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DISPARITIES IN THE RECEIPT OF RADIATION THERAPY AMONG WOMEN
UNDERGOING BREAST CONSERVING THERAPY IN GEORGIA

By Jessie Gleason

Objectives: The goal of this study was to determine whether there were socioeconomic
disparities in the receipt of radiation therapy among women in Georgia who underwent
breast conserving surgery (BCS) from 2004-2008. Failure to receive recommended radiation
therapy following BCS results in greater risk of tumor recurrence and decreased survival.
Exploring disparities in the receipt of guideline concordant therapy among a
socioeconomically and racially diverse population of breast cancer patients will help to more
fully understand how to bridge the gaps that exist in the receipt of standard of care
treatment.

Methods: Using data from the Georgia Cancer Registry, all cases of breast cancer among
women in Georgia who underwent breast conserving surgery and met clinical guidelines for
radiation therapy were identified. Two measures of SES, derived from U.S. census tract
data, were utilized: percentage of persons living in poverty and a composite measure of
deprivation in Georgia. Covariates controlled for in multivariate logistic regression models
included race, rural-urban residence, marital status, age at diagnosis, year of diagnosis, stage,
estrogen receptor status, progesterone receptor status, primary site, and grade.

Results: In our study population, twenty percent of women did not receive the
recommended therapy. Women in Georgia residing in low socioeconomic status census
tracts have an increased odds of not receiving the standard of care radiation therapy even
after controlling for other study covariates, compared to women in high socioeconomic
status census tracts(OR 1.61, 95% CI 1.37-1.89 for poverty; OR 1.29, 95% CI 1.10-1.52 for
deprivation). This same association was not found among women in the mid-level SES

category.

Conclusions: This study has identified socioeconomic status as a risk factor for not
receiving of standard of care radiation therapy among women who have undergone breast
conserving surgery in Georgia. Women residing in lower SES tracts are at a greater risk of
not receiving standard of care radiation therapy following breast conserving surgery. Future
interventions in Georgia should be directed towards increasing access to facilities offering
radiation therapy and health literacy to women residing in lower socioeconomic areas.



DISPARITIES IN RADIATION THERAPY AMONG WOMEN UNDERGOING
BREAST CONSERVING THERAPY IN GEORGIA

Jessie Gleason

Bachelot’s of Science

University of Pittsburgh

2006

Faculty Thesis Advisor: Kevin Ward, PhD



A thesis submitted to the Faculty of the
Rollins School of Public Health of Emory University

in partial fulfillment of the requirements for the degree of
Master of Science in Public Health
in Epidemiology

2011



Acknowledgements

I'am indebted to my mentor and thesis advisor Dr. Kevin Ward. Without his thoughtful
guidance from start to finish this thesis would not have been possible.

I would also like to thank Dr. Michael Kramer for his advice and assistance in developing
the socioeconomic measures used in this study.

Lastly, I offer my regards to Becky Schwei and my family who supported me in any respect
during the completion of this project.
Jessie A. Gleason



Table of Contents

Background and Literature ReVIEW.....ccvvuiiiiiiiiiiiiiiiiiiiiii 1
1Y 114 s LoTs PP PR PP 7
Study POPpulation......cuevuiiiiiiiiiiiiiiciii i 7
SOCIOECONOMIC STATUS. t1truureeerririreeiitee e ettt e sttt e e st ee e s e e e s e s s e e e s e nree e s nneneeennnrenesenrees 7
00320 u 11 Cl B <1 ST 1 (o) o RSP EPPOTSP 9
Statistical ANALYSES wivvviiiiiiiiiiiiiii i s 10
RESULES +ee ettt et e r e s e e s e e e s e e e s nn e e e s re e e s anneees 12
IDISCUSSION wuvtrriiiiiiiiiiiiiite et e et e e s s s bbb et e e e s e e e s s bbb e e e e e s s aa e e e s 16
Strengths and Weaknesses....ovivuiiiiiiiiiiiiiiiii 18
FULULE DIFECHONS cuvvvrviiiiiiiiiiiiiiice et a e e tr e e s s s aranee e s 19
RELEIENCES wrveeeiniiieiii et e e e st e e s e e e e e s e e e nr e e e s e nre e e e anneeeeennrenes 20
101 0 PRSPPSO 23



Background and Literature Review

Breast cancer is the leading incident cancer among women in the United States [1].
Persistent disparities in survival rates [2,3], delays in diagnosis [4] and receipt of treatment
[5,6] are documented among racial and ethnic minorities. These same disparities have been
noted among women of lower socioeconomic status (SES) [7,8,9]. For women with early
stage breast cancer, one option for surgical management of the disease is breast-conserving
surgery (BCS) followed by post-operative radiation therapy. Numerous prospective
randomized trials have demonstrated lower breast cancer recurrence rates with the addition
of radiation therapy following BCS [10]. Not all women with medical indications for receipt
of radiation therapy following breast-conserving surgery are receiving the recommended
post-operative care. Understanding disparities in the receipt of guideline concordant therapy
among a socioeconomically and racially diverse population of breast cancer patients will help
to more fully understand how to bridge the gaps that exist in the receipt of standard of care
treatment.

The Georgia Center for Cancer Statistics of Emory University operates the Georgia
Cancer Registry (GCR) which participates in the National Cancer Institute’s (NCI)
Surveillance, Epidemiology, and End Results (SEER) Program and the Centers for Disease
Control and Prevention’s National Program of Cancer Registries (NPCR). SEER and NPCR
are national surveillance programs which obtain information on all cancers registered in a
series of defined geographic areas of the United States. All cases of cancer are mandated by
individual state laws to be reported to each state’s cancer registry. Population-based
surveillance registries in the U.S., including the Georgia Cancer Registry, collect information

on patient demographics, primary tumor site, tumor morphology, tumor stage, first course



of treatment, and follow-up for vital status. GCR data are made publicly available through a
limited use dataset containing de-identified information.

Estimates from the U.S. Census Bureau (2009) provide comparisons for
demographic distributions in the population of Georgia and the United States. As compared
to the United States population, Georgia has a slightly younger population with fewer high
school graduates, comparable gender distributions, a smaller percentage of foreign born
persons, and a higher percentage of persons living in poverty. In Georgia, 65% of the
population is white compared to 79.6% of the U.S. The black population, on the other
hand, comprises 30.2% of Georgia’s population compared to 12.9% of the U.S.

There are two primary local treatment options recommended for women diagnosed
with eatly stage breast cancer: total mastectomy or breast-conserving surgery (i.e.
lumpectomy) with radiation. For women who undergo breast-conserving surgery, radiation
therapy is recommended within one year of diagnosis [11]. The Breast Cancer Quality of
Care Measures by the American College of Surgeons Commission on Cancer and endorsed
by the National Quality Forum in April 2007 indicate that females meeting the following
criteria are recommended for radiation therapy following breast-conserving surgery:

® age 18 to 69 at the time of diagnosis,

® having no prior cancer diagnoses,

® diagnosed with a primary invasive epithelial tumor of the breast (excluding
sarcomas),

e staged by the AJCC system as I, II or III,

® surgically treated by breast conservation therapy (surgical excision less than

mastectomy)



® known to be alive with 1 year of diagnosis
Receipt of radiation therapy in these patients will eradicate residual local disease and
minimize the rate of disease recurrence [10,12].

Today, breast-conserving surgery followed by radiation treatment is the preferred
treatment of choice for women with early stage breast cancer [13]. In a randomized
controlled trial, Liljegren et al found a 16% reduction in cancer reoccurrence, over 10 years,
for women who received radiation therapy following breast-conserving surgery as compared
to surgery alone [12]. Receipt of breast conserving surgery has been shown to increase with
increasing SES and among women residing in higher-educated counties [14]. Women of
older age groups are less likely to have received BCS [14,15,16,17,18] however findings
indicate increasing use of BCS over time [14,16]. When indicators for the therapy exist,
surgeon involvement in patient care has been found to be associated with receipt of
radiation therapy in breast cancer patients [19]. Patients who did not receive radiation
therapy and had strong indications for radiation therapy reported low surgeon involvement.
Findings from the North American Fareston vs. Tamoxifen Adjuvant Trial found that
surgeon training was also significant in determining whether a woman received radiation
therapy following breast conserving surgery [17].

To better understand the underlying mechanisms which lead to health disparities,
numerous studies have investigated breast cancer incidence, mortality and treatment by SES
in racially diverse populations [20,21,22]. Research describes the persisting racial and
socioeconomic disparities among women diagnosed with breast cancer. Racial survival
disparities are reported by the National Cancer Institute; white women diagnosed with breast

cancer have a 91% five-year survival compared to a 78% five-year survival among African



American women [13]. Additionally, African American women as compared to women from
other racial and ethnic groups have been shown in selected studies to have increased delay in
diagnosis and receipt of treatment [4,7,26] and to be diagnosed with advance disease more
frequently [7,27]. Socioeconomic disparities among women diagnosed with breast cancer
also exist. Exploring all-cause and cause-specific mortality, Steenland et al. found that breast
cancer mortality differences by SES category persisted through the 1990s [23]. Yu et al.
found lower SES to be significantly associated with risk of dying from breast cancer even
after controlling for age and year of diagnosis, stage at diagnosis, first course treatment, race
and urban-rural residence [8]. Additionally, increased risk of breast cancer mortality was
noted among white women with higher levels of socio-economic disparity [7,25,26].

Research on the interplay of racial and socioeconomic disparities among women
diagnosed with breast cancer has produced different findings. A study performed by Smith
et al. found both race and SES to be significant factors in the risk of dying from breast
cancer [18]. While research by Worthington et al. on type of breast cancer treatment
received found no differences between black and white women.[28]. SES may in fact be
able to explain some of the observed racial disparities. When SES and other known clinical
factors were controlled for, Simon et al reported that much of the racial disparity in survival
among women with early-stage diagnosis was explained [24]. Alternatively, race was able to
explain socioeconomic disparities in some cases. Yu et al. found control for clinical factors,
first course of treatment and race were able to explain the socioeconomic disparity in breast
cancer survival [§].

Racial and ethnic disparities among receipt of standard-of-care radiation therapy for

women receiving breast-conserving therapy persists [18,29,30]. Smith et al. showed that



white women were statistically more likely to receive radiation therapy following breast-
conserving surgery than black women [18]. Du Xianglin et al. found that even after
controlling for tumor or patient characteristics and year of diagnosis, African American
women were less likely to receive standard of care radiation therapy [29]. These findings are
consistent with work done by Gross et al. which found that 77.8% of African American
women received radiation therapy following BCS, while 85.8% of white women received the
standard of care therapy [30]. Smith et al. found that even after SES was controlled for race,
remained a statistically significant predictor of radiation therapy following BCS [18].
Research describing socioeconomic disparities in receipt of standard-of-care radiation
therapy is limited.

While the incorporation of socioeconomic status into disparities research is
developing, studies employ a variety of different methods and indices to measure SES.
Determining what SES measures to use is challenging and can have a strong impact on
conclusions. Socioeconomic position, in regards to population health, includes the following
aspects: occupational class, educational attainment/credentials, income and
entitlements/subsidies, wealth and relative social ranking [31]. Recent research in this field
has shown that measures of economic deprivation at the level of the census tract, such as
the percent of the census population living below the poverty level, are most effective for
evaluating health disparities [32]. These measures demonstrate consistent gradients across
population subgroups, are robust across a range of disease outcomes, allow for maximal
linkage, and are easy to understand and explain. The use of census tract and block group
data have been shown to include more homogenous populations as compared to zip code

data [33].



To investigate the association between standard of care radiation therapy following
breast-conserving therapy with socioeconomic status (SES), we will employ two different
measures of SES, both defined at the level of the census tract. While several studies have
identified associations between lower receipt of standard of care therapy and black race or
low SES populations, none to our knowledge have examined a population as racially and

socioeconomically diverse as Georgia.



Methods

Study Population

The initial study population included all 35,033 breast cancer cases diagnosed in
Georgia women from 2004-2008. The question aimed to investigate receipt of standard of
care radiation therapy among women who are recommended to receive the therapy
following breast conserving surgery. Thus the study population was subset in accordance
with CoC Quality of Care Guidelines to include:

® Women aged 18 to 69

® With a known or assumed first or only case of cancer
® With primary epithelial invasive tumors of the breast
® Diagnosed at AJCC Stage I, I or 111

e Surgically treated by breast conservation

* Known to be alive within one year of diagnosis

® Without a histology of inflammatory carcinoma
The final dataset included 7,515 cases. A diagram detailing the exclusion criteria is presented

in Figure 1.

Socioeconomic Status

It has been suggested that there is little to be gained in using multiple measures of
socioeconomic status in a single analysis as collinearity among these measures make
interpretation difficult. This was highlighted in a study which found that including median
income only had better predictive power than when additional measures were included [34].

For this study, the first measure of SES was selected based on recommendations from the



Public Health Disparities Geocoding Project operated through the Harvard School of
Public Health. Findings from the Public Health Disparities Geocoding Project have
shown that use of the census tract level measure “percent of persons below poverty” was
optimal for monitoring socioeconomic inequalities across many health outcomes and levels
of racial/ethnic diversity [31].

The second measure of SES used in this study was a neighborhood deprivation index
that employed principal components analysis (PCA). PCA reduces a large dataset covering
many dimensions and involving many interrelated variables by transforming the variables
[35]. The creation of this index was outlined by Messer et al. in the Journal of Urban
Health [36]. The index employed a combination of census variables to represent
socioeconomic standing which include income/poverty, education, employment, housing
and occupation [30].

These measures of SES were used in two separate models to determine whether they
have differing impacts. The percentage of the census tract population living below the
poverty level was classified into high (0-9.9%), medium (10-19.9%) and low (20-100%) SES
categories. Federal definitions define census tracts with greater than 20% of the population
living below the poverty level as “poverty areas”. The deprivation index, created and utilized
for this study, was a combination of eight census variables which were combined into a
standard deviation index. Census tracts with a negative deprivation index were in higher SES
levels while census tracts with positive indices represented lower SES levels. Using a
standard deviation coding allowed a one-unit change to be interpreted as a standard
deviation change in deprivation. The deprivation index was categorized into tertiles for the

purposes of interpretation and to make the two measures of SES more relatable. The lowest



tertile of the standard deviation index was classified as high SES, the middle tertile as mid

SES and the highest tertile as low SES.

Covariate Definitions

In addition to the study’s primary exposure of socioeconomic status, a number of
other covariates were examined for association with receipt of standard care radiation
therapy. One of these covariates was rural-urban residence. The United States Department
of Agticulture provides a measute of rural/urban community area (RUCA) codes for census
tracts (2000). These codes measure population density, urbanization, and daily commuting
[37]. The RUCA codes are broken into ten primary codes which indicate metropolitan,
micropolitan, small town and rural commuting areas based on the population size and
direction of the primary commuting flow. These codes are further broken into secondary
codes which indicate secondary commuting flows [37].

For the purpose of this study, the secondary RUCA codes were categorized into four
groups: Urban Core Areas, Suburban Areas, Large Town Areas and Small Town/Isolated
Rural Areas. The categorization was aided by guidelines provided by the Washington State
Department of Health [38]. All metropolitan areas were coded as Urban Core Areas.
Suburban Areas were any secondary RUCA codes that indicated high commuting into urban
core areas with the cutoff for high commuting considered as greater than 30% secondary
commuting flow into an urban area. Large Town Areas were micropolitan areas with a
secondary flow of 10% to 30% to an urban area, or a 30% to 50% commuting flow to a
large urban cluster regardless of the micropolitan status. Finally, a small town or isolated
areas comprised all remaining codes that had a small population density and a commuting

flow less than 30% to an urban cluster or urban area.
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Additional covariates of interest included race, Hispanic origin, marital status, age at
diagnosis, year at diagnosis, stage, histology, tumor markers, laterality, subsite, and grade. In
our study population there were not sufficient numbers to subclassify race groups beyond
white and black. An ‘other’ category was created to include all other races. Marital status
was classified as: single, married, separated, divorced, widowed and unknown. Stage was
coded as stage I, II, ITA, IIB and III based on the American Joint Committee on Cancer 6"
Edition Staging Manual. Histology was grouped into ductal, lobular, medullary, mixed and
other [39]. Subsite included central , inner quadrant, outer quadrant, axillary tail, overlapping
and breast, NOS ( not otherwise specified). Laterality was divided into right or left and
grade into low, intermediate and high differentiation. Finally, two important tumor markers
used in the treatment decision making process, estrogen and progesterone receptor status,

were classified as positive or not positive (negative, unknown, uncertain).

Statistical Analyses

All analyses were performed using SAS statistical software. Univariate analysis
investigated the relationship between the covariates of interest and both the outcome,
receipt of radiation therapy, and the exposure, our two measures of SES. All variables which
had an association with either the exposure or outcome were included in the full logistic
model. Categorical covariates were evaluated using a chi-square test while continuous
variables were analyzed using t-tests or ANOVA. All tests were 2-sided with a p-value of
0.05.

Multivariate analysis was performed using logistic regression with associations
between the binary outcome and predictor variables expressed as adjusted odds ratios (OR)

with corresponding 95% confidence intervals (CI). Interaction terms were created between
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our main exposure of interest (SES) and each of the other covariates. Two separate models
were run for each of the two measures of SES. Collinearity diagnostics were assessed using
a free SAS macro [40] with an a priori cutoff of 30 for the Condition Indices (CI) and 0.5 for
the variance decomposition proportions (VDP). Collinearity was determined to be present if
variables were related by both a high CI and a high VDP. Following assessment of
collinearity, backward elimination was performed to assess the statistical significance of the
interaction terms.

The study was approved by the institutional review board at Emory University.
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Results

The distributions of selected covariates by each of the SES measures are presented in
Table 1. Both measures of SES provided similar results in terms of statistically significant
predictors. The use of tertile cutoffs for the deprivation index (DEP) resulted in a smaller
percentage of women classified in the high SES category as compared to the SES measure
based on census poverty alone (POV) (36.9% vs. 46.8%). Both SES measures showed
increased receipt of radiation therapy among women in higher SES categories.

Women classified in the high SES category as defined using POV were more likely
to live in urban core areas (95.4%) compared to women in the mid or low SES category
(72.1% and 64.4%, respectively). They were also more likely to be white, married, slightly
younger at diagnosis, and diagnosed with stage I disease, estrogen and progesterone receptor
positive tumors and low grade tumors. Women in the low SES category as defined using
POV were significantly more likely to be black compared to women in the mid or low SES
category (48.1% vs. 30.2% vs. 14.1%). These women were also more likely to live in small
towns (16.9% vs. 10.0% vs. 1.1%), be single (20.3% vs. 13.3% vs. 9.7%) and have tumors
not classified to a specific breast subsite (10.3% vs. 9.4% vs. 6.7%). Similar results were
obtained using DEP. There were no statistically significant associations between either SES
classification and Hispanic origin, laterality or histology.

The distributions of selected covariates by receipt of radiation therapy are presented
in Table 2. Of women in this population, twenty percent did not receive the standard of care
radiation therapy following breast-conserving surgery. Women classified in a high SES
category, as defined using POV were more likely to receive radiation therapy (48.8%) than

women in a mid or low SES category (32.6% and 18.6%, respectively). Correspondingly,
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women in a high SES category, defined by DEP, were more likely to receive radiation
therapy (38.4%) than women in mid or low SES categories (24.9% and 26.7%, respectively).
Women who received radiation therapy were more likely to live in an urban core area
(82.6%) as compared to women who did not receive the therapy (76.6%). Women who did
not receive radiation therapy were more likely to reside in a small town (10.9% v. 6.3%), to
be black (32.0% vs. 24.9%) to be diagnosed with stage 111 disease (7.6% vs. 5.1%) and to
have tumors not classified to a specific breast subsite (13.3% vs. 7.1%), as compared to
women who did receive radiation therapy. These women were also less likely to be married
(58.3% vs. 65.9%) and more likely to be single, separated, divorced or widowed. Relative to
women who did not receive radiation therapy, women who did receive radiation therapy
were more likely to have estrogen and progesterone positive tumors, be slightly older at
diagnosis and have low grade tumors. There were no statistically significant associations
between SES category and Hispanic origin, laterality and histology.

Table 3 provides the odds (odds ratios and 95% confidence intervals) of not
receiving standard of care radiation therapy within one year of undergoing breast conserving
surgery by the two study measures of SES in a model adjusted for rural-urban residence,
race, marital status, age at diagnosis, year at diagnosis, ER, PR, stage, site, and grade. Both
measures of SES showed increased odds of not receiving standard of care radiation
associated with women in the lowest SES category relative to the highest SES category (OR
1.61, 95% CI 1.37-1.89 for poverty, OR 1.29 95% CI 1.10-1.52 for deprivation). Similar
associations were not seen with the mid SES category for either SES measure.

In the adjusted model using POV, some categories of rural-urban residence, marital

status, year of diagnosis, progesterone receptor status, stage and cancer site remained



14

significant. The odds ratio for receipt of radiation therapy following BCS among women
residing in a small town, at time of diagnosis, compared to women who resided in an urban
area at time of diagnosis was 1.59 [(1.28, 1.96) 95% C.1.] . Widowed women had a 42%
increased odds [(1.13, 1.80) 95% C.1.] of not receiving standard of care radiation therapy as
compared to their married counterparts. The odds ratio of not receiving standard of care
therapy for women who tested progesterone receptor positive, as compared to women
tested negative, did not test or had unknown test results, was 1.39 [(1.17, 1.66) 95% C.1] .
Women with a cancer site classified as breast, not otherwise specified, were at a 67% [(1.34,
2.08) 95% C.1] increased odds of not receiving radiation therapy following BCS as
compared to the odds of women with overlapping histological site.

After adjusting for SES (as defined by DEP), rural-urban residence, race, marital
status, year of diagnosis, ER, PR, stage, cancer site and grade, significant associations were
observed between rural-urban residence, marital status, year of diagnosis, progesterone
receptor status, cancer site and the outcome. Women who resided in a small town at time of
diagnosis had a 67% increased odds [(1.35, 2.06) 95% C.1.] of not receiving standard of care
radiation therapy as compared to their urban counterparts. Single women had a 22%
increased odds [(1.02, 1.46) 95% C.1.] of not receiving standard of care radiation therapy as
compared to married women. Widowed women were 42% more likely [(1.13, 1.79) 95% C.1]
to not receive radiation therapy following BCS as compared to their married counterparts.
Women diagnosed with a histological site of breast, not otherwise specified were at a 67%
increased odds [(1.35, 2.08) 95% C.L.] of not receiving recommended radiation therapy as
compared to the odds of women classified with overlapping histological site. Black women

in either model, regardless of SES measure, were not at an increased risk of receiving
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standard of care radiation therapy following breast conserving surgery compared to white
women after control for the above covariates. Table 4 presents the summary odds ratios for

the unadjusted and adjusted models for both measures of SES.
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Discussion

Women in Georgia who underwent breast-conserving surgery are recommended,
based on clinical guidelines, to receive radiation therapy within one year in order to reduce
the risk of tumor recurrence. Women who do not receive the standard of care radiation
treatment following their surgery are at an increased risk of tumor recurrence [10] and have
decreased survival [10]. We found that women in Georgia residing in a census tract with low
socioeconomic status have an increased odds of not receiving the standard-of-care radiation
therapy even after controlling for rural-urban residence, race, marital status, year of
diagnosis, ER, PR, stage, site and grade. This same association was not found among women
in the mid-level SES category compared to women from higher SES areas.

Healthy People 2020, a set of national health guidelines published by the U.S.
Department of Health and Human Services, recognized the importance of social
determinants of health in encouraging or diminishing the health of people. These goals aim
to attack this issue in the coming years by placing focused attention on research and
programs which examine and target socioeconomic health disparities [41]. This study
examined the association of receipt of radiation therapy among a population of women from
Georgia. The overall population of Georgia is more likely to be black, lower educated,
poorer and have less foreign born individuals. This study supports many of the findings in
the existing literature in that low socioeconomic status is associated with increased risk of
not receiving recommended radiation therapy following breast-conserving surgery [8].

Our measures of SES were area-based and derived from census tract data provided
by the U.S. Census Bureau. Population-based cancer registries do not collect individual level

socio-economic information and studies of this type often used area-based measures. An
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area-based measure of SES should not be considered a proxy for individual SES but instead
highlights the impact of neighborhood and structural influences on health.

Although we controlled for rural-urban residence in the hopes of diminishing issues
of access due to distance from facilities, residence in a rural census tract still maintained a
statistically significant association on whether a women received the necessary follow-up
treatment. Marital status also remained statistically significant after control for SES and
other covariates. This association may be related to differences in behavior, income, and
social support [42]. The observed socioeconomic disparity, in which women from rural
areas and black women are more largely represented, may be an issue of access. This study
investigates specific access issues as all of the women in this study have already undergone
breast-conserving surgery. Not receiving radiation therapy brings to light the acceptance of
breast-conserving surgery without the increased attention to making radiation therapy as
easily accessible [29]. Issues of access may be due to the inability of women in lower SES
tracts to take off of work, fear of additional medical bills and a lack of health literacy.

Previous studies have investigated the impact of race on receipt of standard-of-care
radiation therapy following breast conserving surgery [6,21,29]. We found that after
adjusting for SES and covariates of interest race (white, black and other) no longer remained
significant. Controlling for SES, rural-urban residence, marital status, year of diagnosis, stage,
site, grade, ER and PR were able to explain the disparities in the receipt of standard of care
radiation therapy that were observed in our univariate analyses for black women compared
to white women in Georgia. This also supports findings from previous studies [28].

We explored the use of two different measures of SES. These measures were not

directly comparable but aimed to highlight how the use of different SES measures effect



18

estimates. The selection of specific cutoffs may have played an important role in the
differences observed in this study. The SES variable based on poverty alone was coded
based on federal definitions, while the deprivation index was merely categorized by tertiles.
However, both measures detected an inverse association with SES and receipt of radiation
therapy; as risk of not receiving radiation therapy was greater among those in low SES areas.
In conclusion, women residing in lower SES tracts are at a greater risk of not
receiving standard of care radiation therapy following breast conserving surgery. Future
interventions in Georgia should be directed towards increasing access and health literacy to

women residing in lower socioeconomic areas.

Strengths and Weaknesses

Strengths of this study are our use of census tracts to determine SES as they include
a relatively homogenous population and have been shown to capture socioeconomic
gradients [32]. As county level information is easier to obtain, many studies make use of this
larger area-based measure. Additionally, this is the first study of its kind to look at receipt of
radiation therapy following breast-conserving surgery among the socioeconomically and
racially diverse women in Georgia.

Weaknesses include the lack of individual level SES data. As there is no clear
definition on how to measure SES, these measures may show the impact of area SES on a
person’s health. An area-based measure may be indicative of a different risk factor than what
would be represented with use of individual-level SES information. Additionally, this study
used data specific to Georgia which has unique distributions of race, poverty, percentage
living in rural areas and educational attainment. This limits the generalizability of these study

findings to the larger national population. In controlling for race, there was limited
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information on other racial and ethnic minorities as these populations are very small in
Georgia. The selection of the SES measures and categories may incorrectly be capturing
individuals into incorrect SES categories. The selection of rural-urban residence categories
may not appropriately capture rural living. We were also unable to examine cultural and
behavioral information which may play an important role in receipt of radiation therapy.
Another limitation was that our estimates were not adjusted for family history of breast

cancer, ot insurance status.

Future Directions

This study has identified socioeconomic status as a risk factor for receipt of standard
of care radiation therapy. This disparity is important as women who do not receive this
therapy have been documented to have decreased survival rates. A future direction for this
study should examine five-year survival of women in this study’s population who did not
receive radiation therapy as compared to women in this population who did receive the
therapy while controlling for SES.

Future directions for this research should also take a qualitative look at the women
residing in these lower SES areas. We have identified women at high-risk of not receiving
standard or care radiation therapy, but it would be important to determine why these women
are not receiving the therapy. By understanding the barriers to the receipt of radiation
therapy, public health professionals can better target interventions with the ultimate goal of

eliminating disparities in care.
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Measures of Socio-economic Status

Deprivation Index (SES) % Poverty
Low SES Mid SES High SES Low SES Mid SES High SES
Outcome and Covariates n % n % n % p-value n % n % n % p-value
Number (%) 2159 28.7 2580 34.3 2776 36.9 <.0001* 1564 20.8 2432 32.4 3519 46.8 <.0001*
% Reciept of Radation Therapy <.0001* <.0001*
Yes 1603 74.3 2093 81.1 2303 83.0 1115 71.3 1956 80.4 2928 83.2
No 556 25.7 487 18.9 473 17.0 449 28.7 476 19.6 591 16.8
Rurality <.0001* <.0001*
Urban Core Areas 1374 63.6 2042 79.2 2701 97.3 1007 64.4 1753 72.1 3357 954
Suburban Areas 328 15.2 287 111 48 1.7 253 16.2 313 129 97 28
Large Town Areas 106 4.9 74 2.9 11 04 39 25 124 5.1 28 0.8
Small Town/Isolated 351 16.3 177 6.9 16 0.6 265 16.9 242 10.0 37 1.1
Race <.0001* <.0001*
White 1138 52.7 1852 71.8 2400 86.5 792 50.6 1659 68.2 2939 835
Black 992 46.0 696 27.0 294 10.6 752 48.1 735 30.2 495 14.1
Other 29 13 32 1.2 82 3.0 20 1.3 38 1.6 85 24
Hispanic Origin 0.9964 0.6925
Hispanic Origin 49 23 58 23 62 2.2 31 2.0 58 2.4 80 23
Other 2110 97.7 2520 97.7 2714 97.8 1532 98.0 2373 97.6 3439 97.7
Marital Status <.0001* <.0001*
Single 406 18.8 316 12.3 258 93 317 203 323 133 340 9.7
Married 1132 52.4 1692 65.6 2017 72.7 785 50.2 1520 62.5 2536 72.1
Separated 34 16 28 11 13 0.5 22 14 33 14 20 0.6
Divorced 355 16.4 311 121 318 11.5 258 16.5 340 14.0 386 11.0
Widowed 183 85 179 6.9 117 4.2 146 9.3 164 6.7 169 4.8
Unknown 49 23 54 2.1 53 1.9 36 23 52 21 68 1.9
Age at Diagnosis (Years) 0.0376% 0.0079t
mean (std) 541 95 535 9.2 535 91 542 9.6 53.7 93 533 91
Stage <.0001* <.0001*
| 1208 55.9 1521 59.0 1782 64.2 868 55.5 1429 58.8 2214 629
1A 590 27.3 665 25.8 678 24.4 428 27.4 627 25.8 878 25.0
11B 219 10.1 234 9.1 195 7.0 161 10.3 224 9.2 263 7.5
11 142 6.6 160 6.2 121 44 107 6.8 152 6.3 164 47
Collaborative Stage <.0001* <.0001*
ER 1465 67.9 1830 70.9 2140 77.1 1072 68.5 1694 69.9 2669 75.8
ER other® 694 32.1 750 29.1 636 22.9 492 315 738 30.4 850 24.3
<.0001* <.0001*
PR 1290 59.7 1574 61.0 1904 68.6 947 60.5 1460 60.0 2361 67.1
PR other’ 869 40.3 1006 39.0 872 314 617 39.5 972 40.0 1158 32.9
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Measures of Socio-economic Status

Deprivation Index (SES) % Poverty
Low SES Mid SES High SES Low SES Mid SES High SES
Outcome and Covariates n % n % n % p-value n % n % n % p-value
Histology 0.0733 0.5067
Ductal 1726 79.9 2085 80.8 2182 78.6 1251 80.0 1944 79.9 2798 79.5
Lobular 94 4.4 124 438 158 5.7 69 4.4 124 5.1 183 5.2
Medullary 30 14 33 13 22 038 19 1.2 33 14 33 0.9
Mixed 181 8.4 197 7.6 230 83 126 8.1 202 83 280 8.0
Other 128 5.9 141 55 184 6.6 99 6.3 129 53 225 6.4
Laterality 0.7332 0.9784
Right 1055 48.9 1262 48.9 1404 50.6 769 49.2 1210 49.8 1742 495
Left 1103 51.1 1317 51.1 1371 494 794 50.8 1221 50.2 1776 50.5
Subsite <.0001* 0.0011*
Central 109 5.1 123 4.8 131 47 80 5.1 108 4.4 175 5.1
Inner quadrant 421 19.5 478 18.5 551 19.8 297 19.0 467 19.2 686 19.5
Outer quadrant 985 45.6 1191 46.2 1351 48.7 722 46.2 1107 45.5 1698 48.2
Axillary Tail 22 1.0 24 09 17 0.6 16 1.0 21 0.9 26 0.7
Overlapping 401 18.6 527 204 560 20.2 288 18.4 501 20.6 699 19.9
Breast, NOS 221 10.3 237 9.2 166 6.0 161 10.3 228 94 235 6.7
Grade <.0001* <.0001*
Low 412 19.1 527 204 701 253 318 20.3 464 19.1 858 24.4
Intermediate 768 35.6 938 36.4 1093 394 563 36.0 878 36.1 1358 38.6
High 875 40.4 1002 38.8 862 31.0 613 39.2 975 40.1 1151 32.7
Unknown 104 4.8 113 4.4 120 43 70 45 115 4.7 152 4.3

*Significantata value of 0.05 using a Likelihood Ratio Chi-Square
tSignificant ata 0.05 level using an ANOVA test

PR is a progesterone receptor postive assay

ERis an estrogen receptor postive assay

dOtheris negative, unknown, or discrepant



Table 2. Demographics and clinical features of study population by

receipt of radiation therapy

Receipt of Standard

of Care Radiation

Therapy
Yes No
Exposures and Covariates n % n % p-value
Number (%) 5999 79.8 1516 20.2 <.0001*
% Poverty <.0001*
High SES 2928 48.8 591 39.0
Mid SES 1956 32.6 476 31.4
Low SES 1115 18.6 449 29.6
Deprivation Index <.0001*
High SES 2303 384 473 31.2
Mid SES 2093 249 487 32.1
Low SES 1603 26.7 556 36.7
Rurality <.0001*
Urban Core Areas 4956 82.6 1161 76.6
Suburban Areas 501 83 162 10.7
Large Town Areas 163 2.7 28 1.8
Small Town/Isolated 379 6.3 165 10.9
Race <.0001*
White 4390 73.2 1000 66.0
Black 1497 24.9 485 32.0
Other 112 19 31 20
Hispanic Origin 0.7146
Hispanic Origin 133 2.2 36 24
Other 5864 97.8 1480 97.6
Marital Status <.0001*
Single 746 124 234 154
Married 3956 65.9 885 58.3
Separated 51 09 24 16
Divorced 770 12.8 214 141
Widowed 358 6.0 121 8.0
Unknown 38 25 38 25
Age at Diagnosis (Years)
mean (std) 53.7 9.2 53.2 9.6 0.0303+%
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Table 2. Demographics and clinical features of study population by

receipt of radiation therapy

Receipt of Standard

of Care Radiation

Therapy
Yes No
Exposures and Covariates n % n % p-value
Stage <.0001*
| 3800 63.3 711 46.9
1A 1439 24.0 494 32.6
1B 452 75 196 12.9
11 308 5.1 115 7.6
Histology 0.1303
Ductal 4810 80.2 1183 78.0
Lobular 295 49 81 53
Medullary 71 12 14 0.9
Mixed 481 8.0 127 84
Other 342 5.7 111 7.3
Collaborative Stage <.0001*
ER 4480 74.7 955 63.0
ER other 1519 25.3 561 37.0
<.0001*
PR 3964 66.1 804 53.0
PR other 2035 339 712 47.0
Laterality 0.8398
Right 2975 49.6 746 49.2
Left 3022 50.4 769 50.7
Subsite <.0001*
Central 276 4.6 87 5.7
Inner quadrant 1191 19.8 259 17.1
Outer quadrant 2872 47.9 655 43.2
Axillary Tail 48 0.8 15 1.0
Overlapping 1189 19.8 299 19.7
Breast, NOS 423 7.1 201 133
Grade <.0001*
Low 1373 229 267 17.6
Intermediate 2282 38.0 517 341
High 2093 426 646 42.6
Unknown 251 4.2 86 5.7

*Significantata value of 0.05 using a Likelihood Ratio Chi-Square
tSignificantata value of 0.05using a Two-Sample Independent T-

test

PR is a progesterone receptor positive assay
ER is an estrogen receptor postive assay
¢Otheris negative, unknown, or discrepant
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Table 3. Covariate adjusted Odds Ratios (ORs) of not receiving radiation therapy
following breast-conserving surgery with 95% confidence interval

Socioeconomic Status Socioeconomic Status
(deprivation index DEP) (% poverty POV)

Characteristic OR 95% CI OR 95% CI
Socioeconomic Status

High 1.00 Reference 1.00 Reference

Mid 0.96 0.83 1.11 1.04 0.90 1.21

Low 1.29* 1.10 1.52 1.61* 1.37 1.89
Rurality

Urban 1.00 Reference 1.00 Reference

Suburban 1.22 1.00 1.50 1.17 0.95 1.43

Large Town 0.69 0.46 1.05 0.72 0.47 1.09

Small Town 1.67* 1.35 2.06 1.59* 1.28 1.96
Race

White 1.00 Reference 1.00 Reference

Black 1.05 0.91 1.21 1.00 0.87 1.16

Other 1.24 0.82 1.87 1.23 0.81 1.86
Marital Status

Married 1.00 Reference 1.00 Reference

Single 1.22* 1.02 1.46 1.19 0.99 1.42

Separated 1.66 1.00 2.78 1.67 1.00 2.80

Divorced 1.13 0.95 1.35 1.12 0.94 1.34

Widowed 1.42* 1.13 1.79 1.42* 1.13 1.80

Unknown 1.41 0.95 2.07 1.39 0.94 2.05
Year of Diagnosis

2008 1.00 Reference 1.00 Reference

2007 1.01 0.83 1.22 1.01 0.83 1.22

2006 0.92 0.75 1.12 0.92 0.75 1.12

2005 1.33* 1.10 1.61 1.32* 1.09 1.59

2004 1.20 0.99 1.45 1.19 0.98 1.45
ER

Other 1.00 Reference 1.00 Reference

Yes 1.20 0.99 1.44 1.19 0.99 1.44
PR

Other 1.00 Reference 1.00 Reference

Yes 1.39* 1.16 1.65 1.39* 1.17 1.66




Table 3. Covariate adjusted Odds Ratios (ORs) of not receiving radiation therapy

following breast-conserving surgery with 95% confidence interval

Socioeconomic Status

Socioeconomic Status

(deprivation index) (% poverty)

Characteristic OR 95% CI OR 95% CI
Stage

11 1.00 Reference 1.00 Reference

| 0.55 0.44 0.70 0.59* 0.44 0.71

A 0.96 0.75 1.22 0.96 0.75 1.23

1B 1.17 0.88 1.54 1.17 0.88 1.55
Site

Overlapping 1.00 Reference 1.00 Reference

Axillary 1.00 054 1.84 0.99 0.54 1.84

Breast, NOS 1.67* 135 2.08 1.67* 1.34 2.08

Central 1.20 090 1.58 1.20 091 1.59

Inner Quadrant 0.85 0.70 1.02 0.85 0.70 1.03

Outer Quadrant 0.85 0.73 1.00 0.85 0.73 1.00
Grade

Low 1.00 Reference 1.00 Reference

Intermediate 0.98 0.83 1.16 0.98 0.83 1.16

High 0.95 0.79 1.14 0.95 0.79 1.14

Unknown 1.28 096 1.72 1.30 097 1.74

*Significant at a value of 0.05

Age at diagnosis was included in the model but not displayed in the table since it is

continuous
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Table 4. Multivariate analysis on receiving radiation therapy among women undergoing breast conserving surgery in
Georgia

Low SES v. High SES Mid SES v. High SES
OR 95% Cl OR 95% ClI

Main Exposure: % Poverty

Model 1 Without adjustment for other factors 1.99 (1.73, 2.30) 1.21 (1.06, 1.38)
Model 2 Fully adjusted model 1.61 (1.40, 1.90) 1.04 (0.90, 1.21)
Main Exposure: Deprivation Index

Model 3 Without adjustment for other factors 1.69 (1.47,1.94) 1.13 (0.99, 1.30)
Model 4 Fully adjusted model 1.29 (1.10, 1.52) 0.96 (0.83,1.11)

*Model 2 adjusted for poverty, rural, race, marital status, age at diagnosis, year at diagnosis, ER, PR, stage, site, grade
**Model 4 adjusted for poverty, rural, race, marital status, year at diagnosis, ER, PR, stage, site, grade



Figures
Female breast cancer cases in
the Georgia registry 2004-2008
35033
Age at diagnosis |ess than 18
or greater than 69
Second of two or more 8,723 (24.9%)
primary cancer diagnoses #———————
3,447 (9.9%)
" Sarcomas
39 (0.001%)
Mon-invasive tumors
4,609 (13.2%) *
AJCC stage IV
— 2,188 (6.2%)
Other type of
surgery/treatment —
7,509 (21.4%) Lost to follow-up or dead
436 (1.2%)
Radiation did not follow
surgery S ————
40 (0.001%) Not Geocoded to census tract
o with valid street address, or
residence ZIP +4 or residence
zip +2
Inflammatory carcinoma 525 (1.5%)
2 (~0%)

Final Pepulation
7515 (21.5%)

Figure 1. Flow chart of exclusion criteria used to determine the
final study population
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Categorization of SES meaures in Georgia Census Tracts

Percentage of Persons Living Below Poverty

Deprivation Index

Census tract information provided by U S= Census Bureau

Figure 2. Map of Georgia census tracts by SES measure
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