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Abstract

Background—The social and medical environments which surround people are each
independently associated with their cancer course. The extent to which these characteristics may
together mediate patients’ cancer care and outcomes is not known.

Methods—Using multilevel methods and data, we studied elderly breast and colorectal cancer
patients (level 1) within urban social (level 11- ZIP code tabulation area) and health care (level 111 -
hospital service area) contexts. We sought to determine (1) which, if any, observable social and
medical contextual attributes were associated with patient cancer outcomes after controlling for
observable patient attributes, and (2) the magnitude of residual variation in patient cancer
outcomes at each level.

Results—Numerous patient attributes and social area attributes including poverty were
associated with unfavorable patient cancer outcomes across the full clinical cancer continuum for
both cancers. Health care area attributes were not associated with patient cancer outcomes. After
controlling for observable covariates at all three levels, there was substantial residual variation in
patient cancer outcomes at all levels.

Conclusions—After controlling for patient attributes known to confer risk of poor cancer
outcomes, we find that neighborhood socioeconomic disadvantage exerts an independent and
deleterious effect on residents' cancer outcomes but the area supply of the specific types of health
care studied do not. Multilevel interventions targeted at cancer patients and their social areas may
be useful. We also show substantial residual variation in patient outcomes across social and health
care areas, a finding potentially relevant to traditional small area variation research methods.
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Introduction

Methods

Geographic variation in health and health care in the US has been established by nearly forty
years of research from varied scientific disciplines, [1-7] but its mediators are not well
understood. Social epidemiologists have identified neighborhoods factors like “material
disadvantage” and “social disorder” as affecting the health and health care use of individuals
living in these social geographies.[3, 4] Health services researchers have published similarly
compelling research on influence of health care market characteristics, like the number of
cardiac catheterization facilities, on health care use. [1]

Because these research traditions have advanced in parallel, it is not known whether
neighborhood factors and health care market factors are simultaneously associated with
patients’ health and health care use. Here we integrate these research traditions to
acknowledge that attributes of individuals, their social geographies, and their medical
geographies may each contribute simultaneously to residents’ health and health care use in
urban areas. We see this question as important in two ways, (1) examining different aspects
of the cancer continuum in two highly curable cancers to determine if there are certain parts
of the continuum that are particularly sensitive to individual attributes, neighborhood
attributes and/or area health care supply; and (2) integrating two thus far parallel research
traditions in the domain of “place and health”, we minimize confounding between attributes
of individuals’ and their cancer-related health and thus seek to better understand potential
mediators of racial and economic-based disparities in patients cancer outcomes in a novel
manner.

To do this, we apply multi-level modeling techniques to data from elderly Medicare patients
with breast and colorectal cancer (CRC) living in urban areas to identify attributes of
residents, their social geography, and their medical geography associated with unfavorable
cancer outcomes (i.e., explainable variation) and determine the extent to which unmeasured
area social and health care characteristics may affect individuals’ cancer outcomes (i.e.,
residual variation). Based on results of recent research showing no association between
unfavorable social characteristics and health care supply in urban areas [8], we hypothesize
that after adjusting for patient attributes and health care area attributes, attributes of patients’
social areas will be strongly and significantly associated with their outcomes across the full
clinical course of breast and CRC, but not their local supply of health care.

Data Sources and Cohort Development

As depicted in Figure 1, we assembled a three-level data set clustering elderly Medicare
patients with breast cancer and CRC within their neighborhoods defined by urban ZIP code
tabulation area (ZCTA) of residence and then nesting those within spatially larger
Dartmouth-defined hospital service areas (HSAS). [8, 9] We used SEER (Surveillance,
Epidemiology, and Endpoint Results)-Medicare data to select those patients who were
diagnosed at or after age 66 with breast or CRC and to define patients’ demographic and
premorbid health attributes and their cancer outcomes of interest; US Census 2000 Summary
File 3 (SF3) to define the neighborhood attributes; and American Hospital Association
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(AHA), American Medical Association (AMA), and Federal Drug Administration (FDA)
data to define their HSA-level health care supply that is relevant to provision of guideline-
recommended care across the cancer continuum for breast and CRC cancer.

SEER-Medicare is an NCI-sponsored patient-level linkage of cancer registry data from
SEER to health care claims from Medicare. [10] Tumor registries document the occurrence
and fatality of new cases of cancer within specified areas. The SEER consortium collects
information from geographically disparate tumor registries representing roughly a quarter of
the American population with cancer. [11, 12] Patients in SEER are demographically
representative of the general population. [13] SEER collects detailed information about
initial presentation and treatment, including date of diagnosis; reporting source; tumor site,
histology, and stage; treatment modalities; date of death; and socio-demographic
information including marital status. SEER conducts annual audits to ensure data quality and
completeness, holding the standard of ascertainment at 98%. [14]

Medicare is a federally sponsored health insurance program administered by the Centers for
Medicare and Medicaid Services (CMS), whose beneficiaries include more than 96% of all
US citizens aged 65 and older. [15] CMS maintains records of outpatient, inpatient, and
other claims for all beneficiaries not enrolled in Medicare Advantage contracts. CMS
provides the claims for SEER individuals to the NCI for linkage. We use the Medicare
“Denominator File” to ascertain the age, sex, race, marital status, and poverty status of each
patient. We created a proxy measure of poverty status that was equal to one for Medicare
beneficiaries who received state health insurance supplements in the year prior to diagnosis.
[16-23] Hospital and ambulatory medical care is catalogued in the MEDPAR and OUTPT
and NCH files respectively. These files contain patient diagnostic and procedure codes and
are associated with dates of service. We use the data to estimate patients’ medical
comorbidity (i.e., non-cancer co-occurring illnesses) prior to cancer diagnosis using
conventional metrics [24] and to develop the dependent variables describing patients’
clinical cancer course.

Because the SEER-Medicare data included patients diagnosed between 1993 and 2007, we
chose to study data from the year 2000 for the data pertaining to social and health care areas
which is the midpoint between 1993 and 2007. From the US Census 2000 Summary File 3
(SF3), we chose explanatory variables in which we had substantive interest (e.g., %
residents who meet the federal definition of impoverished, % residents who are black, %
residents who are college-educated). We also included in models Census-based composite
variables representing area “socioeconomic disadvantage” and “ethnic isolation,” which we
developed previously through factor analysis of Census 2000 data using the method of
Sampson. [8, 25]

We characterize health care supply at the level of the HSA using data on local hospitals
including hospital accreditation status, hospital type, capacity, and other aspects of services
provided by hospitals in 2000 through the American Hospital Association (AHA) survey.
[26] We obtained counts of local physician specialty work force in 2000 from American
Medical Association (AMA) data. Finally, we obtained counts of area Federal Drug
Administration (FDA) approved mammogram facilities in 2000 from the FDA. All of these
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data sources are indexed at the ZIP-code level and were aggregated up to the HSA level
using a ZIP code to HSA cross-walk file provided by the Dartmouth group. [27] We then re-
scaled the health care supply variables into counts per 100,000 residents in the HSA using
ZIP population estimates. For counts of FDA-approved mammogram facilities, we restricted
the population denominator to women aged 40 or older in the HSA. We chose to study
health care at the HSA level, rather than the HRR, as the HSA represents the more
immediate health care market.

Predictor Variables

Table 1 describes the predictor and outcome variables, the component data sources, and the
geographical levels at which attributes were measured. Patient-level predictor variables
included demographic variables, marital status, receipt of supplemental insurance (a proxy
for individual poverty), and disease variables including medical comorbidity, tumor site, and
stage. Social area variables were percentage of residents within the ZCTA who were
impoverished, black, and college educated. Additionally, we included two composite
variables to measure material disadvantage and ethnic isolation. [8] At the hospital service
area, we measured supply per capita of: mammography facilities with FDA data, Joint
Commission on the Accreditation of Healthcare Organizations (JCAHO) hospitals, hospital
beds with AHA data, number of cancer screening physicians, gastroenterology physicians,
medical oncologists, radiation oncologists and surgeons with AMA data.

Outcome Variables

We were interested in outcomes across the full clinical cancer course which we
operationalized with five types of variables which all came from the SEER-Medicare data
(1) stage at diagnosis, followed by (2) local cancer control (i.e., surgery +/-radiation
therapy), followed by (3) post-operative adjuvant chemotherapy (4) post-treatment tumor
surveillance, and ending with (5) death.

Analytic Sample

In aggregate, there were 356,435 distinct elderly Medicare patients with breast, colon, or
rectal cancer who were diagnosed alive at or after age 66 years in 16 SEER areas from
1993-2007. After excluding the 8.4% of patients who had a history of prior cancers, the
30.5% who were enrolled in an HMO in the year prior to diagnosis through death or fixed
right censoring at last claim, the 6.0% who did not have continuous enrollment in Medicare
parts A and B in the year prior to diagnosis through death or fixed right censoring at last
claim, the 0.6% with claims for chemotherapy in the year prior to diagnosis, the 0.2% with
missing values for race, and the 1.3% who were missing dates of death, we had a sample of
227,804(breast=106,739, colon=92,357, and rectal=28,708). Of note, none of these patients
had codes indicating treatment on clinical trials. These patients resided at the time of
diagnosis in 9,523 distinct ZIP codes and 1,750 distinct HSAs. We were able to assign 9,251
(97.1%) of ZIP codes to 1,750 unique HSAs. We had 2000 AMA data for 99.4%
(1740/1750) of HSAs, 2000 AHA data for 97.3% (1703/1750) of HSAs, and 2000 FDA
mammography data for 95.4% (1670/1750) of HSAs. We then restricted our sample to
patients living in wholly urban areas during the month of their cancer diagnosis using the US
Department of Agriculture Rural Urban Commuting Areas (RUCA) algorithm. [9, 28, 29,
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30] This resulted in a final analytic sample of 93,332 distinct elderly Medicare cancer
patients (breast=43,830, colon=37,807, and rectal = 11,695) nested within 1963 distinct
ZCTAs, which were nested in 393 distinct urban HSAs.

Determination of Urban Geography

We restricted our study to patients residing in urban areas at the time of their cancer
diagnosis for two reasons. First, prior work suggests that area “social disadvantage” in rural
settings may manifest differently than in urban settings [3-33] Second, rural areas of the US
have fewer health services/capita including those health services related to cancer. [34-42]
Consequently, conflating the urban and rural areas might yield results that are not
generalizable to either setting. We identified strictly urban ZIP codes as defined by the
Department of Agriculture through the Rural Urban Commuting Areas (RUCA) algorithm
[9, 28, 29, 30] (N=16,528) and selected the subset of ZIP codes that formed fully urban
HSAs (5102/16528). The excluded areas represented ZIP codes and corresponding HSAs on
the margin of urban areas. Such HSAs may represent an indeterminate combination of
urban, suburban, and rural areas. Finally, we used a cross-walk file developed by Dartmouth
investigators to assign each unique ZIP code (N=5102) to its corresponding ZCTA
(N=1963). [1] Our parent data structure ultimately consisted of 93,332 distinct elderly
Medicare cancer patients (breast=43,830, colon=37,807, and rectal = 11,695) nested within
1963 distinct ZCTAs, which were nested in 393 distinct HSAs.

Statistical Analyses

Consistent with the nested structure of our data, patient, social variables, and health care
supply variables were predictors in the models and patient-level process and outcome
variables were modeled as outcomes. Our three-level random-effects model is specified by
the following equation

logit ™ (P(yi=1)) =Po+L1 Xijx+B2Zjx+B3Wit+uji+vk

Where i,j,k index the patient, neighborhood (ZCTA), and HSA levels, respectively. We used
a logistic model for a binary outcome yijk (e.g., whether breast cancer patient has received
adjuvant chemotherapy). We include patient-level covariate Xijx, ZCTA-level covariate Zj,
and HSA-level covariate Wy, with fixed-effects coefficients 5, /%, /. We also include
random effects to account for unexplained heterogeneity at both ZCTA-level uj, and HSA-

level vy, assuming that. uj, ~ N (0,02, ), v ~ N(0,02_,). The estimated the random-

effects variances Uicm , afm quantify the geographical variations separately exhibited at
neighborhood (ZCTA) and health care (HSA) level. All coefficients reported in the text

were significant below the 0.05 level (2-sided).

The research was approved by the Harvard Medical School Committee on Human Subjects.
All analyses were performed using SAS version 9.2 statistical software.
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Explained Variation in Patient Outcomes

Table 2A describes the attributes of the 93,332 elderly Medicare patients we studied
according to tumor site and Table 2B describes the attributes of their social and health care
areas. Appendices A-E contain adjusted associations between patients’ social and health
care area attributes (predictors) and patients’ outcomes by tumor site. Fairly consistently for
each tumor type and across the cancer control continuum, the patient (level 1) attributes
associated with unfavorable outcomes were advanced age, male sex, black race (compared
to white race), poverty (i.e., receipt of supplemental health insurance from the state in the
year prior to diagnosis), and a lack of Medicare financed medical care in the year prior to
diagnosis. For all three tumor sites, married patients had more favorable outcomes than
unmarried patients across the full cancer control continuum. For example, compared to
married women with breast cancer, widowed women with breast cancer were less likely to
be diagnosed with early stage disease (OR 0.85), less likely to receive guideline-
recommended local tumor control (OR 0.83), less likely to receive adjuvant chemotherapy
in the setting of regionally advanced disease (OR 0.85), and less likely to undergo
surveillance mammography following curative surgery (OR 0.88). Not surprisingly,
compared to married women, widowed women were less likely to be alive at five years
following diagnosis (OR 0.84). Similar patterns were apparent among widows and widowers
with CRC. Patients’ comorbid disease burden was associated with lower stages at diagnoses
for all three tumor sites, but also with less treatment following diagnosis of curable disease
(i.e., local control and adjuvant chemotherapy), less surveillance after curative surgery and
lower overall survival rates at five years.

Table 3 describes associations of particular interest from Appendices C-G, those between
individual patient (level 1) attributes (i.e., race, poverty, and no Medicare financed health
care in the year prior to diagnosis) and patient outcomes, controlling for social and health
care contextual variables. Compared to white patients, black patients with breast cancer or
colon cancer were less likely to be diagnosed with early stage disease (ORs 0.80 and 0.90
respectively), black patients with breast cancer were less likely to receive guideline-
recommended local tumor control (OR 0.81), and black patients with breast cancer or colon
cancer were less likely to receive post-operative surveillance (ORs 0.76 and 0.72
respectively) The patient-level poverty indicator was strongly negatively associated with
nearly all outcomes for all three tumors. Compared to more affluent patients, impoverished
breast cancer and colon cancer patients were less likely to be diagnosed with early stage
disease (ORs 0.78 and 0.89 respectively); less likely to undergo local tumor control (ORs
0.78 and 0.89 respectively); less likely to undergo adjuvant chemotherapy (ORs 0.69 and
0.69 respectively); and less likely to survive five years beyond the date of their cancer
diagnoses (ORs 0.69 and 0.78 respectively). Compared to breast cancer and CRC patients
with Medicare claims preceding their cancer diagnoses, those breast cancer and CRC
patients with no evidence of Medicare paid services in the year prior to diagnosis almost
uniformly had substantially poorer outcomes across the cancer continuum for each tumor.
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Table 4 describes associations of particular interest (from Appendices C-G) between select
social area (level I1) attributes and patient outcomes controlled for patient attributes and area
health care supply. For all three tumor sites, the percent of residents in the area who were
college educated was generally associated with favorable outcomes across the clinical
course of cancer. For example, with each 10% increase in college educated residents within
a ZCTA, breast cancer, colon cancer, and rectal cancer patients were more likely to be
diagnosed with local vs. regional or metastatic stage cancer (ORs 1.02, 1.02 and 1.03
respectively) and more likely to survive five years following diagnosis (ORs 1.06, 1.06, and
1.09 respectively). Controlling for the race of the individual, the percent of black residents in
the area was not associated, either favorably or unfavorably, with any of the five outcomes.
Associations between area ethnic isolation and outcomes were inconsistent.

Area health care (level 111) supply was not associated with any of the five outcomes for any
of the three tumor sites (91 associations evaluated) with only one exception. The number of
JCAHO accredited hospitals per capita in an HSA was negatively associated with the
likelihood of breast cancer patients in the area living at least five years following diagnosis.
While Census regions differed significantly in a variety of outcomes, no consistent pattern
of associations emerged.

Unexplained Variation in Patient Outcomes

To further assess the importance of social context to small area variation, we studied
residual variation in outcomes at the two model levels. For most outcomes there was
substantial residual variance at both levels even after accounting for observed characteristics
of the areas (Appendix F). For example the odds of receiving adjuvant chemotherapy for LN
+ colon cancer was 1.6 times higher for a patients living in a ZTCA at approximately one
standard deviation above the mean compared to those living in an area one standard
deviation below the mean. While in most cases the larger component of residual variance
was at the HSA level (approximately 66%), ZCTA accounted for approximately 33% of
supra-individual residual variance on average across the outcomes (Appendix H). Finally,
comparing hierarchical models with and without fixed covariates we find that observed
characteristics diminish the magnitude of the unobserved variation at levels Il and 111 and
account for approximately a quarter to a third of ZTCA and HSA variation (Appendix G).
The fact that residual variation in patient outcomes that are attributable to these geospatial
levels remain, suggests that there are important covariates that are associated with patient
outcomes at these levels that are not included in our models.

Discussion

Studying urban elderly Medicare patients with breast cancer or CRC, their neighborhoods of
residence and their local health care areas, we found that with rare exception patients’
advanced age, black race, poverty, comorbid illness, and lack of prior Medicare utilization
largely remain important predictors of their unfavorable outcomes for all three cancers
across the full clinical cancer course from stage at diagnosis through death even after
accounting for neighborhood disadvantage and health care supply. We also found that after
accounting for all of these patient features and area health care supply, individuals who live
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in poor neighborhoods have a greater risk of experiencing poor cancer outcomes than those
living in less materially disadvantaged neighborhoods, independent of their individual
attributes like race and poverty status, a finding which supports “neighborhoods and health”.
[3, 4] Our work identifies two targets for policy directed interventions to improve breast and
CRC outcomes: individuals and neighborhoods.

We did not find an independent deleterious effect of neighborhood racial composition on
residents’ cancer outcomes after controlling for individual race. Previously reported
associations between neighborhood racial composition and individuals' cancer outcomes
may have been confounded by unmeasured individual and contextual factors, chiefly
individual and area poverty. [43-46] We also found that net of patient compositional factors
and social contextual factors, low supplies of area health care in urban areas does not appear
to impact patients’ cancer outcomes.

Our results suggest that patient and social geospatial attributes are significant barriers to
cancer care across the full clinical course of breast and CRC for elderly Medicare patients in
urban areas. To address these barriers, health policy interventions should address barriers to
care for individuals with low incomes, who are minorities, and who are under-insured but
should also focus, as articulated above, on areas with concentrations of these characteristics
especially poverty and low rates of college education. We did not find that greater levels of
health care supply at the HSA level would remove these barriers, although we did find
substantial unexplained variation at the HSA level, which may reflect unmeasured health
care factors that affect access to care. For example, it may not be enough for a hospital to
provide cancer screening without also providing transportation for local residents to come to
be screened. Questions about medical facilities provision of “outreach or social services”
like transportation are asked routinely in the AHA survey but in our data these variables
often have so many missing values that they could not be studied.

There are further limitations to this work. Variables on social and health services were
limited. The SEER-Medicare data lack important patient variables including patient income,
performance status, patient-physician decision-making, and social support. Receipt of
supplemental state financed insurance was proxy, not a direct measure, for individual
poverty. Neither mammography facility capacity nor JCAHO hospital capacity were
measured. Restriction to the urban setting limits the scope and generalizability of our
findings to similar areas and may explain the lack of association between health care supply
and patient outcomes. (Prior work by the Dartmouth group included rural areas.) Finally, we
interpret these models as descriptive of associations but not causal.

In conclusion, we confirm that previously described specific patient demographic and
disease attributes confer risk of poor cancer outcomes across the cancer course among
elderly breast and CRC patients from the urban United States (US) even after adjusting for
area socioeconomic disadvantage and are health care supply; that neighborhood
socioeconomic disadvantage exerts an independent and deleterious effect on residents’
cancer outcomes but racial composition does not; and that the supply of the specific types of
health care studied do not appear to be salient determinants of individuals’ cancer outcomes.
We also show substantial residual variation in patient clinical outcomes across urban social
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and health care areas that are not explained by the observed patient, patient, neighborhood,
or health care attributes we evaluated. This latter finding suggests that traditional small area
variation research methods may be insufficient in omitting such variables.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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