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Abstract

Purpose: We examined individual-level and neighborhood-level predictors of mortality in CRC patients diagnosed in Florida
to identify high-risk groups for targeted interventions.

Methods: Demographic and clinical data from the Florida Cancer Data System registry (2007-2011) were linked with Agency
for Health Care Administration and US Census data (n=47,872). Cox hazard regression models were fitted with candidate
predictors of CRC survival and stratified by age group (18-49, 50-64, 65+).

Results: Stratified by age group, higher mortality risk per comorbidity was found among youngest (21%), followed by
middle (19%), and then oldest (14%) age groups. The two younger age groups had higher mortality risk with proximal
compared to those with distal cancer. Compared with private insurance, those in the middle age group were at higher
death risk if not insured (HR=1.35), or received healthcare through Medicare (HR=1.44), Medicaid (HR=1.53), or the
Veteran’s Administration (HR =1.26). Only Medicaid in the youngest (52% higher risk) and those not insured in the oldest
group (24% lower risk) were significantly different from their privately insured counterparts. Among 18-49 and 50-64 age
groups there was a higher mortality risk among the lowest SES (1.17- and 1.23-fold higher in the middle age and 1.12- and
1.17-fold higher in the older age group, respectively) compared to highest SES. Married patients were significantly better off
than divorced/separated (HR =1.22), single (HR=1.29), or widowed (HR=1.19) patients.

Conclusion: Factors associated with increased risk for mortality among individuals with CRC included being older,
uninsured, unmarried, more comorbidities, living in lower SES neighborhoods, and diagnosed at later disease stage. Higher
risk among younger patients was attributed to proximal cancer site, Medicaid, and distant disease; however, lower SES and
being unmarried were not risk factors in this age group. Targeted interventions to improve survivorship and greater social
support while considering age classification may assist these high-risk groups.
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Introduction

Colorectal cancer (CRC) is the second leading cause of cancer
death for men and women combined in the U.S. with 142,820
estimated incident cases and 50,830 deaths in 2013 [1]. In the
state of Florida in 2010, the age-adjusted incidence and mortality
rates per 100,000 for CRC were 36.4 (95% Confidence Interval
[CI] =35.6-37.1) and 14.1 (95% CI=13.7-14.6), respectively [2].
Adherence to screening guidelines leading to earlier detection has
afforded patients long-term improvements in cancer-specific
mortality risk [3,4]. Moreover, there is a 90.1% five-year relative
survival rate when CRC is detected at the localized stage of
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disease; however, these rates drop with invasive cancer diagnosed
at regional and distant sites (69.2% and 11.7%, respectively) [5].
Healthy People 2020 objectives target CRC-specific mortality
reduction from 17.0 per 100,000, the 2007 mortality rate, to 14.5
per 100,000 in 2020 [6]. Improved treatments, earlier detection
and methods of prevention like removal of pre-cancerous polyps at
time of screening procedures could effectively decrease the risk of
death from CRC.

Survivorship of CRC may also depend on factors other than
stage at diagnosis. Incidence of CRC [7,8] and mortality [9] have
been shown to differ by race and ethnicity. Moreover, improve-
ments in CRC survival among Black CRC patients are attenuated
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when compared to that of White patients. Between 1992 and 2002
White patients had an annual decreased CRC mortality rate of
1.9% compared to a 0.8% decrease for Blacks over the same time
period [9]. Survival may also be affected by other demographic
characteristics such as age, gender, and socioeconomic status
(SES), and by clinical characteristics, including treatments, cancer
site within the colon, and comorbidities [10-12].

At the time of this publication, the authors were unable to
identify any previous population-based study addressing all-cause
survival after CRC diagnosis while simultaneously adjusting for
the aforementioned particular demographic variables, clinical
characteristics and comorbidities in both inpatients and outpa-
tients 18 years of age and older with CRC. In contrast to previous
studies, our research was novel in that we were able to incorporate
CRC patients of a variety of age groups, stratifying by those with
early-onset CRC while also including those of Medicare-benefi-
ciary age, and those from statewide clinical practice locations
[13,14]. The data presented herein are also unique in that the state
of Florida is inhabited by a multiracial, multiethnic, and
economically diverse population of CRC survivors of all ages
whose clinical information have been linked to high quality
administrative and US Census sources. We therefore examined
individual-level and neighborhood-level predictors of survival in
CRC patients aged 18 and older who were diagnosed in Florida in
order to identify high-risk groups for targeted clinical and social
support interventions.

Methods

Data were extracted from the Florida Cancer Data System
(FCDS) for all cases of CRC incidence among Florida residents
with age greater than or equal to 18 years, who were diagnosed
between 2007 and 2011, and who had a valid 2010 census tract
assignment based on geocoded addresses at the time of diagnosis
(n=47,872). In the state of Florida reside 19.6 million people; this
is approximately 6% of the population of the US. The racial/
ethnic breakdown of Florida is 57.0% White, 23.2% Hispanic,
16.6% Black, and 2.7% Asian [15]. The Hispanic population in
South Florida primarily originates from the Caribbean, Central
and South America, and Spain, potentially making the Florida
population representative of the general Hispanic community
[16]. The FCDS is a statewide, population-based cancer incidence
registry created by the State of Florida Department of Health in
1978, and operated by the Sylvester Comprehensive Cancer
Center at the University of Miami Leonard M. Miller School of
Medicine (Miami, FL) with support from the Florida Department
of Health and from the Centers for Disease Control and
Prevention and National Program for Cancer Registries. FCDS
was granted a gold standard rating as it collects 98% of all incident
cancers in Florida.

Outcome Variable

Mortality was our outcome variable and was defined as time
from the index date of diagnosis to the date of death or the date of
last patient follow-up. The FCDS performs passive follow-up of
patient status through a series of linkages with the Florida Office of
Vital Statistics as well as the National Death Index. The most
recent linkage with the Florida Office of Vital Statistics included
deaths through the year 2011. Therefore, the last date of passive
follow-up was set as December 31*, 2011. Follow-up interval was
the time between the index date (date of cancer diagnosis) to the
date of death; or from index date until December 31, 2011 for
those who survived. If there was no healthcare encounter during
this time period it was assumed that the patient was still alive by

PLOS ONE | www.plosone.org

Mortality Predictors in Florida Colorectal Cancer Patients

the end date of this study. FCDS abstracters provide a minimum
of annual updates to patient treatment and vital status obtained by
review of the Social Security Death Index, obituaries and inquiry
to patients, family members, and/or outpatient clinics.

Demographic Characteristics

Demographic, tumor, and treatment variables were grouped
into larger categories. Race and ethnicity variables were combined
to tabulate mutually exclusive groups by non-Hispanic and
Hispanic classifications, which included non-Hispanic White,
non-Hispanic Black, Hispanic, non-Hispanic other, and unknown
if Hispanic. Age was included as a continuous variable in the
overall sample and within the three age groups of 1849, 50-64,
and 65+ years. Sex was grouped by male or female. Primary payer
at diagnosis was grouped into private insurance, Medicaid,
Medicare, Military/Veterans Administration (VA), not insured,
insurance not otherwise specified (NOS), or unknown. The FCDS
does not derive data from the VA Medical Center; data for those
veterans included in the present study relate to those members
who obtained health care services outside of the VA system.
Marital status was broken down by married, single, divorced/
separated, widowed, or unknown.

Socioeconomic Status (SES) Measures

SES measures were obtained from the U.S. Census Bureau data
files at the census tract level using the pooled 2006-2010 American
Community Survey data and were linked with cancer records
using geocoded residential locations at the time of patient
diagnosis. Included in the census linkage was the percent of the
population whose income in the 12 months preceding diagnosis
was below the poverty level. The neighborhood poverty level (SES)
was categorized as follows: lowest (=20%), middle low (=10 and
<20%), middle high (=5 and<<10%), and highest (<5%) SES
based on the state quartile distributions for percentage of the
neighborhood living in poverty.

Comorbidity

For the corresponding diagnosis years, the cancer data were
linked with Florida hospital and outpatient discharge data from
the Agency for Health Care Administration using patient social
security number and date of birth in a deterministic matching
process. Data on comorbid status were retained using any reported
secondary diagnosis International Classification of Diseases (ICD)-
9-CM value for inpatients and outpatients, which were then
summarized by comorbid category. Additional comorbidities were
also derived from diagnosis-related group (DRG) codes for
inpatient hospital stays. Comorbidity Software, Version 3.7 from
the Health Cost and Utilization Project (an endeavor sponsored by
the Agency for Healthcare Research and Quality) was utilized to
determine Elixhauser comorbidity groups [17]. A binary indicator
was created for each Elixhauser comorbidity category, with “one”
indicating patient had in-patient or out-patient visit(s) related to
this comorbidity category. Multiple visits related to the same
category were only counted once. A comorbidity index was then
calculated for each patient by summarizing the Elixhauser
comorbidity category indicators. Comorbidity categories related
to cancer or tumors were excluded from the summary count.

Tumor Characteristics

Primary cancer site data were coded according to the
International Classification of Diseases for Oncology in use at
the time of diagnosis, converted to the third edition [18].
Colorectal classification included all sites coded C18.0 through
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C20.9 with the exception of the appendix (C18.1) and Large
Intestine NOS (C18.8-C18.9). Colorectal subsite locations were
categorized into proximal (cecum, ascending colon, hepatic
flexure, and transverse colon), distal (splenic flexure, descending
colon, and sigmoid colon), and rectum (rectosigmoid junction,
rectum). Staging was derived from the 2000 Surveillance
Epidemiology and End Results coding systems [19], of which
our analysis included the following staging categories: in situ,
localized, regional and distant.

Treatment Factors

All surgical, radiation, and chemotherapy treatment codes were
collapsed into three categories; treatment received, treatment not
received, and unknown if treatment was received.

Statistical Analysis

Patient records were de-identified prior to analysis. Descriptive
statistics of above mentioned demographic and clinical factors
were analyzed for the CRC cases in Florida. Cox proportional
hazard regressions were performed first for each demographic and
clinical factor individually in univariate models and then with all
demographic and clinical factors in one model to determine the
association with all-cause mortality in CRC patients while
controlling for all covariates; only multivariable models are
presented in the table. Multivariable models were also performed
with stratification by age groups (18-49, 50-64, and 65+). No
interactions were found among main predictor variables. All
statistical analyses were performed using SAS 9.3 (SAS Institute,
Cary, NC) software.

Results

Demographic Characteristics

The study sample consists of 47,872 CRC patients who were
diagnosed between 2007 and 2011 in Florida of whom 52.1%
were male, 65.3% were 65 years and older, 72.9% were non-
Hispanic White, and 53.4% were married (Table 1). The mean
follow-up time for all subjects was 2.0 person-years (731 days). The
majority of patients underwent surgery (84.7%), 28.5% received
chemotherapy and 10.3% had radiation therapy. Thirty-one
percent of patients were from the highest quartile SES neighbor-
hood, 28.5% were from middle-high, and 15.0% were from the
lowest quartile. In terms of the Elixhauser comorbidity index,
28.5% had no comorbidities, 15.6% had one, 16.3% had two, and
39.5% had three or more, with the maximum number of
comorbidities of 14 in any single individual.

Demographic Predictors

In the multivariable survival analysis model for all-cause
mortality, females had a Hazard Ratio (HR) of 0.85 compared
to males (Table 2). This sex disparity remained when we stratified
by age group. Hispanics compared to non-Hispanic Whites had a
survival benefit with a HR of 0.85 but non-Hispanic Blacks were
not significantly different from non-Hispanic Whites (p =0.81).
Stratifying by age group, none of the race/ethnicities in the
youngest age group were significantly different compared to
Whites, however, Hispanics in the two older groups were at lower
mortality risk (HR=0.75 in 50-64 and 0.89 in 65+) while only
non-Hispanic Blacks in the 50-64 age group were at lower
mortality risk (HR =0.89).

Age was a statistically significant predictor of mortality risk;
there was a 3% higher mortality risk with annual increase in age.
When we stratified by age group, the patients in the youngest
group had no increase in mortality risk with age. However, in the
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middle and oldest age groups there was an increase in mortality
risk with each increase in age (1% and 5%, respectively).

Married patients were significantly better off than divorced/
separated (HR=1.22), single (HR=1.29), or widowed
(HR =1.19) patients. Age stratified models revealed that compared
to married patients, divorced/separated and single patients in the
two older groups and widowed patients 65+ had a higher risk of
death. This phenomenon was not true for those in the youngest
group.

Compared to those with primary payer at diagnosis of private
insurance, those uninsured had 1.22 fold increased risk of
mortality, those with Medicaid had al.42 fold higher mortality
risk, and Military/Veterans had a 1.19 fold higher mortality risk;
but those with Medicare (P =0.29) were no longer worse off than
privately insured. In age-stratified models and compared with
private insurance, those in the middle age group were at higher
risk of death if not insured (HR=1.35), had Medicare
(HR =1.44), had Medicaid (HR =1.53), or had VA (HR =1.26).
Only Medicaid in the youngest age group (52% higher mortality
risk) and those not insured in the oldest age group (24% lower
mortality risk) were significantly different from their private
insurance counterparts.

Socioeconomic Status

Relative to those living in high SES neighborhoods at the time
of diagnosis, those living in the two lowest SES neighborhoods had
a survival disadvantage (HR =1.13) and (HR = 1.19), respectively.
However, middle high SES was not different from highest SES
(P=0.06). In the age stratified model only those in the youngest
age group showed no difference in mortality risk regardless of SES
group membership. For the two older age groups there was a
higher mortality risk among the two lowest SES groups (1.17- and
1.23-fold higher in the middle age group and 1.12- and 1.17-fold
higher in the older age group) compared to the highest SES.

Comorbidity

There was a 15% higher risk of death per additional Elixhauser
comorbidity group suffered by patients in the multivariable
analysis. When stratified by age group, a higher mortality risk
per comorbidity was 21% in the youngest group, 19% in the
middle group, and 14% in the oldest age group.

Tumor Characteristics

In the multivariable model, cancer site of proximal colon was no
different than the referent distal colon with respect to survival
(P=0.19). In age stratified models, the two younger age groups
had a higher mortality risk with proximal cancer compared to
those with distal cancer (1.23-fold higher in the youngest and 1.28-
fold higher in the middle age group).

As stage of disease became more advanced, survival time
shortened in regional and distant. The age stratified analyses
revealed that compared to those in the middle and oldest age
groups, those in the youngest age group had the highest mortality
risk from regional (2.72 times greater risk) and distant disease
(11.94 times greater risk) when comparing to localized stage. In the
oldest age group, those with regional or distant disease had 1.72-
fold and 5.84-fold higher risk, respectively, than those with
localized stage.

Treatment Factors

In the multivariable model, having treatments imparted a
beneficial outcome compared to not being treated. This remained
true in the age stratified analysis for those treated with surgery and
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Table 1. Descriptive characteristics of the sample from the Florida Cancer Data System and the Agency for Health Care
Administration datasets (2007-2011).
Characteristic N %
Sex
Male 24,921 52.06
Female 22,951 47.94
Mean age in years (SD) 69.1 (13.5) Range 18-104
Race/Ethnicity
NH White 34,896 72.89
NH Black 5,061 10.57
Cuban 1,386 2.90
Puerto Rican 231 0.48
Mexican 96 0.20
Other Hispanics 5,049 10.55
NH Other 842 1.76
Unknown Ethnicity 311 0.65
Stage
In Situ 2,499 522
Localized 17,728 37.03
Regional 16,534 34.54
Distant 8,097 16.91
Unknown 3,014 6.30
Insurance Status
Uninsured 1,935 4.04
Private 12,049 25.17
Medicare 27,504 57.45
Medicaid 2,547 5.32
Military/Veteran 739 1.54
Insurance NOS 2,095 4.38
Unknown 1,003 2.10
Marital Status
Single 7,188 15.02
Married 25,546 53.36
Divorced/Separated 4,812 10.05
Widowed 8,967 18.73
Unknown 1,359 2.84
Tumor Site
Distal Colon 12,839 26.82
Proximal Colon 21,581 45.08
Rectum 13,452 28.10
Surgery
Yes 40,537 84.68
No 6,912 14.44
Unknown 423 0.88
Chemotherapy
Yes 13,633 28.48
No 33,492 69.96
Unknown 747 1.56
Radiation
Yes 4,934 10.31
No 42,622 89.03
Unknown 316 0.66
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chemotherapy. However, only the oldest group had a survival
advantage among those receiving radiation treatments while no
difference in mortality was found in the two younger groups.

Discussion

In this population-based study we looked at individual- and
neighborhood-level predictors of CRC mortality in the demo-
graphically diverse state of Florida. We found that significant
predictors of CRC mortality included marital class, primary payer
at diagnosis, neighborhood socioeconomic category, comorbidity
count, and tumor characteristics. Age stratifications confirmed the
value of surgical and chemotherapeutic regimens for all age
groups, with the advantage conferred by private insurance
disappearing in the 65 and older age group. The disadvantage
presented by lower SES persisted into the advanced age category.
Though survival was worse in all ages with comorbidity, this effect
was greatest in those less than 50 years of age.

Demographic Characteristics

Marital status was a predictor of mortality in our study in that
those who were not married were at greater mortality risk
compared with those who were married. This may be true because
married couples are more likely to undergo screening with their
primary care physician or at clinics compared with those who are
not married [20], and are more likely to be compliant with
treatment recommendations [21]. Those patients who live alone
have worse survival, likely related to the fewer treatments that
these colon cancer patients undergo [22]. This survival benefit for
married patients has been seen not only in CRC, but also with
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Table 1. Cont.
Characteristic N %
SES*
Highest 14,911 31.15
Middle high 13,639 28.49
Middle low 12,093 25.26
Lowest 7,229 15.10
Number of Major Comorbidities
0 13,665 28.54
1 7,484 15.63
2 7,809 16.31
3 6,749 14.10
4 4,896 10.23
5 3,125 6.53
6 1,847 3.86
7 1,145 239
8 618 1.29
9 303 0.63
10 118 0.25
11 68 0.14
12 33 0.07
13 8 0.02
14 4 0.01
*SES = socioeconomic status defined by 4 categories of lowest (=20%), middle-low (=10 and <20%), middle high (=5 and<10%), and highest (<5%) SES based on
percentage of the neighborhood living in poverty; NH = non-Hispanic; NOS = not otherwise specified.
doi:10.1371/journal.pone.0106322.t001

other cancers [23]. Although other investigators found similar
results as we did for CRC, they only compared the broader
category of “married” to “not married”” without further delinea-
tion of participants” unmarried status [24]. Our study was unique
in that we differentiated “not married” as single, divorced/
separated, and widowed as these subgroups are very different from
one another. We found that when adjusted for all other factors and
compared with married, the worst survival was observed for single
individuals, divorced/separated and widowed patients in the oldest
age group and single or divorced/separated in the middle age
group. In accordance with our findings, married and divorced/
separated CRC patients have greater survival benefit than single
patients [25]. However, this was not true for the younger age
group which suggests that marital class as a risk factor operates
differently for older and younger individuals. Our findings also
suggest that clinicians should encourage unmarried older patients
to seek social support services following a diagnosis with CRC.

We found that primary payer at diagnosis is associated with
survival of CRC patients. Compared to those with private
insurance, those with Medicaid showed a 42% increase in
mortality in the fully adjusted model. Other studies have found
similar results for patients with Medicaid [24,26]. The worse
mortality may be explained by diminished access to care in those
receiving Medicaid; Medicaid may also be a surrogate marker for
chronic poverty which is its own barrier to treatment compliance
[27]. Another consideration, however, is that some of our
Medicaid observations may be due to confounding with uninsured
individuals who acquire emergency Medicaid upon diagnosis of
late stage CRC due to lack of access to care and then they
subsequently have poorer outcomes.
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Table 2. Multivariable analysis to predict mortality from CRC stratified by age group from the Florida Cancer Data System and the
Agency for Health Care Administration datasets (2007-2011).
Age Groups
Overall 18-49 years 50-64 years 65+ years
N=4,077 N=12,560 N=31,235

Prognostic factors HR (95% CI) HR (95% Cl) HR (95% CI) HR (95% Cl)
Sex
Male 1.00 1.00 1.00 1.00
Female 0.85 (0.82-0.88)"" 0.81 (0.70-0.93)" 0.87 (0.80-0.94)" 0.83 (0.80-0.86)""
Age at diagnosis 1.03 (1.04-1.04)"" 1.01 (0.99-1.02) 1.01 (1.00-1.02)" 1.05 (1.05-1.05)""
Race/ethnicity
NH White 1.00
Hispanic 0.85 (0.81-0.89)"" 1.05 (0.86-1.28) 0.75 (0.66-0.85)"" 0.89 (0.83-0.94)""
NH Black 0.99 (0.94-1.05) 1.17 (0.98-1.40) 0.89 (0.80-0.99)" 1.02 (0.94-1.09)
NH Other 0.73 (0.63-0.84)"" 0.52 (0.27-1.00) 0.86 (0.65-1.13) 0.73 (0.60-0.88)"
Unknown 0.60 (0.45-0.81)" 0.32 (0.08-1.29) 0.61 (0.30-1.23) 0.63 (0.46-0.88)""
Marital Status
Married 1.00 1.00 1.00 1.00
Divorced/Separated 1.22 (1.15-1.30)" 1.11 (0.88-1.40) 1.18 (1.06-1.32)" 1.28 (1.19-1.38)™"
Single 1.29 (1.22-1.35)"" 1.11 (0.94-1.31) 1.23 (1.11-1.35)"" 1.26 (1.18-1.34)""
Widowed 1.19 (1.14-1.25)"" 0.91 (0.94-1.31) 1.14 (0.94-1.37) 1.13 (1.08-1.19)™"
Unknown 1.00 (0.90-1.11) 0.91 (0.61-1.36) 1.22 (0.97-1.54) 0.93 (0.83-1.06)
Cancer Site
Distal Colon 1.00
Proximal Colon 1.03 (0.99-1.07) 1.23 (1.03-1.47)" 1.28 (1.16-1.40)" 0.96 (0.92-1.01)
Rectum 0.98 (0.93-1.03) 0.89 (0.73-1.08) 0.99 (0.89-1.10) 0.99 (0.94-1.05)
Stage
Localized 1.00 1.00 1.00 1.00
In Situ 1.09 (0.98-1.21) 0.78 (0.36-1.71) 0.82 (0.59-1.13) 1.19 (1.06-1.32)
Regional 1.83 (1.75-1.92)"" 2.72 (2.02-3.67)"" 261 (2.27-3.00)"" 1.72 (1.63-1.81)""
Distant 6.07 (5.77-6.39)"" 11.94 (8.92-15.98)"" 10.86 (9.47-12.46)"" 5.84 (4.85-5.45)""
Unknown 1.82 (1.69-1.96) " 4,07 (2.79-5.94)"" 2.76 (2.28-3.35)"" 1.60 (1.47-1.74)""
Insurance
Private 1.00 1.00 1.00 1.00
Not Insured 1.22 (111135 1.17 (0.93-1.48) 1.35 (1.20-1.53)"" 0.76 (0.60-0.97)"
Medicare 1.03 (0.98-1.08) 1.30 (0.95-1.78) 1.44 (1.28-1.63)" 1.00 (0.93-1.07)
Medicaid 1.42 (1.30-1.54)" 1.52 (1.25-1.85)"" 1.53 (1.36-1.72) 1.11 (0.95-1.29)
Veterans 1.19 (1.03-1.39)" 1.53 (0.92-2.53) 1.26 (1.01-1.57)" 1.10 (0.88-1.38)
Insurance NOS 1.03 (0.94-1.14) 1.29 (1.00-1.66)" 1.00 (0.86-1.17) 1.00 (0.86-1.16)
Unknown 1.36 (1.22-1.52) 1.11 (0.73-1.70) 1.24 (0.99-1.56) 141 (1.22-1.62)"
Surgery
No 1.00 1.00 1.00 1.00
Yes 0.42 (0.40-0.44)"" 0.39 (0.33-0.47)"" 0.42 (0.38-0.46)"" 0.43 (0.41-0.45)""
Unknown 0.81 (0.68-0.96)" 1.77 (0.85-3.69) 0.89 (0.62-1.30) 0.80(0.65-0.99)"
Chemotherapy
No 1.00 1.00 1.00 1.00
Yes 0.66 (0.63-0.69)"" 0.72 (0.61-0.85)" 0.66 (0.60-0.72)"" 0.65 (0.61-0.69)"
Unknown 0.93 (0.80-1.07) 0.49 (0.21-1.15) 1.04 (0.73-1.42) 0.94 (0.80-1.10)
Radiation 1.00
No 1.00 1.00 1.00 1.00
Yes 0.93 (0.86-0.99)" 1.10 (0.87-1.38) 1.02 (0.89-1.17) 0.89 (0.81-0.97)"
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Comorbidities (count) 1.15 (1.15-1.16)""

121 (1.17-1.24)

Age Groups
Overall 18-49 years 50-64 years 65+ years

N=4,077 N=12,560 N=31,235
Unknown 1.68 (1.34-2.10)" 1.58 (0.60-4.21) 1.04 (0.73-1.47) 1.56 (1.20-2.02)"
SES*
Highest 1.00 1.00 1.00 1.00
Middle-high 1.04 (1.00-1.09) 1.03 (0.84-1.27) 1.05 (0.94-1.18) 1.04 (0.99-1.09)
Middle-low 1.13 (1.08-1.19)" 1.08 (0.88-1.32) 1.17 (1.05-1.30)" 1.12 (1.06-1.18)""
Lowest 1.19 (1.13-1.26)" 1.11 (0.89-1.39) 1.23 (1.09-1.39)" 1.17 (1.10-1.25)""

1.19 (1.17-1.21)" 1.14 (1.13-1.15)"

doi:10.1371/journal.pone.0106322.t002

This survival detriment in comparison to private patients
disappeared in the 65 years and older age category, where
eligible patients also receive Medicare. However, patients in the
50-64 year age group, i.e., before being age-eligible for
Medicare, had a higher mortality risk than those 65+ when
comparing primary payers at diagnosis with private insurance.
Patients receiving Medicare below the age of 65 are likely a
sicker population group. These findings are unique in that we
were able to determine differences by primary payer in those
less than Medicare-eligible ages, a limitation with SEER-based
Medicare analyses.

Patients who were uninsured or receiving VA care in our
series also experienced worse survival than those with private
msurance. This is in contrast to the findings of other
investigators showing that cancer survival in VA patients cared
for within the VA system was better than in non-VA patients
[28]. As FCDS does not collect information for patients using
only the VA system, our findings must be interpreted with
caution. Any CRC patient in our series claiming Military/
Veterans as a primary payer must have been seeking care
outside of the VA system. It has been shown that patients
enrolled in dual systems of care, that is both VA and Medicare,
may be worse off than those enrolled in ecither the VA or
Medicare alone [29]. The rationale underlying this finding is
unclear, but patients seeking care from multiple locations could
potentially be sicker or have disease considered untreatable
according to guidelines. Unexpectedly, we found a survival
advantage in uninsured older individuals compared to their
older counterparts with private insurance; the reason behind this
finding is counterintuitive and may need further investigation.

Relative to non-Hispanic Whites in our study, a protective effect
was seen in Hispanics and this effect remained for the two older
age groups, but not among the youngest group. Other studies have
found conflicting results [30,31]. The better survival observed in
our series may be related to the so-called Hispanic Paradox, and
much work is needed to elucidate the roles of migration,
acculturation, and social support structures in potentially explain-
ing these survival differences.

Socioeconomic Status

Our findings indicate that there is an effect of neighborhood
poverty on survival from CRC; this was true for the two older age
groups among those living in the lowest SES neighborhoods.
Compared to the highest SES, those living in neighborhoods with
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*P<0.05; **P<0.01; ***P<0.0001; *SES = socioeconomic status defined by 4 categories of lowest (=20%), middle-low (=10 and <20%), middle high (=5 and<10%), and
highest (<5%) SES based on percentage of the neighborhood living in poverty; NH = non-Hispanic; NOS = not otherwise specified.

lower SES had incrementally worse survival adjusting for disease
stage and primary payer at diagnosis. These findings corroborate
population-based Connecticut cancer registry results in that those
living in the poorest census tracts had a higher mortality risk
compared with their higher income counterparts [12]. Similar
results have been well-documented by other state registries
[10,32]. SEER data demonstrate that lower SES and lack of
treatments for colon cancer decrease survival, particularly among
Black patients [33]. However, our data are unique in that we
capture younger age groups than the SEER-Medicare data. These
findings suggest that social class membership matters in terms of
survival for those 50 years and older even when accounting for
race/ethnicity, comorbidities, and stage at diagnosis. Moreover,
approximately 40% of our sample lived in the most impoverished
neighborhoods (lowest or middle low SES). This supports the need
for additional targeted efforts of outreach to these communities in
need, such as community-trained patient navigators, who have
previously been successful in improving colon cancer screening
adherence rates among low SES groups as well as treatment
satisfaction for those uninsured who were diagnosed with CRC
[34,35]. Community health workers have also been valuable in
providing outreach and education regarding CRC among the

underserved [36].

Comorbidity

The number of categories of comorbidity in patients with
CRC had a profound effect on survival in our study. The risk
of death increased 15% for each additional Elixhauser
comorbidity, with the youngest patients having the highest risk
(21%) and the oldest patients having the smallest risk (14%) per
comorbidity. We included comorbidities in a dose-response
fashion in our study because comorbidity is a known
independent risk factor for CRC mortality [37]. Our findings
are in line with other studies that show the effect of higher
comorbidity and worsening of survival [38]. Robbins et al.
found an association between comorbidity and insurance;
uninsured, Medicaid, and Medicare insured had higher
comorbidity levels [14]. An increase in comorbidity decreases
survival, predominantly in patients with early stage CRC [39].
This finding is consistent with previous reports that the presence
of comorbidity differentially affects the prognosis of those groups
with longer survival (that is, earlier stage cancers) [40]. The
topic of comorbidity in cancer raises many interesting questions
[41]. In particular, the influence of comorbidities on cancer-

August 2014 | Volume 9 | Issue 8 | 106322



specific or overall mortality is important; our series measured
overall mortality with comorbidity being a strong predictor. Also
unclear are the roles comorbid conditions play in an individual’s
ability to complete prescribed anti-neoplastic treatments due to
toxicity or intolerability [42-44]. And can these comorbidities
identified in retrospective series serve as surrogate markers for
other factors, like lifestyle choices or tumor biology? [41]. With
these findings in mind, special attention should be given to
CRC patients with numerous comorbidities as they are at
higher risk for death regardless of age, but most pronounced in
the youngest.

Tumor Characteristics

Although we did not find cancer site in the whole sample to be a
significant predictor of mortality risk, our novel finding was that
proximal cancers were associated with greater mortality risk
among those 18-64 years of age. This is an important finding in
light of the fact that colonoscopy has diminished impact in
attenuating mortality for proximal colon cancer when compared
to distal cancers [45], and because guidelines for screening do not
include those below the age of 50 [46]. SEER-Medicare data are,
by design, limited to those 65 years and older. To our knowledge
this is the first study to look at cancer site in younger age groups
while controlling for demographic, other tumor characteristics,
treatments, and comorbidities.

Our findings confirm that when potential confounding
predictors are accounted for, late stage diagnosis of CRC is
alarmingly deadly; patients were at six times the risk of death if
diagnosed with distant disease. Le et al. found 34.5 times the
risk of death at the latest stage but unlike our study, these
mvestigators did not control for insurance, comorbidities, and
marital status [10]. Robbins et al. found 21.6 times the risk of
death but treatment, race/ethnicity, marital status, cancer site,
and gender were not controlled for in their model [14]. Our
study was also unique in that by stratifying by age group, we
discovered that stage was a greater predictor in the younger age
group. This observation highlights the importance of identifying
and intervening upon modifiable risk factors for CRC in this
younger population who are not captured in the current
guidelines of screening as prevention for average risk individ-
uals. The rising national incidence of CRC in Americans under
age 50 makes this finding immediately relevant to clinical care
[47].

Besides being diagnosed at later stage, our findings suggest that
individuals requiring more medical attention are older individuals
with more comorbidities, who are unmarried, uninsured, and
living in lower SES neighborhoods; for younger individuals,
increased attention may be warranted for those with proximal
colon cancer, receiving Medicaid, and with more comorbidities.
Moreover, it appears that increased quality of care and access to
care are needed for patients with Medicaid, uninsured, or VA
patients who seek care outside the VA system. The findings
reinforce the supreme importance of increasing screening to
prevent cancer or identify cancers at early stages, particularly for
those groups at higher risk.

These observations also underline the importance of tools to
identify patients with increased mortality in order to improve
survivorship through intervention. A recent Institute of Medicine
report supported the value of collecting cancer comorbidity data
while recording patient-reported outcomes and health behaviors in
order to create and track metrics for patient-centered, high quality
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cancer care [48]. Preliminary success with tools for colon cancer
survivorship has been demonstrated through dissemination of
National Comprehensive Cancer Network (NCCN) guidelines
[49]. These tools promote the messages of oncologic societies like
American Society of Clinical Oncology and NCCN for CRC
treatment; adherence to these treatment guidelines is associated
with improved survival in CRC patients and this should be
encouraged among clinicians [50,51]. Some evidence exists to
improve survivorship through the creation of post-cancer care
plans [52]; however, relatively few National Cancer Institute-
designated cancer centers provide survivorship care plans to their
CRC patients [53]. Surveillance colonoscopy is also underutilized
in this high-risk group in danger of metachronous colonic
dysplasia [54]. Some have recommended the creation of multi-
disciplinary teams to improve uptake of treatments [55]. Finally,
unknown variables like biology or cultural acceptance of treatment
paradigms may affect cancer survivorship, as survival gaps for
Blacks are not closing, despite controlling for stage and treatment
variables [56]. There are clearly many understudied and
unexploited opportunities for intervention to improve cancer
survivorship.

There were several limitations to our study. We did not have
information on CRC screening histories. The FCDS and AHCA
databases do not have individual-level indicators of SES; hence,
we used neighborhood-level poverty as a proxy. However,
neighborhood SES indicators were shown to be a valid and
reliable methodology [57]. Follow-up time was limited to an
average of about 2 years due to limited study sampling time frame
of 2007 through 2011. Utilizing administrative data to assess
comorbidity may have caused us to misclassify some patients as
not having comorbidity as they may have been diagnosed outside
of the hospital/outpatient treatment purview. We also acknowl-
edge the loss to follow-up in the dataset, as Floridians are known to
be transient inhabitants; that is, they live in Florida for only a
portion of the year, returning to other American climates or even
other countries in the summer months, which may impact our
ability to capture their utilization of health services and endpoints
prospectively. Florida statistics on screenings are captured and
produced by the Behavioral Risk Factor Surveillance System at the
state and county levels and as of yet do not have figures at the
census tract level. Also, our data were limited to the state of
Florida which may not be generalizable to the rest of the United
States population.

In summary, older CRC patients with more comorbidity,
living in lower SES neighborhoods, without insurance, who are
unmarried and diagnosed at later disease stage, are at higher
risk of death. Higher risk among younger patients was
associated with cancer site, receiving Medicaid services, and
distant stage disease; however, lower SES and being unmarried
were not risk factors in this age group. Targeted interventions
to intervene to improve survivorship and greater social support
while considering age group may assist these high-risk groups
and warrant further study.

Author Contributions

Conceived and designed the experiments: SLT MH DDZ DAS DJL.
Performed the experiments: SLT MH DDZ DAS DJL. Analyzed the data:
MH DDZ. Contributed to the writing of the manuscript: SLT MH DDZ
DAS DJL. Approved the final version of the manuscript: SLT MH DDZ
DAS DJL.

August 2014 | Volume 9 | Issue 8 | 106322



References

1.

26.

27.

American Cancer Society (2013) What are the key statistics about colorectal
cancer? Available: http://www.cancer.org/cancer/ colonandrectumcancer/
detailedguide/colorectal-cancer-key-statistics Accessed 1 April 2014.

. Centers for Disease Control and Prevention (2010) Cancer Types Grouped by State

and Region. Available: http://apps.nced.cde.gov/uscs/ cancersbystateandregion.
aspx Accessed 29 March, 2014.

Shaukat A, Mongin SJ, Geisser MS, Lederle FA, Bond JH, et al. (2013) Long-
term mortality after screening for colorectal cancer. N Engl J Med 369: 1106
1114.

. Nishihara R, Wu K, Lochhead P, Morikawa T, Liao X, et al. (2013) Long-term

colorectal-cancer incidence and mortality after lower endoscopy. N Engl J Med
369: 1095-1105.

Siegel R, DeSantis C, Virgo K, Stein K, Mariotto A, et al. (2012) Cancer
treatment and survivorship statistics, 2012. CA Cancer J Clin 62: 220-241.

. Centers for Disease Control and Prevention and U.S. Department of Health and

Human Services (2010) Healthy People 2020 Available: http://www.
healthypeople.gov/2020/topicsobjectives2020/ objectiveslist.aspx?topicld = 8
Accessed 29 March, 2014.

. Irby K, Anderson WF, Henson DE, Devesa SS (2006) Emerging and widening

colorectal carcinoma disparities between Blacks and Whites in the United States
(1975-2002). Cancer Epidemiol Biomarkers Prev 15: 792-797.

. Rim SH, Seeff L, Ahmed F, King JB, Coughlin SS (2009) Colorectal cancer

incidence in the United States, 1999-2004 : an updated analysis of data from the
National Program of Cancer Registries and the Surveillance, Epidemiology, and
End Results Program. Cancer 115: 1967-1976.

. Polite BN, Dignam JJ, Olopade OI (2006) Colorectal cancer model of health

disparities: understanding mortality differences in minority populations. J Clin

Oncol 24: 2179-2187.

. Le H, Ziogas A, Lipkin SM, Zell JA (2008) Effects of socioeconomic status and

treatment disparities in colorectal cancer survival. Cancer Epidemiol Biomarkers
Prev 17: 1950-1962.

Gomez SL, O’Malley CD, Stroup A, Shema SJ, Satariano WA (2007)
Longitudinal, population-based study of racial/ethnic differences in colorectal
cancer survival: impact of neighborhood socioeconomic status, treatment and
comorbidity. BMC Cancer 7: 193.

. Polednak AP (2001) Poverty, comorbidity, and survival of colorectal cancer

patients diagnosed in Connecticut. J Health Care Poor Underserved 12: 302
310.

. Niu X, Roche LM, Pawlish KS, Henry KA (2013) Cancer survival disparities by

health insurance status. Cancer Med 2: 403—411.

. Robbins AS, Pavluck AL, Fedewa SA, Chen AY, Ward EM (2009) Insurance

status, comorbidity level, and survival among colorectal cancer patients age 18 to
64 years in the National Cancer Data Base from 2003 to 2005. J Clin Oncol 27:
3627-3633.

. US Census Bureau (2014) US Census Bureau: State and County QuickFacts.

http://quickfacts.census.gov/qfd/states/12000.html Accessed May 28, 2014.

. Pew Research Center (2014) Pew Research Hispanic Trends Project: Hispanic

Nativity Shift. Available: http://www.pewhispanic.org/ Accessed 12 June 2014.

. Agency for Healthcare Research and Quality (2013) HCUP Comorbidity

Software. Healthcare Cost and Ultilization Project (HCUP). Available: www.
hcup-us.ahrq.gov/toolssoftware/comorbidity/ comorbidity.jsp Accessed 21 June
2014.

. Fritz A, Percy C, Jack A, Shanmugaratnam K, Sobin L, et al. (2000)

International Classification of Diseases for Oncology, Third Edition. 3rd ed.
Geneva: World Health Organization. 240 p.

. Young JL (2001) SEER summary staging manual 2000: codes and coding

instructions: National Cancer Institute, National Institutes of Health.

. Weiss JM, Smith MA, Pickhardt PJ, Kraft SA, Flood GE, et al. (2013) Predictors

of colorectal cancer screening variation among primary-care providers and
clinics. Am J Gastroenterol 108: 1159-1167.

. Denberg TD, Beaty BL, Kim FJ, Steiner JF (2005) Marriage and ethnicity

predict treatment in localized prostate carcinoma. Cancer 103: 1819-1825.

. Cavalli-Bjorkman N, Qvortrup C, Sebjornsen S, Pfeiffer P, Wentzel-Larsen T, et

al. (2012) Lower treatment intensity and poorer survival in metastatic colorectal
cancer patients who live alone. Br J Cancer 107: 189-194.

. Tannenbaum SL, Zhao W, Koru-Sengul T, Miao F, Lee DJ, et al. (2013)

Marital status and its effect on lung cancer survival. SpringerPlus 2: 504: 1-10.

. Roetzheim RG, Pal N, Gonzalez EC, Ferrante JM, Van Durme D], et al. (2000)

Effects of health insurance and race on colorectal cancer treatments and
outcomes. Am J Public Health 90: 1746-1754.

. Wang L, Wilson SE, Stewart DB, Hollenbeak CS (2011) Marital status and

colon cancer outcomes in US Surveillance, Epidemiology and End Results
registries: does marriage affect cancer survival by gender and stage? Cancer
Epidemiol 35: 417-422.

Kelz RR, Gimotty PA, Polsky D, Norman S, Fraker D, et al. (2004) Morbidity
and mortality of colorectal carcinoma surgery differs by insurance status. Cancer
101: 2187-2194.

Safran DG, Neuman P, Schoen C, Montgomery JE, Li W, et al. (2002)
Prescription drug coverage and seniors: how well are states closing the gap?

Health Aff (Millwood) Suppl Web Exclusives: W253-268.

PLOS ONE | www.plosone.org

28.

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.

41.

42.

43.

44.

46.

47.

48.

49.

50.

51.

Mortality Predictors in Florida Colorectal Cancer Patients

Landrum MB, Keating NL, Lamont EB, Bozeman SR, Krasnow SH, et al.
(2012) Survival of older patients with cancer in the Veterans Health
Administration versus fee-for-service Medicare. J Clin Oncol 30: 1072-1079.
Tarlov E, Lee TA, Weichle TW, Durazo-Arvizu R, Zhang Q, et al. (2012)
Reduced overall and event-free survival among colon cancer patients using dual
system care. Cancer Epidemiol Biomarkers Prev 21: 2231-2241.

White A, Vernon SW, Franzini L, Du XL (2010) Racial disparities in colorectal
cancer survival: to what extent are racial disparities explained by differences in
treatment, tumor characteristics, or hospital characteristics? Cancer 116: 4622
4631.

Chien C, Morimoto LM, Tom J, Li CI (2005) Differences in colorectal
carcinoma stage and survival by race and ethnicity. Cancer 104: 629-639.
Haas JS, Brawarsky P, Iyer A, Fitzmaurice GM, Neville BA, et al. (2011)
Association of area sociodemographic characteristics and capacity for treatment
with disparities in colorectal cancer care and mortality. Cancer 117: 4267-4276.
Du XL, Fang S, Vernon SW, El-Serag H, Shih YT, et al. (2007) Racial
disparities and socioeconomic status in association with survival in a large
population-based cohort of elderly patients with colon cancer. Cancer 110: 660
669.

Nash D, Azeez S, Vlahov D, Schori M (2006) Evaluation of an intervention to
increase screening colonoscopy in an urban public hospital setting. J Urban

Health 83: 231-243.

. Fiscella K, Whitley E, Hendren S, Raich P, Humiston S, et al. (2012) Patient

navigation for breast and colorectal cancer treatment: a randomized trial.
Cancer Epidemiol Biomarkers Prev 21: 1673-1681.

Feltner FJ, Ely GE, Whitder ET, Gross D, Dignan M (2012) Effectiveness of
community health workers in providing outreach and education for colorectal
cancer screening in Appalachian Kentucky. Soc Work Health Care 51: 430—
440.

Yancik R, Wesley MN, Ries LA, Havlik RJ, Long S, et al. (1998) Comorbidity
and age as predictors of risk for early mortality of male and female colon
carcinoma patients: a population-based study. Cancer 82: 2123-2134.

Hines RB, Chatla C, Bumpers HL, Waterbor JW, McGwin G Jr, et al. (2009)
Predictive capacity of three comorbidity indices in estimating mortality after
surgery for colon cancer. J Clin Oncol 27: 4339-4345.

Hines RB, Shanmugam C, Waterbor JW, McGwin G Jr, Funkhouser E, et al.
(2009) Effect of comorbidity and body mass index on the survival of African-
American and Caucasian patients with colon cancer. Cancer 115: 5798-5806.
Read WL, Tierney RM, Page NC, Costas I, Govindan R, et al. (2004)
Differential prognostic impact of comorbidity. J Clin Oncol 22: 3099-3103.
Sogaard M, Thomsen RW, Bossen KS, Sorensen HT, Norgaard M (2013) The
impact of comorbidity on cancer survival: a review. Clin Epidemiol 5: 3-29.
Neugut Al, Matasar M, Wang X, McBride R, Jacobson JS, et al. (2006)
Duration of adjuvant chemotherapy for colon cancer and survival among the
elderly. J Clin Oncol 24: 2368-2375.

Hu CY, Delclos GL, Chan W, Du XL (2011) Assessing the initiation and
completion of adjuvant chemotherapy in a large nationwide and population-
based cohort of elderly patients with stage-III colon cancer. Med Oncol 28:
1062-1074.

Gross CP, McAvay GJ, Guo Z, Tinetti ME (2007) The impact of chronic
illnesses on the use and effectiveness of adjuvant chemotherapy for colon cancer.

Cancer 109: 2410-2419.

5. Brenner H, Stock C, Hoffmeister M (2014) Effect of screening sigmoidoscopy

and screening colonoscopy on colorectal cancer incidence and mortality:
systematic review and meta-analysis of randomised controlled trials and
observational studies. BMJ 348: g2467.

US Preventive Services Task Force (2008) Screening for Colorectal Cancer.
Available: http://www.uspreventiveservicestaskforce.org/uspstf/uspscolo.htm
Accessed 11 June 2014.

Surveillance, Epidemiology, and End Results (SEER) Program SEER*Stat
Database (2013): North American Association of Central Cancer Registries
(NAACCR) Incidence-CiNA Analytic File, 19952010, for Expanded Races,
custom file with county, ACS Facts & Figures projection project, North
American Association of Central Cancer Registries. Bethesda, MD: National
Cancer Institute, Division of Cancer Control and Population Sciences,
Surveillance Research Program, Cancer Statistics Branch.

Institute of Medicine (2013) Delivering high-quality cancer care: Charting a new
course for a system in crisis. Available: http://iom.edu/~/media/Files/
Report%20Files/2013/Quality-Cancer-Care/qualitycancercare_rb.pdf Ac-
cessed 6 June 2014.

Jackson GL, Zullig LL, Zafar SY, Powell AA, Ordin DL, et al. (2013) Using

NCCN clinical practice guidelines in oncology to measure the quality of
colorectal cancer care in the veterans health administration. J Natl Compr Canc
Netw 11: 431-441.

American Society of Clinical Oncology (ASCO) (2014) Colon cancer treatment
plan and summary resources: Asco templates for use in practice. Available:
http://www.asco.org/node/ 1169 Accessed 6 June 2014.

Boland GM, Chang GJ, Haynes AB, Chiang YJ, Chagpar R, et al. (2013)
Association between adherence to National Comprehensive Cancer Network
treatment guidelines and improved survival in patients with colon cancer.
Cancer 119: 1593-1601.

August 2014 | Volume 9 | Issue 8 | 106322


http://www.cancer.org/cancer/colonandrectumcancer/detailedguide/colorectal-cancer-key-statistics
http://www.cancer.org/cancer/colonandrectumcancer/detailedguide/colorectal-cancer-key-statistics
http://apps.nccd.cdc.gov/uscs/cancersbystateandregion.aspx
http://apps.nccd.cdc.gov/uscs/cancersbystateandregion.aspx
http://www.healthypeople.gov/2020/topicsobjectives2020/objectiveslist.aspx?topicId=8
http://www.healthypeople.gov/2020/topicsobjectives2020/objectiveslist.aspx?topicId=8
http://quickfacts.census.gov/qfd/states/12000.html
http://www.pewhispanic.org/
www.hcup-us.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp
www.hcup-us.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp
http://www.uspreventiveservicestaskforce.org/uspstf/uspscolo.htm
http://iom.edu/~/media/Files/Report%20Files/2013/Quality-Cancer-Care/qualitycancercare_rb.pdf
http://iom.edu/~/media/Files/Report%20Files/2013/Quality-Cancer-Care/qualitycancercare_rb.pdf
http://www.asco.org/node/1169

52.

53.

54.

Faul LA, Shibata D, Townsend I, Jacobsen PB (2010) Improving survivorship
care for patients with colorectal cancer. Cancer Control 17: 35-43.

Salz T, Oeflinger KC, McCabe MS, Layne TM, Bach PB (2012) Survivorship
care plans in research and practice. CA Cancer J Clin.

Jackson GL, Melton LD, Abbott DH, Zullig LL, Ordin DL, et al. (2010) Quality
of nonmetastatic colorectal cancer care in the Department of Veterans Affairs.

J Clin Oncol 28: 3176-3181.

PLOS ONE | www.plosone.org

10

56.

Mortality Predictors in Florida Colorectal Cancer Patients

. MacDermid E, Hooton G, MacDonald M, McKay G, Grose D, et al. (2009)

Improving patient survival with the colorectal cancer multi-disciplinary team.
Colorectal Dis 11: 291-295.

Aizer AA, Wilhite TJ, Chen MH, Graham PL, Choueiri TK, et al. (2014) Lack
of reduction in racial disparities in cancer-specific mortality over a 20-year

period. Cancer 120: 1532-1539.

. Kirieger N (1992) Overcoming the absence of socioeconomic data in medical

records: validation and application of a census-based methodology. Am J Public
Health 82: 703-710.

August 2014 | Volume 9 | Issue 8 | 106322



