Extension and Lymph nodes (SS2000 code 4), and 29.0% were classified as Distant Sites and 

Nodes Involved. For American Indians, 2.3% of cases were classified as in Situ, 36.1% were 

considered localized only (SS2000 code 1), 10.6% of cases were classified as Regional by Direct 

Extension Only (SS2000 code 2), 18.9 % were classified as Regional Lymph node(s) involved only 

(SS2000 code 3), 10.1% were classified as Direct Extension and Lymph nodes (SS2000 code 4), 

and 22.0% were classified as Distant Sites and Nodes Involved. For Asian and Pacific Islanders, 

1.7% of cases were classified as in Situ, 32.3% were considered localized only (SS2000 code 1), 

13.9% of cases were classified as Regional by Direct Extension Only (SS2000 code 2), 18.9 % 

were classified as Regional Lymph node(s) involved only (SS2000 code 3), 10.2% were classified 

as Direct Extension and Lymph nodes (SS2000 code 4), and 23.0% were classified as Distant 

Sites and Nodes Involved. Amongst those classified as Other Race, 0.3% of cases were classified 

as in Situ, 50.1% were considered localized only (SS2000 code 1), 10.3% of cases were classified 

as Regional by Direct Extension Only (SS2000 code 2), 18.9 % were classified as Regional Lymph 

node(s) involved only (SS2000 code 3), 13.2% were classified as Direct Extension and Lymph 

nodes (SS2000 code 4), and 7.2% were classified as Distant Sites and Nodes Involved. 
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Figure 5.  Comparing Tumor Staging between Race of CRC patients.  P-value calculated using χ2 

analysis. Tumor Staging: 

1 = Localized only 

2 = Regional by direct extension only 

3 = Regional lymph node(s) involved only 

4 = Direct extension and lymph nodes 

7 = Distant sites and nodes involved 
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The logistic regression to determine the association between tumor staging and rural vs 

urban setting for CRC patients yielded the following odds ratio. The odds of an individual 

presenting with late stage disease if they live in an urban area compared to an individual living 

in a rural setting with in situ staged disease were as follows. Localized only had an odds ratio 

(OR) of 2.74 (95% CI 2.1-3.6) p<0.001. Regional by direct extension only OR 2.93 (95% CI 2.2,3.9) 

p<0.001. Regional Lymph node involved only 3.01 (95% CI 2.3-3.9) p<0.001. Direct Extension 

and Lymph nodes had an OR of 2.44 (95% CI 1.8-3.3) p<0.001 and metastatic disease had an OR 

of 2.40 (95% CI 1.83-3.2) p<0.001.  

 The same logistic regression comparing likelihood of late disease to age and rural vs 

urban setting yielded an OR of 0.64 (95% CI 0.55-0.74) p<0.001 for individuals of 50+ years of 

age. When applied to Race as it pertains to likelihood of presenting at with late stage disease 

and rural vs urban setting the following OR was discovered. Hispanic Whites 0.69 (95% CI 0.61-

0.77) p<0.001, African American 2.40 (95% CI 1.7-3.2) p<0.001, American Indian 0.38 (95% CI 

0.28-0.50) p<0.001, and Asian 2.12 (95% CI 1.5-3.1) p<0.001. (Table 2) 
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Table 2.Logistic Regression (Odds Ratio, 95 % CI) ascertaining the association between Tumor 

staging and rural vs urban setting. 
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Discussion 

The hypothesis of the study was discovered to be incorrect. Analysis of the data 

demonstrated that overall, patients living in urban settings as defined by Rural-Urban 

Continuum codes were more likely to present with later stage disease compared to rural 

patients. This was supported by the logistical regression for all stages with OR >1 at a p<0.001.   

This was a similar result to Paquette et al who demonstrated urban patients with colorectal 

cancer were more likely to present at a later stage.11 

When analyzing for differences in age, patients between the ages of 19-49 are more 

likely to present with later stage disease compared to those 50+ regardless of place of 

residence. Of those presenting with late disease, patients 19-49 are 36% OR of 0.64 (95% CI 

0.55-0.74) p<0.001 more likely to live in an rural setting compared to patients who are 50+. 

When observing for differences in race of patients, the following was discovered. 

Hispanic-Whites who presented with late-stage disease were 31% more likely to live in a rural 

setting compared to Caucasians OR 0.69 (95% CI 0.61-0.77) p<0.001. This finding is likely due to 

the fact that a greater percentage of Hispanic patients live in rural parts of Arizona, as 

demonstrated by table 1.  

African-Americans presenting with late-stage disease were 240% more likely to live in 

urban communities compared to Caucasians OR 2.40 (95% CI 1.7-3.2) p<0.001. This was the 

opposite of a study out of Georgia.7 

American Indians presenting with late-stage disease were 62% more likely to live in a 

rural community than Caucasians OR 0.38 (95% CI 0.28-0.50) p<0.001. Similar to the case with 

patients of Hispanic descent, the proportion of Native Americans who live in rural settings was 

much higher as presented in table 1.  

Those of Asian and/or Pacific Islander descent presenting with late-stage disease were 

more likely to live in an urban setting compared to Caucasians OR 2.12 (95% CI 1.5-3.1) 

p<0.001. Those classified as “Other or Mixed” race who presented with late stage disease were 

222% more likely to live in an urban setting compared to Caucasians. Of note, the statistical 

significance was weaker than other races OR 2.22 (95% CI 1.01-4.86) P<0.046.  
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 Overall the study demonstrated the opposite of the hypothesis. Patients presenting with 

later stage at diagnosis for CRC tend to live in more urban settings in the state of Arizona, 

contradicting previous findings from other studies demonstrating the opposite or no difference. 
5,8,13 There are many confounding factors that can affect staging at diagnosis of CRC and 

unfortunately, the data available through the registry does not collect the necessary data to 

account for these variables making this one of the weakest aspects of the study. These factors 

include socioeconomic factors, education, health literacy, screening rates, insurance status, 

etc.12 As mentioned by Parikh-Patel et al., SES was found to be a strong confounding factor in 

staging at diagnosis regardless of rural or urban setting.13  
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Future Directions 

The study will be submitted as part of graduation requirement to UA COM-P journal. 

The natural course for this study would be to repeat the study using a hospital system’s EMR 

that serves both urban and rural populations, such as Banner Health. This would allow for the 

collection of data that is otherwise not available through cancer registries such as income, 

education level, screening rates, etc. This would increase the strength of the study and allow for 

more specific identification of the pitfalls that CRC patients face and could help delineate the 

causes of the differences present in staging at diagnosis for CRC.  
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Conclusion 

 Overall the study demonstrated a greater likelihood of presenting at a later stage if a 

CRC patient lives in an urban setting. The data provided cannot delineate a possible cause for 

this but previous studies have demonstrated risk factors for CRC associated with urban 

populations such as sedentary lifestyle, increase incidence of low-fiber diet to be more 

ubiquitous than in rural populations and a possible factor in the results observed by this 

study.14 The study also demonstrated a large disparity in late stage disease amongst individuals 

<50 who overall present with much more advanced disease. A possible cause for this could be 

the fact that no screening guidelines are present for patients under 50. Studies from the NIH 

released this past February have demonstrated that the incidence of CRC is increasing amongst 

millennials and that this same population is 2-3x more likely to develop CRC compared to their 

parents.15 This study is a small demonstration that perhaps the screening recommendations for       

CRC should be revisited to account for this new development in order to address this disparity. 

The study also demonstrated what was previously reported by the ACR, that a large difference 

exists in staging at diagnosis for minorities in the State when compared to non-Hispanic whites. 

However this study did demonstrate that certain minorities are more likely to present at a later 

stage if they live in a rural setting, specifically Hispanics and Native Americans. This could help 

create new outreach programs amongst primary care providers in rural regions of the state to 

increase awareness of colorectal cancer screening to try and address these disparities.   
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