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Abstract We analyzed data from 1998–2004 from the

National Cancer Data Base to evaluate associations

between patient/treatment facility factors and stage at

diagnosis for all colon cancers combined and by anatomic

location. Compared to patients with private insurance,

uninsured patients were significantly more likely to present

with advanced-stage disease; Medicaid patients had like-

lihoods of advanced-stage colon cancer in-between those

of privately insured and uninsured patients. Increased odds

of advanced-stage colon cancer at diagnosis were also

observed among Black (vs. White) patients, women (vs.

men), and patients from low socioeconomic status (SES)

regions (vs. those from higher SES regions). While the

likelihood of advanced-stage disease at diagnosis

decreased in later years overall, this decrease was not

observed among patients with ascending colon cancers.

Screening disparities may lead to more advanced stage at

diagnosis among colon cancer patients; programs to

improve access to screening among underserved popula-

tions may address this disparity.

Keywords Colonic neoplasms � Health services

accessibility � Insurance � Health � Social class �
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Introduction

According to recent data from the American Cancer

Society, cancers of the colon and rectum are the third

leading cause of cancer among men and women in the US,

and the third leading cause of cancer deaths. Approxi-

mately 150,000 individuals are diagnosed with colorectal

cancer (CRC) annually, and more than 50,000 die from this

cancer [1]. The latter figure is particularly disturbing in that

colorectal cancer can be prevented or diagnosed at an early

(and highly curable) stage with appropriate screening.

Numerous reports have indicated significant disparities

in rates of colorectal cancer screening [2–12]. Disparities in

colorectal cancer screening rates are seen by age, gender,

household income, race/ethnicity, level of education, hav-

ing a usual source of healthcare, and insurance type/status.

A recent analysis of National Health Interview Survey data

indicated that insurance status was responsible for greater

differences in the rate of colorectal cancer screening than

was race/ethnicity or level of education [13]. Modifications

of insurance reimbursement for colorectal cancer screening

can have significant effects on early detection of colorectal

cancer. As reported by Gross et al. [14], changes in

Medicare reimbursement for colorectal cancer screening

were associated with an approximately eight-fold increase

in colonoscopy claims and a significant increase in the

likelihood of early stage diagnosis.

Previous studies using data from a single state or

province have reported associations of a variety of patient

characteristics with colorectal cancer stage at diagnosis,
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including age, sex, race/ethnicity, comorbid conditions,

insurance status, socioeconomic status, smoking status, and

distance to primary care provider [15–29]. Halpern et al.

[30] used data from the National Cancer Data Base

(NCDB) to evaluate the association between insurance

status, race/ethnicity, and stage at diagnosis for 12 sites of

cancer, including colorectal cancer, for a large patient

population across the US. These investigators found that

uninsured patients and patients covered by Medicaid were

significantly more likely to present with more advanced

colorectal cancer (i.e., stage II or stage III/IV vs. stage I)

than were privately insured patients, with odds ratios of

approximately 2.0 for uninsured and 1.5 for Medicaid

insured patients. Black patients were also slightly more

likely to present with advanced (stage III/IV) colorectal

cancer compared to White patients, even controlling for

insurance status. To more fully evaluate the relationship

between insurance status and variations in stage at clinical

presentation for colon cancer, this manuscript presents

more-detailed analyses of the associations between insur-

ance status, race/ethnicity, age, socioeconomic status, and

other factors on the American Joint Commission on Cancer

(AJCC) stage at diagnosis for all colon cancers combined

and by anatomic location.

Methods

Study Population

Patients in this analysis were drawn from The National

Cancer Database (NCDB). The NCDB is a national hos-

pital-based cancer registry jointly sponsored by the

American College of Surgeons and the American Cancer

Society. Prior to 1997, submissions of cancer patient

records to the NCDB were voluntary and open to all cancer

facilities in the US. Beginning in 1997, data collection was

mandated as a requirement of the Commission on Cancer

(CoC)-approved programs. Since 1999, approximately

75% of newly diagnosed cancers in the US have been

captured in the database [31].

Cancer cases diagnosed from 1998 to 2004 were

extracted from the NCDB utilizing the appropriate ICD-O-

3 site and histology codes (n = 607,892). Data were

abstracted using coding guidelines documented in the

Registry Operations and Data Standards (ROADS) manual

for cases diagnosed 1998–2002 [32], and the Facility

Oncology Registry Data Standards manual (FORDS) for

the diagnosis years 2003–2004 [33], the 6th edition of the

AJCC Manual for Staging of Cancer [34] and the 3rd

edition of the WHO International Classification of Disease

for Oncology [35]. For cases diagnosed prior to 2001,

reported ICD-O-2 tumor morphology codes were recoded

to ICD-O-3. Only patients with site codes C18.0–C18.9

(colon) were selected for this analysis. While cancers of the

colon, rectum, and rectosigmoid junction are often grouped

together as colorectal cancer, for greater specificity of this

analysis, we did not include patients with cancer of the

rectum or rectosigmoid junction. Many patients with rectal

cancer may receive neo-adjuvant chemotherapy prior to

staging and we did not have full data on use of neo-adju-

vant treatments. Further, as rectosigmoid junction cancers

may (upon re-analysis) be classified as cancers of the colon

or rectum, we also excluded this group.

The analysis included all individuals between ages 50

and 99 with the above-specified cancers diagnosed between

1998 and 2004; at the time of the analysis, 2004 was the

most recent year of data available. Patients younger than

age 50 were not included in the analysis as most guidelines

recommend regular colorectal cancer screening beginning

at age 50. Patients with non-invasive (in situ) cancer were

excluded based on the reported ICD-O tumor behavior

code. In addition, to help ensure more uniform and repro-

ducible populations for the analyses, only patients with

histology codes specified by the AJCC as being stageable

histologies for colon cancer were included [34]. The

sample was further restricted to include only cases cate-

gorized as Class 1 or 2, based on standard classifications

used by the NCDB. Class 1 cases are those diagnosed at the

reporting institution and received all or part of their first

course of treatment at that facility. Class 2 cases are

diagnosed elsewhere but received part or all of their

treatment at the reporting facility. This initial study popu-

lation consisted of 432,829 colon cancer patients.

We excluded from this analysis patients with unknown

stage at diagnosis (26,771), in situ stage at diagnosis

(4,125), unknown primary payer/insurance at diagnosis

(10,259), age at diagnosis less than 18 years or greater than

99 years (262), sex unknown (192), unknown race

(31,112), and other government primary payer/insurance at

diagnosis (378). After these exclusions, the final analytical

cohort consisted of 359,089 patients with colon cancer,

83% of the total starting population, with a mean age at

diagnosis of 72.6 (standard deviation: 10.6) years.

Variables

The dependent variable of interest was cancer stage at

diagnosis. Cancer stage was classified according to the

AJCC 5th (1998–2002) and 6th edition (2003–2004) based

on pathological stage if available. If pathological stage was

missing, clinical stage information was used instead.

Patient race was categorized as ‘‘White, Black, Hispanic,

Other, Unknown’’ and insurance status at the time of

diagnosis was categorized as Medicaid, Medicare (which

included both Medicare alone and Medicare with
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supplement), uninsured (which included FORDS codes for

not insured—NOS, not insured—charity write-off, and not

insured—self-pay), and private insurance plans. The pri-

vate insurance groups included patients classified with the

following primary payers at diagnosis: Health Maintenance

Organization (HMO), Preferred Provider Organization

(PPO), managed care NOS, private insurance, Tricare/

Champus, military, and insured NOS. The plans in the

private insurance category were grouped together since

these plans represent either privately purchased insurance

(purchased by the individual, a family member, and/or

employer) or insurance provided by the military that

functions in a similar manner as private insurance (Tricare/

Champus).

Beyond insurance status and race/ethnicity, associations

with stage at diagnosis were evaluated for sex (male,

female), age at diagnosis, census region of residence

(Atlantic, Great Lakes, Midwest, Mountain, Northeast,

Pacific, South, Southeast, and West), education level in

patient’s zip-code of resident (proportion in zip-code

without a high school degree based on national quartiles of

the 2000 US Census as C29%, 20–28.9%, 14–19.9%, and

\14%), median household income in patient’s zip-code of

residence (based on national quartiles of the 2000 US

Census as \$30,000, $30,000–34,999, $35,000–45,999,

and C$46,000), and type of treatment facility (community

hospital, community cancer facility, and teaching/research

facility). The three types of treatment facilities are descri-

bed by the CoC. Community hospitals treat at least 300

cancer cases a year and have a full range of services for

cancer care but patients need referral for portions of their

treatment. Community cancer centers are facilities that

offer the same range of services as the community hospitals

but have at least 750 annual cancer cases and conduct

weekly cancer conferences. Teaching/research facilities

differ from community cancer facilities in that the teach-

ing/research facilities have residency programs and

ongoing cancer research; 29 of the 39 National Cancer

Institute (NCI-designated) Comprehensive Cancer Pro-

grams participate in the CoC approvals program and are

included among teaching/research facilities in this study.

Statistical Analysis

We used unconditional multivariate logistic regression

modeling [36] to calculate odds ratios and corresponding

95% confidence intervals to examine the association

between likelihood of presenting with more advanced

versus early stage at diagnosis and patient and facility

characteristics. Three separate comparisons evaluating

associations between study variables and stage at diagnosis

were performed: (1) likelihood of diagnosis with stage II

versus stage I disease; (2) diagnosis with stage III versus

stage I disease; and (3) diagnosis with stage IV versus stage

I disease. Subanalyses were also performed by colon can-

cer anatomic location, separately evaluating associations of

stage at diagnosis with ascending/right (ICD-O code

C18.2), transverse/middle (C18.4), and descending/left

(C18.6) colon tumors.

Analyses were performed with SAS, version 9.1 (SAS

Statistical Institute, Cary, North Carolina). Statistical test-

ing was conducted via the SAS procedure for logistic

regression (PROC LOGISTIC). All logistic regression

analyses controlled for insurance status, race/ethnicity, age

at diagnosis, zip-code-based median household income and

education level, facility type, year of diagnosis, and census

region.

Results

Characteristics of Study Population by Insurance Status

Table 1 presents descriptive information on the overall

study population as well as the population by insurance

status. Approximately 64% of the overall study population

was covered by Medicare insurance for individuals age 65

and older while approximately 30% was covered by private

insurance. Uninsured, Medicaid, and Medicare patients

younger than age 65 each accounted for approximately 2%

of the study population. The overall population was fairly

evenly divided among the four stages at diagnosis, with

more patients diagnosed with stage II and fewer with stage

IV disease. However, the proportion of patients diagnosed

with stage I disease was lower and the proportion diag-

nosed with stage IV disease was greater among uninsured

and Medicaid patients compared to older Medicare and

privately insured patients.

The mean age for the study population was 72.6 years of

age. Patients in the older Medicare age group were older

than those from other insurance status groups, as all of

these patients were at least 65 years of age. The population

was fairly evenly divided by sex, although there were more

women in the Medicaid and older Medicare population and

more men in the younger Medicare and privately insured

groups. The study population was overwhelmingly White

(approximately 83%), but the proportion of Black and

Hispanic patients was greater among the uninsured and

Medicaid groups. While Black and Hispanic patients

accounted for 14% of the overall study population, these

two groups represented almost 40% of the uninsured and

Medicaid populations. Year of diagnosis was similar

among the different insurance groups.

As expected, area-based socioeconomic status (SES)

was closely associated with insurance status. Uninsured

patients, Medicaid patients, and younger patients with
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Medicare coverage were more likely to be from areas with

lower median household income and lower education rates

than were privately insured and older Medicare patients.

Uninsured and Medicaid patients were also more likely to

be treated at teaching/research hospitals and less likely to

be treated at community hospital compared to privately

insured and older Medicare patients. Finally, while the

study population represented a diverse range of home

census regions, privately insured and older Medicare

patients showed similar home regions except for the Great

Lakes region (which included a greater proportion older

Medicare than privately insured patients) and the Pacific

region (which included a greater proportion of privately

insured than older Medicare patients).

Association of Insurance and Race/Ethnicity with Stage

at Diagnosis

Figures 1 and 2 present the associations between insurance

status and race/ethnicity (respectively) with stage at diag-

nosis for the colon cancer study population, based on the

results of the multivariate regression analyses. Compared

to privately insured patients, uninsured and Medicaid

patients were significantly more likely to be diagnosed

with stage II, III, or IV (vs. stage I) colon cancer. The

elevated likelihood of more advanced stage diagnosis was

significant for all three of these stages at diagnosis com-

parisons, and was greatest for the likelihood of stage I

versus stage IV diagnosis. The odds ratios for uninsured

patients were 1.92, 1.81, and 2.47 for stage II, III, and IV

(respectively) and were 1.31, 1.33, and 1.68 for Medicaid

patients. Younger Medicare and older Medicare patients

did not differ significantly from privately insured patients

in the likelihood of more advanced stage at diagnosis for

the any of the comparisons.

As illustrated in Fig. 2, Black patients with colon cancer

had slightly but significantly increased risks of stage III

(odds ratio 1.08) or stage IV (odds ratio 1.28) disease at

diagnosis compared to White patients, but no significant

difference in the likelihood of stage II disease at diagnosis.

Both Hispanic patients and patients in the ‘‘other race’’

category has significantly increased likelihood of diagnosis

at stage III compared to White patients (odds ratios 1.06

and 1.19, respectively), but did not differ significantly

from white patients for the likelihood of diagnosis at stage

II or stage IV.

Association of Other Patient Characteristics with Stage

at Diagnosis

Table 2 presents results from multivariate regression

analyses for other factors associated with stage of colon

cancer at diagnosis. Patients in each of the three older ageT
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groups were significantly more likely to be diagnosed with

stage II versus stage I disease, but less likely to be diag-

nosed with more advanced (stage III or stage IV) versus

stage I disease than were patients in the youngest age

group, age 50–59 (results not significantly different for

stage II vs. stage I at diagnosis among patients age 60–69).

For all three comparisons, men were less likely to be

diagnosed with more advanced colon cancer than were

women, although the effect for stage IV disease at diag-

nosis was fairly small (odds ratio 0.97).

Patients from zip-codes with the two lowest median

household incomes (\$30,000 and $30,000–$34,999) were

significantly more likely to be diagnosed with stage II or

stage IV colon cancer than were those from the highest

household income zip-codes. Differences between the two

high household income zip-codes were not significant.

Patients from zip-codes with the lowest education levels

(more than 29% of residents not having high school

degrees) were significantly more likely to be diagnosed

with stage IV colon cancer than were those from the

highest education zip-codes (less than 14% of residents not

having high school degrees). Compared to patients from

the highest education zip-codes, those from the next to the

lowest education level zip-codes (20–28.9% of residents

not having high school degrees) were significantly more

likely to be diagnosed with stage II, III, or IV colon cancer.

However, all of these effects were fairly small in magni-

tude (odds ratios B1.10).

No significant differences in the likelihood of more

advanced stage at diagnosis were observed by facility type.

Patients diagnosed in more recent years were less likely to

be diagnosed with stage II, III, or IV cancer than were

patients diagnosed in the initial year of the study period,

1998. Finally, in comparing the likelihood of more

advanced stage at diagnosis among census regions, patients

in the reference group (Southeast region) had the lowest

likelihood; odds ratios for all comparisons to the Southeast

region were greater than 1.0 (although not all were statis-

tically significant). However, the magnitude of the effect of

census region was, in general, fairly small (odds ratio

B1.10). The main exceptions to this were seen for the

Mountain census region (odds ratios 1.21, 1.24, and 1.27

for stage II, III, and IV, respectively) and the Pacific census

region (odds ratios 1.15, 1.09, and 1.19, respectively).

Association of Patient Characteristics with Stage

at Diagnosis by Colon Cancer Anatomic Location

We performed separate evaluations of factors associated

with stage IV cancers of the ascending/right, transverse/
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middle, and descending/left colon. A priori, it was diffi-

cult to predict what would be the potential differences by

anatomic location in the association between patient

characteristics and the likelihood of colon cancer. As

cancers of ascending colon are more difficult to detect

even when using appropriate screening techniques, it was

possible that there would be less impact of patient char-

acteristics on the likelihood of advanced-stage disease in

the right colon. However, as uninsured and Medicaid

covered individuals as well as individuals from low SES

Table 2 Multivariate regression results for colon cancer stage at diagnosis, odds ratio (95% CI)

Patient characteristics Stage II vs. Stage I Stage III vs. Stage I Stage IV vs. Stage I

Age of diagnosis

50–59 (ref) 1.00 1.00 1.00

60–69 1.03 (0.99, 1.06) 0.88 (0.85, 0.91) 0.82 (0.79, 0.85)

70–79 1.12 (1.08, 1.17) 0.83 (0.80, 0.86) 0.71 (0.68, 0.73)

C80 1.38 (1.33, 1.43) 0.85 (0.82, 0.89) 0.69 (0.66, 0.72)

Sex

Female (ref) 1.00 1.00 1.00

Male 0.90 (0.88, 0.92) 0.88 (0.86, 0.90) 0.97 (0.95, 0.99)

Zip-code-based median household income

$46,000? (ref) 1.00 1.00 1.00

$35,000–45,999 1.02 (0.99, 1.05) 1.00 (0.97, 1.03) 1.02 (0.99, 1.05)

$30,000–34,999 1.04 (1.01, 1.07) 1.02 (0.98, 1.05) 1.05 (1.01, 1.09)

\$30,000 1.07 (1.03, 1.11) 1.04 (1.00, 1.08) 1.10 (1.05, 1.14)

Missing 2.54 (0.74, 8.71) 1.07 (0.38, 2.98) 2.18 (0.61, 7.82)

Zip-code-based % without a high school degree

\14% (ref) 1.00 1.00 1.00

14–19.9% 1.01 (0.98, 1.03) 1.02 (0.99, 1.04) 1.03 (1.00, 1.07)

20–28.9% 1.06 (1.03, 1.09) 1.04 (1.01, 1.07) 1.06 (1.03, 1.10)

29%? 1.03 (1.00, 1.07) 1.03 (0.99, 1.07) 1.06 (1.02, 1.11)

Missing 0.42 (0.12, 1.44) 0.97 (0.35, 2.69) 0.57 (0.16, 2.03)

Faculty type

Teaching/research hospital 1.00 1.00 1.00

Community hospital 1.00 (0.97, 1.02) 0.97 (0.94, 1.00) 0.84 (0.82, 0.87)

Community cancer center 1.01 (0.98, 1.03) 0.98 (0.95, 1.00) 0.85 (0.82, 0.87)

Year of diagnosis

1998 (ref) 1.00 1.00 1.00

1999 0.97 (0.94, 1.00) 0.93 (0.90, 0.97) 0.92 (0.89, 0.95)

2000 0.96 (0.93, 1.00) 0.94 (0.91, 0.97) 0.91 (0.88, 0.95)

2001 0.94 (0.91, 0.97) 0.93 (0.90, 0.97) 0.92 (0.88, 0.95)

2002 0.92 (0.89, 0.95) 0.92 (0.89, 0.95) 0.91 (0.88, 0.95)

2003 0.92 (0.89, 0.95) 0.95 (0.92, 0.98) 0.94 (0.91, 0.98)

2004 0.91 (0.88, 0.95) 0.97 (0.94, 1.00) 0.92 (0.89, 0.96)

Census region of residence

Southeast (ref) 1.00 1.00 1.00

Northeast 1.09 (1.05, 1.13) 1.02 (0.98, 1.06) 1.01 (0.97, 1.06)

Atlantic 1.06 (1.02, 1.09) 1.06 (1.03, 1.09) 1.11 (1.07, 1.15)

Great Lakes 1.06 (1.03, 1.09) 1.08 (1.05, 1.11) 1.09 (1.06, 1.13)

South 1.11 (1.06, 1.16) 1.09 (1.04, 1.14) 1.09 (1.04, 1.14)

Midwest 1.09 (1.05, 1.14) 1.09 (1.04, 1.13) 1.09 (1.04, 1.14)

West 1.02 (0.98, 1.06) 1.05 (1.01, 1.09) 1.04 (0.99, 1.08)

Mountain 1.21 (1.15, 1.27) 1.24 (1.18, 1.31) 1.27 (1.20, 1.35)

Pacific 1.15 (1.11, 1.19) 1.09 (1.06, 1.13) 1.19 (1.14, 1.23)
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areas are less likely to be screened for colon cancer, and a

lower proportion of those who are screened receive

colonoscopy (which is a better technique for detecting

right colon cancers), it was possible that insurance status

and area-based SES would be more strongly associated

with advanced stage at diagnosis for right than left colon

cancers.

Results are presented in Table 3. As discussed in the

Methods section, odds ratios presented in Table 3 were

determined using logistic regression while controlling for

insurance status; race/ethnicity; age at diagnosis; zip-code-

based median household income and education level;

facility type; year of diagnosis; and census region.

Overall, few significant differences in the likelihood of

stage IV versus stage I diagnosis for ascending versus

descending colon cancer were observed by insurance type.

Among uninsured and Medicaid covered patients, there

was a tendency toward greater likelihood of stage IV ver-

sus stage I disease (compared to that for privately insured

patients) for ascending colon cancer compared to

descending colon cancers. For example, among uninsured

patients, the likelihood of stage IV versus stage I

descending colon cancer was 2.37, while the likelihood for

ascending colon cancer was 2.66. However, the odds ratios

for likelihood of stage IV descending, transverse, and

ascending colon cancers were not statistically different.

Similar patterns were observed for younger and older

Medicare patients. Among older Medicare patients, the

likelihood of stage IV versus stage I ascending colon

cancer was significantly greater than the likelihood of stage

IV versus stage I descending colon cancer.

No significant differences in the likelihood of stage IV

versus stage I colon cancer by anatomic location were

observed for Black, Hispanic, or other race patients

(compared to White patients). For the two oldest age

groups (70–79 and 80?), a significant difference was

observed, with patients in these groups (compared to

patients 50–59) having a greater likelihood of stage IV

versus stage I cancer of the ascending colon than the

descending colon. No significant differences were observed

by sex or area-based SES.

While a general increase in the likelihood of advanced-

stage disease for ascending versus descending colon can-

cers was observed among insurance status and age at

diagnosis groups, the reverse was seen by facility type.

Patients treated at community hospitals and community

cancer centers (compared to those treated at teaching/

research hospitals) had greater likelihood of stage IV

cancers of the descending colon than of the ascending

colon. However, in all cases, the likelihood of advanced-

stage colon cancer at diagnosis among patients treated at

community hospitals and community cancer centers was

less than that for teaching/research hospitals.

As presented in Table 2, the odds of being diagnosed

with stage IV colon cancer (overall) were significantly

decreased among patients diagnosed in 1999 through 2004

compared to patients diagnosed in 1998. A similar decrease

in odds of stage IV cancer at diagnosis following 1998 was

also observed for patients with cancers of the descending or

transverse colon. However, among patients with cancer of

the ascending colon, the likelihood of stage IV (vs. stage I)

disease at diagnosis decreased slightly in 1999, then

showed no significant difference compared to the likeli-

hood in 1998 for the years 2000–2004. The odds of stage

IV diagnosis for patients with ascending colon cancer in

2002–2004 (compared to diagnosis in 1998) were signifi-

cantly greater than the corresponding odds of stage IV

diagnosis among patients with descending colon cancer.

No significant differences between the likelihood of stage

IV descending versus ascending colon cancer were

observed by year of diagnosis for patients diagnosed in

1999, 2000, or 2001. The results in Table 3 suggest that the

progress in detecting colon cancer at earlier stages (or at

least prior to stage IV) observed for 1999–2004 has been

limited to cancers of the descending and transverse colon.

No significant differences in diagnosis of stage IV

descending versus ascending colon cancer were observed

by census region of residence.

Association of Medicaid and Medicare Patient

Subgroups with Stage of Colon Cancer at Diagnosis

As presented in Table 2, we found that patients with

Medicaid coverage were significantly more likely to pres-

ent with stage II, III, or IV colon cancers than were those

with private insurance. We also found no significant dif-

ference between patients with Medicare insurance among

individuals aged 65 and older compared to private insur-

ance patients in the likelihood of more advanced colorectal

cancer stage at diagnosis. Beginning in 2003, coding of

insurance status in the NCDB was modified to provide

increased specificity. For the two most recent years of data

available for this study (2003 and 2004), we were able to

separate Medicaid patients in managed-care programs

versus Medicaid patients not in managed care. We were

also able to separately identify Medicare patients who had

supplemental private insurance, Medicare patients with

dual Medicare–Medicaid coverage, and Medicare patients

with no additional insurance coverage. To further evaluate

the role of insurance status on colorectal cancer stage at

diagnosis, we performed subgroup analyses among these

Medicaid and Medicare populations.

Results of these analyses are presented in Table 4.

Among colon cancer patients age 64 or younger with

Medicaid coverage, there was a non-significant decrease in

the likelihood of stage II or stage III disease at diagnosis
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Table 3 Multivariate regression results for stage IV vs. stage I colon cancer by anatomic location, odds ratio (95% CI)

Overall colon Descending colon Transverse colon Ascending colon

Insurance status

Private (ref) 1.00 1.00 1.00 1.00

Uninsured 2.47 (2.28, 2.69) 2.37 (2.07, 2.72) 2.49 (1.98, 3.13) 2.66 (2.33, 3.03)

Medicaid 1.68 (1.56, 1.80) 1.48 (1.32, 1.65) 1.73 (1.45, 2.07) 1.84 (1.64, 2.07)

Younger Medicare 1.10 (1.03, 1.18) 1.04 (0.93, 1.16) 1.10 (0.92, 1.31) 1.19 (1.05, 1.34)

Older Medicare 1.01 (0.98, 1.04) 0.97 (0.93, 1.01) 0.99 (0.92, 1.07) 1.09 (1.04, 1.15)

Race/ethnicity

White (ref) 1.00 1.00 1.00 1.00

Black 1.28 (1.24, 1.32) 1.21 (1.15, 1.27) 1.39 (1.28, 1.51) 1.23 (1.15, 1.31)

Hispanic 1.03 (0.97, 1.09) 0.93 (0.85, 1.02) 1.30 (1.11, 1.52) 1.04 (0.94, 1.15)

Other 0.95 (0.89, 1.02) 0.98 (0.88, 1.09) 0.93 (0.79, 1.11) 1.02 (0.91, 1.13)

Age at diagnosis

50–59 (ref) 1.00 1.00 1.00 1.00

60–69 0.82 (0.79, 0.85) 0.77 (0.73, 0.81) 0.75 (0.68, 0.82) 0.85 (0.80, 0.90)

70–79 0.71 (0.68, 0.73) 0.59 (0.56, 0.63) 0.62 (0.56, 0.69) 0.82 (0.76, 0.87)

C80 0.69 (0.66, 0.72) 0.53 (0.50, 0.57) 0.60 (0.54, 0.67) 0.84 (0.78, 0.91)

Sex

Female (ref) 1.00 1.00 1.00 1.00

Male 0.97 (0.95, 0.99) 1.00 (0.97, 1.03) 0.98 (0.93, 1.04) 1.02 (0.98, 1.06)

Zip-code-based median household income

$46,000? (ref) 1.00 1.00 1.00 1.00

$35,000–45,999 1.02 (0.99, 1.05) 0.98 (0.94, 1.03) 1.02 (0.95, 1.10) 1.06 (1.00, 1.11)

$30,000–34,999 1.05 (1.01, 1.09) 1.06 (1.00, 1.11) 1.06 (0.97, 1.16) 1.06 (0.99, 1.13)

\$30,000 1.10 (1.05, 1.14) 1.08 (1.01, 1.15) 1.03 (0.92, 1.15) 1.18 (1.09, 1.28)

Missing 2.18 (0.61, 7.82) 0.35 (0.03, 3.64) 25,585 (0.00, 972E71) 2.66 (0.23, 30.71)

Zip-code-based % without a high school degree

\14% (ref) 1.00 1.00 1.00 1.00

14–19.9% 1.03 (1.00, 1.07) 1.05 (1.00, 1.10) 0.98 (0.91, 1.06) 1.07 (1.01, 1.13)

20–28.9% 1.06 (1.03, 1.10) 1.07 (1.02, 1.13) 0.99 (0.90, 1.07) 1.09 (1.02, 1.15)

29%? 1.06 (1.02, 1.11) 1.10 (1.04, 1.18) 1.07 (0.97, 1.20) 1.04 (0.96, 1.12)

Missing 0.57 (0.16, 2.03) 3.37 (0.33, 34.58) 0.00 (0.00, 173E63) 0.51 (0.04, 5.87)

Facility type

Teaching/research 1.00 1.00 1.00 1.00

Community hospital 0.84 (0.82, 0.87) 0.87 (0.83, 0.91) 0.92 (0.86, 1.00) 0.78 (0.74, 0.82)

Community cancer center 0.85 (0.82, 0.87) 0.88 (0.85, 0.91) 0.89 (0.84, 0.95) 0.79 (0.75, 0.83)

Year of diagnosis

1998 (ref) 1.00 1.00 1.00 1.00

1999 0.92 (0.89, 0.95) 0.90 (0.86, 0.96) 0.91 (0.83, 1.00) 0.92 (0.86, 0.98)

2000 0.91 (0.88, 0.95) 0.89 (0.84, 0.94) 0.85 (0.77, 0.93) 0.93 (0.87, 1.00)

2001 0.92 (0.88, 0.95) 0.87 (0.82, 0.92) 0.87 (0.79, 0.96) 0.94 (0.88, 1.01)

2002 0.91 (0.88, 0.95) 0.84 (0.79, 0.89) 0.81 (0.74, 0.89) 1.00 (0.93, 1.07)

2003 0.94 (0.91, 0.98) 0.85 (0.81, 0.90) 0.81 (0.73, 0.89) 1.06 (0.99, 1.13)

2004 0.92 (0.89, 0.96) 0.84 (0.79, 0.88) 0.81 (0.73, 0.89) 1.04 (0.97, 1.12)

Census region of residence

Southeast (ref) 1.00 1.00 1.00 1.00

Northeast 1.01 (0.97, 1.06) 1.08 (1.01, 1.16) 1.11 (0.99, 1.24) 0.98 (0.90, 1.06)

Atlantic 1.11 (1.07, 1.15) 1.13 (1.08, 1.19) 1.09 (1.00, 1.19) 1.12 (1.05, 1.19)

Great Lakes 1.09 (1.06, 1.13) 1.11 (1.06, 1.16) 1.11 (1.02, 1.21) 1.15 (1.08, 1.22)
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for patients with managed care coverage compared to those

without Medicaid managed care. The difference between

Medicaid managed care and non-managed care patients for

the likelihood of stage IV colon cancer at diagnosis was

statistically significant, with Medicaid managed care

patients experiencing a decrease in the likelihood of stage

IV colon cancer at diagnosis by almost 50% compared to

their non-managed care counterparts. Among Medicare

patients age 65 and older, those who had Medicare plus

private supplemental insurance were significantly less

likely to present with stage II, III, or IV colon cancer than

were patients with Medicare coverage alone. No significant

difference was observed between patients with Medicare

coverage alone and dual Medicaid–Medicare coverage.

Discussion

This study has presented detailed results regarding patient

characteristics associated with more advanced (stage II, III,

or IV vs. stage I) colon cancer diagnoses. As we previously

reported [30], uninsured patients and patients with Medicaid

coverage as well as Black patients were more likely to

present with advanced colorectal cancer (compared to pri-

vately insured and White patients, respectively). In this

study, we have confirmed these findings and provided

greater detail regarding the likelihood of stage II, III, or IV

versus stage I at diagnosis. An important finding is that

while patients with Medicaid insurance were significantly

more likely to present with advanced-stage colon cancer

than were privately insured patients, there were significantly

less likely to present with an advanced-stage diagnosis than

were uninsured patients. This is consistent with higher rates

of screening, including colonoscopy, among Medicaid

insured compared to uninsured patients [13]. We also con-

firmed greater likelihoods of advanced-stage colon cancer in

all anatomic locations among Black versus White patients.

Previous reports indicated that Black patients are more

likely to present with proximal colorectal polyps and neo-

plasms than are non-Hispanic White patients [37, 38].

However, previous studies have reported that after con-

trolling for insurance and other sociodemographic factors,

there are minimal or no significant differences in CRC

screening rates between Black and White individuals

[3, 12].

We also report that women and patients from low SES

areas were more likely to present with more advanced

colon cancer, while patients from the Southeast census

region and patients diagnosed in later years of the study

period were less likely to present with more advanced

colon cancer. The increased likelihood of more advanced

stage among women may reflect women being less likely to

receive invasive colon cancer screening procedures than

are men [39]. Older patients are more likely than younger

patients to present with stage II versus stage I colon cancer,

but are less likely to present with advanced (stage III or IV)

Table 3 continued

Overall colon Descending colon Transverse colon Ascending colon

South 1.09 (1.04, 1.14) 1.15 (1.07, 1.23) 1.01 (0.89, 1.14) 1.07 (0.98, 1.17)

Midwest 1.09 (1.04, 1.14) 1.08 (1.01, 1.16) 1.12 (1.00, 1.25) 1.13 (1.04, 1.23)

West 1.04 (0.99, 1.08) 1.02 (0.95, 1.08) 1.09 (0.98, 1.22) 1.09 (1.01, 1.18)

Mountain 1.27 (1.20, 1.35) 1.35 (1.24, 1.47) 1.20 (1.04, 1.38) 1.27 (1.15, 1.41)

Pacific 1.19 (1.14, 1.23) 1.26 (1.19, 1.33) 1.18 (1.07, 1.29) 1.12 (1.04, 1.20)

Table 4 Multivariate

regression analysis of Medicaid

and Medicare patient colon

cancer subgroups for likelihood

of stage at diagnosis

Patient group Stage at diagnosis

comparison

Multivariate-adjusted

OR (95% CI)

Wald

Medicaid, not managed care – 1.00 (REF) N/A

Medicaid managed care Stage II vs. Stage I 0.89 (0.54, 1.44)

Stage III vs. Stage I 0.88 (0.55, 1.40)

Stage IV vs. Stage I 0.52 (0.31, 0.85)

Medicare coverage alone – 1.00 (REF) N/A

Medicare plus private supplement Stage II vs. Stage I 0.87 (0.83, 0.92)

Stage III vs. Stage I 0.89 (0.84, 0.94)

Stage IV vs. Stage I 0.80 (0.76, 0.85)

Dual Medicare–Medicaid Stage II vs. Stage I 1.03 (0.93, 1.13)

Stage III vs. Stage I 0.98 (0.88, 1.08)

Stage IV vs. Stage I 1.03 (0.92, 1.15)
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colon cancer compared to younger patients. Few significant

differences by patient characteristics were observed in

analyses of the likelihood of stage IV ascending versus

descending colon cancer. However, older patients (com-

pared to the youngest patient group) were more likely to

present with advanced disease of the ascending than of the

descending colon, while patients treated at community

hospitals and community cancer centers (compared to

those treated at teaching/research hospitals) were more

likely to present with stage IV cancer of the descending

than of the ascending colon. The association between

increased likelihood of advanced-stage cancer of the

ascending colon and older age is consistent with previous

work indicating a ‘‘shift-to-the-right’’ with advancing age

for patients with colonic adenomas [40].

We also found that while the likelihood of stage IV

versus stage I cancer at diagnosis decreased in the years

1999–2004 (compared to 1998) for all colon cancer

patients overall as well as for patients with cancer of the

transverse and descending colon, essentially no change in

the likelihood of stage IV cancer at diagnosis was observed

among patients with cancer of the ascending colon. This

may reflect the greater difficulty in detecting cancers of the

ascending colon, even with the use of appropriate screening

techniques. For example, flexible sigmoidoscopy will not

detect tumors of the ascending colon, and even receipt of a

colonoscopy does not ensure that the entire colon was

examined.

This finding may also reflect changes in the incidence of

colon cancer by anatomic location over time. Thörn et al.

[41] reported that the age-standardized rate of cancers of the

ascending and transverse colon in Sweden increased

between 1959 and 1993, while the rate of cancers of the

descending colon remained stable over this period. Cress

et al. [42] reported different findings but with a similar

impact on differences in colon cancer incidence by anatomic

location. Using SEER data, these investigators found

decreases in the incidence of colorectal cancers (significant

only among men), which were most pronounced for tumors

of the sigmoid colon and less pronounced for proximal colon

tumors. The results from our study suggest that the progress

in detecting colon cancer at earlier stages has been manifest

most among patients with cancers of the descending and

transverse colon, and less so for patients with cancer of the

ascending colon. More research is needed to verify this

finding and develop more-sensitive methods for earlier

detection of cancers of the ascending colon.

We also performed more detailed evaluations regarding

the associations between Medicaid and Medicare insurance

status and stage at diagnosis. We observed a trend toward

earlier diagnosis among Medicaid managed care patients

compared to Medicaid patients without managed care, that

was statistically significant for stage IV versus stage I

colon cancer. While studies comparing outcomes between

Medicaid managed care and non-managed care patients are

limited, available literature suggests that Medicaid man-

aged care patients receive more frequent preventive care

services [43, 44] and may have better outcomes for con-

ditions associated with on-going care [45], although this

has not been found by all investigators [46]. Our results

suggest that Medicaid managed care patients may have had

better colorectal cancer screening and/or more timely

follow-up to abnormal screening results or lower gastro-

intestinal symptoms than did non-manage care patients.

We also observed statistically significant earlier diag-

noses among patients with Medicare plus private insurance

(compared to Medicare alone or dual Medicare plus

Medicaid) for stage II, III, or IV colon cancer. This is

consistent with recent findings that individuals with

Medicare plus supplemental insurance coverage were sig-

nificantly more likely to have interval-appropriate

colorectal cancer screening than were Medicare enrollees

without supplemental coverage [47]. Other studies have

found that even among individuals with private or Medi-

care insurance coverage, cost-sharing and degree of

managed care penetration can influence the likelihood of

obtaining CRC screening. Varghese et al. [48] reported that

individuals in preferred provider organization (PPO) health

plans were significantly more likely to obtain CRC tests

than were those in fee-for-service (FFS) plans, which had

greater office visit costs. Koroukian et al. [49] reported that

among enrollees in Medicare FFS plans, those in areas with

a high level of Medicare managed care activity were more

likely to receive CRC screening than those from regions

with low activity levels. These findings indicate that

insurance programs can be structured to facilitate colon

screening and thus diagnoses disease earlier or even pre-

vent the development of invasive colon cancer.

There are a number of limitations for this study. First,

there may be questions regarding the generalizability of

data from the NCDB. The NCDB includes data only from

CoC hospitals, excluding cancer patients who are diag-

nosed and treated only at non-CoC hospitals. CoC hospitals

are required to meet or exceed standards for the diagnosis

and treatment of cancer, and undergo regular performance

evaluations. However, facilities with CoC-approved pro-

grams constitute a diverse mix of hospitals. Non-CoC

facilities are also diverse, including a number of NCI-

designated Comprehensive Cancer Centers, so the patient

population treated at non-CoC facilities is not necessarily

skewed towards underserved individuals. Further, a previ-

ous analysis of breast cancer patient referral patterns

indicated no significant differences between CoC and non-

CoC programs [50]. Finally, the age and cancer stage

distributions of the study population are similar to those

observed in data from SEER, and the insurance status
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distribution is similar to that determined using US insur-

ance status rates for a population with the same age,

gender, and race/ethnicity distribution as the study popu-

lation. Based on these factors, it appears unlikely that our

results are systematically biased by treatment referral pat-

terns to CoC-approved cancer programs.

Our study also lacked individual-level data on measures

of SES, including education and income. We used cate-

gories of education and income based on the patients’ zip-

codes of residence to help control for associations with

SES. While these area-level indices are likely correlated

with individual SES and may independently influence

access to care, they do not fully reflect individual-level

variation in SES.

In addition, the observed association between Medicaid

insurance and more advanced stage of cancer at diagnosis

does not distinguish between patients who became eligible

for Medicaid coverage because of their cancer diagnosis

from those who were covered by Medicaid prior to diag-

nosis. Bradley et al. [51] reported that patients with CRC

who enrolled in Medicaid after their cancer diagnosis were

more likely to have late stage disease than were those

enrolled prior to diagnosis. In the population studied by

Bradley et al., 54% of Medicaid patients with CRC

enrolled in Medicaid prior to diagnosis, while 46% enrolled

after diagnosis. Ramsey et al. [52] found that in Wash-

ington state, 57% of Medicaid patients diagnosed with five

major types of cancer (including CRC) had enrolled in

Medicaid within three months of their diagnosis. Data

specific to CRC patients were not presented. In our study,

the odds ratios associated with Medicaid insurance may be

modified by retroactive enrollment of patients who were

initially uninsured. However, information on date of

Medicaid enrollment for patients with Medicaid as the

primary payer is generally not available from cancer reg-

istries, including the NCDB.

The study may underestimate the benefits of private and

Medicare insurance in facilitating appropriate CRC

screening due to the use of Stage I patients as the referent

group. CRC screening, and colonoscopy in particular,

reduces the incidence rate for colon cancer through

removal of precancerous polyps; individuals whose cancers

are prevented in this way will not be included in the study

population of patients with invasive cancers.

Finally, multiple barriers that affect receipt of optimal

medical care, including both internal factors (e.g., low

interest in screening, denial of risks, fear) and external

factors (e.g., availability of information in formats/lan-

guages that can be understood by patients, distance/ease

of transportation to medical care facilities, receptivity of

providers), were not included in our study. Lack of

adequate insurance is a crucial factor regarding access to

timely and appropriate medical care, and may be more

feasible to address than many other personal and socie-

tal barriers. However, addressing this factor alone is

unlikely to resolve all disparities in cancer screening and

treatment.

Despite these limitations, our study provides important

results on patient factors associated with colon cancer stage

at diagnosis. These results also have important implications

for colon cancer screening programs. Over the past several

years, with heightened education (for both patients and

providers), CRC screening rates have increased [53–55]. In

addition, increasingly more screening colonoscopies are

being performed as compared to fecal occult blood tests

(FOBT) and flexible sigmoidoscopy [55], which are likely

to miss more cancer (and pre-cancer lesions) than is

colonoscopy [56–58]. However, as noted in the Introduc-

tion, many previous studies have identified disparities

associated with receipt of CRC screening based on insur-

ance status, race/ethnicity, SES, age, and other factors.

Our results suggest that screening disparities could lead

to more advanced stage at diagnosis among colon cancer

patients, and that programs to improve access to CRC

screening among underserved populations are likely to

result in earlier diagnosis. Investments in improved CRC

and better access to care for at-risk populations (particu-

larly uninsured and Medicaid patients) may have

substantial benefits in terms of morbidity, mortality, quality

of life, and even costs. However, improved access or

incentives (such as decreased co-payments) even among

private insurance and Medicare patients may also lead to

improved screening and earlier stage at diagnosis. Further

research is needed to quantify potential outcomes resulting

from improved screening and/or changes in insurance

coverage for these populations.
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