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Abstract 

A Population-Based Study of Colon Cancer Treatment Quality in Georgia: 
Race, Residential Segregation and Rural-Urban Residence 

 By Sari De’Ann Hopson 
 

  Prognosis of colorectal cancer, the third most common invasive malignancy in the US, 
depends on timely diagnosis and on the receipt of appropriate treatment.  Clinical factors strongly 
influence treatment; however, studies also demonstrate the impact of non-clinical factors.  This 
dissertation examined the role of non-clinical factors (patient race and residential characteristics) 
in the receipt of quality colon cancer treatment.  Treatment quality was assessed in terms of 
surgeon training and experience and the receipt and completion of adjuvant chemotherapy. 

Three questions motivated this project: 

1. Are the qualifications of colon cancer surgeons associated with characteristics of their 
Medicare patient population? 

2. Do patient race and/or rural-urban residence influence the receipt of adjuvant 
chemotherapy among Medicare patients with stage III colon cancer; if so, are these 
associations explained by residential segregation?   

3.  Is patient race associated with the receipt and completion of adjuvant chemotherapy 
among stage III colon cancer patients in predominantly rural Southwest Georgia 
(SWGA)? 
 

For question one, we found that percentages of black patients were higher for less qualified 
surgeons and lower for most qualified surgeons.  The patients of most qualified surgeons resided 
in less racially segregated census tracts. These findings indicate that non-clinical patient factors 
may affect the quality of colon cancer care among Medicare patients. 

For question two, neither patient race nor residential segregation measures were associated 
with receipt of adjuvant chemotherapy among Georgia Medicare colon cancer patients.  Receipt 
of chemotherapy was less common among patients who were older, non-married and had co-
morbid illnesses.  These findings suggest that receipt of chemotherapy is more strongly 
influenced by possible contraindications to chemotherapy (advanced age and comorbidities) than 
by social factors.   

For question three, race was not a significant predictor of chemotherapy receipt among 
Southwest Georgia colon cancer patients; however, white patients completed adjuvant 
chemotherapy less often than black patients. Chemotherapy receipt was higher among younger 
patients and those receiving therapy at accredited cancer facilities. Chemotherapy completion was 
more common among married patients and those with private insurance. The observed racial 
disparity in treatment completion may be explained by differences in chemotherapy tolerance, 
toxicity and patient support. 



 

 

 

A Population-Based Study of Colon Cancer Treatment Quality in Georgia: 
Race, Residential Segregation and Rural-Urban Residence  

 

 
By 

 
 
 

Sari De’Ann Hopson 
B.S.P.H & B.A., University of North Carolina, Chapel Hill, 2003 

M.S.P.H., Emory University, 2005 
 

 

Advisor: Michael Goodman, MPH, MD 

 

 

 

 

 
A dissertation submitted to the Faculty of the   

James T. Laney School of Graduate Studies of Emory University  
in partial fulfillment of the requirements for the degree of   

Doctor of Philosophy in Epidemiology 
 

2012 



 

 

 

Acknowledgements 

I am thankful to my mentors, family and friends for believing in me and encouraging me to fulfill 

this dissertation. I appreciate the perspectives and diverse insight my committee members offered 

to this project and my learning.  I will always be grateful for my advisor, Dr. Michael Goodman, 

for making me accountable and providing invaluable support to my research. 

 

 

 



 

 

Table of Contents 

Table of Contents .............................................................................................................. vii 

List of Tables ................................................................................................................. xii 

List of Figures .............................................................................................................. xiii 

Introduction ......................................................................................................................... 1 

Chapter 1: Understanding Colorectal Cancer ..................................................................... 5 

Epidemiology of Colorectal Cancer ................................................................................ 5 

Etiology of Colorectal Cancer ......................................................................................... 7 

Anatomy and Physiology of the Large Intestine ............................................................. 8 

Diagnosis and Staging of Colorectal Cancer ................................................................... 9 

Colon Cancer Treatment ............................................................................................... 10 

Chapter 2: Measures and Determinants Of Treatment Quality: A Literature Review ..... 12 

Evaluating Health Care Quality .................................................................................... 12 

Residential Segregation ................................................................................................. 13 

Segregation and Cancer Care ........................................................................................ 16 

Defining Rural-Urban Status for Epidemiology Research ............................................ 17 

Rural-Urban Disparities in Colon Cancer Care ............................................................. 19 

Black-White Racial Disparity in Receipt of Colorectal Cancer (CRC) Adjuvant 

Therapy .......................................................................................................................... 20 



 

 

Clinical and Non-Clinical Determinants of Adjuvant Therapy for Colon Cancer ........ 25 

Physician Characteristics, Residential Characteristics and Patient Demographics ....... 27 

Physician Characteristics, Cancer Treatment and Outcomes ........................................ 29 

Hospital Characteristics, Patient Characteristics, Cancer Care and Outcomes ............. 30 

Quality of Adjuvant Chemotherapy Data Reported by Cancer Registries Medicare ... 30 

Chapter 3: Source Population ........................................................................................... 34 

Residential Segregation ................................................................................................. 34 

Rural-Urban Residence ................................................................................................. 34 

Racial Distribution ........................................................................................................ 35 

Chapter 4: Overview of Data Sources .............................................................................. 36 

Chapter 5:  Is the level of training and/or experience of colon cancer surgeons associated 

with characteristics of their patient population? ............................................................... 38 

Abstract: ........................................................................................................................ 38 

Introduction ................................................................................................................... 39 

Methods ......................................................................................................................... 39 

Results ........................................................................................................................... 48 

Discussion ..................................................................................................................... 50 

References: .................................................................................................................... 53 

Appendix ........................................................................................................................... 63 



 

 

Surgery Claims Codes ................................................................................................... 63 

Variable Categorization Descriptions ........................................................................... 67 

Modeling Strategy ......................................................................................................... 69 

Chapter 6: Receipt of Chemotherapy among Stage III Colon Cancer Patients: Race, 

Rural-Urban Residence and Residential Segregation ....................................................... 72 

Abstract ......................................................................................................................... 72 

Introduction ................................................................................................................... 73 

Methods ......................................................................................................................... 73 

Results ........................................................................................................................... 81 

Discussion ..................................................................................................................... 82 

References ..................................................................................................................... 86 

Appendix ......................................................................................................................... 100 

Chemotherapy Claims Codes ...................................................................................... 100 

Modeling Strategy ....................................................................................................... 103 

Multivariate GEE Logistic Models ............................................................................. 103 

Chapter 7: Racial Differences in Receipt and Completion of Adjuvant Chemotherapy 

among Stage III Colon Cancer Patients in Southwest Georgia ...................................... 110 

Abstract ....................................................................................................................... 110 

Introduction ................................................................................................................. 111 



 

 

Methods ....................................................................................................................... 112 

Results ......................................................................................................................... 116 

Discussion ................................................................................................................... 118 

References ................................................................................................................... 122 

Appendix ......................................................................................................................... 132 

Definitions and calculations of segregation indices .................................................... 132 

Modeling Strategy ....................................................................................................... 134 

Multivariable Logistic Models .................................................................................... 135 

Chapter 8: Dissertation in Context, Limitations, Strengths and Recommendations for 

Future Studies ................................................................................................................. 138 

Health Care Quality and Patient Race ......................................................................... 139 

Health Care Quality and Rural/Urban Residence ....................................................... 140 

Health Care Quality and Segregation (Racial and Income) ........................................ 140 

Limitations .................................................................................................................. 141 

Strengths ...................................................................................................................... 142 

Recommendations for Future Studies ......................................................................... 143 

References ................................................................................................................... 143 

Appendices ...................................................................................................................... 147 

A: Anatomy of the Large Intestine ................................................................................. 148 



 

 

B. Colon Cancer Stages .................................................................................................. 149 

C: Colorectal Cancer TNM Stages ................................................................................. 150 

D: Colon Cancer Treatment by Stage ............................................................................. 151 

E:  Formulas for Residential Segregation Indices ........................................................... 153 

Appendix Formula 1: Dissimilarity Index ............................................................... 153 

Appendix Formula 2: Isolation Index ...................................................................... 154 

F: Rural Urban Commuting Area (RUCA) Codes and Categorization Schemes ........... 155 

References ....................................................................................................................... 158 

 



 

 

List of Tables 

Table 5-1.  Descriptive Characteristics of Surgeons’ Patient Populations# ................ 57 

Table 5-2. Relation between Surgeon and Patient Characteristics (Unadjusted Odds 

Ratios and 95% Confidence Intervals) ........................................................................ 58 

Table 5-3.  Surgeon Score and Main Exposures (Crude and Adjusted Odds Ratios) . 61 

Appendix Table 5-1: Surgery codes ............................................................................ 63 

Table 6-1. Descriptive Characteristics and Receipt of Chemotherapy ........................ 92 

Table 6-2. Area Based Characteristics and Receipt of Chemotherapy ........................ 94 

Table 6-3.  Multivariable Analyses of Associations with Receipt of Chemotherapy . 96 

Appendix Table 6-1. Chemotherapy Claims Codes .................................................. 100 

Table 7-1a. Patient Based Characteristics by Chemotherapy Receipt ....................... 125 

Table 7-1b. Area Based Characteristics by Chemotherapy Receipt .......................... 126 

Table 7-2. Multivariable Associations for Race and Chemotherapy Receipt ........... 127 

Table 7-3a. Patient Based Characteristics by Chemotherapy Completion ................ 129 

Table 7-3b. Area Based Characteristics by Chemotherapy Completion ................... 130 

Table 7-4. Multivariable Association for Race and Chemotherapy Completion ...... 131 

Appendix Table 1. TNM Colorectal Cancer Staging System ................................... 150 

Appendix Table 2: Colon Cancer Stage and Treatment ............................................ 151 

Appendix Table 3: Rural–Urban Commuting Area Codes for 2000 U.S. Census 

Tracts ......................................................................................................................... 155 

Appendix Table 4:  RUCA Code Categorization Schemes ....................................... 157 



 

 

List of Figures 

Figure 7-1. Reasons for early termination of adjuvant chemotherapy (N=30) ......... 128 

Appendix Figure 1. Anatomy of the Large Intestine ................................................. 148 

Appendix Figure 2: Depiction of Colon Cancer Stages ............................................ 149 

 



1 

 

Introduction 

Study Motivation 

Currently, colorectal cancer (CRC) is the third most commonly diagnosed cancer and the 

third most common cause of cancer-related death in the U.S 1.  It is the only major cancer to 

affect men and women almost equally.  Colon cancer’s treatment is most strongly influenced by 

cancer stage and location 2.  However, population-based studies have shown that non-clinical 

factors also influence treatment 3-7.  These non-clinical factors need to be addressed to increase 

quality of colon cancer care. 

The non-clinical factors of interest include, among others, patient residential segregation, 

rural-urban residence and race 8-13.  The majority of studies evaluating the effect of community 

characteristics on quality of cancer care or access to colorectal cancer specialists have used coarse 

community characteristics such as residential racial composition and income level 8, 14-16.  These 

factors serve as proxies for some known or unknown community characteristics that affect health 

care delivery. The use of more refined community factors, such as residential racial and economic 

segregation measured by the dissimilarity and/or isolation indices, is a burgeoning area of 

research 14, 15.  These measures describe processes known to affect the distribution of health and 

social resources in the community 17, 18. However, the effect of these measures on the quality of 

colon cancer care has yet to be examined.  

Rural-urban residence and patient race are additional non-clinical factors expected to 

affect the quality of colon cancer treatment 9-13, 19.  Rural-urban and racial disparities in the receipt 

of colon cancer adjuvant therapy typically remain after controlling for other potential confounders 

10, 13.  Few studies have sought to explain the perpetuation of these disparities among cancer 

patients. Residential racial and economic segregation have been shown to disproportionately 
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affect black and rural populations as well as affect the distribution and possibly quality of health 

care resources in communities 20-22.  

These observations suggest that residential segregation is a relevant factor whose 

influence on the observed rural-urban and racial disparities affecting the quality of treatment for 

colon cancer must be assessed.  Specifically the assessment should address its effect on the 

current most common measure of treatment quality used in colon cancer outcomes research, 

receipt of adjuvant chemotherapy among stage III colon cancer patients, which has been shown to 

affect disease prognosis 23, 24.  

In addition to the type of therapy received, residential segregation, rural-urban residence, 

and patient race may be also related to factors associated with other aspects of cancer care, such 

as the characteristics of the treating physician.  Studies have shown that level of physician 

training and/or experience may determine the quality of cancer care 25-27.  The distribution of 

these physician characteristics may differ across patient populations. No studies to date have 

examined the associations between physician training and/or experience and the demographic and 

residential characteristics of colon cancer patients.  

Studying the clinical treatment of colon cancer in the United States (U.S.) is made 

possible through the development of state-wide cancer surveillance programs and the ability to 

link surveillance data to insurance claims. Obtaining accurate assessments of the quality of 

clinical treatment in the U.S. is of great concern among researchers using this data. Validation 

studies of cancer registry data have indicated that adjuvant chemotherapy is underreported in the 

database 28-30.  An assessment of bias in chemotherapy data from the combined cancer registry-

Medicare databases has not been performed in recent years nor has it been evaluated in the state 

of Georgia.  This assessment is necessary to ensure the quality of this clinical treatment data. 

Research Goals and Specific Study Questions 
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The long-term goals of this dissertation are to enhance our understanding of non-clinical 

factors that influence colon cancer treatment and to explore the use of linked Georgia Cancer 

registry and Medicare data for colon cancer treatment research. These long-term goals are 

achieved through the following three specific research questions, each addressed in a separate 

study: 

Study I: Addresses the question: Is the level of training and/or experience of colon 

cancer surgeons associated with characteristics of their patient population? Data sources for this 

study came from stage I-III colon cancer patients included in the Georgia Cancer Registry (GCR) 

– Medicare linkage file for the years 2001-2005 and supplemented with additional information 

from the Medicare Physician Identification and Eligibility Registry (MPIER), the U.S. Census, 

the United States Department of Agriculture (USDA) Economic Research Service (ERS) and the 

SEER-Medicare Hospital file. 

Study II: Addresses the question: Is there evidence indicating racial and/or rural-urban 

disparities in the receipt of adjuvant chemotherapy (the current most common measure of 

treatment quality) in stage III colon cancer patients; and if so, are these disparities explained, at 

least in part, by residential neighborhood racial and economic segregation?  The data to address 

this question was obtained from the GCR-Medicare linkage file, but pertaining only to stage III 

colon cancer patients, and supplemented with data from the SEER-Medicare Hospital file, the 

U.S. Census and the United States Department of Agriculture (USDA) Economic Research 

Service (ERS). 

Study III:  Addresses the question: Is there evidence of racial differences in the receipt 

and completion of adjuvant chemotherapy among stage III colon cancer patients in Southwest 

Georgia? This last question will be addressed by utilizing data collected as part of the Southwest 

Georgia Cancer Care Study (SWGCCS), which is considered the “gold standard” database in this 

study with respect to data completeness and accuracy and supplemented with data from the U.S. 
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Census and the United States Department of Agriculture (USDA) Economic Research Service 

(ERS).  
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Chapter 1: Understanding Colorectal Cancer 

Epidemiology of Colorectal Cancer 

Colorectal Cancer in the United States    

In the U.S., colorectal cancer (CRC) accounts for 10-percent of the cancer incidence 

among men and women and 8-percent of cancer mortality among men and 9% among women in 

the U.S. 1.  Currently, it is the third most common cancer and the third leading cause of cancer-

related death nationwide 1.  It is the only major cancer to affect men and women almost equally.  

Incidence  rates are declining in the United States; this decrease partially reflects the increase in 

the detection and removal of precancerous lesions through endoscopic polypectomy 31, 32.  Within 

the US, racial groups vary in colorectal cancer incidence 33.  The cumulative incidence for black 

men and women are 5.60 and 4.22 percent, respectively, and 4.98 and 3.38 percent for white men 

and women, respectively 32.  Based on the 2000-2004 data, blacks have the highest incidence of 

CRC in the U.S. (72.6 and 55.0 per 100,000 people for men and women respectively) 1.  The 

corresponding incidence rates are lower for whites (60.4 for men and 44.0 for women) and lower 

still for other racial/ethnic groups including Asian Americans/Pacific Islanders, American 

Indians/Alaska Natives and Hispanic/Latinos. 

Using U.S. data from the years 2000 to 2004, the annual age-standardized death rate from 

CRC was 49,960 per 100,000 people making it the third leading cause of cancer-related deaths 1.  

Black men have the highest mortality rate from CRC in the U.S. with a rate of 32.7 per 100,000 

people 1. Black women and white men have the second highest mortality rate from CRC, both 

with rates of 22.9 per 100,000 people 1. The lowest mortality rate is among Asian 

American/Pacific Islander and Hispanic/Latino women with rates of 10.3 and 11.1, respectively 1.   
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Age-adjusted CRC death rates are variable in the U.S. from state to state with the highest 

annual rates in California (5,070 per 100,000 people) and the lowest rates in Alaska (70 per 

100,000 people) 1. The five-year survival for persons with CRC in the United States is 65.2% for 

men and 62.4% for women 31. When detected at an early stage, the five-year survival rate 

increases to 90% 31.  Survival from colon and rectal cancer has increased from 1975 to 2003: 

colon cancer survival rates for all races increased from 51% to 65%, for blacks from 46% to 55%, 

for whites from 52% to 66%; rectal cancer survival rates for all races increased from 49% to 66%, 

for African Americans from 45% to 58%, for whites from 49% to 66% 1.   

Colorectal Cancer in the State of Georgia  

As in the rest of the U.S., CRC is the third most common cancer diagnosed and the third 

leading cause of cancer-related deaths among men and women in Georgia.  Each year from 1999-

2003, over 3,500 colorectal cancers were diagnosed among the residents of the state 34.  The 

annual incidence of CRC in Georgia is higher among black men (72 per 100,000) than white men 

(60 per 100,000) and is also higher among black women (53 per 100,000) compared to white 

women (41 per 100,000).  According to the 1999-2003 statewide data, the average annual CRC 

incidence rate for rural white men (65 per 100,000) were higher than that for urban white men (58 

per 100,000) 34. Incidence rates for rural white women (42 per 100,000) and urban white women 

(41 per 100,000) were similar. Rural black men and urban black men had incidence rates of 67 

per 100,000 and 74 per 100,000, respectively; however the difference was not statistically 

significant.  The incidence rate for rural and urban black women (51 per 100,000 and 54 per 

100,000, respectively) were comparable 34.   

Data for 2000-2004 indicate that CRC was responsible for 1,315 deaths in the state of 

Georgia.  Mortality rates from colorectal cancer were higher among blacks than among whites:  

32 per 100,000 for black men versus 22 per 100,000 for white men and 24 per 100,000 for black 

women versus 14 per 100,000 for white women 34. During this same period mortality rates from 
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colorectal cancer were higher for rural white men (24 per 100,000) than for urban white men (21 

per 100,000) 34.  The differences in mortality rates were similar for urban and rural black men (32 

per 100,000 and 32 per 100,000, respectively), for urban and rural black women (24 per 100,000 

and 23 per 100,000) and for urban and rural white women (16 per 100,000 and 14 per 100,000, 

respectively) 34.   

Etiology of Colorectal Cancer 

The accumulation of genetic and epigenetic alterations of cellular and tissue functions in 

the large intestine trigger the development of colorectal cancer.  The adenoma-carcinoma 

sequence hypothesized by Vogelstein is the archetypical pathogenic pathway.  It describes the 

stepwise progression from normal cell to dysplastic epithelium to carcinoma which is associated 

with an accumulation of genetic and epigenetic alterations in oncogenes and tumor suppressors 35, 

36.  The adenoma-carcinoma sequence (also called APC-ߚ-catenin pathway is thought to be 

responsible for most CRC cases. Other colorectal carcinogenesis pathways that are responsible 

for a relatively small proportion of new cases include: Hereditary Nonpolyposis Colorectal 

Cancer (HNPCC) pathway,  ulcerative colitis dysplasia–carcinoma sequence, and 

hypermethylation silencing of the estrogen receptor gene pathway 37.  

Colorectal cancer is inherited in about 5% of cases 32.  Inherited genetic mutations and a 

personal or family history of CRC and/or polyps strongly increase the risk of disease 38, 39. 

Chronic inflammatory conditions, such as ulcerative colitis, Crohn’s disease and other 

inflammatory bowel diseases, also predispose patients to colorectal cancer 40-42.  The majority of 

cases are sporadic rather than inherited.  Exogenous factors including modifiable lifestyle factors, 

such as obesity, physical inactivity, smoking, heavy alcohol consumption, a diet high in red and 

processed meat, and inadequate intake of fruits and vegetables have been found to be associated 

with increased incidence of colorectal cancer, however most associations reported to date have 
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been modest and inconsistent across studies 43-52.  Incidence may be reduced with nonsteroidal 

anti-inflammatory drugs, such as, aspirin and with hormone replacement therapy, which includes 

estrogen and progestin 53-57. 

Anatomy and Physiology of the Large Intestine 

Colorectal cancer originates in the large intestine which is formed by the colon and the 

rectum. The large intestine is divided into five segments based on its vascular supply and location 

outside or behind the peritoneal cavity 58.   This structure is shown in Appendix Figure 1.  The 

five segments of the large intestine include the cecum (with appendix) and the ascending colon, 

the transverse colon, the descending colon, the sigmoid colon and the rectum. The proximal 

(right) colon includes the cecum, ascending and transverse colon; the distal (left) colon includes 

the descending colon and sigmoid colon 58. The rectum segment comprises the rectum proper and 

the rectosigmoid junction. The first 4 to 5 feet of the large intestine is the colon, whereas the 

rectum represents only the last 4 to 5 inches. Colon length varies within the population and is 

estimated to range from 91 to 125 cm.  Within the colon, the luminal diameter varies. The 

diameter is widest at the cecum (approximately 8.5 cm) and most narrow at the distal sigmoid 

(approximately 2.5 cm). The frequent presentation of obstructive symptoms among patients with 

annular cancers have been attributed to the above described change in colon luminal diameter and 

the consistency of formed fecal content in the descending and sigmoid colon 59. 

 The main function of the colon is to absorb water and electrolytes from partially 

processed food received from the ileum of the small intestine. After the absorption of 90% of the 

fluid, the partially processed food becomes semisolid feces 60.  The colon serves as a storage 

place for this waste before it is sent to the rectum to be excreted 61. The waste moves from the 

colon to the rectum, and is eliminated through the anus 60.   
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The wall of the colon and rectum is comprised of several layers of tissue. Colorectal 

cancer starts in the mucosal epithelium, which is the innermost layer of the colon, and can grow 

through some or all of the other layers.  The stage of CRC depends, in part, on how deeply the 

primary tumor grows into these layers (Figure 1).  In addition to localized tumor extension, CRC 

stage depends on its spread to regional or distant lymph nodes and on the presence of metastases 

in other organs 62.  An understanding of colon anatomy, structure, location and vascular supply is 

critical to perform safe and effective CRC surgery.  The extent of colon resection is dependent on 

vascular supply and the need to remove regional draining lymph nodes 58.  An illustration of 

colon cancer stages is shown in Appendix Figure 2. 

Cancers of the colon and rectum have many shared features. These cancers develop 

slowly over several years.  Most of these cancers begin as an adenomatous polyp—a pre-

malignant lesion, which also originates in the colorectal mucosa, but does not penetrate other 

layers and does not metastasize 63, 64.  The slow development of colorectal cancer makes it an 

ideal cancer for screening. Early detection of cancer through screening has been found to increase 

survival and removal of precancerous adenomas has been found to decrease CRC incidence 65-69.   

Diagnosis and Staging of Colorectal Cancer 

Diagnosis 

Signs and symptoms of colorectal cancer include anemia, fatigue, blood in stool, rectal 

bleeding, increased frequency of bowel dysfunction, such as constipation, diarrhea or vague 

abdominal discomfort 59. Right-sided lesions are associated with symptoms of fatigue and anemia 

and left-sided lesions produce symptoms such as rectal bleeding, constipation, and abdominal 

pain 59.  Among symptomatic and asymptomatic cases, colonoscopy performs well in terms of 

colorectal cancer diagnosis 70.  Colonoscopy provides visualization of the colon, determination of 

the location of tumors, and provides the opportunity for histologic examination of tumor tissue. 



10 

 

Staging 

Cancer staging is a measuring system of the progression or severity of cancer based on 

the extent of the original tumor and the extent of spread in the body.  The TNM Staging System is 

among the most commonly used 71.  It was developed and maintained by the American Joint 

Committee on Cancer (AJCC) and the International Union Against Cancer (UICC) 71.   TNM 

cancer staging is based on the extent of the tumor (T); the extent of spread to the lymph nodes 

(N); and presence of metastasis (M) 62, 71.   The definitions of the TNM stages are given in 

Appendix Table 1. 

There are 2 types of AJCC stages. The clinical stage (cTNM) is based on physical 

examination and some imaging studies done before surgery 71. The clinical stage is used to decide 

which, if any, operations should be performed 71. After colorectal surgery, the pathologic stage 

(pTNM) is determined by examining the tissue, including lymph nodes, that has been removed 71. 

The pathologic stage is used to decide which patients with colon and rectal cancer should receive 

adjuvant treatment and, if so, exactly which treatment should be used 71.  

Colon Cancer Treatment 

Although the etiology and the risk factors for cancers of colon and rectum are sufficiently 

similar to allow combining the two sites into a single CRC category, the therapeutic approaches 

for carcinomas of the colon are different from those used to treat rectal cancers.  As the focus of 

this dissertation is on quality of colon cancer care, the following section is limited to colon (as 

opposed to colon and rectum) cancer treatment.   

The standard for curative therapy of the colon cancer is radical resection of the bowel 

segment bearing the tumor 59.  This means that wide surgical margins and removal of the 

lymphatic drainage of the tumor are typically performed. Tumor size, grade, location and stage 
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determine the extent of the resection. Limited segmental resections as opposed to radical 

resection are indicated for palliative surgery in the case of metastatic disease (stage IV cancers).  

Adjuvant therapy is usually indicated for stage III disease; while stage IV patients often 

receive palliative care, which may include surgery, chemotherapy and/or radiation. The inclusion 

of adjuvant therapy for stage III colon cancer after surgical intervention is an indicator of quality 

care 72.  Adjuvant therapy is designed to eliminate or prevent the growth of cancerous cells that 

may not have been surgically removed.  Clinical trials have shown that adjuvant chemotherapy 

increases 5-year survival rates and decreases cancer recurrence rates among stage III colon cancer 

patients 23, 73, 74. The North Central Cancer Treatment Group conducted a clinical trial finding a 

12% survival benefit among stage III colon cancer patients receiving surgery and adjuvant 

chemotherapy compared to those receiving surgery alone 75.  Other trials have shown that stage 

III colon cancer patients receiving surgery and adjuvant chemotherapy have improved disease-

free and overall survival compared to patients receiving only surgery 24. Guideline treatment for 

stage II colon cancer is not well established and the added benefit of adjuvant chemotherapy 

among these patients is currently being evaluated in clinical trials 76.  Appendix Table 2 shows a 

summary of treatment by colon cancer stage. 
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Chapter 2: Measures and Determinants Of Treatment Quality: A Literature Review 

Evaluating Health Care Quality 

Quality of health care – “the degree to which health services for individuals and populations 

increase the likelihood of desired health outcomes and are consistent with current professional 

knowledge”---Institute of Medicine 77 

Providing patients with appropriate services for the improvement of their condition is a 

key indicator of good quality care. The overuse, underuse, and misuse of treatments are three 

problems that may occur within the US health care system. 

Donabedian, one of the pioneers of health care quality research, states in his classic 

article that health care quality can be evaluated based on either the assessment of structure, 

outcomes, or process of health care 78.  Structural quality assesses the characteristics of the 

medical environment or setting in which the health care takes place 78, 79 . Outcome quality 

assesses the health status of the patient following medical care 78, 79.  Process quality assesses the 

health care procedures performed by the physician and whether “good” health care has been 

provided based on current professional knowledge 78, 79.    

The feasibility of studies investigating quality of care depends on the availability of data. 

These data must be “easily, sometimes routinely, measurable and reasonably valid” 78.  There is 

also a need for the identification of disparities in quality of care and the assessment of 

explanations for these disparities.  Appropriate evidence-based actions cannot be made to reduce 

and/or eliminate disparities in health care until we understand who is at risk for poor quality care 

and what determines this risk.  Health care quality varies by community and patient race. The 

following discussion will define and discuss community and racial factors that may be associated 

with quality of health care. 
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Residential Segregation 

Community characteristics have been associated with health and health care outcomes in 

many studies.  However, few studies have assessed the role of racial segregation in health care 

disparities and none have evaluated the association between economic segregation and health 

care. Segregation is the physical separation of groups (racial or economic) in residential contexts.  

Racial segregation was historically enforced by law, backed by major economic institutions and 

housing policies, and encouraged by racism and racial discrimination 80, 81.  Restrictive covenants 

limited housing options for blacks to least desirable residential areas 80, 82.  Although, the Civil 

Rights Act of 1968 made discrimination in housing sale and rental illegal, there is evidence of the 

persistence of this discrimination even today 83. The political and economic processes of racial 

segregation affect quality of social resources, such as health and education, received by the 

marginalized group.  These processes not only segregate groups from one another but also 

separate certain populations from social resources.  Racial segregation has been deemed the 

“fundamental cause” of health disparities 84.   

Williams asserts that “the roots of black-white differences in health are not due to 

differences in biology or beliefs… [but] are driven by fundamental societal inequalities” 84.  

Blacks in both urban and rural settings are more likely to live in racially segregated communities 

than whites 21, 85. Racial residential segregation is associated with economic inequality between 

racial groups.  As a result the worst urban poverty in which whites reside is considerably better 

than the average economic context of black communities 20, 22, 86.  

Economic segregation may affect quality of health and health care due to its effect on 

social resources in a community.  Increased concentration of poverty transforms a neighborhood 

into a physically deteriorated area, characterized by high crime, poor schools and excessive 

mortality 22.  Massey postulates that poverty concentration in racial segregated areas result from 

the interaction between the level of racial segregation and changes in the structure of the income 
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distribution 22. This occurs because generally minorities experience a higher poverty rate than 

whites.  As communities become composed of more minority members, their high poverty rate is 

compounded and poverty becomes concentrated 22.  Kawachi theorizes that higher levels of 

income inequality in a community lead to a decline in community involvement and attachment 

resulting in deleterious material consequences 87.  Communities with income inequalities may 

experience a disinvestment in health-promoting human capital such as education and medical care 

88.  

Measures of Segregation 

 Segregation can be measured several ways; however, for purposes of this dissertation, 

discussion will be limited to the two most widely used dimensions: the dissimilarity index and the 

isolation index 89. Higher values on both indices signify greater segregation. 

The dissimilarity and isolation indices measure different aspects of segregation.  The 

dissimilarity index (D) measures the extent to which groups are segregated from each other 89, 90.  

It represents the percent of group X members that would have to change their area of residence to 

achieve an even distribution of group X in relation to group Y residents within each subareal unit 

within the area being examined (e.g. subareal unit is city and area is county) 89.  This means that 

one subareal unit does not have a different percent of group X relative to group Y residents than 

another subareal unit within the area being examined, e.g. each census tract within a county has a 

20% black American population and an 80% white American population. This index ranges from 

0 to 1, where D=1 indicates complete segregation (the two groups live in completely different 

neighborhoods) and D=0 means complete integration (the two groups are distributed exactly the 

same way across the neighborhoods). When assessing black-white segregation of a given census 

tract, the D value of 0.66 indicates that 66 percent of blacks must move from the census tract so 

that the distribution of blacks and whites will be equal in the census tract.  Values greater than 0.6 
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are considered a level of high segregation 21.  This index is invariant to relative size of groups. 

The actual calculation of the dissimilarity index is provided in Appendix Formula 1.  

The isolation index measures the extent by which group members are exposed to one 

another rather than to members of another group 89, 91.  It can be used to calculate the probability 

that a randomly selected member of Group X will come in contact with another member of Group 

X in the same residential area 90.   The isolation index may not only measure the isolation of the 

disadvantaged populations (e.g., blacks or poor) from the more advantaged population (e.g., 

whites or non-poor), but may also measure the isolation of disadvantaged groups from social 

mobility and resources 17. This index ranges from 0 to 1 and can be interpreted as the probability 

that a randomly selected member of Group X will come in contact with another member of Group 

X in the same residential area 90.  The calculation of the isolation index is presented in Appendix 

Formula 2.  

The dissimilarity and isolation indices have been regarded as unsatisfactory measures of 

economic segregation because they do not allow continuous variables such as income to be 

placed in the formulas 20.  The main criticism of these indices as measures of economic 

segregation is that continuous variables such as income must be arbitrarily categorized (e.g. poor 

(those below the federal poverty line) versus not poor (those above the federal poverty line)).  

The neighborhood sorting index (NSI), the ratio of the standard deviations of mean neighborhood 

income and mean household incomes in the neighborhood, is deemed a more appropriate measure 

of economic segregation; however, variables needed to calculate this measure are not available 

for the entire population in the U.S. Census 20.  

Geographic units of measurement 

Traditionally, the census tract (average population 5,000) has been the areal unit used to 

approximate a neighborhood. Recent discussion has been centered on the use of a smaller areal 

unit, the census block group (average population 1,100), to better approximate a neighborhood, 
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due to the unit’s increased population homogeneity when compared to the census tract 90. Too 

few studies have been conducted to adequately determine the best areal unit to assess residential 

neighborhood affect on health care. Studies assessing the affect of community characteristics on 

health care have predominately used zip code and county level data 8, 16, 92, which are clearly too 

heterogeneous to allow meaningful area-based analyses.  Only some studies have used census 

tracts 15. 

Segregation and Cancer Care 

Racial Segregation 

 Black-white disparity in early stage CRC diagnosis is most pronounced in low racially 

segregated (based on the isolation index) / low income areas 14. A recent study showed as the 

county-level black population percentage increased there was a decrease in the supply of 

gastroenterologists and radiation oncologist and a trend toward a decrease in the number of 

colorectal surgeons in a given county 8.  This finding shows that racial residential segregation 

affects the geographic distribution of physicians. This association may indirectly affect the 

quality of CRC care and may explain the observed racial disparity since blacks are more likely 

than whites to reside in a racially segregated community 21. 

No studies to date have assessed the role of racial segregation on racial disparities 

specifically in colon cancer care.  One study, however, has evaluated the role of racial segregation 

on disparities in breast cancer care 15. This study found that blacks were less likely than whites to 

receive adequate care [OR=0.72, 95% CI (0.65-0.78)]. After adjusting for racial segregation, the 

black-white disparity decreased [OR=0.78, 95% CI (0.71-0.86)].  As black segregation increased 

patients were less likely to receive adequate breast cancer care [OR=0.73, 95% CI (0.64-0.82)]. 

Economic Segregation 
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Research on the relation of economic segregation to health and health care is scant.  No 

studies to date have assessed the role of economic segregation on racial disparities in cancer care. 

Several studies have examined the role of area-based measures of socioeconomic status (SES), 

namely census tract based median household income, on racial disparities in CRC adjuvant 

therapy 5, 6, 93, 94. This measure is typically used as a surrogate of individual SES level.  It has been 

reported that area-based measures of SES are independently associated with receipt of adjuvant 

therapy in several studies.  These findings may indicate that community based economic 

characteristics act as determinants of the quality of health care delivered to that community.  It is 

also important to recognize that census tract-level median household income is associated with 

race in some studies, which makes this area-based measure of SES a potential confounder and 

possible explanatory factor of the racial disparity in CRC adjuvant therapy.   

Defining Rural-Urban Status for Epidemiology Research 

Studies evaluating rural-urban differences have used various definitions of rural and 

urban status. Health access studies using a dichotomous rural-urban variable have found that 

outcome heterogeneity among very rural populations was masked by this overly broad grouping 

95, 96. Studies have also shown that use of large geographic areas, such as counties or cities, as the 

level of rural-urban classification also masks heterogeneity in outcomes. Smaller delineations of 

rural-urban status, such as at the census-tract level, have shown to unmask heterogeneity in rural 

classifications and may more accurately capture the socio-cultural context in which disease 

occurs and health care is received 97.  Hall et al states that choice of rural-urban definition in 

research should take into consideration the aspect of rural-urban residence that is suspected to 

influence the outcome 95.  The proximity of residence to health care facilities is one aspect of 

rural-urban residence that influences quality and/or receipt of health care 11. 
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Rural Urban Commuting Area (RUCA) codes divide areas into communities based on the 

size and direction of resident commuting flow to places of employment. This classification may 

also indicate the commuting flow to areas of health care delivery.  The codes are based on the 

same theoretical concepts as those used by the Office of Management and Budget (OMB) to 

define county level metropolitan and micropolitan areas.  RUCA codes were developed and are 

provided by the researchers at the United States Department of Agriculture in collaboration with 

the Health Resources Service Administration, Office of Rural Health Policy and the Washington, 

Wyoming, Alaska, Montana, and Idaho (WWAMI) Rural Health Research Center 95.   

RUCA codes are available at the census tract level from the 1990 and 2000 U.S. Census 

estimates 98. Census tracts provide a finer level of analysis than cities and counties to examine 

rural homogeneity in health outcomes 95, 98.  These codes delineate metropolitan, micropolitan, 

small town, and rural commuting areas based on population density, urbanization and daily 

commuting. There are 10 primary (referring to primary commuting destination) and 30 secondary 

(referring to secondary flow) codes in the classification. The 10 primary codes offer a clear-cut 

delineation from metropolitan to rural settlement based on the size and direction of the primary 

commuting flows 98. The numerous primary and secondary codes offer flexibility in aggregating 

the codes into smaller categories.  The RUCA codes and RUCA code categorization schemes are 

shown in Appendix Table 3 and Appendix Table 4, respectively. 

There are several potential RUCA code categorization schemes, but three of these 

schemes (titled as A, B and C) are used most frequently 99.   These three categorization schemes 

are proposed by researchers at the WWAMI, Rural Health Research Center.  Categorization 

scheme A aggregates RUCA codes into four categories: urban, large rural city/ town, small rural 

town, and small isolated rural town 99. This scheme is used most often in health related analyses. 

The advantage of this definition is that it divides urban and rural areas at the sub-county level in a 

similar way as the OMB Metro definition. The division of rural into the three categories is 
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relevant for health research in terms of the potential differences in availability or access to health 

providers and resources in these communities. Categorizations B and C divide RUCA codes into 

three and two categories respectively, B: urban, large rural city/town and small isolated rural 

town and C: urban and rural 99. 

Rural-Urban Disparities in Colon Cancer Care 

 Rural patients tend to receive lower quality of and/or access to health care than urban 

patients. Evidence of this disparity is found in studies showing that rural patients present with 

more advanced CRC stages than urban patients 10, 100. The literature on rural-urban disparities in 

colon cancer care is sparse. A study of colorectal and lung cancer patients in Scotland assessed 

the effect of deprivation and rural residence on treatment 11. This study found that rural-urban 

residence (defined by distance to treatment center in kilometers) was associated with the receipt 

of radiotherapy among CRC patients. Patients living further away were less likely to receive 

treatment than those living closer to the treatment center.  In a study conducted in France, Launoy 

et al, found that rural residence was associated with treatment at specialized centers, advanced 

stage at diagnosis and poor prognosis for CRC 9. Investigators found that the observed rural-

urban difference is primarily explained by the distance between patients’ residence and treatment 

centers. A U.S. study assessed CRC treatment among rural residents in North and South Carolina 

with no urban comparison. This study found that adjuvant therapy was not frequently given to 

rural patients with colorectal cancer 101.  
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Black-White Racial Disparity in Receipt of Colorectal Cancer (CRC) Adjuvant Therapy 

Racial disparities in health care -- “racial or ethnic differences in the quality of healthcare that 

are not due to access-related factors or clinical needs, preferences, and appropriateness of 

intervention”--- Institute of Medicine 102 

Many studies have shown that adjuvant chemotherapy is less likely to be given to black 

colon cancer patients than white patients 12, 13, 103-106.  The cause of this disparity remains unclear.  

Considering the above definition of racial disparity, the following review will discuss factors in 

addition to race that were considered in each study. 

Surveillance Epidemiology End-Results (SEER) and Medicare Populations 

Many of the studies in the SEER-Medicare population adjusted for several potential 

confounders and several previously unrecognized covariates, such as area-based SES measures, 

post-operative morbidity, rural versus urban residence, physician and hospital characteristics, as 

well as certain individual measures of SES.  Racial disparities persisted in this population after 

controlling for potential confounders. 

 Sundararajan et al used SEER-Medicare data from patients diagnosed in 1992 to 1996 to 

assess variations in adjuvant chemotherapy among stage III colon cancer patients. Among these 

patients, chemotherapy was given to 51% of whites and 41% of blacks. After adjusting for 

covariates and potential confounders such as, education, number of lymph nodes involved at 

diagnosis, residence in urban setting, and SEER site, the racial disparity remained. The adjusted 

odds ratio (OR) and 95% confidence interval (CI) for receipt of chemotherapy for blacks versus 

whites was OR=0.46 (0.36-0.59) 12.  This indicated that black stage III colon cancer patients are 

44% less likely to receive adjuvant chemotherapy than their white counterparts. 

Gross et al assessed trends in racial disparities in cancer therapy from 1992 to 2002 by 

using linked SEER-Medicare data 19.  Analyses controlled for year, patient demographic factors, 

census tract based median household income, state buy-in of Medicare coverage (a measure of 
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poverty), and physician access before cancer diagnosis.  For stage III colon cancer, 52.1% of 

black patients and 64.1% of white patients received adjuvant therapy, OR =0.76 (0.68-0.83). 

The overall rates of adjuvant therapy increased over the years, but the racial disparity in 

care did not change.  In 1992-1994, the adjusted percentages of stage III colon cancer patients 

that received adjuvant chemotherapy were 46.2% for blacks and 61.9% for whites.  The 

corresponding adjusted percentages in 2000-2002 were 57.6% and 72.0% for whites and blacks, 

respectively. 

Baldwin et al conducted one of few studies that specifically set out to explain racial 

differences in the receipt of treatment for colon cancer patients 13.  Data were used from the 

linked SEER-Medicare database for patients diagnosed with stage III colon cancer during the 

years 1992 to 1996. Patient- and provider-related factors including length of hospital stay 

following resection and readmission to an acute care hospital within six weeks of resection, 

RUCA codes, census tract-based median income, census tract based race-specific percentage of 

patients age 25 years or older with a high school education, physician characteristics, and hospital 

characteristics included in the models and assessed for their role in explaining the racial disparity.  

The black-white disparity in chemotherapy decreased with age.  There was no statistically 

significant difference between racial groups with respect to receipt of chemotherapy for patients 

aged 80 years and over.  The largest disparity was found among patients age 66 to 70 years, 

which is the youngest group of patients in the analysis with an OR of 0.88 (0.77-0.98) in the full 

model.  The associations between race and treatment initially found among those aged 71 to 75 

and those aged 76 to 80 appeared to be confounded by other demographic characteristics. Other 

studies have shown that older patients are less likely to receive adjuvant therapy regardless of 

race 94, 107, 108.  A study examining the affect of age on chemotherapy use showed not only a 

decrease in the chemotherapy rate as age increases, but also a decrease in the differences in 

chemotherapy rates among blacks and whites as age increases 94. 
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In contrast to previously discussed studies, White et al found a racial disparity in the 

receipt of standard therapy that was no longer evident after adjustment for confounders.   The 

SEER-Medicare data were used for patients diagnosed in 1991 to 2002 with stage I, II, or III 

CRC 103.  Patient factors including number of positive lymph nodes removed, census tract based 

SES, urban/rural residence and SEER site were included in the multivariate model. Standard 

therapy was received by 73.7% of blacks and 77% of whites, p <0.001.  Radiation therapy was 

received by 15.9% of blacks and 17% of whites, p=0.043.  Chemotherapy was received by 25.7% 

of blacks and 29.3% of whites, p<0.001.  The racial disparity seen in the receipt of standard 

therapy [OR=0.84 (0.78-0.90)] was no longer statistically significant after tumor stage, grade, 

number of positive lymph nodes, and comorbidities age, marital status, sex, and SES were 

included in the model [OR= 0.94 (0.87-1.02)].  

One potential explanation for the differences in the findings reported by Sundararajan and 

White is Sundararajan only focused on Stage III disease while White analyzed receipt of stage 

specific standard care collectively among stage I-III colon cancer patients and stage II and III 

rectal cancer patients. A racial disparity found in stage III colon cancer patients may have been 

washed out by a lack of disparity in standard therapy for stage II or I colon cancer patients.  This 

explanation is supported by one previous study using SEER data that found no disparities in 

receipt of treatment for stage II colon cancer patients 109.  Another potential explanation for the 

discrepancy in the two studies may be the different time periods examined. Racial disparities 

present in the early half of the 1990s as reported in Sundararajan’s study may have narrowed by 

the end of the 1990s, although another recent study by Gross et al did not find this to be true 19. 

Cancer Registry Only Populations 

Cases obtained from the cancer registries differ from the SEER-Medicare population in 

that chemotherapy data are not augmented by Medicare claims.  Studies have shown that use of 

only cancer registry data to assess chemotherapy may be inappropriate. Also, these studies 
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typically include colon cancer patients younger than age 65, who may face differing barriers to 

chemotherapy, since they are perceived to better handle the treatment compared to older patients 

110-112.   

Potosky et al. used SEER data for CRC patients age 20 or older diagnosed from 1987 

through 1995 and contacted the treating physicians to verify the use of chemotherapy and 

radiation for each patient 113.  Receipt of adjuvant therapy in this study was defined as treatment 

offered, recommended, or administered. After controlling for comorbid illnesses and census tract-

based race-specific income 58% of white and 47% of black patients (adjusted percentages) with 

stage III colon or stage II/III rectal cancer received standard adjuvant therapy; OR=1.75 (1.09-

2.83).  The difference in receipt of standard therapy between white and black patients was less 

pronounced for those aged <55 years than those aged 65 to 80 years.  This finding contrasts with 

the results reported by Baldwin et al who found that within the Medicare (≥ age 65) population, 

the youngest patients had larger racial disparity in receipt of adjuvant therapy than older patients 

and as age increased the disparity narrowed 13. 

Roetzheim et al used data from the state of Florida cancer registry to assess racial 

disparities in CRC care among patients diagnosed in 1994 5.  Investigators used hospital 

discharge abstract data and cancer registry data on first course of treatment to assess patient 

receipt of radiation and chemotherapy.  No racial disparities in the receipt of adjuvant therapy 

were found in crude or adjusted analyses (controlling for health insurance type, census-derived 

measures of income and education, and rural/urban residence).  Receipt of radiation and 

chemotherapy may have been underestimated since these treatments are typically administered on 

an outpatient basis and may have not been captured in this study.  

McGory et al assessed the association between race/ethnicity and the underuse of 

appropriate adjuvant therapy for CRC among patients in the California Cancer Registry who were 

diagnosed with stage III colon or stage II/III rectal cancer from 1994 to 2001.93  Investigators 
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adjusted for patient demographic factors including type of insurance, year of diagnosis and census 

tract based SES measure (percentage of person living below the 200 percent poverty threshold in 

the patient’s census tract).  For stage III colon cancer, there was no statistically significant 

association between race and receipt of chemotherapy; the OR for blacks versus whites was 1.11 

(0.88-1.42).   

Only one study used hospital based cancer registry data to assess racial disparity in CRC 

adjuvant therapy.  Jessup et al assessed trends in adjuvant chemotherapy use from 1990 to 2002 

using the National Cancer Data Base 111. They found that a lower percentage of blacks than 

whites received chemotherapy in years 1990 to 1991 and in 1995 to 1996, p<0.001, but not in 

2001 to 2002; however, no analyses for this outcome controlled for potential confounders. 

Veterans Affairs and Military Medical Center Population 

One study utilized Veteran’s Affairs or military medical center data to assess black-white 

racial disparities in adjuvant therapy of CRC patients. Among military populations which are 

considered to have “equal access” to care, the study found no evidence of black-white racial 

disparities. Using health care data from a national database of Veterans Affairs Medical Centers 

and outpatient clinic files, Dominitz et al found no racial disparities in colorectal cancer treatment 

104.  Patients were black and white male veterans who were discharged with a diagnosis of CRC 

in the year 1989.  Analyses controlled for patient demographic factors including eligibility of 

hospitalization in the VA medical center and geographic location of the hospital.  Twenty-three 

percent of blacks and 23% of whites received chemotherapy, adjusted OR (95% CI) for blacks 

versus whites was 0.99 (0.78-1.24). In 1989, the year analyzed in this study, adjuvant therapy was 

not yet established as the standard of care for stage III colon patients and stage II/III rectal cancer 

patients.  It was not until 1990 with the release of the National Institutes of Health Consensus 

Conference recommendations on adjuvant therapy that adjuvant chemotherapy for stage III colon 

cancer patients and combined adjuvant chemotherapy and radiation for stage II and III rectal 
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cancer patients were recommended as standard of care 114.  It is difficult to interpret the lack of a 

racial disparity found in this population, since a disparity in guideline recommended therapy was 

not assessed. 

Summary of findings 

Studies assessing racial disparities in colon cancer adjuvant therapy in the U.S. are 

inconsistent. The studies that found evidence of racial disparities in therapy tended to use larger 

more nationally representative samples of older population subgroups; while those finding no 

evidence in support of racial disparities were smaller, included younger cases or were based on 

data from institutions considered to have “equal-access” to care. It should be noted that the 

majority of studies included in this review assessed racial disparities among patients diagnosed 

with CRC during the 1990s.  For this reason, studies assessing disparities in the more recent years 

are necessary to provide insight into the current pattern of racial disparities in CRC therapy. 

Clinical and Non-Clinical Determinants of Adjuvant Therapy for Colon Cancer 

Several factors have been found to independently predict the receipt of adjuvant therapy 

among colon cancer patients. These factors will be briefly examined with the purpose of selecting 

covariates for multivariate analyses of rural-urban and racial disparities in the proposed 

dissertation.   

Patient characteristics 

In addition to race (reviewed in the previous section), other patient-related factors shown 

to be associated with the receipt of adjuvant chemotherapy include age, gender, marital status, 

and co-morbidities.  Increasing age predicts a decreased likelihood of receipt of adjuvant therapy 

as reported in multiple studies 5, 6, 12, 93, 94, 101, 104, 108, 113, 115-120.  Increased number of comorbid 

conditions and the presence of medical contraindications to adjuvant therapy are also associated 

with a decreased likelihood of adjuvant care 5, 12, 93, 94, 104, 108, 113, 116-118, 120.  Women have been 
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reported to be less likely to receive chemotherapy than males in some studies 93, 94; however other 

studies have found an association in the opposite direction 5, 113.  It has been consistently reported 

that married patients are more likely to receive chemotherapy than their single, widowed or 

divorced counterparts 5, 113, 116, 120.  Other studies have found lower SES to predict a lower 

likelihood of receipt of chemotherapy among CRC patients 5, 6, 93, 94. 

Tumor related factors 

 Stage of disease predicts receipt of adjuvant therapy 5, 6, 108, 113, 117, 120.  Specifically, the 

presence of distant metastases has been found to increase the likelihood of receipt of 

chemotherapy 104.  The greater the number of positive lymph nodes was also associated with the 

higher the likelihood of receipt of chemotherapy 12, 94, 113, 116, 118. The histologic grade of the tumor 

is associated with the use of adjuvant therapy; patients with less differentiated tumors are more 

likely to receive adjuvant therapy than those with well differentiated tumors 113.  

Insurance- and provider-related factors 

Patients treated at hospitals with cancer programs approved by the Commission on 

Cancer of the American College of Surgeons (COC hospitals) are more likely to receive adjuvant 

therapy than patients attending non-COC hospitals 115.  Patients at teaching hospitals receive 

lower rates of adjuvant therapy than patients attending non-teaching hospitals 108. Those with 

private health insurance receive better access to and better quality of health care when compared 

to those on government insurance and the uninsured 6. Nevertheless, some studies have shown a 

decreased likelihood of receipt of adjuvant therapy among those with private insurance when 

compared to those with Medicare 93. Among CRC patients without Medicare, those with private 

HMO insurance are less likely than those with private fee-for-service insurance to receive 

adjuvant therapy 5. CRC patients with Medicare are more likely to receive adjuvant therapy than 

Medicaid recipients 108.  

Time-trends and geographic differences 
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 Use of adjuvant therapy has been found to increase from the late 1980s to the 1990s 

following recommendations released by the NIH consensus conference and continued to increase 

through the early 2000s 12, 93, 94, 113, 116.  Regional location has been shown to be associated with 

chemotherapy use 104, 113, 120.  Treatment rates vary by region of the U.S. , state, county and other 

geographic locations. Studies have shown that urban residence increases the likelihood of receipt 

of chemotherapy when compared to nonurban residence 5. 

Physician Characteristics, Residential Characteristics and Patient Demographics 

Physician Characteristics and Community Socioeconomic Status (SES) 

A study based in New York City compared physician characteristics in a relatively 

wealthy community to those in a lower SES community 121. This study showed that physicians in 

the lower SES community were more likely to be salaried, graduate from a foreign medical 

school, be without hospital admitting privileges, have a large percentage of minority patients, and 

have a lower number of years in practice than physicians in the upper SES community.   

Physician Practices and Community Socioeconomic Status 

Community level factors and conditions are seldom examined for their association with 

variations in cancer care and for their association with physician factors.  In a previously 

discussed study in New York City, investigators found that physician practices in the lower SES 

community were more likely to receive patients with Medicaid or uninsured and had more black 

and Latino patients and a higher mean number of patient contacts per week than practices in the 

upper SES community 121.   Gastroenterology practices in the upper SES community were more 

likely to perform flexible sigmoidscopies and colonoscopies as CRC screening tests than 

corresponding practices in the lower SES community.  Similar findings were reported for other 

cancer sites.  For example, Nattinger et al found that breast cancer patients living in more affluent 

zip codes had an increased likelihood of having a more experienced surgeon 122. 
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Physician Characteristics and Rural-Urban Residence 

 Thompson et al characterized general surgeons based on the U.S. rural-urban 

environments in which they worked 123. It was shown that the number of general surgeons per 

100,000 varied by location with 6.53 in urban areas, 7.71 in large rural areas, and 4.67 in small 

isolated rural areas.  Compared to urban areas, small isolated rural areas were more likely to have 

male physicians (92.7% versus 88.3%), surgeons age 50 + (51.6% versus 42.1%), surgeons who 

were international medical school graduates (25.2% versus 20.1%) and less likely to have 

surgeons who were not board certified in general surgery (2.3% versus 5.3%).  Large rural areas 

compared to urban areas were more likely to have male surgeons, surgeons age 50 +, surgeons 

who were U.S. or Canadian medical school graduates, and surgeons who were board certified in 

general surgery. Differences were also seen among physicians in large rural and small isolated 

rural areas. 

Physician Characteristics and Race of Cancer Patient 

Baldwin et al found that oncologist characteristics differed for black and white colon 

cancer patients 13.  Compared to whites, blacks were less likely to have an oncologist who was 

board certified in internal medicine and an oncologist with ≥ 5 CRC chemotherapy consultations 

in a year.  Blacks were more likely than whites to have black or Asian/Pacific Islander 

oncologists than whites. Diehr et al performed a study of a community hospital and showed that 

physicians of black and white breast cancer patients differed in specialty and years of practice 124. 

Black patients were less likely to have a board certified surgeon (78.8% versus 83.3%) and a 

board certified radiation oncologist (10.6% versus 12.6%) but more likely to have a medical 

oncologist who was board certified (36.9% and 30.6%) compared to white patients.  Black 

patients were more likely to have a surgeon with 1-10 years (20.8% versus 12.7%) and 11-20 

years (32.0% versus 30.4%) in practice than white patients. White patients were more likely to 

have a surgeon with 21-30 years (28.6% versus 22.4%) and 31-40 years (28.4% versus 24.8%) in 
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practice than black patients.  Nattinger et al found that white breast cancer patients were more 

likely than black patients to have a high volume surgeon 122. 

Physician Characteristics, Cancer Treatment and Outcomes 

Receipt of guideline recommended treatment among cancer patients was found to be 

associated with physician characteristics.  Using SEER-Medicare data for breast cancer patients 

diagnosed between 1991 and 2002, Hershman et al showed that women who received 

chemotherapy compared to those who did not were more likely to have an oncologist who 

graduated after 1975 and who was employed in a private practice and less likely to have an 

oncologist who was trained in the U.S. 125. Among patients at low risk of breast cancer recurrence 

(stage II), oncologist case volume during the study period was an additional physician 

characteristic associated with receipt of adjuvant chemotherapy 125. Surgeon characteristics, 

including case volume, location of training (U.S. versus foreign), medical school affiliation, 

gender and years since medical graduation influenced patient receipt of adjuvant radiotherapy, 

breast conserving surgery and care adherent to guideline recommendations among breast cancer 

patients 26, 27, 126. 

Physician characteristics have also been shown to affect outcomes, such as mortality and 

morbidity following cancer treatment. Mortality and morbidity following colorectal surgery was 

reduced when patients’ surgeon was board certified by the American Board of Surgeons and 

mortality decreased when years of experience since board certification increased 127. Among 

colorectal cancer patients, non-colorectal trained surgeons and surgeons with low case volumes 

were associated with higher local cancer recurrence rates following surgery 128. Mortality rates 

among colorectal cancer patients were decreased as surgeon procedure volume increased 129, 130.  

Among lung cancer patients receiving surgery mortality rates were lower for  those receiving 
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surgery from a specialist (thoracic surgeon) compared to a general surgeon after adjusting for 

case-mix 131, 132.  

Hospital Characteristics, Patient Characteristics, Cancer Care and Outcomes 

Hospital characteristics have been shown to influence cancer care received by patients as 

well as outcomes following cancer treatment. Hospital characteristics may also be associated with 

patient demographics as well. Zhang et al found that among patients receiving surgery for 

colorectal cancer, black patients and patients living in less affluent communities were more likely 

than whites and those living in more affluent communities, respectively, to receive surgery at 

hospitals with above-average mortality rates. Also, patients living in less affluent communities 

were less likely than those living in more affluent communities to receive surgery at a high-

volume hospital 133. Based on another study, type of facility where care is received is associated 

with outcomes following cancer treatment. Among rectal cancer patients, local recurrence and 

mortality rates after radiotherapy treatment was lower for patients receiving care at university 

hospitals compared to community hospitals 134. It has also been shown that hospital accreditations 

and recognitions are associated with patient receipt of optimal cancer treatment and outcomes.  

Receipt of care at a hospital accredited by the Commission on Cancer of the American College of 

Surgeons (ACOS) was found to increase the likelihood of receipt of chemotherapy among 

ovarian cancer patients and optimal surgery type (sphincter sparing surgery) among rectal cancer 

patients 135, 136. Patients receiving surgery at National Cancer Institute (NCI) designated facilities 

had lower post-surgery mortality rates than those receiving care at control (non-designated) 

hospitals 137. 

Quality of Adjuvant Chemotherapy Data Reported by Cancer Registries Medicare 

There is a need for the validation of chemotherapy data in the linked tumor registry-

Medicare data file.  Information on chemotherapy is difficult to obtain owing to the treatment 
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delivery in outpatient settings.  This challenge may result in inaccurate or incomplete 

chemotherapy information reported to tumor registries.  This chemotherapy data may be 

enhanced by supplementing the data with Medicare claims; however the quality of the linked 

tumor registry-Medicare data has not been assessed in recent years.  

Cress et al augmented registry treatment information by surveying physicians and 

reviewing medical office records of patients in Northern California diagnosed during 1996 to 

1997. The authors used this information to assess the completeness of the Northern California 

regional cancer registry data on chemotherapy and radiation among CRC patients 29.  The original 

registry data had chemotherapy information for 82% of the patients. Completeness of 

chemotherapy reporting in the cancer registry varied by patient and hospital characteristics. 

Complete chemotherapy information was more likely to be found for younger patients compared 

to older patients; cases of stage II or III rectal cancer compared to colon cancer cases; in HMO 

hospitals compared to non-HMO non-ACOS (hospitals with tumor registries not accredited by the 

American College of Surgeons Commission on Cancer) hospitals; and, in non-teaching hospitals 

compared to teaching hospitals.  

McClish et al compared treatment data from the Virginia Cancer Registry with Medicare 

claims (MEDPAR file) data for patients diagnosed with colorectal, breast, prostate, or lung cancer 

during the years 1986-1989 28.    In this study, CRC patients receiving only chemotherapy or 

radiation as reported in the Virginia Cancer Registry, were less likely to be identified in Medicare 

data than patients who were reported as not receiving any treatment [OR=0.43, 95% CI (0.32-

0.59)].  The same was true for breast, prostate and lung cancer patients; however, the estimate 

was not statistically significant for lung cancer patients. 

Warren et al assessed the ability of SEER (Surveillance, Epidemiology and End Results 

program) linked with Medicare claims data to identify chemotherapy use 30. Chemotherapy data 

captured in SEER-Medicare was compared to data from the Patterns of Care (POC) studies, 
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which collects more detailed treatment data than SEER.  For colon cancer, there was an observed 

agreement of 88% between Medicare and POC in reporting of chemotherapy use.  The adjusted 

agreement (kappa statistic) was 0.73 and the sensitivity of Medicare in capturing chemotherapy 

data reported in POC was 90%. This reported kappa statistic denotes substantial agreement 

beyond chance 138.  The sensitivity was 88% for breast cancer, 95% for rectal cancer, and 93% for 

ovarian cancer.  The kappa statistic for chemotherapy use for these cancers ranged from 0.81 to 

0.88 (almost perfect agreement).   

 In two studies by Du et al, medical charts of patients diagnosed and treated in New 

Mexico were reviewed and used as the gold standard of treatment reporting.  The first study 

assessed the completeness of Medicare claims for chemotherapy among breast cancer patients 139.  

Among patients reported to have received chemotherapy in the Medicare data, treatment receipt 

was confirmed by a medical records in only 60% of cases.   Of those reported to not have 

received chemotherapy in Medicare, 99% were confirmed in medical chart reviews.  The 

observed agreement between Medicare and medical chart reviews was 94% with a kappa of 0.69 

(95% CI: 0.63-0.76).  Du et al conducted another study comparing chemotherapy information 

reported in the New Mexico Tumor Registry to the data from medical record reviews 140.   The 

agreement between the two sources of data was 96% with a kappa of 0.72 (95% CI: 0.64-0.79) 

and a sensitivity of 70.7%.  Kappa statistics differed by patient age, source of medical chart, 

tumor stage, year of diagnosis, and vital status at time of review.  Other studies support the 

finding that outpatient treatment data, such as chemotherapy, for breast cancer patients are 

underreported in tumor registries 141, 142.  

         This evidence indicates that the quality of cancer treatment data reporting, especially CRC, 

in Medicare and in cancer registries is variable. The evidence also suggests that more up–to-date 

analyses of the completeness and accuracy of cancer registry-Medicare linked data are warranted. 

The latest analysis in this review assessed data from 1996 to 1997.  Studies have shown an 
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increase in receipt of chemotherapy and radiation from the 1990s through the 2000s 19, 143, 144. This 

increase in treatment receipt may also affect the quality of treatment reporting. 
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Chapter 3: Source Population 

 The State of Georgia provides the source population for this dissertation. Georgia 

population estimates and distributions of the exposures of interest are discussed below. These 

estimates are based on the data from the 2000 U.S. Census and from the later U.S. Census 

Current Population Surveys (CPS). 

Residential Segregation 

 Beginning in the 1890s and ending with the Voting Rights Act of 1965, Georgia and 

other southern states issued legislation that mandated racial segregation of public facilities under 

what was termed Jim Crow laws 145. Under Jim Crow, blacks experienced discrimination in 

housing and employment that resulted in residential racial segregation. The Civil Rights Act of 

1968 ended legal discrimination in housing sales and rentals. Although de jure segregation was 

outlawed in the 1960s, many Georgians still reside in racially segregated areas. A recent 

examination of the extent of racial segregation in U.S. cities showed that Georgia has cities 

ranking amongst the most and the least racially segregated 90. Employing the dissimilarity index, 

Atlanta, Georgia ranked fourth among U.S. cities with the highest dissimilarity indices, D=0.83, 

meaning that 83% of blacks must leave Atlanta in order to equalize the distribution of whites and 

blacks in Atlanta. Hinesville, Georgia ranked 12th among U.S. cities with the lowest dissimilarity 

indices, D=0.17. Levels of economic segregation in Georgia have not been assessed. 

Rural-Urban Residence 

 According to the USDA Economic Research Service (ERS), the rural population of 

Georgia (defined by RUCA codes calculated from the 2000 U.S. Census) is two million, which 

accounts for 24.7% of the population of the state  146.  In comparison, 20.5% of the U.S. 

population lives in rural areas. Eighteen percent of the Georgian rural population lives in 
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households below the poverty line versus 14.8% of the U.S rural population. The percent of 

persons age 65 or greater (age of our Medicare study population) living in rural areas is 12.7% 

which is lower than the 14.8% estimate for the U.S. rural population,  

Racial Distribution 

 The U.S. Census reports in 2008 that 30.0 % of Georgians are black and 65.4 % are white 

147. In comparison blacks and whites constitute 12.8 % and 79.8 % of the U.S. population, 

respectively. Using data from the 2008 and 2009 U.S. Census Bureau’s Current Population 

Survey, the Kaiser Family Foundation reported that the poverty rate is 31.9 % among black 

Georgians and 11.5 % among white Georgians 148. These percentages compare to the 

corresponding estimates of 33.2 % and 12.3 % for U.S. blacks and whites, respectively. 
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 Chapter 4: Overview of Data Sources 

Because the following three chapters are stand-alone manuscripts the relevant methods for each 

study are reviewed in each chapter. For clarity the data sources are summarized below.  

Data Sources:  

Five data sources are used in this dissertation: (1) the Georgia Cancer Registry (GCR)-

Medicare linked data file, including the Surveillance and Epidemiology End-Results (SEER)-

Medicare Hospital file, (2) the Medicare Physician Identification and Eligibility Registry 

(MPIER), (3) the U.S. Census Summary Files,  (4) the Rural Urban Commuting Area (RUCA) 

file from the United States Department of Agriculture (USDA) Economic Research Service 

(ERS) and (5) the Southwest Georgia Cancer Care Study (SWGCCS).  

 Data from the linked GCR-Medicare file includes tumor characteristics; first course of 

treatment including surgery, chemotherapy and radiation therapy, as well as, patients’ 

demographic information. The primary sources of GCR data are medical records from hospitals 

with additional cases obtained from pathologists, oncologists, and radiotherapists.  The Medicare 

claims included in the linked GCR-Medicare file report diagnoses and procedures provided 

during hospitalization. Carrier claims also included in this linked file contain all physician and 

supplier bills for medical procedures. 

In addition to patient-, treatment- and disease-related variables, the Medicare claims also 

contains the unique physician identification numbers (UPINs) which can be used to determine 

physician characteristics.  Each doctor’s UPIN is used to link the GCR-Medicare data to the 

MPIER file.  The MPIER file is maintained by the Centers for Medicare and Medicaid Services 

(CMS) a US federal agency which administers Medicare, Medicaid, and the Children's Health 

Insurance Program.  Information for the MPIER file is provided to CMS quarterly from 

Transamerica Occidental Life Insurance Company, which maintains the national registry of 
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physicians 149.  This file contains information on a variety of physician characteristics including 

specialty, board certification, year of graduation, and location (country) of medical school.  

The third data element is the 2000 U.S. Census Summary Files which was used to obtain 

census block- and census tract-level information on community racial and income characteristics. 

This information provides the metrics used to calculate patient residential racial and economic 

segregation indices for each patient’s residential neighborhood. 

Data from the United States Department of Agriculture (USDA) Economic Research 

Service (ERS) is used to classify rural-urban residence in this dissertation. The USDA, ERS 

conducts a research program to inform public and private decision-making on economic and 

policy issues involving food, farming, natural resources, and rural development. Rural Urban 

Commuting Area (RUCA) codes are developed and provided by the USDA Economic Research 

Service. These codes are used to categorize patient residential census tracts into rural urban 

classifications. 

The SWGCCS data contains detailed treatment information for patients newly diagnosed 

with various cancers (including cancers of the colon and rectum) during the years 2001-2003 and 

residing in Southwest Georgia, a large 33-county area with the population of approximately 

700,000 150. All treatment data for SWGCCS were collected by trained local abstractors and 

included dates, doses and drugs delivered as part of the chemotherapy protocol as well as 

information on surgery and radiation 150.  Patient factors included age, race, gender, insurance 

status, rural-urban residence and co-morbid conditions. Tumor characteristics included cancer 

stage and grade. 
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Chapter 5:  Is the level of training and/or experience of colon cancer surgeons 

associated with characteristics of their patient population? 

Abstract:  

Background:  Treatment outcomes in colon cancer patients have been shown to be related to 

their surgeons’ level of training and/or experience.  Yet, little is known about the relation between 

the characteristics of physicians that perform colon cancer surgery and the social and 

demographic profile of their patients. 

Methods:  This study used linked data from the 2000 U.S. Census Summary Files, the Georgia 

Cancer Registry and Medicare pertaining to colon cancer patients diagnosed during the years 

2001-2005.  Training and experience measures for each surgeon were combined into a single 

summary score.  Multivariate logistic regression analysis assessed the association between 

surgeons’ scores and the individual and area-based characteristics of their patients.  The area-

based characteristics of primary interest included measures of racial and income segregation.   

Findings:  After accounting for social and demographic confounding factors, surgeons’ with 

suboptimal training and experience (summary score ≤6 versus >6) were more likely to have high 

percentages of black patients.  Conversely, surgeons with high levels of training and experience 

(summary score ≥9 versus <9) were more likely to care for colon cancer patient populations that 

included low percentage of blacks and those residing in less racially segregated census tracts.  

Conclusion:  Race and residential characteristics of patients are associated with surgeons’ 

training and experience. The findings from this study indicate that non-clinical patient factors 

may affect the quality of colon cancer care among Medicare patients.  
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Introduction 

Colorectal cancer (CRC) is the third most commonly diagnosed malignancy in the U.S. 1.  

An estimated 90-92% of those with colon cancer receive surgery 151.  Access to and quality of 

surgical care and outcomes following surgery differ by racial and residential characteristics 8, 16, 

152, 153.  Studies have shown that surgeon quality as measured by level of training and experience 

predicts multiple patient outcomes, such as mortality, post-surgery morbidity, cancer recurrence 

and delivery of optimal treatment 27, 126-128, 130, 134, 154.  By contrast, little is known about the 

association between racial and residential characteristics of a surgeon’s patient population and 

characteristics of the surgeon. Factors such as patient race and residential characteristics have 

been found to play a part in access to care 8, 16, 92, but few studies have assessed the role of these 

factors in access to quality surgeons [6]. The aim of this study is to compare surgeons with 

optimal and sub-optimal levels of training and/or experience with respect to their patients’ 

demographic and socioeconomic characteristics.  

We hypothesize that sub-optimally trained and experienced surgeons will have higher 

percentages of black and urban patients as well as patients who reside in segregated areas 

(counties and census tracts).  In addition, we hypothesize that the association between surgeons’ 

medical training and experience and the percentage of black patients in their patient population 

may be confounded by patients’ county and census tract residential segregation measures. 

Methods 

Data Sources: 

Five data sources were used in this analysis: the Georgia Cancer Registry (GCR)-

Medicare linked data file, including the SEER-Medicare Hospital file, the Medicare Physician 

Identification and Eligibility Registry (MPIER), the Georgia Composite Medical Board, the U.S. 

Census Summary Files, and the Rural Urban Commuting Area (RUCA) file from the United 
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States Department of Agriculture (USDA) Economic Research Service (ERS).  The GCR-

Medicare linked file was used to identify the cohort of surgically treated stage I-III colon cancer 

patients diagnosed between January 1, 2001 and December 31, 2005.  Data from this file included 

patients’ demographic information, tumor characteristics, and first course of treatment including 

surgery, chemotherapy and radiation therapy. The primary sources of GCR data were medical 

records from hospitals with additional information obtained from pathologists, oncologists, and 

radiotherapists.  The Medicare claims reported diagnoses and procedures provided during 

hospitalization (MEDPAR-Medicare Provider Analysis and Review) along with physician and 

supplier claims for medical procedures (NCH-National Claims History). 

In addition to patient-, treatment- and disease-related variables, the Medicare claims also 

contain the unique physician identification numbers (UPINs) which can be used to determine 

physician characteristics.  Each doctor’s UPIN was used to link the GCR-Medicare data to the 

MPIER file.  The MPIER file is maintained by the Centers for Medicare and Medicaid Services 

(CMS), a US federal agency which administers Medicare, Medicaid and the Children's Health 

Insurance Program.  Information for the MPIER file is provided to CMS quarterly from 

Transamerica Occidental Life Insurance Company, which maintains the national registry of 

physicians 149.  This file contains information on a variety of physician characteristics including 

specialty, board certification, year of graduation, and location (country) of medical school. These 

data were supplemented with the surgeon data from the Georgia Composite Medical Board 

(GCMB). The GCMB provides physician profile information that include board certification, 

specialty and location of medical school.  

The third data source was the 2000 U.S. Census Summary Files that were used to obtain 

census tract-level information on community racial and income characteristics.  These data were 

used to calculate racial and income measures and segregation indices for each patient’s residential 

area (county and census-tract).  Lastly, Rural Urban Commuting Area (RUCA) codes from the 
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United States Department of Agriculture (USDA) Economic Research Service (ERS) were used. 

These codes categorized patient residence (census tracts) into rural urban classifications. 

Inclusion Criteria: 

This study included surgeon information for all non-Hispanic white and black patients 

identified in the GCR-Medicare database who were age 66 years and older and diagnosed as 

having stage I, II or III colon cancer during the years 2001-2005.  Those with lymphomas and 

sarcomas of the large intestine were excluded because these cancers are staged differently. Only 

patients with documented cancer-directed surgery (defined as colon resection or bypass based on 

International Classification of Diseases 9th Edition (ICD-9) procedure codes and Healthcare 

Common Procedure Coding System (HCPCS) codes) were considered in these analyses.  A list of 

the codes used for this study is provided in Appendix A. 

Cancer surgeon identification information was not documented in the GCR; therefore 

Medicare claims were searched to obtain this information and supplement the GCR data. For each 

eligible patient reported as having colon cancer surgery in the GCR (see appendix), Medicare 

claims within 6 months after the date of diagnosis were searched to identify surgical interventions 

that would ordinarily be performed as part of curative colon cancer treatment. This time period 

was chosen to ensure the treatment documented in the claims data pertained to the cancer of 

interest and not for a subsequent cancer.   To account for inaccuracies in the registry’s date of 

diagnosis, colon cancer surgeries reported up to three months prior to the reported date of colon 

cancer diagnosis from the registry were included if no post-diagnosis colon cancer surgery claims 

were found.    

 Patients were excluded if they did not have continuous coverage from both Medicare Part 

A and B for a year prior to colon cancer diagnosis and coverage up to six months after colon 

cancer diagnosis or until death, whichever occurred first. Coverage for at least a year prior to 

diagnosis ensures there is sufficient Medicare claims history to assess patient co-morbid illnesses 
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(which may affect receipt of cancer treatment) and to ensure patient had access to care prior to 

cancer diagnosis. Coverage up to six months after diagnosis ensures that there are adequate 

Medicare claims to assess care received following diagnosis. Patients were also excluded from 

the analysis if they were enrolled in a Medicare Health Maintenance Organization (HMO).  

Patients not continuously enrolled in Medicare Part A and B were excluded because claims may 

not be available to document surgical procedures and the surgeons providing those procedures.  

Members of Medicare Health Maintenance Organizations (HMO) were excluded because they do 

not typically bill Medicare for services, so their treatment information may also be missing within 

the claims data. 

After applying the above inclusion and exclusion criteria, a total of 4,106 colon cancer 

patients were eligible for the analysis. Of these patients, 171were excluded for the following 

reasons: 1: Performing provider (Unique Physician Identification Number (UPIN)) was missing, 

2: Date of surgery in NCH claims did not fall within 1 week of the date of surgery in MEDPAR 

claim or 3: Surgery claim reported in NCH claims did not match the pre-determined list of colon 

cancer surgery codes. Additionally, 14 patients had one or more colon or rectal cancers staged IV 

or unknown within 6 months of the date of the colon cancer diagnosis of interest (treatment 

among these patients is less likely to model typical care received among stage I-III colon cancer 

patients) ; 78 additional patients were excluded because they received care outside of the state of 

Georgia; 6 patients had missing census tract codes; 2 had missing comorbid illness information 

(which is necessary to assess patient case-mix among surgeons) and 44 patients had concurrent 

rectal cancer diagnosed at time of colon cancer diagnosis (surgery for rectal cancer will coincide 

with colon cancer surgery).  The final patient population for this analysis was 3,964 colon cancer 

patients treated by 525 surgeons in the state of Georgia.  

Dependent variables: 
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The dependent variable in these analyses was the surgeon’s training and experience 

score. This score is the sum of ranked characteristics that serve as a marker of physician training 

or experience.  A characteristic with a rank of 1 indicates sub-optimal training or experience; a 

rank of 2 indicates moderate level of training or experience; and a rank of 3 indicates optimal 

training or experience. The characteristics and their ranked classifications for these analyses 

included the number of surgeon’s board certifications: none (1 point), one (2 points) and two (3 

points); subspecialty training: general surgeon (1 point), colorectal surgeon (2 points), and 

colorectal surgical oncologist (3 points); location of surgeon’s medical school:  foreign (1 point), 

unknown (2 points), and U.S. (3 points); and surgeon’s colon cancer case volume tertile during 

study period 2001-2005 (based on the  total number of claims for colon cancer surgery among 

patients in this study during study period 2001-2005):   first through third tertile assigned 1-3 

points, respectively.  Each of the score components has been linked to patient outcomes and/or 

delivery of optimal treatment in earlier studies [7, 9, 10-13,16, 17].  After the points assigned for 

each characteristic are summed, a summary score is obtained (possible range 4-12) with higher 

scores indicating increased quality of a surgeon’s training and experience. 

Main Independent Variables:  

The independent variables in these analyses included patient level characteristics 

aggregated to the surgeon level.  The main categorical independent variables of interest were 

calculated as a percent (%).  These included % non-Hispanic blacks and % urban residents among 

colon cancer patients that underwent surgery performed by a given surgeon.  The main 

continuous independent variables of interest were area-based measures of racial and income 

segregation at both the county and the census tract level.  These were expressed as the median 

value for each surgeon’s patient population.   County level measures serve as predictors of the 

quality of and access to community health care resources [5, 6] while census tract level measures 

serve as predictors of patient and neighborhood economic and social resources 155.   
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Prior to determining the median segregation indices for each surgeon’s patient population 

(i.e., surgeon-level indices), we calculated residential segregation indices for each individual 

patient (i.e., patient-level indices) as follows: Each patient’s home address was geo-coded to 

determine the location of his or her residential census block group, census tract and county.   

Using this residential information, four segregation indices were calculated separately for 

each patient’s census tract and county (8 total indices): census tract level (1) racial dissimilarity 

index, (2) income dissimilarity index  (3) racial isolation index and (4) income isolation index and 

county level (1) racial dissimilarity index, (2) income dissimilarity index, (3) racial isolation 

index and (4) income isolation index.  The racial segregation measures assess black-white 

segregation. The income segregation measures assess segregation of those living below the 

federal poverty line from those living at or above the federal poverty line. These measures were 

calculated using data from the 2000 U.S. Census.  

The dissimilarity index (D) measures the extent to which groups are segregated from 

each other 89, 90.  It represents the percent of group X members that would have to change their 

area of residence to achieve an even distribution of group X  in relation to group Y residents 

within each sub-areal unit within the area being examined (e.g. sub-areal unit is census tract and 

area is county) 89.  This index ranges from 0 to 1, where D=1 indicates complete segregation (the 

two groups live in completely different sub-areal units) and D=0 means complete integration (the 

two groups are distributed exactly the same way across each of the sub-areal units). When 

assessing black-white segregation of a given county, the D value of 0.66 indicates that 66 percent 

of blacks must move to a different census tract (sub-areal unit) so that the distribution of blacks in 

relation to whites will be equal across census tracts within the county.   Values greater than 0.6 

are considered a level of high segregation 21.  This index is invariant to relative size of groups.  

Dissimilarity index calculation: 
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where, 

xi = the black population (when measuring black-white racial segregation) or those living 

below the federal poverty line (when measuring income segregation) of the ith area, e.g. 

census tract 

X = the total black population (or the total population living below the federal poverty 

line when measuring income segregation) of the large geographic entity for which the 

index of dissimilarity is being calculated. 

yi = the white population  (or those living at or above the federal poverty line, when 

measuring income segregation) of the ith area 

Y = the total white population (or the total population living at or above the federal 

poverty line when measuring income segregation) of the large geographic entity for 

which the index of dissimilarity is being calculated. 

 

The isolation index measures the extent by which group members are exposed to one 

another rather than to members of another group 89, 91.    This index ranges from 0 to 1 and can be 

interpreted as the probability that a randomly selected member of Group X will come in contact 

with another member of Group X in the same residential area 90. The isolation index may not only 

measure the isolation of the disadvantaged populations (e.g., blacks or poor) from the more 

advantaged population (e.g., whites or non-poor), but may also measure the isolation of 

disadvantaged groups from social mobility and resources 17.  

Isolation index calculation: 
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where, 

 xPx is the usual notation of the Isolation index . It symbolizes that the index calculates 

the group x (e.g. black population) weighted average of the group x (e.g. black 

population) proportion in each areal unit (e.g. census tract). 

xi = the black population (when measuring black-white racial segregation) or those living 

below the federal poverty line (when measuring income segregation) of the ith area, e.g. 

census tract 

X = the total black population (or the total population living below the federal poverty 

line when measuring income segregation) of the large geographic entity for which the 

isolation index is being calculated. 

Ti = the total population of the ith area 

Covariates/potential confounders: 

The patient demographic and clinical based covariates aggregated to the surgeon level 

included surgeon’s % female patients, % married patients, % with no co-morbid illness (based on 

the Deyo adaption of the Charlson Comorbidity Index), % with cancer in the proximal colon site, 

% with stage III colon cancer, % with high grade tumors and mean patient age. The patient area-

based measures were also aggregated to the surgeon level.   For each surgeon’s patient 

population, we calculated the median value of the following measures at both the census tract and 

county level: percent black residents, percent residents living below the poverty line and percent 

residents age 65 and older living below the poverty line. The specific surgeon aggregated facility 

characteristic used in the models was surgeon’s percentage of patients who received colon cancer 

surgery at a hospital in the top quartile of volume. Hospital volume was calculated as the number 

of claims among each hospital for colon cancer surgery for the study population. This 
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characteristic was then aggregated to the surgeon level to produce the surgeon-level 

characteristic. 

Analysis: 

The data analyses began with descriptive statistics to examine the distributions of the 

variables under study.  For analysis, all variables were categorized based on the distribution of the 

variables’ values e.g. tertiles or a priori categories (see appendix for categorization descriptions). 

Bivariate analyses, chi-square tests of association, were performed to assess the relation of the 

independent variables and covariates to the various outcome measures (i.e. surgeon 

characteristics) and to each other.  Possible interactions among study variables were not 

suggested in previous literature and therefore did not warrant assessment in this current analysis.  

Multivariate logistic regression analyses were conducted to assess the association 

between surgeons’ training and experience and their aggregated patient-population 

characteristics, % black patients, % urban residing patients, and median residential segregation 

index values after controlling for aggregated patient, facility and area-based confounding 

variables and covariates.  Due to the large number of exposures variables in this analysis (N=10), 

all potential confounders and covariates were placed in the initial model to account for potential 

confounding of each of the exposure-dependent variable associations. Backwards elimination was 

conducted only on the exposures of interest as suggested by Kleinbaum and Klein 156. Exposure 

variables remained in the model if they maintained statistically significant associations with the 

dependent variable (surgeon score) in the multivariate model. The results of the regression 

analyses were expressed as multivariate adjusted odds ratios (ORs) with the corresponding 95% 

confidence intervals (CIs).  The level of statistical significance was set at α=0.05, two-tailed for 

analyses.  All models were assessed for collinearity amongst independent variables (see appendix 

for modeling strategy).  Analyses were performed using SAS statistical software system, version 

9.2 for Windows (SAS Institute Inc., Cary, NC).  
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Results 

There were 525 surgeons who performed surgery on the 3,964 colon cancer patients in 

this study.  The mean number of patients per surgeon was 7.64.  The majority of the surgeons 

(57.9%) graduated from medical school between 1970 and 1989, 88.4% graduated from a medical 

school in the United States, 90.6% had at least one board certification and 91.1% were general 

surgeons.   There were 67 (12.8%) surgeons with a surgeon score of 6 or less (which was 

considered low), 297 (56.6%) surgeons with a score of 7 or 8, and 161 (30.1%) surgeons with a 

score of 9 or greater (which was considered optimal).  

Table 1 presents the overall statistics (mean, standard deviation, range, median and inter-

quartile range) of the surgeons’ patient profiles.  Several of these characteristics have a skewed 

distribution.  Percent black patients, percent patients with high grade tumor, county median racial 

dissimilarity index (patient residence) and census tract median racial isolation index (patient 

residence) are skewed to the right (i.e., mean % much higher than median %), indicating that 

there are surgeons with high extreme values for these characteristics in comparison to other 

surgeons.  Percent of patients with an urban residence and percent of patients receiving surgery at 

a hospital in the top quartile for volume are skewed to the left (i.e., mean % much lower than 

median %) indicating the presence of surgeons with extreme low percentages of urban 

populations as well as low percentages of patients receiving surgery at high volume hospitals 

compared to the rest of the study group.  

Table 2 presents the association (odds ratios and 95% Confidence Intervals for 

statistically significant associations at α=0.05 level) between surgeons’ characteristics and their 

patient profiles. Among the exposures of main interest the observed statistically significant 

associations were in the hypothesized direction for percent black patients and percent urban 

patients.  Surgeons with either low or moderate percent black patients compared to high percent 
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black patients were more likely to be a specialist, U.S. trained, in the higher tertiles of patient 

volume and have board certifications.  Surgeons with a low percentage of patients residing in 

urban areas (<10.0%, predominantly non-urban patients) compared to surgeons with at least 

10.0% of patients residing in urban areas were less likely to have specialized training, be in a 

higher tertile with respect to the patient volume and have a board certification.   

Some of the associations found for county- and census tract-level segregation indices 

were in the opposite direction from what was predicted.  For example depending on the 

comparison (low segregation vs. high segregation or moderate segregation vs. high segregation) 

surgeons that took care of patients residing in counties with lower levels of racial segregation 

were less likely than surgeons with patients residing in counties with higher racial segregation to 

be specialists ; however, the opposite was true for census tract level segregation.   

Table 3 shows the crude (unadjusted) and adjusted associations between surgeon score 

and the exposures of interest within this study, where all exposure variables are being treated as 

categorical variables.  In unadjusted analyses, surgeons’ patient profile characteristics: percent 

black patients, median county racial dissimilarity index and median census tract income isolation 

index were statistically significant predictors of both suboptimal (≤6 vs. >6) and optimal (≥9 vs. 

<9) summary score.  In addition, median county racial isolation index was a statistically 

significant predictor of surgeon score (≤6 vs. >6), whereas median census tract racial dissimilarity 

index and median census tract income dissimilarity index were statistically significantly 

associated with surgeon score (≥ 9 vs. <9).  

After adjusting for covariates and confounders, percent of black patients was associated 

with suboptimal surgeon score (≤6 vs. >6) although the result was statistically significant only for 

the moderate (15-30%) versus high (≥30%) comparison (aOR=0.15, 95% CI: 0.03-0.71) and none 

of the segregation measures were statistically significant predictors of suboptimal surgeon score 
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(≤6 vs. >6).   In addition, after controlling for covariates, no segregation measures confounded the 

association between the surgeon’s percent of black patients and sub-optimal surgeon score. 

For surgeon score defined as optimal (i.e., ≥9 vs. <9), after adjustment for covariates and 

confounders, statistically significant predictors were percent of black patients (low vs. high: aOR 

2.83 (95% CI: 1.35-5.91), moderate vs. high: aOR 3.13 (95% CI: 1.41-6.95)) and census tract 

median racial dissimilarity index (moderate vs. high: aOR=2.40; 95% CI: 1.26-4.55). In addition, 

after controlling for covariates, no segregation measures confounded the association between the 

surgeon’s percent of black patients and optimal surgeon score. 

Discussion 

Surgeon training and level of experience have been shown to predict patient outcomes 

such as mortality, post-surgery morbidity, re-hospitalization, cancer recurrence rates and delivery 

of quality treatment [7-12]. Most previous studies assessing the association between patient 

factors and surgeon quality focused on coronary artery bypass graft (CABG) procedures. [23-25].  

To our knowledge, the current study is the first to examine the association of colon cancer patient 

factors with surgeon training and experience.   

In our study, patient race was found to be associated with surgeon quality measures 

(expressed as a summary score), a result that is in agreement with the previously discussed 

cardiology literature [23-25].  The literature on rural-urban disparities in health care is sparse.  It 

has been shown that rural patients tend to have less access to health care compared to their urban 

counterparts 10, 100. Less access may indicate lower access to quality physicians among rural 

patients.  Our study showed that surgeon quality did not differ by percent urban population. We 

also found that the census tract-level racial dissimilarity index was associated with surgeon 

training and experience; those residing in census tracts with lower racial dissimilarity were more 
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likely to have a higher trained or experienced surgeon than those residing in more racially 

segregated areas.  No other studies to our knowledge have assessed this association. 

A recent study suggested that provider characteristics may differ by geography and in 

fact it is the patient residential factors that may drive the racial differences in health care quality 

157.  Our results indicate that patients’ residential setting may explain only some of the racial 

differences in access to highly trained and experienced surgeons; however, race (particularly the 

percent of blacks in a given physician’s patient population) is an independent predictor of surgeon 

quality.  Other studies have indicated that surgeon quality is associated with hospital quality 130. 

We accounted for one aspect of hospital quality (receipt of colon cancer surgery at a hospital in 

the top quartile of surgical volume among the study population) and found that it was associated 

with surgeon quality; surgeons with higher scores had a higher percentage of patients receiving 

surgery at high volume hospitals. 

 Studies have found patient residential characteristics to be associated with health care 

performance measures, such as cancer screening and diabetes management, access to specialists 

and to care in general [5, 6, 27].  Krieger previously recommended that census tract measures 

may be used as surrogates for individual level measures of socioeconomic factors 155.  Given this 

recommendation, our census tract level findings may suggest that individual and neighborhood 

level social and economic resources determine the quality of surgeons who care for the 

population.  Our results may also suggest that personal and neighborhood measures of social and 

economic resources impact surgeon referral patterns and where and from whom patients seek 

medical care.   

 Our analyses revealed that surgeons were more likely to have optimal training and 

experience if their patients resided in census tracts with moderate (as opposed to high) racial 

dissimilarity.  Auchincloss et al reported that elderly Medicare patients residing in communities 
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where at least 50% of the population shared a common ancestry had increased access to health 

care 158.  In support of this observation, Sampson showed that communities with populations who 

share ethnic heritage are characterized by greater social cohesion as evidenced in an increased 

density of community level friendships and acquaintanceships and reduced anonymity 159.  Given 

this, it is possible that the racial segregation gradient has a demarcation that separates socially 

cohesive communities from socially deteriorated communities.  For instance, moderate 

segregation in the current study may indicate communities experiencing social cohesion and 

increased access to health care, whereas high segregation may mark communities with 

deteriorated social structures and decreased access to health care.  This explanation would support 

our finding. 

The major strength of this research project is the use of residential segregation measures 

to characterize surgeons’ patient populations and assess the association with surgeon quality.  The 

use of segregation measures provided additional insight over and above that of the traditional 

area-based factors (percent black population in area and percent population living below poverty).  

Political, social and economic factors drive community segregation and these processes influence 

the quality of community-level social resources, such as availability and quality of health care 83 

80, 82.  The use of segregation measures in this study allowed us to account in part for these 

political, social and economic processes.  

Other strengths of this study are the use of contemporary data (study years 2001 to 2005) 

which provides an updated account of disparities in cancer care.  In our analysis, we employed 

refined and detailed measures of neighborhood segregation and rural-urban residency that have 

been rarely used in either public health or health care research. Finally, multiple sources of data 

were combined to account for various relevant covariates. 
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The main limitation of this study is that the findings are based on surgeons and elderly 

colon cancer patients in the state of Georgia. It is possible that our results are not generalizable to 

other U.S. states or other patient age groups.  In addition, since the analysis was performed at the 

surgeon level our results may not apply to individual patients.  

Few studies have assessed the role of neighborhood characteristics in determining quality 

of care or sought to explain the rural-urban and racial disparities.  We hope that this study will 

contribute to the understanding of the influence of non-clinical factors on the quality of surgeons 

who care for colon cancer patients receiving Medicare.  Our findings should be considered in the 

development of focused social intervention strategies aimed at improving the quality of colon 

cancer care.    
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 Table 5-1.  Descriptive Characteristics of Surgeons’ Patient Populations# 

Characteristics of  
Patient Populations: 

Mean 
%* or 

Value** 
SD 

Range 
(min-
max) 

Median IQR 

Number of Patients/Surgeon 7.55 7.99 52.00 5.00 8.00 
Patient Demographics      
Percent Black 25.00% 31.84% 100.00% 12.50% 37.50% 
Percent Female 56.32% 29.38% 100.00% 57.14% 35.00% 
Median Age 76.3 4.58 25.50 76.00 5.50 
Percent Married 46.46% 29.65% 100.00% 50.00% 35.43% 
Percent No Comorbidity: Based on Charlson Score 49.36% 29.16% 100.00% 50.00% 33.33% 
Patient Tumor Characteristics      
Percent Stage III 34.87% 27.86% 100.00% 32.26% 33.33% 
Percent Proximal tumors  62.10% 28.42% 100.00% 63.40% 30.00% 
Percent High Grade: Poorly/Undifferentiated 16.15% 22.84% 100.00% 9.09% 25.00% 
Patient's Residence (Area-based Measures)      
County Level      
Median Percent Black  30.13% 16.13% 59.77% 30.94% 27.19% 
Median Percent Population Below Poverty 14.20% 5.34% 26.67% 14.76% 6.59% 
Median Percent Population Age 65+ Below Poverty  13.49% 4.72% 26.32% 13.18% 5.87% 
County Segregation Indices      
Median Racial Dissimilarity Index (x100) 44.8 18.73 76.72 39.56 26.86 
Median Racial Isolation Index (x100) 43.86 23.63 79.21 43.51 39.60 
Median Income Dissimilarity Index (x100) 25.97 10.89 44.16 26.63 15.50 
Median Income Isolation Index (x100) 19.42 7.54 34.27 18.30 13.16 
Census Tract Level      
Median Percent Black  28.09% 25.04% 97.91% 21.03% 29.69% 
Median Percent Population Below Poverty  13.77% 7.95% 53.98% 12.32% 10.80% 
Median Percent Population Age 65+ Below Poverty 13.17% 7.43% 64.46% 12.55% 10.08% 
Census Tract Segregation Indices      
Median Racial Dissimilarity Index (x100) 24.49 11.82 74.61 23.36 14.5 
Median Racial Isolation Index (x100) 31.94 25.77 97.70 25.57 36.23 
Median Income Dissimilarity Index (x100) 18.73 8.57 78.89 17.91 9.28 
Median Income Isolation Index (x100) 16.06 8.76 55.54 14.22 12.08 
Rural Urban Commuting Area (RUCA)      
Percent with Urban Residence 69.44% 38.81% 100.00% 90.00% 60.00% 
Percent of Patients Receiving Surgery at a Hospital 
in the Top Quartile for Volume (High Volume) 

55.60% 46.64% 100.00% 82.76% 100.00% 

#Values within table are surgeon level and not population level, e.g. mean % female patients in this table reflects the 
average % of female patients among the 525 surgeons in this study and is not equivalent to the % of female patients in 
the total study population 
* Percent of categorical variable, e.g., black race, female gender, etc., 
** Value of continuous variable, e.g., age, segregation indices, etc., 
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Table 5-2. Relation between Surgeon and Patient Characteristics (Unadjusted Odds 
Ratios and 95% Confidence Intervals) 
 Surgeon Characteristics 

Specialty Training Patient Volume Tertile Board Certifications 
Yes vs. No U.S. vs. Foreign 3rd vs. 1st 2nd vs. 1st 1 vs. 0 2 vs. 0 

Patient Demographics       
Percent Blacks       
0.0-14.9% vs. ≥30.0%   2.9 

(1.7-4.9) 
 2.1  

(1.1-4.0) 
 

15.0-29.9% vs. ≥30.0% 4.9 
(1.9-12.5) 

3.8  
(1.3-11.2) 

   5.9  
(1.8-19.7) 

Median Age at Diagnosis       
66-<75 yrs vs ≥80 yrs                       
75-<80 yrs vs ≥80 yrs                   7.3 

(3.8-14.3) 
  5.2 

(1.3-20.9) 
Percent Female Tertiles 
 

      

T1: 0.0-50.0% vs T3: ≥ 66.7%   2.2 
(1.3-3.8) 

   

T2: >50.0-66.7% vs T3: ≥ 
66.7%                                          

 2.4 
(1.1-5.4) 

9.4 
(4.9-17.9) 

2.5 
(1.3-4.6) 

 4.3  
(1.3-14.2) 

Percent Married Tertiles 
 

      

T1: 0.0-37.5% vs T3: >58.5%     0.5 
(0.2-0.9) 

0.3 
(0.2-0.6) 

  0.2  
(0.1-0.7) 

T2: >37.5-58.5% vs T3: 
>58.5%                                        

  5.1 
(2.9-9.2) 

3.5 
(1.9-6.3) 

  

Charlson Score: % No 
Comorbidity Tertile 

      

T1: 0.0-38.9% vs T3: >58.3% 
 

      

T2: >38.9-58.3% vs T3: 
>58.3%                                        

  7.8 
(4.3-14.1) 

3.6 
(2.0-6.3) 

  

Tumor Characteristics       
Percent Stage III Tertiles       
T1: 0.0-25.0% vs T3: >42.9% 
 

   1.8 
(1.1-2.8) 

  

T2: >25.0-42.9% vs T3: 
>42.9% 

3.2 
(1.4-7.0) 

 7.8 
(4.2-14.6) 

4.0 
(2.1-7.9) 

 6.1 
 (1.7-22.1) 

Percent Proximal Colon 
Tumors Tertiles 

      

T1: 0.0-50.0% vs T3: >75.0%    2.0 
(1.2-3.3) 

  

T2: >50.0-75.0% vs T3: 
>75.0% 

  18.3 
(9.6-34.8) 

7.7 
(4.1-
14.4) 

  

Percent High Grade Tumor       
0.0-<10.0% vs ≥10.0%   0.2 

(0.1-0.3) 
0.3 

(0.2-0.4) 
  

Hospital Characteristic 
Percent with Surgery 
Received at Hospital in the 
Top Quartile for Volume  
0.0-<55.6% vs ≥ 55.6% 

 
 

0.3 
(0.1-0.5) 

 
 

0.5 
(0.3-0.9)           

 
 

0.3 
(0.2-0.5) 

 
 

       
    

  
 

0.3 
(0.1-0.8) 
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Table 5-2. (continued)  
 Surgeon Characteristics 

Specialty Training 
Patient Volume 

Tertile 
Board 

Certifications 
Yes vs. 

No 
U.S. vs. 
Foreign 

3rd vs. 1st 2nd vs. 1st 1 vs. 0 2 vs. 0 

Area-Based Measures       
County Level       
Segregation Indices       
Median Racial Dissimilarity 
Index 

      

0.0-<30.0% vs ≥60.0% 0.2 
(0.1-0.6) 

     

30.0-<60.0% vs ≥60.0% 0.5 
(0.2-0.9)  

  3.4 
(1.9-5.9) 

     2.0 
    (1.2-3.4) 

  

Median Racial Isolation Index       
0.0-15.0% vs ≥30.0%       
15.0-<30.0% vs ≥30.0% 0.3 

(0.1-0.9)      

Median Income Dissimilarity 
Index 

      

0.0-<15.0% vs ≥ 30.0% 
 

0.3 
(0.1-0.9) 

2.7  
(1.0-7.4) 

    

15.0-<30.0% vs ≥ 30.0%       
Median Income Isolation Index       
0.0-<10.0% vs ≥ 20.0%       
10.0-<20.0% vs ≥ 20.0% 

    
2.1 

(1.1-4.0)  

Median Percent Black        
0.0-<15.0% vs ≥30.0% 
 

0.3 
(0.1-0.8)      

15.0-<30.0% vs ≥30.0% 0.4 
(0.2-1.0) 

     

Median Percent Population 
Living Below Poverty 

      

0-<10.0% vs ≥20.0% 
    

3.5 
(1.2-10.3)  

10.0-<20.0% vs ≥ 20.0%       
Median Percent Population Age 
65+ Living Below Poverty 

      

0.0-<10.0% vs ≥20.0% 
  

3.8 
(1.2-11.9)

 
  3.1 

  (1.1-8.9)  
 

10.0-<20.0% vs ≥ 20.0% 
  

5.7 
(1.9-17.1)    
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Table 5-2. (continued) 
 Surgeon Characteristics 

Specialty Training Patient Volume Tertile Board Certifications 
Yes vs. No U.S. vs. Foreign 3rd vs. 1st 2nd vs. 1st 1 vs. 0 2 vs. 0 

 

Census Tract Level       

Segregation Indices       

Median Racial Dissimilarity 
Index 

      

0.0-<15.0% vs ≥ 30.0%       

15.0-<30.0% vs ≥ 30.0% 5.1 
(1.8-14.5) 

 
2.0 

(1.2-3.4) 
 

2.2 
(1.1-4.4) 

      4.1 
(1.4-11.7)

Median Racial Isolation Index       

0.0-<15.0% vs ≥30.0% 
    

2.1 
(1.0-4.3) 

 

15.0-<30.0% vs ≥30.0% 
  

2.0 
(1.2-3.5)    

Median Income Dissimilarity 
Index 

      

0.0-<10.0% vs ≥ 20.0% 
  

0.2 
(0.1-0.4) 

0.5  
(0.2-1.0) 

  

10.0-<20.0% vs ≥ 20.0%       

Median Income Isolation Index       

0.0-<10.0% vs ≥ 20.0% 2.3 
(1.1-5.0)      

10.0-<20.0% vs ≥ 20.0% 
  

2.0 
(1.2-3.2) 

1.7 
(1.0-2.7) 

2.2 
(1.1-4.4) 

 

Median Percent Black       

0.0-<15.0% vs ≥30.0% 
 

2.4 
(1.2-4.6) 

2.1 
(1.3-3.5) 

 
2.1 

(1.1-4.3) 
 

15.0-<30.0% vs ≥30.0% 
  

2.5 
(1.4-4.3)   

3.2 
(1.1-9.3)

Median Percent Population 
Living Below Poverty 

      

0.0-<10.0% vs ≥20.0% 2.9 
(1.2-7.3) 

 
1.8 

(1.0-3.3) 
   

10.0-<20.0% vs ≥20.0% 
  

2.5 
(1.3-4.4)    

Median Percent Population Age 
65+ Living Below Poverty 

      

0.0-<10.0% vs ≥20.0% 4.0 
(1.2-13.6)  

3.3 
(1.6-7.0)    

10.0-<20.0% vs ≥20.0% 
  

3.5 
(1.7-7.4) 

   

Percent Urban        

0.0-<10.0% vs ≥ 10.0% 0.3 
(0.1-0.9) 

  
0.5 

(0.3-0.8) 
0.4 

 (0.2-0.8) 
 



61 

 

 

 

Table 5-3.  Surgeon Score and Main Exposures (Crude and Adjusted Odds Ratios) 
  Surgeon Score 

Main Exposures and 
Covariates of Interest 

  ≤6 vs. >6 ≥9 vs. <9 

  cOR (95% CI) aOR (95% CI)  cOR (95% CI) aOR (95% CI)
Patient Race: % Black 
Patients  

     

0-14.9%   0.42 (0.24-0.71)* 0.64 (0.32-1.28) 2.52  (1.56-4.09)* 2.83 (1.35-5.91)* 
15.0-29.9%  0.09 (0.02-0.37)* 0.15 (0.03-0.71)* 5.07 (2.80-9.19)* 3.13 (1.41-6.95)* 
≥30.0% (ref)  1 1 1 1 
Rural Urban Commuting 
Area Categorization: % 
Urban  

     

0-<10.0 %  1.30 (0.70-2.43)   0.73 (0.44-1.21)   
>=10.0% (ref)  1   1   
County Level: Segregation 
Indices 

     

Median Racial Dissimilarity 
Index of Patients' Residence 
among Surgeons 

     

0-<30.0   0.79 (0.40-1.56)   0.65 (0.34-1.23)   
30.0-<60.0   0.44  (0.24-0.81)*     1.96  (1.20-3.22)*   
>=60.0 (ref)  1   1   
Median Racial Isolation Index       
0-<15.0   0.29 (0.09-0.95)*   0.92 (0.52-1.62)   
15.0-<30.0  1.00 (0.51-1.96)   0.79 (0.47-1.33)   
>= 30.0 (ref)  1   1   
Median Income Dissimilarity 
Index 

     

0-<15.0   1.22 (0.48-3.07)   0.52 (0.23-1.17)   
15.0-<30.0   0.86 (0.46-1.60)   0.76 (0.49-1.18)   
>=30.0 (ref)  1   1   
Median Income Isolation Index        
0-<10.0   0.59 (0.22-1.60)   0.76 (0.38-1.52)   
10.0-<20.0   0.70 (0.41-1.19)   1.08 (0.73-1.60)   
>=20.0 (ref)  1   1   
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Table 5-3 (continued) 

  Surgeon Score 
Main Exposures and 
Covariates of Interest 

  ≤6 vs. >6 ≥9 vs. <9 

  cOR (95% CI) aOR (95% CI)  cOR (95% CI) aOR (95% CI)

Census Tract Level: 
Segregation Indices 

     

Median Racial Dissimilarity 
Index of Patients' Residence 
among Surgeons 

     

0-<15.0   1.86 (0.93-3.74)  0.80 (0.42-1.51) 1.89 (0.81-4.39) 
15.0-<30.0  0.82 (0.43-1.54)   2.24 (1.40-3.56)*  2.40 (1.26-4.55)*
>=30.0 (ref)  1   1 1 
Median Racial Isolation Index       
0-<15.0    0.41 (0.21-0.80)*   1.29 (0.84-1.98)   
15.0-<30.0   0.90 (0.48-1.70)     1.67 (1.03-2.70)*   
>=30.0 (ref)  1   1   
      
Median Income Dissimilarity 
Index 

     

0-<10.0  1.34 (0.62-2.88)     0.36 (0.16-0.81)*   
10.0-<20.0   0.63 (0.36-1.10)   1.17 (0.79-1.73)   
>= 20.0 (ref)  1   1   
Median Income Isolation Index      
0-<10.0   0.82 (0.43-1.56)   1.31 (0.79-2.17)   
10.0-<20.0   0.56 (0.31-1.03)   1.52 (0.97-2.39)   
>=20.0 (ref)  1   1   

*= p<0.05 
Multivariate Model (surgeon score <=6 vs >6) adjusted for: Patient: % black, % female, % married, % no comorbid illness,  % stage 
III cancer, % tumor location in proximal colon, median age, Median County Level: % black living in county, % population living 
below poverty, % population age 65+ living below poverty ,Census Tract Level: % black living in census tract, % population living 
below poverty, % population age 65+ living below poverty, Hospital: % population receiving surgery at a top quartile volume hospital 
 
Multivariate Model (surgeon score >=9 vs <9) adjusted for: Patient: % black, % female, % married, % no comorbid illness, % stage 
III cancer, % with high grade tumor,  % tumor location in proximal colon, median age, County Level: % black living in county, % 
population living below poverty, % population age 65+ living below poverty, Census Tract Level: median racial dissimilarity index, 
% black living in census tract, % population living below poverty, % population age 65+ living below poverty, Hospital: % population 
receiving surgery at a top quartile volume hospital 
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Appendix 

Surgery Claims Codes 

Appendix Table 5-1: Surgery codes 
Code Label 

ICD-9 colectomy procedure codes 

457 Open and other partial excision of large intestine 

4571 Open and other multiple segment resection of large intestine 

4572 Open and other cecectomy 

4573 Open and other right hemicolectomy 

4574 Open and other resection of transverse colon 

4575 Open and other left hemicolectomy 

4576 Open and other sigmoidectomy 

4579 Other and unspecified partial excision of large intestine 

458 Total intra-abdominal colectomy 

4581 Laparoscopic total intra-abdominal colectomy 

4582 Open total intra-abdominal colectomy 

4583 Other and unspecified intra-abdominal colectomy 

ICD-9 bypass procedure codes 

4601 Exteriorization of small intestine 

4603 Exteriorization of large intestine 

4610 Colostomy, not otherwise specified (NOS) 

4611 Temporary colostomy 

4613 Permanent colostomy 

4614 Delayed opening of colostomy 

4620 Ileostomy, NOS 

4621 Temporary ileostomy 

4622 Continent ileostomy 

4623 Other permanent ileostomy 

4624 Delayed opening of ileostomy 

Additional codes  

4541 Excision of lesion or tissue of large intestine 

4549 Other destruction of lesion or tissue of large intestine 

173 Laparoscopic partial excision of large intestine 

1731 Laparoscopic multiple segmental resection of large intestine 

1732 Laparoscopic cecectomy 

1733 Laparoscopic right hemicolectomy 

1734 Laparoscopic resection of transverse colon 

1735 Laparoscopic left hemicolectomy 
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1736 Laparoscopic sigmoidectomy 

1739 Other laparoscopic partial excision of large intestine 

484 Pull-through resection of rectum 

4840 Pull-through resection of rectum, NOS 

4841 Soave submucosal resection of rectum 

4842 Laparoscopic pull-through resection of rectum 

4843 Open pull-through resection of rectum 

4849 Other pull-through resection of rectum 

485 Abdominoperineal resection of rectum 

4850 Abdominoperineal resection of rectum, NOS 

4851 Laparoscopic  abdominoperineal resection of rectum 

4852 Open abdominoperineal resection of rectum 

4859 Other abdominoperineal resection of rectum 

486 Other resection of rectum 

4861 Transsacral rectosigmoidectomy 

4862 Anterior resection of rectum with synchronous colostomy 

4863 Other anterior resection of rectum 

4864 Posterior resection of rectum 

4865 Duhamel resection of rectum 

4869 Other (partial proctectomy, rectal resection, NOS) 

HCPCS/CPT-4 colectomy surgery codes 

44140 Colectomy, partial 

44141 With skin level cecostomy or colostomy 

44143 With end colostomy and closure of distal segment 

44144 With resection, with colostomy or ileostomy and creation of mucofistula 

44145 With coloproctostomy (low pelvic anastomosis) 

44146 With coloproctostomy (low pelvic anastomosis), with colectomy 

44147 Abdominal transanal approach 

44150 Colectomy, total, abdominal, without proctectomy, with ileostomy or 
ileoproctostomy 

44151 With continent ileostomy 

44152 With rectal mucodectomy, ileoanal anastomosis, with or without loop 
ileostomy 

44153 With rectal mucodectomy, ileoanal anastomosis, creation of ileal reservoir, 
with or without loop ileostomy 

44155 Colectomy, total, abdominal, with proctectomy, with ileostomy 

44156 With continent ileostomy 

44157 Colectomy, total, abdominal, with proctectomy; with ileoanal anastomosis, 
includes loop ileostomy, and rectal mucosectomy, when performed 
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44158 Colectomy, total, abdominal, with proctectomy; with ileoanal anastomosis, 
creation of ileal reservoir (S or J), includes loop ileostomy, and rectal 
mucosectomy, when performed 

44160 Colectomy with removal of terminal ileum and ileocolostomy 

44200 Laparoscopy, surgical; enterolysis (freeing of intestinal adhesion) (separate 
procedure) 

44201 Laparoscopy, surgical; jejunostomy (eg, for decompression or feeding) 

44202 Laparoscopy, surgical-enterectomy, resection of small intestine, single 
resection and anastomosis 

44203 Laparoscopy, surgical, each additional small intestine resection and 
anastomosis 

44204 Laparoscopy, surgical-colectomy, partial, with anastomosis 

44205 Laparoscopy, surgical-colectomy, partial, with removal terminal ileum with 
ileocolostomy 

44206 Laparoscopy, surgical-colectomy, partial, with end colostomy and closure, 
distal segment 

44207 Laparoscopy, surgical-colectomy, partial, with anastomosis, with 
coloproctostomy 

44208 Laparoscopy, surgical-colectomy, partial, with anastomosis, with 
coloproctostomy, with colostomy 

44209 Unlisted laparoscopy procedure, intestine (except rectum) 

44210 Laparoscopy, surgical-colectomy, total, abdominal, without proctectomy, with 
ileostomy/ileoproctostomy 

44211 Laparoscopy, surgical-colectomy, abdominal with proctectomy, with ileoanal 
anastomosis/ileal reservoir/loop ileostomy 

44212 Laparoscopy, surgical-colectomy, total, abdominal, with proctectomy, with 
ileostomy 

44213 Laparoscopy, surgical, mobilization (take-down) of splenic flexure performed 
in conjunction with partial colectomy 

44227 Laparoscopy, surgical, closure of enterostomy, large or small intestine, with 
resection and anastomosis 

HCPCS/CPT-4 bypass surgery codes  

44310 Ileostomy or jejunostomy, non-tube (separate procedure) 

44320 Colostomy or skin level cecostomy; (separate procedure) 

SEER colectomy and surgery codes 

30 Partial colectomy, segmental resection 

31 30 plus resection of contiguous organ; example: small bowel, bladder 

40 Subtotal colectomy/hemicolectomy (total right or left colon and a portion of 
transverse colon) 
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41 40 plus resection of contiguous organ; example: small bowel, bladder 

50 Total colectomy (removal of colon from cecum to the rectosigmoid junction; 
may include a portion of the rectum) 

51 50 plus resection of contiguous organ; example: small bowel, bladder 

60 Total proctocolectomy (removal of colon from cecum to the rectosigmoid 
junction, including the entire rectum) 

61 60 plus resection of contiguous organ; example: small bowel, bladder 

70 Colectomy or coloproctotectomy with resection of contiguous organ(s), NOS 

80 Colectomy, NOS 

90 Surgery, NOS 

 



67 

 

 

Variable Categorization Descriptions 

For each surgeon, the characteristics of their patient population were aggregated to 

provide analogous surgeon patient population profile variables. The definition of each patient 

characteristic and its associated surgeon patient population profile will be presented.  

The main independent variables of interest in this study are calculated from patient race 

and patient residential area-based measures.  Patient race is defined as Non-Hispanic black or 

white. The surgeon profile variable is percent (%) black patients, categorized on a priori 

consideration as: 0.0% - <15.0%, 15.0% - <30.0%, >=30.0% (reference group).  The area based 

measures include patient rural-urban residence and patient residential county and census tract 

racial and income segregation indices. These variables were aggregated to the surgeon level as: 

percent urban patients, patients’ median county racial segregation index, patients’ median county 

income segregation index, patients’ median census tract racial segregation index and patients’ 

median census tract income segregation index. 

The surgeon profile variables for the area based characteristics are % patients living in 

urban areas, categorized based on inspection of data distribution as: 0.0% -<10.0%, >=10.0% 

(reference group) and median residential racial and income segregation index of the surgeon’s 

patient population. The categorizations of the segregation indices were based on both an 

inspection of the data (to allow for sufficient counts within each category) and the categorization 

scheme of previous studies 16, 21 as follows: Median county level racial dissimilarity index: 0.0% -

<30.0%,  30.0%-<60.0%, >=60.0% (reference group); median county level racial isolation index: 

0.0%-<15.0%, 15.0%-<30.0%, >=30.0% (reference group);  median county level income 

dissimilarity index: 0.0%-<15.0%, 15.0%- <30.0%, >=30.0%; median county level income 

isolation index: 0.0%-<10.0%, 10.0%-<20.0%, >=20.0% (reference group). The median 
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segregation indices were also calculated and categorized at the census tract level. The 

categorization scheme is as follows: median census tract level racial dissimilarity index: 0.0% -

<15.0%, 15.0%-<30.0%, >=30.0% (reference group); median census tract level racial isolation 

index: 0.0%-<15.0%, 15.0%-<30.0%, >=30.0% (reference group); median census tract level 

income dissimilarity index: 0.0%-<10.0%, 10.0%-<20.0%, >=20.0% (reference group); median 

census tract level income isolation index: 0.0%-10.0%, 10.0%-<20.0%, >=20.0% (reference 

group) . 

Covariates/potential confounders: 

The covariates include individual, facility and area-based variables.  The surgeon’s 

patient profile variables for these characteristics were categorized into tertiles of percentage: % 

female patients (T1:0-<=50.0%, T2:>50.0-<=66.7%, T3:>66.7% (reference)), % patients who are 

married (T1:0-<=37.5%, T2:>37.5-<=58.5%, T3:>58.5% (reference)), % patients with no co-

morbid illness (T1:0-<=38.9%, T2:>38.9-<=58.3%, T3:>58.3% (reference)), % patients with 

cancer in the proximal colon site (T1:0-<=50.0%, T2:>50.0-<=75.0%, T3:>75.0% (reference)), % 

patients with stage III colon cancer (T1:0-<=25.0%, T2:>25.0-<=42.9%, T3:>42.9% (reference)), 

% patients with high grade tumors dichotomized based on inspection of the data distribution to 

ensure adequate counts within each category as (0-<10.0%, >=10.0% (reference)) and mean age 

of patients categorized based on inspection of the data distribution and a priori considerations as 

(66-<75 years, 75-<80 years, >=80 years of age (reference)). 

The facility characteristic included in analysis, percent of surgeon’s patients who 

received surgery at a hospital in the top quartile of colon cancer surgical volume among the study 

population , was dichotomized based on inspection of the data distribution to ensure adequate 

counts within each category using the mean value as the cut-point (0-<55.6%, >=55.6% 

(reference)). 
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Each patient was also assigned area-based measures of socioeconomic status (SES) at both 

the census tract and county level based on the percent of individuals in their census tract and the 

percent of individuals in their county living below the poverty line 155, 160.  These measures were 

used instead of median household income because it accounts for family size, age structure and 

relates to a family’s ability to buy goods 161. The census tract based measure has been found to be 

an effective substitute for individual level SES 155. These variables were aggregated to the 

surgeon level as: median % population living below the poverty line in the residential areas ((1) 

county and (2) census tract) of the surgeon’s patient population and median % population age 65 

and older living below the poverty line in the residential areas ((3)county and (4) census tract) of 

the surgeon’s patient population. All four variables were categorized as high, medium and low 

area based SES. High area-based SES was defined as a median % of less than 10% of population 

in the census tract or county living below the poverty line; medium SES was defined as a median 

% of 10.1-19.9% of the population living below poverty line and low SES was defined as a 

median % of ≥ 20% of the population living below poverty line.   

Modeling Strategy 

An initial model including all exposure variables, potential confounders and covariates 

yielded an unreliable model due the large number of variables being considered. Screening of the 

exposure variables as  suggested by Kleinbaum and Klein was conducted to reduce the model 156. 

All exposure variables were assessed individually for their association with the dependent 

variable, surgeon score.  Only exposure variables found to be associated with the dependent 

variable at an α=0.10 level were placed into the initial model. All other variables, potential 

confounders and covariates, were included in the model (no screening was performed on these 

variables to allow for adequate adjustment of confounding of the associations between the 

exposure variables and the dependent variable). No interaction terms (or effect modifiers) were 
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placed in the model.  Collinearity of the initial model was assessed and no multicollinearity was 

found.  In the initial model for surgeon sub-optimal score, the Condition Index=27.5163 and the 

largest Variance Decomposition Proportions were: Intercept 0.9007, County level percent of 

those age 65 and older living below the poverty line (category 1) 0.44670, County level percent 

of those age 65 and older living below the poverty line (category 2) 0.39525, indicating no 

multicollinearity in the model (see below for discussion of criteria for collinearity assessment). In 

the initial model for surgeon optimal score the Condition Index=39.7559 and the largest Variance 

Decomposition Proportions were: Intercept 0.9283, County level percent of those age 65 and 

older living below the poverty line (category 1) 0.49491, County level percent of those age 65 

and older living below the poverty line (category 2) 0.52014, indicating no multicollinearity in 

the model.  

Next backwards elimination of the exposure variables in the multivariate model was 

performed. Exposure variables found not to be statistically significant predictors of the dependent 

variable at an α=0.05 level were sequentially dropped. The final model included only exposure 

variables that were significantly associated with the dependent variable in the multivariate model.  

Lastly, collinearity diagnostics were assessed on the final model. 

Assessment of Collinearity in Final Model and Hosmer-Lemeshow Goodness of Fit 

Reduced Model, Surgeon Score <=6 vs >6 (Final Model): 

Largest Condition Index= 21.225 

Two Largest Variance Decomposition Proportions (VDP): intercept, VDP=0.8525 median county 

percent population age 65+ living below poverty (category 2), VDP=0.4880 

 

Rule assessed- Collinearity between variables is present in a logistic regression model when both 

of the following conditions are satisfied: Condition Index > 30 and more than one 
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variable has a Variance Decomposition Proportion ≥ 0.5, not including the intercept.  No 

collinearity was indicated in this model. 

 

The p-value for the Hosmer-Lemeshow Goodness of Fit measure was 0.8764, which indicates 

that the model did not lack fit. 

Reduced Model, Surgeon Score >=9 vs <9 (Final Model): 

Largest Condition Index= 31.749 

Largest Variance Decomposition Proportions (VDP): intercept, VDP=0.8622 median county 

percent population age 65+ living below poverty (category 1), VDP=0.5237 and median 

county percent population age 65+ living below poverty (category 2). VDP=0.5945 

Rule assessed- Collinearity between variables is present in a logistic regression model when both 

of the following conditions are satisfied: Condition Index > 30 and more than one 

variable has a Variance Decomposition Proportion ≥ 0.5, not including the intercept. 

:. No collinearity was indicated in this model. 

The p-value for the Hosmer-Lemeshow Goodness of Fit measure was 0.1569, which indicates 

that the model did not lack fit. 
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Chapter 6: Receipt of Chemotherapy among Stage III Colon Cancer Patients: Race, 

Rural-Urban Residence and Residential Segregation  

Abstract 

Background:  Adjuvant chemotherapy among stage III colon cancer patients is associated with 

improved prognosis; however, in the U.S. there are documented racial and rural-urban disparities 

in receipt of this treatment.  Recent studies identified residential segregation measures as 

independent determinants of racial and geographic disparities in health care delivery. This 

association has not been assessed among elderly colon cancer patients. 

Methods:  Data from the Georgia Cancer Registry and Medicare on black and white stage III 

colon cancer patients aged 66 and older diagnosed during the years 2001-2005 were used to 

evaluate the receipt of chemotherapy. Logistic generalized estimating equation models were used 

in multivariate analysis to account for patient clustering of outcomes within hospital and 

residential areas.  

Results:  Overall, 680 patients (51.5%) received adjuvant chemotherapy.  In multivariate 

analyses, patient race by rural-urban status was not associated with receipt of chemotherapy; 

however, census tract racial segregation was a significant predictor.  Older patients, widowed and 

single patients, and those with comorbid illnesses were less likely to receive chemotherapy than 

their counterparts.  In addition, county poverty and percent black population was associated with 

receipt of therapy. 

Conclusion:  The findings of this study suggest that receipt of colon cancer treatment is 

influenced by social factors, but it is particularly affected by factors that physicians may consider 

as contraindications to chemotherapy (advanced age and number of comorbid illnesses).   
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Introduction 

The receipt of chemotherapy for cancer treatment is associated with improved survival, 

prognosis and outcomes 118, 162. In the U.S., chemotherapy is not always delivered equitably 6, 12, 

118, 163.  In general, marginalized populations are less likely to receive appropriate cancer therapy 

than their counterparts 15, 101, 120, 164.  Among colon cancer patients in the U.S., the receipt of 

adjuvant chemotherapy for stage III disease is the current most common measure of treatment 

quality 165 23, 24.  However, there are documented racial and rural-urban differences in the receipt 

of this treatment that persist after adjusting for patient demographics and tumor characteristics 101, 

119, 120.  Few studies have sought to explain these differences 13.   

Recent studies have assessed the role of area-based factors as determinants of access to 

and receipt of quality health care 8, 15, 16, 166.  There is indication that area-based measures such as 

residential segregation have an independent effect on the receipt of quality care and may explain 

part of the observed racial disparities as well 15, 166. To our knowledge, the role of area based 

measures, such as residential segregation, in explaining rural-urban disparities in colon cancer 

treatment has not been assessed.   

In the present study, we evaluated the independent association of race, rural-urban status 

and residential segregation with the receipt of adjuvant chemotherapy for stage III colon cancer.  

This association was assessed among Medicare patients in Georgia. We also investigated the role 

of residential segregation in explaining the effects of race and rural/urban residence on the receipt 

of adjuvant chemotherapy in our patient population.   

Methods  

Data Sources: 

Three sources of information were used in this analysis: the linked Georgia Cancer 

Registry (GCR)-Medicare data, the U.S. Census Summary Files, and the Rural Urban Commuting 
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Area (RUCA) file from the United States Department of Agriculture (USDA) Economic Research 

Service (ERS). The GCR-Medicare database was used to identify a cohort of stage III colon 

cancer patients diagnosed between January 1, 2001 and December 31, 2005.  Data from the 

linked GCR-Medicare file included patient demographics (including the census tract of the 

patient’s residential address at the time of diagnosis), tumor characteristics, stage at diagnosis, 

and first course of treatment including surgery, chemotherapy and radiation therapy. The primary 

source of GCR data was hospital medical records with additional information obtained from 

pathologists, medical oncologists, and radiation oncologists.  The Medicare claims included in the 

linked GCR-Medicare file reported diagnoses and procedures during hospitalization (MEDPAR-

Medicare Provider Analysis and Review) along with physician and supplier bills for medical 

services and procedures (NCH-National Claims History). 

The second data source was the 2000 U.S. Census Summary Files.  For the census tracts 

corresponding to the cancer patients residential address at the time of diagnosis, these files were 

used to obtain tract-level information on community racial and income characteristics. This 

information was then used to calculate patient residential racial and income measures and 

segregation indices for each patient’s residential neighborhood (county and census-tract).  Lastly, 

Rural Urban Commuting Area (RUCA) codes from the United States Department of Agriculture 

(USDA) Economic Research Service (ERS) were used. These codes categorize patient residence 

(census tracts) into rural urban classifications. 

Study Population 

This study included all non-Hispanic white and black patients identified in the GCR-

Medicare database who were over the age of 65 and were newly diagnosed as having primary 

stage III colon cancer (excluding lymphomas and sarcomas due to staging differences) during the 

years 2001-2005.  Only patients with documented cancer directed surgery (defined as resection or 

bypass) were considered in these analyses because adjuvant chemotherapy by definition is the 



75 

 

chemotherapy delivered in addition to surgical treatment.  Patients were excluded from analysis if 

they were not enrolled in Medicare Part B or were enrolled in a Medicare Health Maintenance 

Organization (HMO) because these patients are expected to have incomplete documentation 

regarding treatment.   

For each eligible patient reported as having colon cancer surgery in the GCR, Medicare 

claims within 6 months after the date of diagnosis were searched to identify surgical interventions 

that would ordinarily be performed as part of curative colon cancer treatment. This time period 

was chosen to ensure the treatment documented in the claims data pertained to the cancer of 

interest and not a treatment for subsequent cancer. To account for discrepancies in the date of 

surgery between the cancer registry and the claims, any claim for colon cancer surgery reported 

up to three months prior to the reported date of colon cancer diagnosis in the registry was 

included if no post diagnosis colon cancer surgery claim was found and surgery was reported in 

the GCR..  We used International Classification of Diseases 9th Edition (ICD-9) procedure and 

Healthcare Common Procedure Coding System (HCPCS) codes indicating colectomy or bypass 

procedures (codes are listed in the Appendix) to identify curative treatment.  

 We excluded 63 patients for the following reasons: to ensure provider surgery claims 

pertained to the identified hospital surgery claims, all NCH and MEDPAR surgery claims that did 

not match for procedure and/ or date of surgery (i.e. claim date of surgery did not fall within 1 

week of each other) were excluded; NCH claims with missing surgeon  information  were 

excluded because this missing information limits our ability to ensure that each patients’ entire 

care experience was provided by licensed physicians in Georgia.  Additionally, we excluded 42 

patients who received care outside of Georgia, had missing census tract codes or comorbid illness 

information (to adjust for contraindication to chemotherapy).  Among these patients, those 

receiving adjuvant chemotherapy within 3 months following the date of surgery were 

characterized as having received chemotherapy and those not receiving chemotherapy within this 
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period were characterized as not having received chemotherapy.  Receipt of chemotherapy was 

assessed using ICD-9 procedure and supplementary classification chemotherapy codes, HCPCS 

and CPT (Current Procedural Terminology) codes, Revenue center codes and BETOS (Bereson-

Eggers Type of Service) codes (see appendix).  After applying the above criteria, a total of 1,321 

colon cancer patients were included in analysis.  

Dependent and Independent Variables of Primary Interest: 

The dependent variable in this study was receipt of adjuvant chemotherapy within 3 

months following surgery for colon cancer (yes or no) 167. 

The main independent variables of interest were patient race by rural-urban status, and 

area-based racial and economic segregation measures at both the county and census tract level.  

County level measures serve as predictors of the quality of and access to community health care 

resources [5, 6] while census tract level measures serve as predictors of patient and neighborhood 

economic and social resources 155.    

Four segregation indices were calculated for each patient’s census tract and county (8 

total indices): racial dissimilarity indices (tract and county) income dissimilarity indices (tract and 

county), racial isolation indices (tract and county) and income isolation indices (tract and county). 

The racial segregation measures assess black-white segregation. The income segregation 

measures assess segregation of those living below the federal poverty line from those living at or 

above the federal poverty line. These measures were calculated using data from the 2000 U.S. 

Census.  

The dissimilarity index (D) measures the extent to which groups are segregated from 

each other 89, 90.  It represents the percent of group X members that would have to change their 

area of residence to achieve an even distribution of group X  in relation to group Y residents 

within each sub-areal unit within the area being examined (e.g. sub-areal unit is census tract and 

area is county) 89.  This index ranges from 0 to 1, where D=1 indicates complete segregation (the 
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two groups live in completely different neighborhoods) and D=0 means complete integration (the 

two groups are distributed exactly the same way across the neighborhoods). When assessing 

black-white segregation of a given county, the D value of 0.66 indicates that 66 percent of blacks 

must move to a different census tract (sub-areal unit) so that the distribution of blacks in relation 

to whites will be equal across census tracts within the county.   Values greater than 0.6 are 

considered a level of high segregation 21.  This index is invariant to relative size of groups.  

Dissimilarity index calculation: 
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where, 

xi = the black population (when measuring black-white racial segregation) or those living 

below the federal poverty line (when measuring income segregation) of the ith area, e.g. 

census tract 

X = the total black population (or the total population living below the federal poverty 

line when measuring income segregation) of the large geographic entity for which the 

index of dissimilarity is being calculated. 

yi = the white population  (or those living at or above the federal poverty line, when 

measuring income segregation) of the ith area 

Y = the total white population (or the total population living at or above the federal 

poverty line when measuring income segregation) of the large geographic entity for 

which the index of dissimilarity is being calculated. 

The isolation index measures the extent by which group members are exposed to one 

another rather than to members of another group 89, 91.  It can be used to calculate the probability 

that a randomly selected member of Group X will come in contact with another member of Group 

X in the same residential area 90.   The isolation index may not only measure the isolation of the 
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disadvantaged populations (e.g., blacks or poor) from the more advantaged population (e.g., 

whites or non-poor), but may also measure the isolation of disadvantaged groups from social 

mobility and resources 17. This index ranges from 0 to 1 and can be interpreted as the probability 

that a randomly selected member of Group X will come in contact with another member of Group 

X in the same residential area 90.  

Isolation index calculation: 
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where, 

 xPx is the usual notation of the Isolation index . It symbolizes that the index calculates 

the group x (e.g. black population) weighted average of the group x (e.g. black 

population) proportion in each areal unit (e.g. census tract). 

xi = the black population (when measuring black-white racial segregation) or those living 

below the federal poverty line (when measuring income segregation) of the ith area, e.g. 

census tract 

X = the total black population (or the total population living below the federal poverty 

line when measuring income segregation) of the large geographic entity for which the 

isolation index is being calculated. 

Ti = the total population of the ith area 

Covariates/Potential Confounders: 

The covariates included individual, facility and area-based variables.  The individual-

level covariates of interest were patient-related characteristics such as gender (male or female), 

age (categorized based on the distribution of the values within the study population to ensure 

adequate counts within each category), marital status (married, single, divorced/separated, 
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widowed or unknown), and number of co-morbid illnesses (0, 1, 2, or ≤ 3).  In addition, cancer-

related characteristics such as primary site and tumor grade were included.  

 Facility characteristics included Accreditation from the American College of Surgeons 

Oncology Group (Member, Non-Member: this recognition identifies facilities that provide 

excellence in care), medical school affiliation (affiliated or not affiliated), hospital ownership 

(Proprietary, Government or Non-profit) and colon cancer case volume (i.e. total number of 

claims for colon cancer surgery among study members) during the study period Jan 1 2001-Dec 

31, 2005 (Quartile 1 – Quartile 4, low to high).   

Area-based measures included the percent of black population within each census tract 

and county which were categorized into tertiles (T1-T3, low to high percent).  Two different 

census tract and county level based measures of SES were used: the percent of the population 

living below the poverty level and the percent of the population age 65 and greater living below 

poverty. The percent of the population living below poverty may serve as a measure of overall 

economic status of a community while the percent of the population age 65 and greater living 

below poverty may indicate community economic status as well as familial ties and economic 

support for the elderly 168.   

Statistical Analysis: 

The data analyses began with descriptive statistics.  Bivariate analyses were used to 

compare distributions of exposure variables and covariates among patients with and without 

receipt of adjuvant chemotherapy.  Categorical variables were compared using χ2 statistics or 

Fisher’s exact tests depending on the number of observations under study.  Stratified analyses 

were performed to test for interaction and assess confounding.   

Multivariable analyses employed logistic generalized estimating equation (GEE) models 

to account for the correlation of the dependent variable, receipt of chemotherapy, among 

observations within the same hospital, census tract and/or county (i.e. clusters).  The GEE model 
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accounts for these correlations by adjusting the variance estimates of the regression coefficients 

within each cluster.  GEE models using a logit link, binomial distribution and working 

independent correlation structure (Miglioretti et al 169 method) were constructed using receipt of 

adjuvant chemotherapy as the dependent variable, and patient, facility and area-based 

characteristics as independent variables (see modeling appendix).  The statistical methods used in 

our analyses were developed by Miglioretti and Heagerty to account for non-nested multilevel 

data in GEE models 169.  The data used in this analysis has a non-nested multilevel structure due 

to the observation that hospital clusters were not necessarily located (or nested) within either of 

the other two clusters, patient’s residential census tract and/or county. However, observations 

sharing any or all of these clusters may have correlated outcomes, which require analyses to 

adjust for these correlations so that proper inferences can be made. 

The initial model included all exposures, covariates and the interaction term, race× 

marital status which has been previously reported in similar models  170 .  The GEE models 

assessed the independent effects of the exposures of interest (race, rural-urban residence and area 

residential segregation (racial and economic)) on the receipt of adjuvant chemotherapy after 

controlling for covariates. These models produced standard error estimates that account for the 

effect of outcome correlations among observations clustered within hospital, residential census 

tract and county (see Appendix).   

Collinearity diagnostics were assessed for the initial and final model.  The modeling 

results were expressed as adjusted odds ratios (OR) accompanied by the corresponding 95% 

confidence intervals (CI).  Statistical significance of each term in the GEE models were assessed 

at a level of statistical significance of α=0.05, two-tailed for all analyses.  Analyses were 

performed using SAS statistical software system, version 9.2 for Windows (SAS Institute Inc., 

Cary, NC).  
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This study was approved by the Human Subject Review Committees, Institutional 

Review Board (IRB) of Emory University in Atlanta, Georgia. 

Results 

There were 1,321 patients included in this analysis. Of these patients, 80.5% were white, 

19.5% were black, 68.4% were urban residents and 31.6% were rural.  Overall, 680 of the stage 

III patients (51.5%) received adjuvant chemotherapy within 3 months following surgery for colon 

cancer.  Among those less than 80 years of age, receipt of chemotherapy was higher than that of 

the overall population (594/902 = (65.9%)) within 3 months following surgery for colon cancer.  

In the unadjusted analyses (Tables 1 and 2), patient age, gender, marital status, number of co-

morbid illnesses and percent of population in census tract and county living below poverty were 

statistically significant predictors of receipt of chemotherapy at α < 0.05 level.   

In multivariate analyses (Table 3), patient race/rural-urban status did not independently 

predict receipt of chemotherapy within 3 months of surgery. One census tract level segregation 

measure, racial isolation index was statistically significantly associated with receipt of 

chemotherapy.  Those residing in moderately racially segregated census tracts were more likely 

than those residing in less racially segregated areas to receive chemotherapy within 3 months 

following surgery.  Increased patient age was inversely associated with this outcome.  Marital 

status and number of co-morbid illnesses were independent predictors of receipt of 

chemotherapy. Widowed and single patients were less likely to receive chemotherapy than 

married patients and receipt of chemotherapy decreased with increasing number of co-morbid 

illnesses.  In addition, county level poverty and percent black population independently predicted 

receipt of therapy.  
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Discussion 

An important finding of our study is that just about half (52%) of stage III colon cancer 

patients in our study received adjuvant chemotherapy.  A similar frequency  (54.9%) was found 

among all (not limited to Medicare) stage III colon and stages II/III rectal cancer cases reported to 

the GCR between 2000 and 2004  171.   Our data also showed no disparities in the receipt of 

adjuvant chemotherapy by race/rural urban status or levels of residential segregation.  These 

findings should be interpreted in the context of other similar studies, which are summarized 

below. 

In the previously mentioned GCR-based study Hao et al found evidence of black-white 

disparity in receipt of adjuvant chemotherapy among urban colon and rectal cancer patients, but 

no racial disparity among rural populations 171.  The researchers did not assess separately 

disparities among colon cancer patients and rectal cancer patients.  It is possible that the observed 

disparity in the Hao study was driven by the results among rectal cancer patients.  Also, our study 

assessed disparities in a marginal effects model whereas Hao et al used a mixed effects model so 

the results cannot be directly compared.  Similar to our findings, Hao showed that overall the 

unadjusted rates of chemotherapy were comparable among blacks (54.6%) and whites (55.5%)  

171.  

Studies using nationally representative linked data from the SEER registry and Medicare 

have typically found evidence supporting the existence of racial disparities in the receipt of 

adjuvant chemotherapy among Stage III colon cancer patients 12, 13, 19, 103. The majority of these 

studies used data from the 1990s during the immediate years following the 1990 NIH consensus 

that recommended the use of adjuvant chemotherapy for stage III colon cancer. The 

chemotherapy rates and disparities found in these studies most likely do not reflect the rates for 

the current study’s time period of 2001-2005.  Rates of chemotherapy have increased following 
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the NIH consensus as evidenced in the study by Gross et al 19.  Gross et al also noted a persistent 

racial disparity in receipt of chemotherapy from 1992 to 2002 despite a steady increase in 

chemotherapy rates over this time period. However, it is possible that this persistent national 

disparity may not be generalized to our study population of Georgia residents over 65 years of 

age diagnosed with colon cancer between 2001 and 2005.  The social and demographic 

characteristics of Georgia residents differ from those of the overall U.S. population and these 

differences may influence differential health care practices 147, 148. 

A number of studies reported findings that were similar to ours. Roetzheim et al. used 

data from the state of Florida cancer registry to assess racial disparities in colorectal cancer 

(CRC) care among patients diagnosed in 1994 5.  Investigators used hospital discharge abstract 

data and cancer registry data on first course of treatment to assess receipt of radiation and 

chemotherapy.  No racial disparities in the receipt of adjuvant therapy were found in crude or 

adjusted analyses (controlling for health insurance type, census-derived measures of income and 

education, and rural/urban residence).  In a more recent study, McGory et al assessed the 

association between race/ethnicity and the underuse of appropriate adjuvant therapy for CRC 

among patients in the California Cancer Registry who were diagnosed with stage III colon or 

stage II/III rectal cancer from 1994 to 2001 93.  Investigators adjusted for patient demographic 

factors including type of insurance, year of diagnosis and census tract based SES measure 

(percentage of person living below the 200 percent poverty threshold in the patient’s census 

tract).  For stage III colon cancer, there was no statistically significant association between race 

and receipt of chemotherapy.   

These studies are similar to the current study in the use of state based cancer registry data 

to obtain a population of colon cancer patients and assess treatment characteristics. They differ in 

their lack of use of outpatient claim data or medical record review to supplement the adjuvant 
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treatment data among their population. This lack of supplementation of outpatient medical 

information on treatment may have resulted in an underestimate of receipt of adjuvant 

chemotherapy in these two studies.   These two studies also included non-Medicare age patients 

and the study years were predominantly in the 1990s, whereas the current study used a more 

contemporary cohort of Medicare patients diagnosed during years 2001-2005.   

The literature on rural-urban disparities in colon cancer care is sparse. A study of 

colorectal and lung cancer patients in Scotland assessed the effect of deprivation and rural 

residence on treatment 11. This study found that rural-urban residence (defined by distance to 

treatment center in kilometers) was associated with the receipt of radiotherapy among CRC 

patients. Patients living further away were less likely to receive treatment than those living closer 

to the treatment center.  In a study conducted in France, Launoy et al, found that rural residence 

was associated with treatment at specialized centers, advanced stage at diagnosis and poor 

prognosis for CRC 9. Investigators found that the observed rural-urban difference is primarily 

explained by the distance between patients’ residence and treatment centers. Based on these 

previous findings, the lack of rural-urban differences in receipt of chemotherapy in the current 

study may indicate that travel distance does not play a large role in receipt of chemotherapy in 

this population.   

 Although relevant data for CRC are not available, other studies have examined the 

association between measures of segregation and treatment for other cancer sites.  In an analysis 

similar to ours, Haas et al, found a statistically significant association between racial segregation 

and quality of breast cancer care 15.  They found that blacks were less likely than whites to receive 

adequate care 15. After adjusting for racial segregation, the black-white disparity decreased.  As 

black segregation increased, patients were less likely to receive adequate breast cancer care 15, 

which is the opposite of what we found among colon cancer patients.  The differences in the 
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findings of the Haas et al study and the current study may suggest that receipt of quality care for 

breast and colon cancers may be influenced by different underlying factors. 

 Research on the relation of economic segregation to health and health care is scant.  No 

studies to date have assessed the role of economic segregation on racial disparities in cancer care.  

To our knowledge, ours is the first study to evaluate the role of this segregation measure on 

quality of cancer care. 

 Our findings of age, marital status andnumber of co-morbid illnesses as determinants of 

adjuvant chemotherapy for stage III colon cancer patients have been substantiated elsewhere in 

the literature. Increasing age predicts a decreased likelihood of receipt of adjuvant therapy as 

reported in multiple studies 5, 6, 12, 93, 94, 101, 104, 108, 113, 115-120.  Increased number of comorbid 

conditions and the presence of medical contraindications to adjuvant therapy are also associated 

with a decreased likelihood of adjuvant care 5, 12, 93, 94, 104, 108, 113, 116-118, 120.  It has been consistently 

reported that married patients are more likely to receive chemotherapy than their single, widowed 

or divorced counterparts 5, 113, 116, 120.   

The major strengths of this study are its ability to combine tools of social epidemiology 

and health care research, and its use of novel refined and detailed measures of neighborhood 

segregation to assess the social determinants of colon cancer care quality among Medicare 

patients.   The contemporary data (study years range from 2001 to 2005) provide an updated 

account of disparities in colon cancer care.  Lastly, multiple sources of data were combined to 

enhance the study’s ability to ascertain the receipt of chemotherapy and to adjust for various 

relevant confounders of the association under examination. 

 In summary we found no evidence of race by rural-urban status associated with the 

receipt of adjuvant chemotherapy among stage III colon cancer patients with Medicare in the state 

of Georgia.  On the other hand, strong independent predictors of adjuvant chemotherapy included 
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age, marital status, number of comorbid illnesses and area based factors, census tract racial 

isolation index and county level poverty and percent black population.  The findings of this study 

suggest that receipt of colon cancer treatment is influenced by social factors but is most strongly 

affected  by factors that physicians may consider as contraindications to chemotherapy (advanced 

age and number of comorbid illnesses).  Studies have shown that advanced age is not a 

contraindication to adjuvant treatment 23, 172.  It is important that interventions aimed to improve 

the quality of cancer care focus efforts on educating physicians on the benefits of chemotherapy 

among elderly patients.  Future studies, should assess the effect of race on receipt of 

chemotherapy within communities with differing levels of residential racial and economic 

segregation.  These studies may help design community interventions aimed at increasing quality 

of cancer care. 
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Table 6-1. Descriptive Characteristics and Receipt of Chemotherapy 
Variables Total Chemotherapy 

Received 
Chemotherapy 
Not Received 

P-Value 

 N No. (%) n=680 No. (%) n=641  

Patient Demographics     

Patient Race and RUCA code    0.7201 

Black Urban 172 92 (53.5) 80 (46.5)  

Black Rural 85 41 (48.2) 44 (51.8)  

White Urban 732 370 (50.6) 362 (49.5)  

White Rural 332 177 (53.3) 155(46.7)  

     

Age, y    <0.0001 

66-69 236 179 (75.9) 57 (24.2)  

70-74 323 221 (68.4) 102 (31.6)  

75-79 343 194 (56.6) 149 (43.4)  

80-84 223 74 (33.2) 149 (66.8)  

85+ 196 12 (6.1) 184 (93.9)  

     

Gender    0.0006 

Male 579 329 (56.8) 250 (43.2)  

Female 742 351 (47.3) 391 (52.7)  

Marital Status    <0.0001 

Married 665 409 (61.5) 256 (38.5)  

Widowed 462 172 (37.2) 290 (62.8)  

Separated/Divorced 89 59 (66.3) 30 (33.7)  

Single 67 25 (37.3) 42 (62.7)  

Unknown 38 15 (39.5) 23 (60.5)  

Patient Clinical Characteristics     

Comorbid Illness    <0.0001 

0 649 375 (57.8) 274 (42.2)  

1 366 189 (51.6) 177 (48.4)  

2 181 78 (43.1) 103 (56.9)  

3 or more 124 38 (30.7) 86 (69.4)  

Tumor Location    0.5871 

Proximal Colon (Right) 847 441 (52.1) 406 (47.9)  

Distal Colon (Left) 431 220 (51.0) 211 (49.0)  

Overlap Lesion and NOS* 43 19 (44.2) 24 (55.8)  

Tumor Grade    0.6545 

Low Grade 954 492 (51.6) 462 (48.4)  

High Grade 320 161 (50.3) 159 (46.7)  

Unknown 47 27 (57.5) 20 (42.6)  
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Table 6.1. (continued) 
 

Variables Total 
Chemotherapy 

Received 
Chemotherapy 
Not Received P-Value 

N No. (%) n=680 No. (%) n=641 

Hospital Characteristics 

Hospital Volume (Quartile) 0.2092 

Q1 21 9 (42.9) 12 (57.1) 

Q2 108 47 (43.5) 61 (56.5) 

Q3 291 159 (54.6) 132 (45.4) 

Q4 901 465 (51.6) 436 (48.4) 

Medical School Affiliation 0.8867 

Affiliated 394 204 (51.8) 190 (48.2) 

Not Affiliated 927 476 (51.4) 451 (48.7) 

Hospital Ownership 0.785 

Proprietary 184 93 (50.5) 91 (49.5) 

Government and Non-Profit 1137 587 (51.6) 550 (48.4) 

American College of Surgeons 
Oncology Group 0.3995 

Member 209 102 (48.8) 107 (51.2) 

Non-Member 1112 578 (52.0) 534 (48.0) 
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Table 6-2. Area Based Characteristics and Receipt of Chemotherapy 
Area Based Residential 
Characteristics 

Total 
N

Chemotherapy 
Received

Chemotherapy Not 
Received P-value 

No. (%) n=680 No. (%) n=641 

Census Tract -level 
Racial Dissimilarity Index 
(Tertiles) 0.4776 

T1 (Least Segregated) 310 161 (51.9) 148 (48.1) 

T2 (Moderately Segregated) 490 242 (49.4) 248 (50.6) 

T3 (Most Segregated) 521 277 (53.2) 244 (46.8) 

Income Dissimilarity Index 
(Tertiles) 0.673 

T1 328 173 (52.7) 155 (47.3) 

T2 485 242 (49.9) 243 (50.1) 

T3 508 265 (52.2) 243 (47.8) 

Racial Isolation Index (Tertiles) 0.2988 

T1 486 243 (50.0) 243 (50.0) 

T2 473 257 (54.3) 216 (45.7) 

T3 362 180 (49.7) 182 (50.3) 

Income Isolation Index (Tertiles) 0.0636 

T1 437 232 (53.1) 205 (46.9) 

T2 473 256 (54.1) 217 (45.9) 

T3 411 192 (46.7) 219 (53.3) 
Percent Black Population 
(Tertiles) 0.8057 

T1 (Lowest Percent) 

T2 (Moderate Percent) 498 256 (51.4) 242 (48.6) 

T3 (Highest Percent) 471 238 (50.5) 233 (49.5) 

352 186 (52.8) 166 (47.2) 
Percent Population Age 65+ 
Living Below Poverty 0.0512 

1 (0-≤10%: High SES) 

2 (>10-<20%: Moderate SES) 524 279 (53.2) 245 (46.8) 

3 (≥ 20%: Low SES) 513 273 (53.2) 240 (46.8) 

284 128 (45.1) 156 (54.9) 
Percent Population Living Below 
Poverty 0.0086 

1 (0-≤10%: High SES) 515 273 (53.0) 242 (47.0) 

2 (>10-<20%: Moderate SES) 466 256 (54.9) 210 (45.1) 

3 (≥ 20%: Low SES) 340 151 (44.4) 189 (55.6) 
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Table 6.2. (continued) 

Area Based Residential 
Characteristics 

Total 
N

Chemotherapy 
Received

Chemotherapy Not 
Received P-value 

No. (%) n=680 No. (%) n=641 

County-level 
Racial Dissimilarity Index 
(Tertiles) 0.6868 

T1 (Least Segregated) 153 79 (51.6) 74 (48.4) 

T2 (Moderately Segregated) 285 153 (53.7) 132 (46.3) 

T3 (Most Segregated) 883 448 (50.7) 435 (49.3) 
Income Dissimilarity Index 
(Tertiles) 0.8023 

T1 135 72 (53.3) 63 (46.7) 

T2 276 145 (52.5) 131 (47.5) 

T3 910 463 (50.9) 447 (49.1) 

Racial Isolation Index (Tertiles) 0.3127 

T1 375 205 (54.7) 170 (45.3) 

T2 357 176 (49.3) 181 (50.7) 

T3 589 299 (50.8) 290 (49.2) 

Income Isolation Index (Tertiles) 0.8517 

T1 466 242 (51.9) 224 (48.1) 

T2 352 184 (52.3) 168 (47.7) 

T3 503 254 (50.5) 249 (49.5) 

Percent Black Population 
(Tertiles) 0.0506 

T1  (Lowest Percent) 416 232 (55.8) 184 (44.2) 

T2 (Moderate Percent) 388 183 (47.2) 205 (52.8) 

T3 (Highest Percent) 517 265 (51.3) 252 (48.7) 

Percent Population Age 65+ 
Living Below Poverty 0.0934 

1 (0-≤10%: High SES) 318 150 (47.2) 168 (52.8) 

2 (>10-<20%: Moderate SES) 859 461 (53.7) 398 (46.3) 

3 (≥ 20%: Low SES) 144 69 (47.9) 75 (52.1) 

Percent Population Living Below 
Poverty 0.0387 

1 (0-≤10%: High SES) 292 146 (50.0) 146 (50.0) 

2 (>10-<20%: Moderate SES) 827 445 (53.8) 382 (46.2) 

3 (≥ 20%: Low SES) 202 89 (44.1) 113 (55.9) 
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Table 6-3.  Multivariable Analyses of Associations with Receipt of Chemotherapy 
 

Patient Variables N Adjusted OR 95% CI 

Patient Demographics   

Patient Race and RUCA code   

Black Urban 172 1 Reference 

Black Rural 85 1.35 0.71-2.56 

White Urban 732 1.14 0.75-1.73 

White Rural 332 1.41 0.88-2.56 

Age, y   

66-69 236 1 Reference 

70-74 323 0.70 0.52-0.96 

75-79 343 0.42 0.30-0.60 

80-84 223 0.16 0.13-0.21 

85+ 196 0.02 0.01-0.04 

Gender   

Male 579 1 Reference 

Female 742 0.99 0.75-1.31 

Marital Status   

Married 665 1 Reference 

Widowed 462 0.64 0.48-0.85 

Separated/Divorced 89 1.11 0.71-1.72 

Single 67 0.41 0.25-0.67 

Unknown 38 0.51 0.22-1.20 

Patient Clinical Characteristics   

Number of Comorbid Illnesses   

0 649 1 Reference 

1 366 0.72 0.53-0.98 

2 181 0.50 0.36-0.70 

3 or more 124 0.25 0.15-0.41 

Tumor Location   

Proximal Colon (Right) 847 1 Reference 

Distal Colon (Left) 431 0.78 0.59-1.03 

Overlap Lesion and NOS* 43 0.78 0.33-1.87 

Tumor Grade   

Low Grade 954 1 Reference 

High Grade 320 0.95 0.68-1.35 

Unknown 47 1.14 0.62-2.11 
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Table 6-3 (continued)

Hospital  Characteristics N Adjusted OR 95 % CI 

  

Hospital Volume (Quartile)   

Q1 (Lowest Volume) 21 0.38 0.11-1.30 

Q2 108 0.68 0.46-1.01 

Q3 291 0.91 0.63-1.32 

Q4 (Highest Volume) 901 1 Reference 

Medical School Affiliation   

Affiliated 394 1 Reference 

Not Affiliated 927 1.10 0.84-1.43 

Hospital Ownership   

Proprietary 184 1 Reference 

Government and Non-Profit 1137 1.15 0.77-1.72 

American College of Surgeons Oncology Group  

Member 209 1 Reference 

Non-Member 1112 1.19 0.85-1.66 
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Table 6-3. (continued) 
 

Area Based Residential Characteristics Total N Adjusted OR 95% CI 

Census Tract –level    

Racial Dissimilarity Index (Tertiles)    

T1 (Least Segregated) 310 1 Reference 
T2 (Moderately Segregated) 490 0.95 0.67-1.34 
T3 (Most Segregated) 521 1.00 0.65-1.53 

Income Dissimilarity Index (Tertiles)    

T1 328 1 Reference 

T2 485 0.79 0.59-1.06 

T3 508 0.93 0.67-1.30 

Racial Isolation Index (Tertiles)    

T1 486 1 Reference 

T2 473 2.70 1.64-4.44 

T3 362 1.47 0.69-3.13 

Income Isolation Index (Tertiles)    

T1 437 1 Reference 

T2 473 0.90 0.54-1.50 

T3 411 1.41 0.69-2.91 

Percent Black Population (Tertiles)    

T1 (Lowest Percent) 498 1 Reference 

T2 (Moderate Percent) 471 0.60 0.35-1.03 

T3 (Highest Percent) 352 1.55 0.69-3.48 

Percent Population Age 65+ Living Below Poverty  

1 (0-≤10%: High SES) 524 1 Reference 

2 (>10-<20%: Moderate SES) 513 0.99 0.68-1.43 

3 (≥ 20%: Low SES) 284 0.68 0.43-1.09 

Percent Population Living Below Poverty    

1 (0-≤10%: High SES) 515 1 Reference 

2 (>10-<20%: Moderate SES) 466 0.88 0.48-1.60 

3 (≥ 20%: Low SES) 340 0.39 0.15-1.00 
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Table 6-3. (continued) 
 

Area Based Residential Characteristics Total N Adjusted OR 95% CI 

County-level    

Racial Dissimilarity Index (Tertiles)    

T1 (Least Segregated) 153 1 Reference 

T2 (Moderately Segregated) 285 1.25 0.71-2.19 
T3 (Most Segregated) 883 0.94 0.54-1.63 

Income Dissimilarity Index (Tertiles)    

T1 135 1 Reference 

T2 276 0.75 0.46-1.24 

T3 910 0.97 0.54-1.74 

Racial Isolation Index (Tertiles)    

T1 375 1 Reference 

T2 357 1.29 0.75-2.22 

T3 589 0.88 0.40-1.94 

Income Isolation Index (Tertiles)    

T1 466 1 Reference 

T2 352 1.24 0.89-1.73 

T3 503 1.59 0.91-2.79 

Percent Black Population (Tertiles)    

T1  (Lowest Percent) 416 1 Reference 

T2 (Moderate Percent) 388 0.50 0.30-0.85 

T3 (Highest Percent) 517 0.70 0.33-1.49 

Percent Population Age 65+ Living Below Poverty  

1 (0-≤10%: High SES) 318 1 Reference 

2 (>10-<20%: Moderate SES) 859 1.55 0.99-2.42 

3 (≥ 20%: Low SES) 144 2.47 1.23-4.94 

Percent Population Living Below Poverty    

1 (0-≤10%: High SES) 292 1 Reference 

2 (>10-<20%: Moderate SES) 827 0.95 0.69-1.30 

3 (≥ 20%: Low SES) 202 0.53 0.32-0.86 
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Appendix 

Chemotherapy Claims Codes 

Appendix Table 6-1. Chemotherapy Claims Codes  
Chemotherapy Claims Code108, 173 Label 

HCPCS 
chemotherapy codes 

 

C9205 Injection, oxaliplatin, per 5 mg 
C9418 Cisplatin, powder or solution, brand 

name, per 10 mg 
J8520 Capecitabine, oral, 150 mg 
J8521 Capecitabine, oral, 500 mg 
J0640 Injection, leucovorin calcium, per 50 

mg 
J9060 Cisplatin powder/solution per 10 mg 
J9062 Cisplatin 50 mg 
J9190 Fluorouracil 500 mg 
J9206 Irinotecan 20 mg 
J9263 Injection, oxaliplatin, 0.5 mg 
Q0083 Chemotherapy administration not 

infusion technique only visit 
Q0084 Chemotherapy administration infusion 

technique only visit 
Q0085 Chemotherapy administration infusion 

and other technique visit 
S0177 Levamisole hydrochloride, oral, 50 mg 
CPT-4 

chemotherapy codes 
 

96400 Chemotherapy, 
subcutaneous/intramuscular 

96401 Chemotherapy administration, 
nonhormonal antineoplastic 

96402 Chemotherapy administration, hormonal 
antineoplastic 

96405 Intralesional chemotherapy 
administration 

96406 Intralesional chemotherapy 
administration 

96408 Chemotherapy, push technique 
96409 Chemotherapy administration; push 

technique, single or initial 
substance/drug 

96410 Chemotherapy, infusion method 
96411 Chemotherapy administration; 



101 

 

intravenous, push technique 
96412 Chemotherapy, infuse method add-on 
96413 Chemotherapy administration, infusion 

technique; single or initial 
substance/drug (1 hour) 

96414 Chemotherapy, infuse method add-on 
96415 Chemotherapy administration, infusion 

technique; each additional hour 
96416 Chemotherapy administration, infusion 

technique (> 8 hours) 
96417 Chemotherapy administration, infusion 

technique (1 hour) 
96420 Chemotherapy, push technique 
96422 Chemotherapy, infusion method 
96423 Chemotherapy, infuse method add-on 
96425 Chemotherapy, infusion method 
96440 Chemotherapy, intracavitary 
96445 Chemotherapy, intracavitary 
96450 Chemotherapy, into CNS 
96520 Pump refilling, maintenance 
96521 Refilling and maintenance of portable 

pump 
96522 Refilling and maintenance of 

implantable pump or reservoir for drug 
delivery 

96523 Irrigation of implanted venous access 
device for drug delivery systems 

96530 Pump refilling, maintenance 
96542 Chemotherapy injection 
96545 Provide chemotherapy agent 
96549 Chemotherapy, unspecified 
96567 Photodynamic treatment, skin 
96570 photodynamic treatment, 30 minutes 
96571 Photodynamic treatment, additional 15 

minutes 
ICD-9  

supplementary classification chemotherapy codes 
 

E0779 Ambulatory infusion pump, for infusion 
≥ 8 hours 

E0780 Ambulatory infusion pump, for infusion 
< 8 hours 

E0781 Ambulatory infusion pump, single or 
multiple channels 

E0782 Infusion pump, implantable, 
nonprogrammable 

E0783 Infusion pump system, implantable, 
programmable 

E0786 Implantable programmable infusion 
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pump, replacement 
E0791 Parenteral infusion pump, stationary, 

single or multichannel 
E9331 Antineoplastic and immunosuppressive 

drug reactions 
E9307 Antineoplastic antibiotics 
V581 Encounter or admission for 

chemotherapy 
V662 Convalescence following chemotherapy 
V672 Cancer chemotherapy follow-up 
ICD-9 

procedure chemotherapy code
 

9925 Injection or infusion of cancer 
chemotherapy substance 

Medicare Noninstitutional Data 
BETOS code 

 

O1D Chemotherapy 
Revenue Center 

chemotherapy codes 
 

0331 Radiology therapeutic–chemotherapy 
injected 

0332 Radiology therapeutic–chemotherapy 
oral 

0335 Radiology therapeutic–chemotherapy 
intravenous 

Claims 
diagnosis-related group code 

 

410 Chemotherapy 
Additional codes used as suggested from the 

literature and/or National Cancer Institute108, 174 : 
HCPCS codes 

J8530-J8999, J9000-J9999 
CPT-4 codes 
96550-96599 

 
HCPCS Level II Chemotherapy Administration 

codes, including 2005 Medicare Oncology 
Demonstration Project HCPCS codes related to 
symptoms associated with chemotherapy use (in 

boldface): 
EA,  C8953- C8955, G0292, G0355, G0359, G0361, 

G0362, G8371, G8372, G8373, G8374, G8377, 
G9021-G9032, J8510, J8520, J8521, J0640, Q0083-

Q0085, Q0163-Q0181, S9329-S9331 
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Modeling Strategy 

For the initial model: 

1. No covariate was dropped from the model to allow for adequate control of 

potential confounders for each of the 9 exposure variables; 1: race by rural-urban 

status, 2-5: census tract level segregation indices and 6-9: county level 

segregation indices. 

 

2. The interaction term, race by marital status was included in the model based on 

findings from the literature noting this variable as a potential effect modifier in 

similar models using receipt of adjuvant chemotherapy as the dependent variable. 

Multivariate GEE Logistic Models  

Model specification  

Fully adjusted model accounting for covariates, potential confounders and effect modifier 

Logit	Pሺ܆ሻ ൌ 	β0	 	∑ β୧	E୧  ∑ γ୧	V୧  E୧ሺ∑ δଵ୧	W୧
୮ସ
୧ୀଵ

୮ଶ
୧ୀଵ

ଶ
୧ୀଵ ሻ  E	୧ሺ∑ δଶ୧	E

ଶ
୧ୀଵ ሻ  	ε 

Where 

P(X) = probability of receipt of adjuvant chemotherapy, given the collection of Xs, (E, V, 

and Ws) 

Ei=the primary exposures of interest (race and rural-urban residence, 8 residential 

segregation indices)  

Vi=potential confounders and covariates 

Wi=potential effect modifiers  

β0	= baseline or background log odds, ignoring all other E, V, Ws  
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 =coefficient of the main exposure variables, represents the change in the log odds for 1 

unit change in E, when all other variables are fixed 

γ = coefficient of the control variables (potential confounders and covariates) 

δ = coefficient of the effect modifiers 

ε = random error 

Model Specification: 

1. For the first step in model specification, collinearity of the initial model was 

conducted. 

Collinearity Diagnostic Results   

Initial Model: 

Largest Condition Index= 21.803.  

The rule assessed- Collinearity between variables is present in a logistic regression model when 

both of the following conditions are satisfied: Condition Index > 30 and more than one Variance 

Decomposition Proportion, not including the intercept is ≥ 0.5.  No collinearity was indicated in 

this initial model. 

2. Backwards elimination for the multivariate model was performed on the effect 

modifier (interaction term).  The p-value for the interaction term race by marital 

status was 0.6929, so this term was eliminated from the model. No interaction terms 

remained in the model. 

3. All covariates including potential confounders were kept in the model (final model). 

4. Collinearity of the final model was conducted. 

Collinearity Diagnostic Results 

Reduced Model (Final): 

Largest Condition Index= 21.4338 
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No collinearity was indicated in this final model. 

 

In this analysis, we presumed that the outcome, receipt of chemotherapy, was correlated 

among observations treated within the same hospital, and/or residing in the same census tract and 

/or county (clusters).  To account for these within cluster correlation among observations, we 

employed a GEE model. The GEE model was built using the Miglioretti method 169 which uses a 

SAS macro program to calculate the variance of each  regression coefficient (beta estimate) while 

accounting for correlation in outcome within each separate cluster  (e.g. hospital, census tract and 

county).  In order to calculate corrected standard errors adjusted for three levels of clustering 

(hospital, census tract and county), seven separate models must be fit: three clustering separately 

on each of the clustering factors; three clustering on each pair-wise combination of the cluster 

levels; and one clustering on the combination of all three cluster levels. Each of the seven models 

produce a covariance matrix based on the clustering unit (hospital, census tract, etc).  The 

corrected covariance matrix accounting for the correlation of outcome within the three clusters is 

given by the addition of the first three covariance matrices minus each of the second three 

matrices plus the final matrix 169 .  

The seven models and each covariance matrices are produced by running multiple 

iterations of the model (with the use of the macro) where each iteration calculates the variance of 

the regression coefficients for a single cluster or cluster combination. For example, iteration 1 fits 

a model accounting for the correlation of the outcome within hospital clusters, iteration 2 fits a 

model accounting for correlation of the outcome within census tract clusters and so on.  In order 

for the regression coefficients to remain unmodified during each iteration of the macro (model 

fitting) an independent correlation structure was used. If another correlation structure was used, 

such as exchangeable, the regression coefficients may change during each model fit (iteration) 

which is undesired.  To support the use of the independent correlation structure in this analysis, 
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Liang et al showed that the choice of the correlation structure is not critical for valid inference. 

They state that within a GEE model a “sandwich variance” estimator is empirically calculated 

from the data and accounts for arbitrary correlations among observations within a cluster 175. 

Therefore, the use of the independent correlation structure produces a robust sandwich variance 

estimator which provides valid standard errors for the regression coefficients 175. The sandwich 

variance is estimated by the sum of the weighted residual cross-product terms for all pairs of 

observations that are from the same cluster. 
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Below is the SAS macro used to create a corrected covariance matrix that adjusts for the 

correlation of outcomes among the non-nested clusters within our analysis. 

SAS Code for Final GEE Model and Variance (Standard Error) Calculation 

data models2; 

set final.study2; 

c1id=Hospital code; 

c2id=Census tract code; 

c3id=County code; 

c1c2id=Hospital code|| '|' || Census tract code; 

c1c3id=Hospital code|| '|' || County code; 

c2c3id=Census tract code|| '|' || County code; 

c1c2c3id=Hospital code|| '|' || Census tract code || '|' || County code; 

run; 

 

 

 

 

Initializing macro: 

%macro gee(n=1,cluster=c1id); 

 proc genmod data=models2 descending; 

  class  race_ruca (ref='Black Urban' param=ref) age_cat1 (ref='1' param=ref)  sex_cat (ref='Male' param=ref)  
        marital_cat2 (ref='married' param=ref) comorbid_trend (ref='0' param=ref) grade_cat2 (ref='Low Grade' param=ref)  
        sitelabel (ref='Proximal Colon (Right)' param=ref) hospvol_quart (ref='4' param=ref) 
        hosp_aff2lev (ref='1' param=ref) hosp_own2(ref='1' param=ref) acosog_02_2 (ref='Member' param=ref)  
        new_cnty_diss_pov_cat (ref='1' param=ref) new_cnty_iso_pov_cat (ref='1' param=ref) 
        new_cnty_diss_race_cat (ref='1' param=ref) new_cnty_iso_race_cat (ref='1' param=ref)  
        new_ctbg_diss_race_cat (ref='1' param=ref) new_ctbg_iso_race_cat (ref='1' param=ref) 
        new_ctbg_iso_pov_cat (ref='1' param=ref) new_ctbg_diss_pov_cat (ref='1' param=ref)  
        new_cnty_perc_blk_cat (ref='1' param=ref) new_cnty_pov_pop_cat (ref='1' param=ref)  
        new_cnty_pov_age65_cat(ref='1' param=ref) new_ctbg_perc_blk_cat (ref='1' param=ref)  
        new_ctbg_pov_pop_cat (ref='1' param=ref) new_ctbg_pov_age65_cat (ref='1' param=ref) 
        &cluster;Model  medicare_chemo = race_ruca age_cat1 sex_cat marital_cat2 comorbid_trend grade_cat2 sitelabel  
             hospvol_quart hosp_aff2lev hosp_own2 acosog_02_2 new_cnty_diss_pov_cat new_cnty_iso_pov_cat 
             new_cnty_diss_race_cat new_cnty_iso_race_cat new_ctbg_diss_race_cat new_ctbg_iso_race_cat 
             new_ctbg_iso_pov_cat new_ctbg_diss_pov_cat new_cnty_perc_blk_cat new_cnty_pov_pop_cat new_cnty_pov_age65_cat 
            new_ctbg_perc_blk_cat new_ctbg_pov_pop_cat new_ctbg_pov_age65_cat /dist=binomial; 
 
  repeated subject=&cluster/type=indep ecovb; 
  ods output GEEEmpPEst=beta GEERCov=V&n; 
 
 quit; 

This macro is used to run a model for each cluster assigned below.  

This data step creates cluster identifiers for the  

model. Let c1id identify observations belonging to 

the same cluster c1, c2id identify observations 

belonging to c2 and c1c2id identify observations 

belonging to both c1 and c2 and so on. 

Variance estimates are produced from each model. 

These estimates are used below in a matrix using proc 

iml to calculate estimates of standard errors for each β 

adjusting for clustering of outcomes at hospital and 
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%mend gee; 

%gee(n=1,cluster=c1id); 

%gee(n=2,cluster=c2id); 

%gee(n=3,cluster=c3id); 

%gee(n=4,cluster=C1C2ID); 

%gee(n=5,cluster=C1C3ID); 

%gee(n=6,cluster=C2C3ID); 

%gee(n=7,cluster=C1C2C3ID); 

 

 

 

 

Clusters 1-7: GEE models are run individually for 

each cluster and produce variance estimates 

accounting for the correlation observed within each 

cluster.  

These statements run the model once for each 

specified cluster. The statement 

%gee(n=1,cluster=c1id) runs the gee model and 

estimates the variance for the regression coefficients  

adjusting for correlation of outcome within hospital 

clusters.   

The statement %gee(n=2,cluster=c2id)  runs the gee 

model and estimates the variance for the regression 

coefficients adjusting for correlation of outcome 

within census tract clusters. 

 The “n= “ in the statement is the iteration 
number of the gee macro. The 1st iteration 
is run using hospital as the cluster, the 2nd 
iteration is run using census tract as the 
cluster and so on. 
 

See clusters 

defined above 

model statement.  
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The variance calculation for the beta estimates accounting for three clusters (i.e. hospital, census tract  and 

county is the diagonal of the covariance matrix defined as the linear combination of seven covariance  

matrices as follows: 

V(β)= V(hospital cluster) + V (census tract cluster) + V(county cluster)-V(hospital and census tract cluster) 

 – V (hospital and county cluster) –V(census tract and county cluster) + V (hospital, census tract and county 

cluster) 

V(x) is the estimated variance from a working independence correlation GEE clustering on cluster x. V(x,y) 

clusters on unique combinations of cluster x and cluster y. V(x,y,z) clusters on unique combinations of  

cluster x, cluster y and cluster z. 

*The covariance matrices may be read into PROC IML to combine and to calculate the corrected standard errors for the 

regression coefficients; 

proc iml; 

use V1; read all var {rowname}; read all var(rowname) into V1; close V1; 

use V2;  read all var(rowname) into V2; close V2; 

use V3;  read all var(rowname) into V3; close V3; 

use V4;  read all var(rowname) into V4; close V4; 

use V5;  read all var(rowname) into V5; close V5; 

use V6;  read all var(rowname) into V6; close V6; 

use V7;  read all var(rowname) into V7; close V7; 

V=V1+V2+V3-V4-V5-V6+V7; SE=sqrt(vecdiag(V)); print SE;  

quit; 

 

 

 

 

 

Variance and standard error estimates 

are calculated for the model, 

incorporating the variance estimates 

previously calculated from each 

cluster’s respective model. 
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Chapter 7: Racial Differences in Receipt and Completion of Adjuvant 

Chemotherapy among Stage III Colon Cancer Patients in Southwest Georgia 

Abstract 

Background:  The receipt and completion of adjuvant chemotherapy among stage III colon 

cancer patients is associated with improved prognosis. Racial differences in these measures have 

been documented in largely urban and suburban populations.  No studies to our knowledge have 

evaluated these disparities and the roles of area-based segregation measures in these disparities 

among patients residing in the rural parts of the U.S. South.  

Methods:  Study data was abstracted from medical records of persons diagnosed with stage III 

colon cancer in Southwest Georgia (SWGA) during 2001-2003.   Multivariable logistic models 

were used to assess the effect of race on the receipt and completion of chemotherapy and the 

results were expressed as adjusted odds ratios (ORs) accompanied by 95% confidence intervals 

(CIs).  

Results: Overall, 81 patients (65%) received chemotherapy and of those who initiated or had a 

chemotherapy plan, 56 (65%) completed treatment.   While race was not a significant predictor of 

chemotherapy receipt (aOR=0.60; 95% CI: 0.21-1.67), white SWGA patients were less likely to 

complete adjuvant chemotherapy compared to their Black counterparts (aOR=0.06, 95% CI: 

0.01-0.37). Additionally, receipt of chemotherapy was higher among younger patients and those 

receiving therapy at an accredited cancer facility. Chemotherapy completion was more common 

among married patients and those with private insurance. 

Conclusion:  Our findings in SWGA are different from those reported in other parts of the US, 

and thus require confirmation.  If confirmed, however, the observed racial disparities in the 

completion of therapy may be explained by differences in chemotherapy tolerance, toxicity and 

patient support. 



111 

 

Introduction 

Among colon cancer patients in the U.S., the receipt of adjuvant chemotherapy for stage 

III disease is associated with improved survival, prognosis and outcomes 118, 162 and is the current 

most common measure of treatment quality 23, 24, 165. Clinical trials among breast cancer patients 

have shown that survival and prognosis are further improved when chemotherapy is completed as 

planned 176, 177. Studies showing the effect of the completion of therapy among colon cancer cases 

also suggest improved survival and prognosis but the literature is not as well-established 73, 178, 179.  

The previous studies used data from clinical trials or medical claims, and to our knowledge no 

previous research relied on information directly abstracted from medical records as a means of 

determining receipt and completion of chemotherapy. 

Of interest in this study is the extent of racial disparities in the receipt and completion of 

chemotherapy among predominantly rural stage III colon cancer patients. In the U.S., disparities 

in the receipt of chemotherapy have been observed 6, 12, 118, 163.  In general, marginalized 

populations are less likely to receive appropriate cancer therapy than their counterparts 15, 101, 120, 

164.   For colon cancer, few studies have assessed disparities in the receipt and completion of 

adjuvant chemotherapy among patients residing in predominantly rural areas 180.  

Recent studies have assessed the role of area-based factors as determinants of access to 

and receipt of quality health care 8, 15, 16, 166.  There is indication that area-based measures such as 

residential segregation have an independent affect on quality of care and may also explain, at 

least in part the observed racial disparities 15, 166. To our knowledge, the role of area-based 

measures, such as residential segregation, in explaining racial disparities in treatment among rural 

colon cancer patients has not been assessed.   

This study presents the first focused evaluation of both the receipt and the completion of 

adjuvant chemotherapy for colon cancer in Southwest Georgia (SWGA) a largely rural area with 

population of approximately 700,000.  In the current analyses we evaluate the independent 
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association of race with both the receipt and the completion of adjuvant chemotherapy for stage 

III colon cancer among SWGA residents and investigate to what extent (if any) the racial 

differences in this patient population can be explained by residential segregation and other area-

based factors.  

Methods 

The study population included all women and men residing in SWGA who were 

diagnosed with stage III colon cancer between January 1, 2001 and December 31, 2003, and who 

received at least their first 12 months of therapy post diagnosis entirely within the region. Incident 

colon cancer cases were identified through the Georgia Cancer Registry. Only patients with 

documented cancer directed surgery (defined as resection or bypass) were considered in these 

analyses because adjuvant chemotherapy by definition is the chemotherapy delivered in addition 

to surgical treatment.   

SWGA is comprised of 33 counties in which approximately 82% of the residents live in 

non-metropolitan areas 170.  The majority of cancer patients in this region receive care at one or 

more of the four SWGA cancer centers accredited by the American College of Surgeons’ (ACoS) 

Commission on Cancer 170, 181.  The population of SWGA differs from the rest of the state and the 

U.S. as a whole in several respects including having a larger proportion of African Americans, 

lower median household income and lower levels of education 181. A detailed discussion of the 

SWGA region, cancer care centers and study data collection methodologies can be found in 

previously published articles 170, 181.  

The study was approved by the institutional review boards at Emory University, the 

Centers for Disease Control and Prevention, and the Georgia Department of Community Health 

and by research review committees at the four main cancer centers in SWGA. 

Data Collection 



113 

 

 Trained onsite abstractors used a customized electronic data collection instrument to 

abstract detailed information from medical records. The electronic instrument guided the 

abstractor through a sequence of study-relevant inquiries on treatments planned, delivered and 

discontinued. Data abstraction was conducted at each of the four cancer centers in SWGA and at 

free-standing clinics across the area. A more detailed account of the data abstraction has been 

previously published 170. 

Variables of Interest: 

The main independent variable of interest was patient race (black and white non-

Hispanic).  The dependent variables in this study were receipt of adjuvant chemotherapy 

following surgery for colon cancer (yes or no) and completion of adjuvant chemotherapy among 

those who started or had a plan for adjuvant chemotherapy. For the completion of chemotherapy 

analysis, patients whose reason for discontinuing chemotherapy was death (N=3) were coded as 

having completed therapy since discontinuation of chemotherapy in this instance was regarded as 

a necessary change in treatment rather than a discretionary decision. 

County level segregation measures, which serve as predictors of the quality of and access 

to community health care resources [5, 6], were examined as potential confounders and effect 

modifiers.  Four segregation indices were calculated for each patient’s county: racial dissimilarity 

index, income dissimilarity index, racial isolation index and income isolation index. The racial 

segregation measures assess black-white segregation. The income segregation measures assess 

the segregation of those living below the federal poverty line from those living at or above the 

federal poverty line. These measures were calculated using data from the 2000 U.S. Census. The 

detailed description of the calculations required for obtaining these segregation indices is 

included in Appendix. 

Additional covariates used in these analyses included individual, facility and area-based 

variables.  The individual-level covariates of interest were patient-related characteristics such as 
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gender (male or female), age (categorized as <50, 50-64, 65-74 and 75+), marital status (married, 

not married), and number of co-morbid illnesses (0, 1 or more).  Cancer-related characteristics 

considered in the analyses included primary site and tumor grade.  Health insurance status 

(Private, Government and Uninsured) was also assessed. Private insurance included Private Fee 

for Service, HMO, Medicare with supplemental benefits, and VA/CHAMPUS. Government 

insurance included Medicare only (without supplement), Medicaid and Medicaid pending. The 

category “uninsured” included those with no insurance, self-pay or charity. 

Facilities where care was received were categorized as either “SWGA cancer center” or 

“Other”.  The rural-Urban residence variable was based on the Rural Urban Commuting Area 

(RUCA) code and was categorized as “metro/urban,” “large rural town,” or “small rural town” 98, 

146.  Other area-based variables included the percent of black population within each county of 

residence, which was divided into tertiles and the percent of the county population living below 

the poverty level dichotomized as high versus medium/low using the cutoff of 20%, which 

defines the “poverty areas” 155 .  
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Statistical Analysis: 

The data analyses began with descriptive statistics.  Unadjusted analyses were used to 

compare distributions of exposure variables and covariates among patients with and without 

receipt of adjuvant chemotherapy.  A separate analysis limited to patients who received or had a 

plan for adjuvant chemotherapy compared those with and without therapy completion.  

Categorical variables were compared using χ2 statistics or Fisher’s exact tests depending on the 

number of observations under study.  Stratified analyses were performed to test for interaction 

and assess confounding.   

Multivariable logistic regression models were used to assess the independent effects of 

the exposure of interest (race) on the dependent variables (treatment receipt in model 1 and 

treatment completion in model 2) after controlling for potential confounders and effect modifiers.  

Because the study population was relatively small, the final models were limited to only those 

variables that served as confounders or effect modifiers of the main association between race and 

the dependent variable.  Prior to model building, a variable screening process was performed as 

described by Kleinbaum and Klein 156. The screening determined potential interactions and 

confounders of the association between race and each dependent variable. Interaction was 

evaluated by assessing the p-value associated with the cross-product term in the screening logistic 

models that contained the main exposure variable race, the covariate of interest (variable being 

assessed for interaction) and the cross-product of that covariate with race. Cross-product terms 

with p-values ≤ 0.10 were considered as possible interaction factors.  Following the assessment of 

interaction, each covariate was then screened for confounding. Confounding was considered 

present when the crude odds ratio (cOR) of the association between race and the dependent 

variable differed by 10% or more from the adjusted odds ratio (aOR) after controlling for the 

covariate under evaluation. 
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The covariates and their cross-products that met the criteria for confounding or 

interactions were then included in the initial multivariable model.  Backwards elimination was 

then conducted on the initial models to produce the parsimonious final models. Backwards 

elimination was accomplished by first removing all non-significant interaction terms, and then by 

excluding non-confounders (i.e., variables, which, once eliminated from the model, changed the 

aOR for race by less than 10%).  

Collinearity diagnostics were performed for both the initial and the final models.  The 

modeling results were expressed as aORs accompanied by the corresponding 95% confidence 

intervals (CI).  Statistical significance of each term in the multivariable models was assessed at a 

level of α=0.05, two-tailed for all analyses.  Analyses were performed using SAS statistical 

software system, version 9.2 for Windows (SAS Institute Inc., Cary, NC).  For more details of the 

modeling strategy see Appendix. 

Results 

The study population included 125 eligible stage III colon cancer cases, and of those 81 

(65%) received adjuvant chemotherapy. Of those who began chemotherapy or had a plan for 

chemotherapy (n=86), 56 SWGA patients (65%) completed chemotherapy treatment. 

Receipt of Adjuvant Chemotherapy 

 The percent of whites receiving adjuvant chemotherapy (63.7%) was slightly lower than 

that among blacks (66.7%) although the difference was not statistically significant (Table 1a). 

Those living in large rural towns were less likely to receive adjuvant chemotherapy than those 

living in metro/urban areas or small rural areas and this result was statistically significant.  As 

shown in Tables 1a and 1b, receipt of adjuvant chemotherapy was statistically significantly 

associated with younger age, health insurance status (more likely for persons with private 

insurance), treatment site (more likely in facilities designated as a cancer center) and county 
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income dissimilarity index (those living in counties with a moderate level of income segregation 

were less likely to receive treatment than those living in counties with low or high level income 

segregation).  The associations between receipt of adjuvant chemotherapy and county-level 

variables such as percent of blacks in the population, racial dissimilarity index and racial and 

income isolation indices, did not quite reach statistical significance with p-values less than 0.10 

but greater than 0.05 (Table 1b).  

 In the  multivariable analysis (Table 2) after controlling for potential confounders, white 

colon cancer patients were not statistically significantly different from their black counterparts 

with respect to receipt of adjuvant therapy (aOR of 0.60; 95% CI:  0.21-1.67), although the point 

estimate suggests a lower likelihood among white patients .  Older age (75 years and older) 

patients were less likely to receive chemotherapy than younger patients (64 years and younger) 

and those treated at a SWGA cancer center were significantly more likely to receive 

chemotherapy than those who received care at other SWGA facilities. Insurance status did not 

demonstrate a statistically significant association with chemotherapy receipt. 

Completion of Adjuvant Chemotherapy 

 Figure 1, shows the distribution of the reasons for early termination (non-completion) of 

chemotherapy among colon cancer patients in this study.  Among the 30 patients who did not 

complete chemotherapy, the top reasons for early termination were toxicity (30%), disease 

progression (27%) and failing to start planned chemotherapy (17%). 

In the unadjusted analyses (Tables 3a and 3b), 57.4% of whites (N=31) and 78.1% of 

blacks (N=25) completed chemotherapy but the difference was not statistically significant (p-

value=0.05). The only factor showing a statistically significant association with treatment 

completion in the crude analyses was patient’s marital status. Seventy-six percent (N=39) of 
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married patients completed chemotherapy compared to 48.6% percent (N=17) of non-married 

patients (p=0.0077).   

 In the multivariable analyses (Table 4), completion of chemotherapy was significantly 

less common among whites than among blacks (aOR=0.06, 95% CI: 0.01-0.37), among non-

married than among married patients (aOR=0.26, 95% CI: 0.09-0.81), and among those without 

private insurance than among those with private insurance (aOR=0.13. 95% CI: 0.03-0.68). 

Discussion 

This study of stage III colon cancer patients in predominantly rural Southwest Georgia 

found that about two-thirds received (or initiated) chemotherapy and of those who initiated or had 

a plan for chemotherapy 65% completed their treatment.   Contrary to expectations we found that 

white patients were significantly less likely to complete adjuvant chemotherapy compared to their 

black counterparts, although race was not a significant predictor of adjuvant chemotherapy 

receipt.  These findings were incongruent with other population studies based on mostly urban 

and suburban populations.  

 Nation-wide studies linking data from the Surveillance Epidemiology and End Results 

(SEER) program and Medicare have typically reported that black stage III colon cancer patients 

were less likely to receive adjuvant chemotherapy compared to whites 12, 13, 19, 103. These studies 

were conducted on predominantly urban and suburban populations and used data from the 1990s 

immediately following the NIH consensus that recommended the use of adjuvant chemotherapy 

for stage III colon cancer 114. By contrast our study was based on 2001-2003 data that were 

limited to patients that received their treatment in SWGA, a type of geographic area that was 

likely under-represented in the previous research. Rates of chemotherapy have increased 

following the NIH consensus as demonstrated by Gross et al 19.  Although Gross et al noted a 

persistent racial disparity in receipt of chemotherapy from 1992 to 2002; it is also possible that 



119 

 

this persistent national disparity may not be generalized to our study population and to our study 

period.  The social and demographic characteristics of SWGA residents differ from those of the 

overall U.S. population and these differences may influence differential health care practices 150. 

Tropman et al assessed receipt of guideline recommended chemotherapy among rural North and 

South Carolina colon cancer patients and found treatment to be higher among white patients 101. 

This finding along with ours suggests that rural health care is complex and differs by state and 

region. 

Our study is not the only one to report absence of racial disparity in receipt of 

chemotherapy. Roetzheim et al. used data from the state of Florida cancer registry to assess racial 

disparities in colorectal cancer (CRC) care among patients diagnosed in 1994 5.  Investigators 

used hospital discharge abstract data and cancer registry data on first course of treatment to assess 

receipt of radiation and chemotherapy.  No racial disparities in the receipt of adjuvant therapy 

were found in crude or adjusted analyses (controlling for health insurance type, census-derived 

measures of income and education, and rural/urban residence).  In a more recent study, McGory 

et al assessed the association between race/ethnicity and the underuse of appropriate adjuvant 

therapy for stage III colon or stage II/III rectal cancer patients reported to the California Cancer 

Registry from 1994 to 2001 93.  Investigators adjusted for patient demographic factors including 

type of insurance, year of diagnosis and census tract based SES measure (percentage of person 

living below the poverty threshold).  As in our study, there was no statistically significant 

association between race and receipt of chemotherapy for stage III colon cancer.  

While Roetzheim et al and McGory et al. studies are similar to ours in the use of a single 

state population that included both non-Medicare and Medicare patients; they differ from our 

study with respect to the data collection methods.  Only our study used a detailed medical record 

review to assess the receipt and completion of adjuvant treatment.  In addition, only ours of the 
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three studies focused specifically on the rural population and used only the post-2000 information 

(others included data from the 1990s).  

In another recent study also conducted in SWGA, Lipscomb et al observed that compared 

to black patients white women with early stage breast cancer had a lower rate of adjuvant  

chemotherapy receipt in unadjusted analyses, but the association was no longer statistically 

significant in the multivariable models 170. When assessing the effect of race on completion of 

chemotherapy, Lipscomb and colleagues also found that white SWGA breast cancer patients were 

less likely to complete adjuvant chemotherapy than their black counterparts, but the difference 

was only detectable among the non-married women 170.  By contrast among married women there 

was no evidence of a racial disparity in adjuvant chemotherapy completion. In general, these 

findings mirror ours and suggest that race may play a different role in rural southwest Georgia 

than in other parts of the country.   

To our knowledge only one other study (besides ours) evaluated both receipt and 

completion of adjuvant therapy among colon cancer patients 180. This was an analysis of SEER-

Medicare linked data, in which black colon cancer patients had lower rates of chemotherapy 

initiation than white patients in unadjusted analyses; a multivariable assessment of this outcome 

was not performed.  In both unadjusted and adjusted analyses, there were no racial differences in 

chemotherapy completion rates.  Although compared to ours this study controlled for a larger 

number of variables, their use of claim-based methods to assess chemotherapy receipt and 

completion rates may have led to incomplete ascertainment of treatment.  

To our knowledge, our study is the first to evaluate racial differences in adjuvant 

chemotherapy completion rates among predominantly rural colon cancer patients. The finding 

that black patients were more likely than white patients to complete chemotherapy has not been 

reported previously. Lipscomb et al point to at least one potential explanation for this finding 170.  

According to their discussions with providers and administrators at the four cancer centers in 
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SWGA, each center provided free transportation to patients petitioning for help 170. It is possible 

that this service attenuated racial differences in care and may have led to increased chemotherapy 

completion rates among black patients. 

The main limitation of the current study is its relatively small size, which limited our 

ability to simultaneously control for multiple variables; however, with the use of covariate 

screening techniques we were able to adjust for the most pertinent confounders.  Our study was 

made possible by the active and established cancer research partnership involving eight 

institutions: Emory University in Atlanta, the Centers for Disease Control and Prevention (CDC), 

the Georgia Comprehensive Center Registry, the Southwest Georgia Cancer Coalition, and the 

four SWGA cancer centers 150. The Coalition serves as the link between research institutions and 

local community cancer providers, and it is the key organizational force for cancer prevention, 

education, care and research in the region.  The presence of an active patient support and 

advocacy organization such as the SWGA Cancer Coalition undoubtedly facilitates research 

efforts.  However, it is also possible that the Coalition’s success makes it difficult to generalize 

the findings in SWGA to other rural parts of Georgia and the rest of the country. 

Our study is also notable for its methodological strengths. The use of detailed medical 

record abstraction to determine receipt and completion of chemotherapy allows for a thorough 

data collection that is presumed to be more compete than use of claims-based information. The 

study drew from a complete census (rather than a sample) of the SWGA colon cancer population 

during the years 2001-2003 and thus represents true population-based research that was 

unaffected by selection or non-response bias. The majority of the patients in our data received 

care at four of the cancer centers in the area that are partners in the SWGA Cancer Coalition. 

Medical record keeping and coding typically vary by institution and region, but this appears to be 

less of an issue across the SWGA health care facilities. The likely similarity in medical records is 

expected to lead to greater consistency of data in our study.  
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Future analyses of colon cancer patients in rural areas should extend to more recent years 

and include greater geographic diversity. Additional measures such as patient receipt of free 

transportation for treatment at the cancer centers should be included in analyses to evaluate the 

role of this service on rates of adjuvant chemotherapy receipt and completion. The finding that 

failure to complete therapy seems to disproportionately affect white colon cancer patients points 

to possible issues that may include racial differences in chemotherapy tolerance, toxicity and 

simply the provision of consistent transportation to rural cancer care centers.  Further evaluation 

of racial disparities in rural Georgia and in similar areas is undoubtedly warranted.  
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 Table 7-1a. Patient Based Characteristics by Chemotherapy Receipt 
Characteristic No. Patients  

(N=125) 
% of Sample % Received Adjuvant 

Chemotherapy (N=81) 
Χ2  

p-value 
Patient Based     
Race     
Black 45 36.0 66.7 0.7431 
White 80 64.0 63.8  
Age at diagnosis 
(years) 

    

<50 15 12.0 80.0 <0.0001 
50-64 40 32.0 80.0  
65-74 38 30.4 71.0  
75+ 32 25.6 31.0  
Gender     
Male 59 47.2 62.7 0.6440 
Female 66 52.8 66.7  
Marital Status     
Married 70 56.0 67.1 0.5361 
Not Married 55 44.0 61.8  
Comorbid Conditions     
None 52 41.6 71.1 0.2093 
1 or more 73 58.4 60.3  
Tumor Grade     
Low Grade 91 72.8 68.1 0.2019 
High Grade or 
Unknown 

34 27.2 55.9  

Primary Tumor Site     
Proximal Colon (Right) 69 55.2 63.8 0.7886 
Distal Colon or Overlap 
Lesion and NOS 

56 44.8 66.1  

Insurance Status     
Private  70 56.0 75.7 0.0061 
Government  41 32.8 56.1  
Uninsured  14 11.2 35.7  
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Table 7-1b. Area Based Characteristics by Chemotherapy Receipt 
Characteristic No. 

Patients 
(N=125) 

% of 
Sample 

% Received 
Adjuvant 
Chemotherapy 
(N=81) 

Χ2  p-value 

Area Based     
Treatment Site     
A   83.0 <0.0001 
B   78.9  
C   61.5  
D   65.0  
Other   23.1  
Care Received at a SWGA 
Cancer Center 

    

Yes 99 79.2 75.8 <0.0001 
No 26 20.8 23.1  
Rural  Residential Status     
Urban 40 32.0 70.0 0.0407 
Large Rural Town 50 40.0 52.0  
Small or Small and Isolated 
Rural Town 

35 28.0 77.1  

County     
Percent of Black Population      
Low (Tertile 1) 34 27.2 52.9 0.0913 
Moderate (Tertile 2) 55 44.0 63.6  
High (Tertile 3) 36 28.8 77.8  
Percent Population Living 
Below Poverty Level  

    

Low to Moderate (≤20%) 55 44.0 60.0 0.3192 
High (>20%) 70 56.0 68.6  
Racial Dissimilarity Index     
Low (Tertile 1) 18 14.4 77.8 0.0808 
Moderate (Tertile 2) 34 27.2 50.0  
High (Tertile 3) 73 58.4 68.5  
Income Dissimilarity Index     
Low  (Tertile 1) 17 13.6 76.5 0.0361 
Moderate (Tertile 2) 44 35.2 50.0  
High (Tertile 3) 64 51.2 71.9  
Racial Isolation Index     
Low (Tertile 1) 34 27.2 50.0 0.0891 
Moderate (Tertile 2) 46 36.8 67.4  
High (Tertile 3) 45 36.0 73.3  
Income Isolation 
Index 

    

Low (Tertile 1) 42 33.6 52.4 0.0870 
Moderate (Tertile 2) 29 23.2 65.5  
High (Tertile 3) 54 43.2 74.1  
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Table 7-2. Multivariable Associations for Race and Chemotherapy Receipt 
 

Characteristic Odds Ratio 95% CI P-value 
Race    
Black 1 (Referent)   
White 0.60 0.21-1.67 0.3274 

Age at diagnosis 
(years) 

   

<64 1 (Referent)   
65-74 0.62 0.20-1.92 0.4070 
75+ 0.10 0.03-0.32 <0.0001 

Insurance Status    
Private 1 (Referent)   

Not Private 0.37 0.14-1.01 0.0517 
Care Received at a 

SWGA Cancer 
Center 

   

Yes 1 (Referent)   
No 0.08 0.03-0.27 <0.0001 

Model Adjusted for:  Race, Age, Insurance Status,  Cancer Center 
Model Fit: Hosmer Lemeshow GOF, p=0.5349: c statistic=0.847 
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Figure 7-1. Reasons for early termination of adjuvant chemotherapy (N=30) 
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Table 7-3a. Patient Based Characteristics by Chemotherapy Completion 
 
Characteristic No. Patients who Began or 

Had Planned 
Chemotherapy (N=86) 

No. (%) of Patients who 
Completed Chemotherapy 
(N=56) 

Χ2  

p-value 

Patient Based    
Race    
Black 32 25 (78.1) 0.0514 
White 54 31 (57.4)  
Age at diagnosis 
(years) 

   

≤64 46 31 (67.4) 0.5648 
65-74 30 20 (66.7)  
75+ 10 5 (50.0)  
Gender    
Male 41 29 (70.7) 0.2970 
Female 45 27 (60.0)  
Marital Status    
Married 51 39 (76.5) 0.0077 
Not Married 35 17 (48.6)  
Comorbid Conditions    
None 39 30(76.9) 0.0364 
1 or more 47 26 (55.3)  
Tumor Grade    
Low Grade 65 44 (67.7) 0.3779 
High Grade or 
Unknown 

21 12 (57.1)  

Primary Tumor Site    
Proximal Colon (Right) 48 29 (60.4) 0.3041 
Distal Colon or Overlap 
Lesion and NOS 

38 27 (71.1)  

Insurance Status    
Private  54 39 (72.2) 0.0725 
Non-Private  32 17 (53.1)  
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Table 7-3b. Area Based Characteristics by Chemotherapy Completion 
Characteristic Patients who Began 

or Planned 
Chemotherapy or 
(N=86) 

No. (%) of Patients 
who Completed 
Chemotherapy 
(N=56) 

Χ2  

p-value 

Area Based    
Care Received at a SWGA Cancer 
Center 

   

Yes 80 51 (63.8) 0.6602 
No 6 5 (83.3)  
Rural  Residential Status    
Urban 32 22 (68.8) 0.7326 
Large Rural Town 27 16 (59.3)  
Small or Small and Isolated Rural 
Town 

27 18 (66.7)  

County    
Percent of Black Population     
Low (Tertile 1) 18 11 (61.1) 0.6919 
Moderate (Tertile 2) 37 23 (62.2)  
High (Tertile 3) 31 22 (71.0)  
Percent Population Living Below 
Poverty Level  

   

Low to Moderate (≤20%) 34 21 (61.8) 0.5980 
High (>20%) 52 35 (67.3)  
Racial Dissimilarity Index    
Low (Tertile 1) 14 11 (78.6) 0.5084 
Moderate (Tertile 2) 18 11 (61.1)  
High (Tertile 3) 54 34 (63.0)  
Income Dissimilarity Index    
Low (Tertile 1) 13 10 (76.9) 0.5261 
Moderate (Tertile 2) 24 14 (58.3)  
High (Tertile 3) 49 32 (65.3)  
Racial Isolation Index    
Low (Tertile 1) 18 11 (61.1) 0.6840 
Moderate (Tertile 2) 31 19 (61.3)  
High (Tertile 3) 37 26 (70.3)  
Income Isolation Index    
Low (Tertile 1) 23 13 (56.5) 0.4475 
Moderate (Tertile 2) 20 15 (75.0)  
High (Tertile 3) 43 28 (65.1)  
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Table 7-4. Multivariable Association for Race and Chemotherapy Completion 
 

Characteristic Odds Ratio 95% CI P-value 
Race    
Black 1 (Referent)   
White 0.06 0.01-0.37 0.0022 

Marital Status    
Married 1 (Referent)   

Not Married 0.26 0.09-0.81 0.0194 
Insurance    

Private 1 (Referent)   
Not Private 0.13 0.03-0.68 0.0152 

Model Adjusted for:  Race, Marital Status, Insurance Status 
Model Fit: Hosmer Lemeshow GOF, p=0.7546: c statistic=0.774 
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Appendix 

Definitions and calculations of segregation indices 

The dissimilarity index (D) measures the extent to which groups are segregated from 

each other 89, 90.  This index ranges from 0 to 1, where D=1 indicates complete segregation (the 

two groups live in completely different neighborhoods) and D=0 means complete integration (the 

two groups are distributed exactly the same way across the neighborhoods). Values greater than 

0.6 are considered a level of high segregation 21.  This index is invariant to relative size of groups.  

Dissimilarity index calculation: 

 

where, 

xi = the black population (when measuring black-white racial segregation) or those living 

below the federal poverty line (when measuring income segregation) of the ith area, e.g. 

census tract 

X = the total black population (or the total population living below the federal poverty 

line when measuring income segregation) of the large geographic entity for which the 

index of dissimilarity is being calculated. 

yi = the white population  (or those living at or above the federal poverty line, when 

measuring income segregation) of the ith area 

Y = the total white population (or the total population living at or above the federal 

poverty line when measuring income segregation) of the large geographic entity for 

which the index of dissimilarity is being calculated. 
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The isolation index measures the extent by which group members are exposed to one 

another rather than to members of another group This index ranges from 0 to 1 and can be 

interpreted as the probability that a randomly selected member of Group X will come in contact 

with another member of Group X in the same residential area 90.  

Isolation index calculation: 

 

 

where, 

 xPx is the usual notation of the Isolation index . It symbolizes that the index calculates 

the group x (e.g. black population) weighted average of the group x (e.g. black 

population) proportion in each areal unit (e.g. census tract). 

xi = the black population (when measuring black-white racial segregation) or those living 

below the federal poverty line (when measuring income segregation) of the ith area, e.g. 

census tract 

X = the total black population (or the total population living below the federal poverty 

line when measuring income segregation) of the large geographic entity for which the 

isolation index is being calculated. 

Ti = the total population of the ith area 
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Modeling Strategy 

Pre-Multivariable Modeling Assessment of Interaction and Confounding 

Interaction 

Interaction was evaluated by assessing the p-value associated with the cross-product terms in 

logistic models as follows:  

            (1) Logit P(Y)=B0 + B(race) +B(Variable X) +B (race*Variable X) + ε; 

 Cross product terms with p-values ≤ 0.10 were considered possible interaction factors and were 

placed in the initial multivariable model. 

Statistically significant interaction terms were found between race and county level income 

isolation index for Y=Receipt of Chemotherapy.  No statistically significant interaction terms 

were found between race and any other variable for Y=Completion of Chemotherapy. 

Confounding 

Confounding was assessed by comparing the crude odds ratios of the association between 

the exposure, patient race and outcomes of interest (receipt of chemotherapy and completion of 

chemotherapy, respectively) with the adjusted odds ratios, adjusting for only the potential 

confounder. If the crude and adjusted odds ratios differed by 10% or more, it was determined that 

the adjusting variable was a confounder of the association between the exposure variable (race) 

and the outcome of interest. Confounders of patient race and receipt of chemotherapy were 

insurance status, cancer center, county level income dissimilarity index, racial isolation index, 

income isolation index and percent black population. Confounders of patient race and completion 

of chemotherapy were marital status and insurance status. 

Although not found to be confounders, variables: age and gender were included in the 

initial model as covariates for the model with outcome Y=Receipt of Chemotherapy, since these 
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variables are traditionally controlled for in cancer treatment analyses. For the initial model with 

outcome Y=Completion of Chemotherapy, this model contained only confounders since no 

significant interaction terms were found and no traditional covariates in order to avoid model 

over-specification due to the small size (N=88) of the analytical population for this outcome. 

Multivariable Logistic Models  

Model specification  

The general form of the fully adjusted model accounting for potential confounders, effect 

modifiers and covariates 

 

Where 

P(X) = probability of receipt of adjuvant chemotherapy (or completion of therapy), given 

the collection of Xs, (E, V, and Ws) 

Ei=the primary exposure of interest (patient race)  

Vi=potential confounders and covariates 

Wi=potential effect modifiers  

= baseline or background log odds, ignoring all other E, V, Ws  

 =coefficient of the main exposure variables, represents the change in the log odds for 1 

unit change in E, when all other variables are fixed 

γ = coefficient of the control variables (potential confounders and covariates) 

δ = coefficient of the effect modifiers 

ε = random error 
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Model Specification: 

1. For the first step in model specification, collinearity assessment of the initial model 

was conducted. 

Collinearity Diagnostic Results 

Initial Model: 

Outcome 1: Receipt of Chemotherapy 

Model, Outcome Y=Receipt of Chemotherapy: Largest Condition Index= 23.4760. The two 

largest Variance Decomposition Proportions (VDP): intercept 0.5275 and county racial isolation 

index 0.6545.  

The rule assessed: Collinearity between variables is present in a logistic regression model when 

both of the following conditions are satisfied: Condition Index > 30 and more than one Variance 

Decomposition Proportion, not including the intercept is ≥ 0.5.  No collinearity was indicated in 

this initial model. 

Outcome 2: Completion of Chemotherapy 

Model, Outcome Y=Completion of Chemotherapy: Largest Condition Index= 6.5869. The two 

largest Variance Decomposition Proportions (VDP): intercept 0.9756 and patient race 0.88109.  

:. No collinearity was indicated in this initial model.   

2. Backwards elimination for the multivariable model was performed on the effect 

modifiers (interaction terms).  After removing the terms with the largest p-value (if 

greater than 0.05) sequentially from the model, no interaction terms remained in the 

model. 
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3. Backwards elimination was performed on all potential confounders and covariates.  

With the removal of each variable from the initial model, an assessment of 

confounding was conducted to ensure the removed variable was not a confounder of 

the association between the exposure of interest and the outcome. If the removal of a 

variable resulted in a ≥ 10% change in the odds ratio for the exposure of interest in the 

model after the removal of the variable compared to the model prior to the removal of 

the variable then the variable was returned to the model. Otherwise, the variable was 

dropped from the model. After either case, backwards elimination continued for the 

remaining variables until a final parsimonious model was reached. 

4. Collinearity assessment of the final model was conducted. 

Collinearity Diagnostic Results 

Final Model: 

 

Model Outcome Y=Receipt of Chemotherapy 

Reduced Model (Final): 

Largest Condition Index= 5.7481, Two Largest Variance Decomposition Proportions 

(VDP): intercept, 0.9815 and patient race VDP=0.5158 

Rule assessed: Collinearity between variables is present in a logistic regression model 

when both of the following conditions are satisfied: Condition Index > 30 and more than 

one Variance Decomposition Proportion is, not including the intercept is ≥ 0.5. No 

collinearity was indicated in this final model. 

Model, Outcome Y=Completion of Chemotherapy:  

Initial Model =Final Model 
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Largest Condition Index= 6.5869. The two largest Variance Decomposition Proportions 

(VDP): intercept 0.9756 and patient race 0.88109. No collinearity was indicated in final 

model. 

Chapter 8: Dissertation in Context, Limitations, Strengths and Recommendations 

for Future Studies  

Racial and rural–urban differences in healthcare quality represent political and social 

challenges that are complex and difficult to meet 182.  Area-based measures such as residential 

segregation may be a socio-political structure that perpetuates disparities in healthcare 84. This 

dissertation was designed to address the issue of racial and rural-urban health care inequities by 

assessing the influence of race, rural/urban residence and residential segregation on measures of 

health care quality regarding the medical treatment of colon cancer patients in the State of 

Georgia. Quality health care is reflected in the qualifications of physicians and in the adequacy of 

delivered treatment 120, 126, 130, 183.  We chose to evaluate the following quality measures among 

colon cancer patients: surgeon training and experience, receipt of chemotherapy among stage III 

patients (for whom this type of treatment is particularly important), and receipt and completion of 

chemotherapy among stage III patients in the largely rural Southwest Georgia (SWGA). The 

findings of these studies provide updated information about the presence or absence of treatment 

disparities among colon cancer patients in Georgia.  

This dissertation evaluates the role of area-based socially constructed measures on the 

delivery of health care among a colon cancer patient population. The use of segregation indices 

along with traditional area-based racial and income measures, such as county and census tract 

percent black population and percent population living below the poverty line, further clarifies the 

influence of residential factors on health care delivery and receipt. The analyses included the 
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assessment of the independent effects of segregation measures on the dependent variable (surgeon 

qualifications, receipt of chemotherapy, completion of chemotherapy) while adjusting for the 

effects of traditional  area-based variables.  

 Health Care Quality and Patient Race 

Racial disparities in health care quality and delivery is a long-standing and consistent 

topic of population-based research 105, 184-190. The majority of studies evaluated the existence of 

disparities rather than sought out explanation for these disparities.  In a novel assessment of the 

relation between the characteristics of surgeons’ patient populations and surgeon quality, we 

found that surgeons with higher percentages of black patients were more likely to be under-

trained and inexperienced compared to those with lower percentages of black patients.  We also 

found that percentage of blacks differed in the patient populations of the surgeons with the 

highest and the lowest levels of training and experience represented by quality scores of ≥9 and 

≤6, respectively. Notably, area-based measures did not explain these associations.   

The delivery of chemotherapy among colon cancer patients and its association with 

patient race has been assessed in the literature, but with varied findings 13, 93, 171.  We sought to 

provide an updated assessment of racial disparities in colon cancer care through the use of 

electronic medical record abstraction in SWGA and through a linkage of Medicare claims to 

Georgia Cancer Registry statewide data.  Analyses produced mixed findings. Within both our 

Medicare and SWGA patient populations we found that black patients were as likely as white 

patients to receive adjuvant chemotherapy.  Somewhat contrary to expectation, we found that in 

SWGA black patients were more likely to complete adjuvant chemotherapy than their white 

counterparts. Again, area-based measures did not explain these findings.   
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Health Care Quality and Rural/Urban Residence 

Research on rural and urban disparities in colon cancer care is scant and few U.S. studies 

have focused on the direct influence of rural versus urban residence on health care quality 150, 191-

193.  In this dissertation project we found that rural/urban residence was associated with several 

surgeon training and experience characteristics, which have not been previously reported in the 

literature. Surgeons serving predominant rural patents were less likely than surgeons with more 

urban patient populations to have specialized training, have a higher patient volume and have a 

board certification.  Nevertheless, after adjusting for covariates and confounders, percent of urban 

patients was not associated with suboptimal surgeon score (≤6 vs. >6) nor optimal surgeon score 

(i.e., ≥9 vs. <9) in the population assessed.  

A focused assessment of the role of rural-urban residence on the receipt of colon cancer 

therapy is also lacking in the healthcare literature 115. We sought to bring light to this area of 

research in two of our studies.  We found that rural versus urban residence did not affect the 

receipt of adjuvant chemotherapy in Georgia.  In both unadjusted and multivariate analyses, rural 

colon cancer patients had the same likelihood of chemotherapy receipt as those residing in urban 

areas.  This association was also assessed in our predominantly rural SWGA population.  Level of 

urbanization in SWGA was associated with receipt of adjuvant chemotherapy in unadjusted 

analyses but it was not retained in the multivariable models.  Additionally, urbanization did not 

significantly predict completion of adjuvant chemotherapy in unadjusted models nor did it serve 

as a confounder of the association between race and completion of treatment in the multivariate 

analysis.  

Health Care Quality and Segregation (Racial and Income) 

Research on the role of residential segregation in health care delivery and quality is fairly 

new 15, 16, 84, 92, 171, 194.  Our objective for this dissertation was to assess the impact of segregation 
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on colon cancer care and to assess its significance while taking into consideration traditionally 

assessed area-based measures.  In two of our analyses, we showed that segregation measures 

predicted colon cancer care independently of traditional area-based measures.  Interestingly, we 

found that surgeons who cared for patients residing in less racially segregated counties were less 

likely to be specialists than those caring for patients residing in more racially segregated counties; 

however, the opposite was true for the census tract level segregation.   In multivariate models, 

census tract level racial segregation was significantly associated with optimal surgeon score. No 

segregation measures served as confounders of the association between surgeon’s percent of 

black patients and suboptimal or optimal surgeon score. 

Another objective of this dissertation was to highlight the role, if any, of residential 

segregation on the receipt and completion of adjuvant chemotherapy among colon cancer 

patients.  We found that segregation measures as well as other area-based measures were not 

associated with receipt of chemotherapy among our larger population of Medicare patients.  By 

contrast, in SWGA the income dissimilarity index was significantly associated with receipt of 

chemotherapy in the unadjusted analysis.  Its independent effect was not assessed in multivariate 

models; however we did assess its role as a covariate and found that none of the segregation 

measures served as confounders or significant effect modifiers of the association between race 

and receipt of chemotherapy.  Furthermore, no segregation measure was associated with 

completion of adjuvant chemotherapy in unadjusted analysis and none served as a confounders or 

effect modifiers of the association between race and completion of adjuvant chemotherapy in the 

multivariate model.  

Limitations 

One limitation of this dissertation is that the findings of its first two studies are based on 

Medicare data pertaining only to elderly colon cancer patients and to black and white non-
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Hispanic residents of Georgia.  Thus, it is possible that our results for these two studies are not 

generalizable to other U.S. states, other patient ages or racial/ethnic groups and uninsured or 

under-insured populations.  Additionally, the two Medicare linkage studies were based on 

medical claims data which are subject to under-ascertainment of medical treatment. 

The main limitation in the third study is the size of the population included in analysis. 

The small study size reduced our ability to control for a large number of covariates in multivariate 

models and thus limited our assessment to the independent effects of confounders and effect 

modifiers.   

Strengths 

The major strength of this research project is the use of residential segregation measures 

to characterize patient populations and assess its association with surgeon quality and the 

provision of chemotherapy.  The use of segregation measures provided additional insight that 

allowed us to take into account political, social and economic factors that may influence the 

quality of community-level social resources, such as availability and quality of health care 83 80, 82.    

In addition, an important strength of these studies is the use of economic segregation indices. The 

use of these measures in health care research is rare, and the relevant data are scant.  To our 

knowledge, ours is the first study to evaluate the role of these segregation measures on quality of 

cancer care.  

In summary, this research is the first to show that patient race and racial residential 

segregation is associated with colon cancer surgeon’s qualifications and that patient race predicts 

completion of adjuvant chemotherapy among a predominantly rural population of colon cancer 

patients. It is also the first to show an unexpected racial disparity among colon cancer patients 

indicating that black patients in rural SWGA may be more likely to complete adjuvant 
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chemotherapy than white patients.  It is also one of the few studies to report a lack of racial 

disparity in the receipt of cancer care in a contemporary population of colon cancer patients.  

 The additional findings that factors such as age, co-morbid illnesses, marital status and 

site of care have a stronger impact on receipt and completion of chemotherapy than social factors 

suggests that our healthcare system may be more equitable (or perhaps equally inadequate) in 

some parts of the country.  If confirmed by independent studies this dissertation will add a new 

dimension to the past and current social health research that tends to show persistent racial and 

income based differences in the receipt of quality health care. 

Recommendations for Future Studies 

To build on this research, it is necessary to broaden its scope to include a larger and more 

diverse population. There is a need to assess whether our findings are replicable in other parts of 

the U.S with particular focus on rural regions within SEER (Iowa, Kentucky, parts of California 

and Louisiana). While social factors were not significant predictors of health care delivery in 

black and white Georgia patients, it is possible that these factors will play a significant role in 

other populations (e.g. Hispanics, other states).  Continued research on the role of social factors 

on health care delivery and receipt is vital in order to ensure steady movement in our health care 

system towards the provision of equitable care among all patients.  
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A: Anatomy of the Large Intestine 

Appendix Figure 1. Anatomy of the Large Intestine 

 

 
 

 

 

 

 

 

 

 

Source: National Cancer Institute 
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B. Colon Cancer Stages 

Appendix Figure 2: Depiction of Colon Cancer Stages 

 

 

 

 

 

 

Source: National Cancer Institute 
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C: Colorectal Cancer TNM Stages 

Appendix Table 1. TNM Colorectal Cancer Staging System 
 

The T category describes the original (primary) tumor. 

TX Primary tumor cannot be evaluated 
T0 No evidence of primary tumor 
Tis Carcinoma in situ (early cancer that has not spread to neighboring tissue) 

T1–T4 

Size and/or extent of the primary tumor 
T1: Tumor invades submucosa  
T2: Tumor invades muscularis propria  
T3: Tumor invades through the muscularis propria into the subserosa, or into non-
peritonealized pericolic or perirectal tissues 
 T4: Tumor directly invades other organs or structures, and/or perforates visceral 
peritoneum 

The N category describes whether or not the cancer has reached nearby lymph nodes. 
NX Regional lymph nodes cannot be evaluated 
NO No regional lymph node involvement (no cancer found in the lymph nodes) 

N1-N2 

Involvement of regional lymph nodes (number and/or extent of spread) 

N1:  Metastasis in 1 to 3 regional lymph nodes 

N2:  Metastasis in 4 or more regional lymph nodes  

 

The M category tells whether there are distant metastases (spread of cancer to other parts 
of the body). 
MX Distant metastasis cannot be evaluated 
MO No distant metastasis (cancer has not spread to other parts of the body) 
M1 Distant metastasis (cancer has spread to distant parts of the body) 
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D: Colon Cancer Treatment by Stage 

Appendix Table 2: Colon Cancer Stage and Treatment 
 

Cancer Stage Treatment 

Stage 0: Tis, N0, M0: 

The cancer is in the earliest stage. It has not 

grown beyond the inner layer (mucosa) of the 

colon or rectum. This stage is also known as 

carcinoma in situ or intramucosal carcinoma62, 

71. 

Polypectomy or local excision of small lesions 
with clear margins. Colon resection for larger 
lesions when local excision is inappropriate 2. 

Stage I: T1, N0, M0, or T2, N0, M0:  

The cancer has grown through the mucosa into 

the submucosa (T1) or it may also have grown 

into the muscularis propria (T2), but it has not 

spread into nearby lymph nodes (N0) or distant 

sites62, 71. 

Surgical procedures, wide surgical resection 

and anastomosis, are the standard treatment. 

The affected colon is surgically removed 

(resected) and the healthy remaining colon is 

attached (anastomosis) 2, 195 

Stage IIA: T3, N0, M0: 

 The cancer has grown through the wall of the 

colon or rectum, into the outermost layers (T3). 

It has not yet spread to the nearby lymph nodes 

(N0) or distant sites 62, 71.  

Stage IIB: T4, N0, M0:  

The cancer has grown through the walls of the 

colon or rectum into other nearby tissues or 

organs (T4). It has not yet spread to the nearby 

Treatment is not well-established, wide surgical 

resection and anastomosis is the standard 

recommendation; however, clinical trials are 

underway to assess the added benefit of 

adjuvant chemotherapy on the treatment of 

these patients 2.  
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lymph nodes (N0) or distant sites 62, 71.  

Stage IIIA: T1-2, N1, M0:  

The cancer has grown through the mucosa into 

the submucosa (T1) or it may also have grown 

into the muscularis propria (T2), and it has 

spread to 1 to 3 nearby lymph nodes (N1) but 

not distant sites 62, 71.  

Stage IIIB: T3-4, N1, M0:  

The cancer has grown through the wall of the 

colon or rectum (T3) or into other nearby 

tissues or organs (T4) and has spread to 1 to 3 

nearby lymph nodes (N1) but not distant sites 
62, 71.  

Stage IIIC: Any T, N2, M0:  

The cancer can be any T but has spread to 4 or 

more nearby lymph nodes but not distant sites 
62, 71.  

Wide surgical resection and anastomosis along 

with adjuvant (treatment postoperative) 

chemotherapy with fluorouracil (5-FU)-

leucovorin for 6 months 2, 195.  

 

Stage IV: Any T, Any N, M1:  

The cancer can be any T, any N, but has spread 

to distant sites such as the liver, lung, 

peritoneum (the membrane lining the 

abdominal cavity), or ovary (M1) 62, 71.  

Wide surgical resection and anastomosis of 

primary lesion, resection of other organ 

metastases, palliative radiation therapy and 

palliative chemotherapy 2. 
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E:  Formulas for Residential Segregation Indices 

Appendix Formula 1: Dissimilarity Index 
 

 

where, 

xi = the black population (when measuring black-white racial segregation) or the poor 

population, those below the federal poverty line (when measuring economic segregation) 

of the ith area, e.g. census tract 

X = the total black population (or the total poor population when measuring economic 

segregation) of the large geographic entity for which the index of dissimilarity is being 

calculated. 

yi = the white population  (or the non-poor population, when measuring economic 

segregation) of the ith area 

Y = the total white population (or the total non-poor population when measuring 

economic segregation) of the large geographic entity for which the index of dissimilarity 

is being calculated. 
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Appendix Formula 2: Isolation Index 
 

 

where, 

xi = the black population (when measuring black-white racial segregation) or the poor 

population, those below the federal poverty line (when measuring economic segregation) 

of the ith area, e.g. census tract 

X = the total black population (or the total poor population when measuring economic 

segregation) of the large geographic entity for which the isolation index is being 

calculated. 

Ti = the total population of the ith area 
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F: Rural Urban Commuting Area (RUCA) Codes and Categorization Schemes 

Appendix Table 3: Rural–Urban Commuting Area Codes for 2000 U.S. Census Tracts 

1   Metropolitan area core: primary flow within an urbanized area (UA) 
1.0 No additional code 
1.1 Secondary flow 30 to 50% to a larger UA 

 
2   Metropolitan area high commuting: primary flow 30% or more to a UA 

2.0 No additional code 
2.1 Secondary flow 30 to 50% to a larger UA 

 
3   Metropolitan area low commuting: primary flow 5 to 30% to a UA 

3.0 No additional code 
 
4   Micropolitan area core: primary flow within an Urban Cluster of 10,000 to 49,999 (large 
UC) 

4.0 No additional code 
4.1 Secondary flow 30 to 50% to a UA 
4.2 Secondary flow 10 to 30% to a UA 

 
5   Micropolitan high commuting: primary flow 30% or more to a large UC 

5.0 No additional code 
5.1 Secondary flow 30 to 50% to a UA 
5.2 Secondary flow 10 to 30% to a UA 

 
6   Micropolitan low commuting: primary flow 10 to 30% to a large UC 

6.0 No additional code 
6.1 Secondary flow 10 to 30% to a UA 

 
7   Small town core: primary flow within an Urban Cluster of 2,500 to 9,999 (small UC) 

7.0 No additional code 
7.1 Secondary flow 30 to 50% to a UA 
7.2 Secondary flow 30 to 50% to a large UC 
7.3 Secondary flow 10 to 30% to a UA 
7.4 Secondary flow 10 to 30% to a large UC 

 
8   Small town high commuting: primary flow 30% or more to a small UC 

8.0 No additional code 
8.1 Secondary flow 30 to 50% to a UA 
8.2 Secondary flow 30 to 50% to a large UC 
8.3 Secondary flow 10 to 30% to a UA 
8.4 Secondary flow 10 to 30% to a large UC 

 
9   Small town low commuting: primary flow 10 to 30% to a small UC 

9.0 No additional code 
9.1 Secondary flow 10 to 30% to a UA 
9.2 Secondary flow 10 to 30% to a large UC 

 



156 

 

 

 

Source: Economic Research Service, United States Department of Agriculture. 

10   Rural areas: primary flow to a tract outside a UA or UC 
10.0 No additional code 
10.1 Secondary flow 30 to 50% to a UA 
10.2 Secondary flow 30 to 50% to a large UC 
10.3 Secondary flow 30 to 50% to a small UC 
10.4 Secondary flow 10 to 30% to a UA 
10.5 Secondary flow 10 to 30% to a large UC 
10.6 Secondary flow 10 to 30% to a small UC 
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Appendix Table 4:  RUCA Code Categorization Schemes 
 

Categorization A. 
 
Urban focused RUCA codes: 1.0, 1.1, 2.0, 2.1, 3.0, 4.1, 5.1, 7.1, 8.1, and 10.1. 
Large Rural City/Town (micropolitan) focused RUCA codes: 4.0, 4.2, 5.0, 5.2, 6.0, and 6.1 
Small Rural Town focused RUCA codes: 7.0, 7.2, 7.3, 7.4, 8.0, 8.2, 8.3, 8.4, 9.0, 9.1, 9.2 
Isolated Small Rural Town focused RUCA codes: 10.0, 10.2, 10.3, 10.4, 10.5, and 10.6 
 

Categorization B. 
 
 
Urban: 1.0, 1.1, 2.0, 2.1, 3.0, 4.1, 5.1, 7.1, 8.1, and 10.1 
Large Rural City/Town: 4.0, 4.2, 5.0, 5.2, 6.0, and 6.1 
Small and Isolated Small Rural Town: 7.0, 7.2, 7.3, 7.4, 8.0, 8.2, 8.3, 8.4, 9.0, 9.1, 9.2, 10.0, 
10.2, 10.3, 10.4, 10.5, and 10.6 
 

Categorization C. 
 
Urban: 1.0, 1.1, 2.0, 2.1, 3.0, 4.1, 5.1, 7.1, 8.1, and 10.1 
Rural: 4.0, 4.2, 5.0, 5.2, 6.0, 6.1, 7.0, 7.2, 7.3, 7.4, 8.0, 8.2, 8.3, 8.4, 9.0, 9.1, 9.2, 10.0, 10.2, 
10.3, 10.4, 10.5, and 10.6 

 
Source: University of Washington, Rural Health Research Center 

 

There are many other categorization schemes; however these are the most frequently used 

schemes as reported by the Washington Wyoming Alaska Montana Idaho (WWAMI) Rural 

Health Research Center based at the University of Washington School of Medicine 99  
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