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Abstract
BACKGROUND—Data are needed on how life expectancy affects treatment decisions among
women ≥80 years with early stage breast cancer.

METHODS—We used the linked Surveillance Epidemiology and End Results-Medicare claims
dataset from 1992–2005 to identify women aged ≥80 newly diagnosed with lymph node negative,
estrogen receptor positive tumors, ≤5 centimeters. To estimate life expectancy, we matched these
women to women of similar age, region, and insurance, not diagnosed with breast cancer. We
examined 5-year mortality of matched controls by illness burden (measured with the Charlson
Comorbidity Index [CCI]) using Kaplan-Meier statistics. We examined treatments received by
estimated life expectancy within CCI levels. We further examined factors associated with receipt
of radiotherapy after breast conserving surgery (BCS).
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RESULTS—Of 9,932 women, 39.6% underwent mastectomy, 30.4% received BCS plus
radiotherapy, and 30.0% received BCS alone. Estimated 5-year mortality was 72% for women
with CCIs of 3+, yet 38.0% of these women underwent mastectomy and 22.9% received
radiotherapy after BCS. Conversely, estimated 5-year mortality was 36% for women with CCIs of
0 and 26.6% received BCS alone. Age 80–84, urban residence, higher grade, recent diagnosis,
mammography use, and low comorbidity, were factors associated with receiving radiotherapy
after BCS. Among women with CCIs of 3+ treated with BCS, 36.9% underwent radiotherapy.

CONCLUSIONS—Many women aged ≥80 with limited life expectancies receive radiotherapy
after BCS for treatment of early stage breast cancers while many in excellent health do not. More
consideration needs to be given to patient life expectancy when considering breast cancer
treatments. KEY WORDS: Breast cancer, older women, treatment, life expectancy, radiation

Introduction
The benefits of radiotherapy after breast conserving surgery (BCS) among women aged ≥80
with early stage breast cancer are not well understood even though radiotherapy after BCS is
standard treatment for most younger women.1 No studies have demonstrated a mortality
benefit of radiotherapy after BCS among women aged ≥80, although some studies suggest a
small reduction in local recurrence.1–4 Most experts agree that older women in excellent
health without comorbid disease limiting their life expectancy would be the most likely to
benefit from radiotherapy after BCS.2–5

A pooled analysis of data from several trials including women of all ages, (but few ≥70
years) found that radiotherapy after BCS resulted in 7% of women experiencing a local
recurrence after 5 years compared to 26% of women who received BCS alone. 6 This study
also showed a 5.4% reduction in breast cancer mortality and a 5.3% reduction in overall
mortality after 15 years among women who received radiotherapy after BCS. Breast cancer
recurrence was less common among women aged ≥70 (3% among women who received
radiotherapy after BCS compared to 13% among those who did not).6 Data were not
presented on whether the mortality benefit of radiotherapy after BCS persisted among
women ≥70 years. A randomized control trial (RCT) comparing mastectomy, BCS alone,
and BCS plus radiotherapy including women of all ages after 20 years follow-up found that
radiotherapy after BCS reduced rates of ipsilateral recurrence (39.2% to 14.3%).7 There
were no significant differences in distant-disease free or overall survival in the three groups;
however, radiotherapy after BCS was associated with a nearly significant increase in breast
cancer survival.8 These studies suggest that radiotherapy after BCS for early stage breast
cancer significantly reduces local recurrence and possibly reduces breast cancer mortality
after 15–20 years follow-up, which is beyond the life expectancy of most women ≥80
years.8

Few studies examining radiotherapy after BCS have focused on older women. One RCT
included 636 women aged ≥70 with stage I, estrogen receptor positive (ER+) breast cancer
treated with BCS, and randomized women to treatment with tamoxifen plus radiotherapy or
tamoxifen alone. After 5 years, the group that received radiotherapy experienced fewer local
and regional recurrences (1% versus 4%, p<0.001) but there were no significant differences
in distant recurrence or survival.1 An observational study that included women with similar
characteristics found that radiotherapy after BCS reduced breast cancer recurrence from
5.1% to 1.1%. 2 Another RCT that included 769 women aged ≥50 (~40% ≥70 years) with
node negative breast tumors, 5 centimeters (cm) or less, found that radiotherapy after BCS
reduced local recurrence (7.7% to 0.6%, p<0.001) but did not show significant differences in
rates of distant relapse or overall survival after 5 years.3 A recent review recommended
radiotherapy for all patients after BCS, except possibly women aged ≥70 with lymph node
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negative (LN-) tumors, 5 cm or less, being treated with hormonal therapy. 9 Although not all
investigators agree that elderly women with favorable tumor characteristics can forgo
radiotherapy after BCS, nearly all concur that those with limited life expectancies are
unlikely to benefit.2,6,10,11

In this study, we examined initial treatment of women aged ≥80 with early stage breast
cancers by life expectancy. We then examined characteristics associated with the use of
radiotherapy after BCS among these women.

Methods
We used data from the National Cancer Institute’s linked SEER-Medicare dataset. Since
1992, SEER has included 11 population-based tumor registries in the metropolitan areas of
San Francisco/Oakland, Detroit, Atlanta, and Seattle; Los Angeles county; the San Jose-
Monterey area; and the states of Connecticut, Iowa, New Mexico, Utah, and Hawaii.12

These areas cover approximately 14% of the US population.13 For this study, we included
9,932 women aged ≥80 with continuous fee-for-service Medicare insurance newly
diagnosed with a unilateral, invasive breast cancer with tumors that were 5 cm or less, no
known positive lymph nodes [LN-], and ER+. Figure 1 illustrates selection of our sample
population.

Characteristics
We obtained data on tumor characteristics at diagnosis from SEER including: tumor grade,
size, stage, and histology. Patient characteristics available in SEER include: race/ethnicity,
metropolitan vs. non-metropolitan residence, marital status, and year of diagnosis. Because
SEER-Medicare data do not provide individual level data on income and/or education, we
used census tract data and substituted ZIP code level data when not available.14 We grouped
median household income and percentage of adults with less than a high school education
into quintiles within registry. We determined mammography use in the previous 27 months
since we wanted to examine two full years of utilization data, and we hypothesized that
mammograms within 3 months of diagnosis might relate to diagnosis and not screening
behaviors. We categorized previous mammography use sequentially as 1) non-users, 2)
regular users (at least 2 mammograms 10 months apart or 1 mammogram coded as
screening), 3) only diagnostic mammograms within 3 months of diagnosis, and 4) other.

Treatments
We used data from both SEER and Medicare claims to classify initial treatment with surgery
or radiotherapy (RT). We considered women to have received surgical and/or radiation
treatment if reported in SEER or if there were Medicare claims for these treatments within
12 months following diagnosis. We categorized initial treatment as mastectomy, BCS with
radiotherapy, BCS alone, or no initial surgery.

Comorbidities
We considered individual comorbidities from the Charlson Comorbidity Index and the
weighted index (CCI 0,1, 2, 3+).15 We used Klabunde’s modification of the Charlson
Comorbidity Index derived from both inpatient and outpatient claims to define these
conditions.15–17 We also considered several additional diagnoses from the Clinical
Classifications Software (CCS).18 The CCS is a collection of 13,600 diagnoses codes and
3,700 procedure codes collapsed into 262 clinically meaningful categories. We considered
CCS conditions that have a significant impact on the health and function of older adults, not
already captured by the Charlson index, and were prevalent in ≥1% of the study population.
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The 10 CCS conditions we considered were Parkinson’s disease, hypertension, mood
disorders, thyroid disorder, blindness, pneumonia, nutritional deficiencies, gastrointestinal
hemorrhage, hip fracture, and/or falls in the past two years. As we did for the Charlson, we
only considered a CCS diagnosis from outpatient claims if it appeared twice separated by
greater than one month to avoid “rule-out” diagnoses. Life expectancy

To estimate life expectancy unconfounded by the diagnosis and treatment of breast cancer,
we matched women in our sample (cases) with women in the 5% random sample of
Medicare beneficiaries who reside in SEER areas but who do not have breast cancer
(controls). We used 5-year mortality of the matched controls as the estimated probability of
5-year mortality of the cases at the time of diagnosis. Our methods for matching have been
described previously.19 Briefly, we used the greedy matching algorithm (SAS Macro
GMATCH) to match women by birth year, registry location, and year of registry. The date
of diagnosis of the cases was assigned as the date to begin follow-up of the matched
controls. We required that the controls, like cases, had to have continuous fee-for-service
Medicare the two years before follow-up. We successfully matched 98.2% of our cases with
a non-breast cancer control. Controls were similar to our cases in terms of comorbidity, race/
ethnicity, and income and education of residence.

Survival
Survival time was measured from date of diagnosis (cases) or assigned date of diagnosis
(controls) until death or December 31, 2006, whichever came first. We censored
observations of women who were alive at the end of the follow-up period. For women
diagnosed with breast cancer, we also examined breast cancer specific survival using data on
cause of death from SEER through December 31, 2005.

Statistical Analyses
We used the Kaplan-Meier method to estimate 5-year mortality for the controls and to
estimate 5-year overall and breast cancer mortality for the cases. We additionally estimated
5-year mortality for women with each individual Charlson and CCS condition and by the
weighted Charlson Comorbidity Index (CCI) for both the cases and controls. We examined
initial treatments received for women with each individual condition and by CCI (0, 1, 2,
3+). Since few women (1.8%, n=177) did not receive any initial surgery, we do not present
data on these women. We then limited our sample to women treated with BCS (n=5,889)
and we used multivariable logistic regression to identify sociodemographics, tumor
characteristics and comorbidities (both individually and using the Charlson Comorbidity
Index) associated with receiving radiotherapy after BCS. We converted adjusted odds ratios
to relative risks (RR) using SAS PROC GENMOD’s Poisson regression capability.20 All
statistical analyses used SAS version 9.1 (SAS Institute, Cary, NC). Beth Israel Deaconess
Medical Center’s Institutional Review Board approved this study.

Results
Of the 9,932 women aged ≥80 diagnosed with favorable breast cancers, 58.2% were aged
80-84, 29.7% were aged 85–89, and 12.1% were aged ≥90; 43% were regular users of
mammography. The majority were diagnosed with stage I disease (61.8%, Table 1).
Approximately half (55.4%) had a CCI of 0 and 8.7% had a CCI ≥3 (Table 2). Based on
data from controls, women with a CCI ≥3 had a substantially higher probability of 5-year
mortality (72.4%) than women with a CCI of 0 (36.1%). Despite this large difference in
overall mortality risk, women with a CCI ≥3 were nearly as likely to receive mastectomy
(38.0% versus 40.5%) but were somewhat less likely to receive BCS+RT (22.9% versus
32.9%) than women with a CCI of 0 (Table 2). Five- year breast cancer mortality was low
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for all women and ranged from 5.6% among women with a CCI of 0 to 9.8% among women
with a CCI ≥3.

Examining individual comorbidities, we found that women with dementia (80.4%),
Parkinson’s disease (74.7%), pneumonia (72.7%), or nutritional deficiencies (70.2%) in the
past 2 years had the highest risk of 5-year mortality, based on data from controls (Table 2).
However, nearly all women with a significant illness had greater than 50% risk of mortality
in 5 years. Few women with dementia received BCS+RT (5.8%) while 40.8% received
mastectomies and 53.4% were treated with BCS alone. Many women with other significant
illnesses limiting their life expectancies were treated with BCS+RT. For example, although
women with chronic renal failure have a 69.0% risk of 5-year mortality, 27.9% received
BCS+RT. Women with dementia had the highest rate of 5-year breast cancer mortality at
19.0% and were the least likely to be treated with BCS+RT. However, women with chronic
renal failure had the next highest rate of 5-year breast cancer mortality (13.3%) even though
many were treated with BCS+RT. Women with a history of hip fractures were the most
likely to undergo mastectomy (43.9%) and were less likely to undergo BCS+RT (15.6%).

In the subset of women who received BCS (n=5,889) for their surgical treatment, 50.3% also
received radiotherapy (Table 3). Although women with a CCI ≥3 were less likely to receive
radiotherapy after BCS (aRR 0.7 95% CI [0.7–0.8]) than women without comorbidity,
36.9% with a CCI ≥3 still received radiotherapy after BCS. Advancing age was strongly
associated with decreased likelihood of receiving radiotherapy after BCS; only 12.7% of
women aged ≥90 received radiotherapy after BCS compared to 65.1% of women aged 80–
84 and 38.1% of women aged 85–89. Women residing in Metropolitan areas, recently
diagnosed, regular users of mammography, and those with high grade tumors were more
likely to receive radiotherapy after BCS.

Women with dementia, congestive heart failure, mood disorders, and other cancers, were
significantly less likely to receive radiotherapy after BCS than women without comorbidity.
However, other conditions (e.g. chronic renal failure, myocardial infarction, falls) were not
associated with a decreased likelihood of treatment with radiotherapy after BCS. Only 9.8%
of women with dementia were treated with radiotherapy after BCS, while 45.9% of women
with chronic obstructive pulmonary disease received radiotherapy after BCS (Table 3).
Conversely, 44.5% of women without any of the conditions associated with >50% mortality
in 5-years (all conditions in Table 2 except hypertension and blindness) were not treated
with radiotherapy after BCS.

Discussion
We found that half (50.3%) of women aged ≥80 with ER+, LN- breast tumors ≤5 cm
received radiotherapy after breast conserving surgery. We also found that treatment with
radiotherapy after BCS was not limited to the oldest women in good health; 37% of women
with a 72% probability (CCI ≥3) of mortality in five years and very little chance of benefit
received radiotherapy after BCS. Increasing age and the presence of dementia, which are
two factors strongly associated with decreased life expectancy, were two of the strongest
factors associated with not being treated with radiotherapy after BCS. However, women
with many other conditions associated with high risk of 5-year mortality (e.g., chronic renal
failure) commonly (42%) received radiotherapy after BCS. Conversely, 45% of women
without significant comorbidities limiting their life expectancy did not receive radiotherapy
after BCS. Some of these women may benefit from a reduction in 5-year local recurrence.

We found that many women aged ≥80 newly diagnosed with an early stage, ER+, LN-
tumor but who also have a life threatening comorbidity are at high risk of non-breast cancer
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mortality in 5 years. Experts encourage clinicians to consider patient life expectancy when
deciding on breast cancer treatments for the oldest women.4 To our knowledge, this is the
first study to examine receipt of breast cancer treatments by estimated life expectancy
among older women with ER+, LN-breast cancers ≤5 cm. Beyond age and dementia,
clinicians may need to factor in older women’s other health conditions (e.g., chronic renal
failure) when deciding which treatments to recommend for early stage breast cancer. A
Comprehensive Geriatric Assessment (CGA), which consists of measurement of patient’s
function, cognition, mood, mobility, nutritional status, medications, and social situation, can
aid treatment decision making.21 Assessment-based treatment has been shown to improve
the quality of life of elderly cancer patients.21,22

Although a local recurrence can be a significant event in an older woman’s life, few older
women develop a recurrence.1,3,6 Meanwhile, nearly all experience fatigue during
treatment,9,23 and radiotherapy can cause breast pain, skin fibrosis or retraction, and edema
as well as arm and shoulder pain even months following treatment.9,24 Serious
complications of radiotherapy are rare but include radiation pneumonitis (experienced by
<5% of women).25 The potential benefits of radiotherapy after BCS must be weighed
against the potential risks for each woman within the context of her life expectancy.
Moreover, it can be difficult for older women to arrange transportation to a radiation center
for treatments.9 Transportation needs can additionally burden patients’ family members and
affect family members socially or financially.

We found that a substantial proportion of women without significant comorbidities,
approximately 45%, did not receive treatment with radiotherapy after BCS. Although there
are no data suggesting a mortality benefit of radiotherapy after BCS among women ≥80
years, some of the oldest women in excellent health may benefit due to a reduction in local
recurrence.2 Furthermore, women aged 80 in excellent health have a life expectancy of more
than 13 years.26 Based on data from younger women suggesting a small mortality benefit of
radiation after BCS after 15–20 years, some of the women aged ≥80 in excellent health may
not only benefit from a reduction in breast cancer recurrence but possibly even a reduction
in breast cancer mortality. Studies have found that adults aged ≥80 in good health tolerate
radiotherapy well. Increasingly, these women are also being offered shorter courses of
radiotherapy which may be associated with fewer side effects and/or less transportation
burden.24 Thoughtful consideration of patients’ comorbidities, life expectancy, and
preferences, must occur when deciding on the optimal treatment of breast cancer among
women aged ≥80.

Women with dementia had the greatest risk of 5-year mortality and were the least likely to
receive radiotherapy after BCS, but these women were also at greater risk of death from
breast cancer. These findings could suggest that women with dementia would suffer less
breast cancer mortality if they were more commonly treated with radiotherapy after BCS.
However, dementia is also known to be under-reported on death certificates,27 while other
conditions like coronary heart disease have been shown to be overreported,28 and breast
cancer may be more accurately reported.29 Therefore, among women with dementia and
breast cancer, breast cancer may be more likely to be documented on the death certificate
than in the case of women with breast cancer and other conditions. However, in post-hoc
analyses, we found that women with dementia were more likely to have larger tumors and
not have their lymph nodes assessed than other women in our study so it is also possible that
women with dementia had less favorable tumors. There are no specific guidelines for
treating breast cancer among women with dementia; however, studies have found that most
caregivers prefer comfort care for women with severe dementia while there is great variation
in preferences for women with mild to moderate dementia.30
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Although this study focused on use of radiotherapy after BCS, we also found that 40% of the
women aged ≥80 received a mastectomy for favorable breast cancers. Although
mastectomies may have been necessary for women with the largest tumors, many others
may have done well with BCS. Some women and their clinicians may have chosen
mastectomy over BCS so as not to be faced with the decision of whether or not to undergo
radiotherapy. Others may have received a mastectomy to avoid a second surgery in the case
of a local recurrence. Such decision-making may have occurred in women that sustained hip
fractures since few on average were treated with BCS+RT while more on average were
treated with mastectomy. Identifying which of the oldest women may benefit from
radiotherapy after BCS and which will not, may allow clinicians to feel more comfortable
recommending BCS without radiotherapy rather than mastectomy to the oldest women with
significant comorbidity, exposing fewer of these women to more invasive breast surgery.3

Women who were regular users of mammography screening were more likely to receive
radiotherapy after BCS. This finding may reflect that older women who undergo screening
are more likely to accept medical interventions in general, more likely to have access to
transportation, and/or more likely to be in better health than those who are not screened.
However, comorbidity scores were similar for regular users and non-users of mammography
(60.7% of non-users had a Charlson score of 0 compared to 60.3% of regular users). Our
findings may indicate that older women who are screened and diagnosed with breast cancer
may be at greater risk of receiving treatments from which they have little chance to benefit
such as radiotherapy after BCS than those who are not screened.

There are important limitations to our study. Although we do not have data on use of
endocrine therapy, other studies have found that more than 80% of women ≥ 80 years with
ER+ early stage tumors receive tamoxifen.31 Therefore, we limited our sample to women
with known ER+ tumors. However, it is possible that some women chose radiotherapy after
BCS rather than treatment with endocrine therapy. In addition, adjusting for endocrine
therapy use in previous studies did not alter the relationship between recurrence and
radiotherapy after BCS in previous studies of older women.4 Since our data are from
administrative claims we do not have data on patient preferences or treatment discussions
with physicians. Furthermore, administrative data may underestimate the prevalence of
many chronic conditions. However, claims data likely captures individuals with more severe
disease, suggesting that we found high rates of radiotherapy after BCS among women with
more severe forms of disease.32,33 Some of the women categorized as having no significant
diseases may be misclassified and this may partly explain why many of these women did not
receive radiotherapy after BCS. However, we additionally excluded women with a history of
falls and other geriatric conditions associated with mortality. We also lacked individual-
level data on socioeconomic status; however, studies have found a moderate association
between individual and aggregate socioeconomic characteristics. 14

In summary, breast cancer treatment choices for women aged ≥80 with ER+, LN- breast
cancers ≤5 cm are associated with life expectancy. However, many elderly women with
short life expectancies receive radiotherapy after BCS while others in excellent health do
not. Clinicians should consider using available prognostic tools to determine which patients
are more likely to benefit from radiotherapy after BCS based on life expectancy.34 Future
studies are needed to better understand how to improve decision-making around breast
cancer treatment for the oldest women.
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Figure 1.
Study Population
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Table 1

Sample Characteristics of 9,932 Women aged 80 and Older with Estrogen Receptor Positive Tumors, 5
Centimeters or Less, with No Known Positive Lymph Nodes.

n %

Age

 80–84 5,779 58.2

 85–89 2,951 29.7

 90+ 1,202 12.1

Race/Ethnicity

 Non-Hispanic White 9,152 92.2

 Non-Hispanic Black 362 3.6

 Hispanic 79 0.8

 Asian 169 1.7

 Other 107 1.1

 Unknown 63 0.6

Year of diagnosis

 92–95 2,608 26.3

 96–00 3,574 36.0

 01–05 3,750 37.8

Metropolitan status of residence

 Metropolitan 8,902 89.6

 Non-metropolitan 1,030 10.4

Marital status

 Not married 7,228 72.8

 Married 2,371 23.9

 Unknown 333 3.4

Median income for area of residence

 Lowest Quintile 1,900 19.1

 2nd Quintile 1,997 20.1

 3rd Quintile 2,082 21.0

 4th Quintile 1,971 19.8

 5th Quintile 1,937 19.5

 Unknown 45 0.5

Quintiles of education (<12 years) for adults ≥25 in area of residence

 Lowest Quintile 1,832 18.5

 2nd Quintile 1,922 19.4

 3rd Quintile 2,011 20.3

 4th Quintile 2,077 20.9

 5th Quintile 2,045 20.6
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n %

 Unknown 45 0.5

Mammography use in the past 2 years

 Non-users 3,810 38.4

 Screeners 4,237 42.7

 Peri-diagnosis mammogram 1,411 14.2

 Other 474 4.8

SEER registry

 Connecticut 1,505 15.2

 San Francisco 829 8.4

 Detroit 1,204 12.1

 Hawaii 153 1.5

 Iowa 1,870 18.8

 New Mexico 310 3.1

 Seattle 1,302 13.1

 Utah 485 4.9

 Atlanta 547 5.5

 San Jose 395 4.0

 Los Angeles 1,332 13.4

Stage

 Stage I 6,141 61.8

 Stage II 2,093 21.1

 Unknown 1,698 17.1

Tumor Size

 ≤1 cm 3,605 36.3

 1– ≤2 cm 4,037 40.7

 2– ≤5 cm 2,290 23.1

Histology

 Ductal 7,689 77.4

 Lobular 811 8.2

 Mucinous 699 7.0

 Other 684 6.9

 Unknown 49 0.5

Tumor Grade

 Well differentiated, 1 2,561 25.8

 Moderately differentiated, 2 4,354 43.8

 Poorly differentiated, 3 1,933 19.5

 Undifferentiated, 4 125 1.3

 Unknown 959 9.6

Lymph Nodes
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n %

 None positive 8,278 83.4

 None examined
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Table 3

Factors Associated with Receipt of Radiotherapy after BCS among 5,889 Women Aged 80 and Older who
Underwent BCS.*

n % Received Radiotherapy after
BCS

Adjusted Relative Risk of
Radiotherapy after BCS†

Overall 5,889 50.3

Characteristics:

Age

 80–84 3,377 65.1 1.0

 85–89 1,754 38.1 0.7 (0.6–0.7)

 90+ 758 12.7 0.3 (0.2–0.3)

Metropolitan status of residence

 Metropolitan 5,444 52.0 1.0

 Non-Metropolitan 445 29.3 0.8 (0.7–0.9)

Race/Ethnicity

 Non-Hispanic White 5,439 50.2 1.0

 Non-Hispanic Black 218 48.2 1.0 (0.9–1.2)

 Hispanic 47 44.7 0.8 (0.6–1.1)

 Asian 90 68.9 1.1 (0.9–1.3)

 Other 61 52.5 0.9 (0.7–1.2)

 Unknown 34 35.3 0.8 (0.6–1.1)

Marital status

 Not currently married 4,240 46.8 1.0

 Currently married 1,444 62.6 1.1 (1.0–1.1)

 Unknown 203 36.0 0.8 (0.7–0.9)

Year of diagnosis

 92–95 1,310 38.5 1.0

 96–00 2,141 50.7 1.2 (1.1–1.3)

 01–05 2,438 56.2 1.2 (1.1–1.3)

Median income for area of residence

 Lowest Quintile 1,020 42.6 1.0

 2nd Quintile 1,156 47.7 1.0 (0.9–1.1)

 3rd Quintile 1,205 50.0 1.0 (0.9–1.1)

 4th Quintile 1,228 52.9 1.0 (0.9–1.2)

 5th Quintile 1,254 57.1 1.1 (1.0–1.3)

Quintiles of education (<12 years) for those Age ≥ 25 in
area of residence

 Lowest Quintile 976 45.2 1.0

 2nd Quintile 1,070 49.7 1.1 (1.0–1.1)

 3rd Quintile 1,220 48.9 1.1 (1.0–1.2)
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n % Received Radiotherapy after
BCS

Adjusted Relative Risk of
Radiotherapy after BCS†

 4th Quintile 1,274 52.9 1.1 (1.0–1.2)

 5th Quintile 1,323 53.7 1.1 (1.0–1.2)

Mammography Use

 Screeners 2,846 63.0 1.0

 Non-users 1,955 37.8 0.8 (0.8–0.9)

 Peri-diagnosis 814 35.9 0.8 (0.7–0.8)

 Other 274 50.0 0.9 (0.8–1.0)

Tumor stage

 Stage I 3,733 59.5 1.0

 Stage II 842 46.2 1.0 (0.9–1.2)

 Unknown 1,314 26.8 0.8 (0.6–1.2)

Tumor Grade

 Grade I 1,740 50.6 1.0

 Grade II 2,582 52.0 1.1 (1.0–1.1)

 Grade III 1,030 50.5 1.1 (1.0–1.2)

 Grade IV 56 57.1 1.4 (1.1–1.7)

 Unknown 481 38.5 1.0 (0.9–1.1)

Tumor size

 ≤1cm 2,477 55.6 1.0

 1–≤2cm 2,387 50.6 1.0 (1.0–1.1)

 2-≤5cm 1,025 36.8 0.9 (0.8–1.1)

Tumor histology

 Ductal 4,568 50.8 1.0

 Lobular 446 55.8 1.0 (0.9–1.1)

 Mucinous 417 47.5 1.0 (0.9–1.1)

 Other 436 41.7 0.8 (0.8–0.9)

Lymph node

 None positive 4,604 57.0 1.0

 None examined 1,285 26.4 0.7 (0.5–1.0)

SEER registry

 Connecticut 1,031 52.4 1.0

 San Francisco 548 51.1 1.0 (0.9–1.0)

 Detroit 740 52.2 1.0 (1.0–1.1)

 Hawaii 91 69.2 1.1 (0.9–1.3)

 Iowa 847 33.3 0.8 (0.7–0.9)

 New Mexico 166 50.0 1.0 (0.9–1.2)

 Seattle 791 56.5 1.1 (1.0–1.2)

 Utah 246 56.9 1.2 (1.0–1.3)
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n % Received Radiotherapy after
BCS

Adjusted Relative Risk of
Radiotherapy after BCS†

 Atlanta 294 41.5 0.8 (0.7–0.9)

 San Jose 235 52.3 1.0 (0.9–1.1)

 Los Angeles 900 55.0 1.0 (0.9–1.1)

Comorbidities

 Dementia 173 9.8 0.3 (0.2–0.4)

 Nutrition Deficiencies 88 26.1 0.7 (0.5–1.0)

 Heart Failure 812 33.4 0.8 (0.7–0.9)

 Mood Disorder 378 38.4 0.8 (0.7–0.9)

 Other Cancer 267 44.6 0.8 (0.7–0.9)

 Peptic Ulcer Disease 111 36.9 0.8 (0.7–1.1)

 Hip fracture 133 27.8 0.8 (0.6–1.0)

 Parkinson’s Disease 75 33.3 0.9 (0.6–1.2)

 COPD 667 45.9 0.9 (0.8–1.0)

 Cerebral Vascular Disease 547 39.7 0.9 (0.8–1.0)

 Pneumonia 248 32.7 0.9 (0.8–1.1)

 Peripheral Vascular Disease 292 39.4 0.9 (0.8–1.1)

 Chronic Renal Failure 90 42.2 0.9 (0.7–1.1)

 Gastrointestinal Hemorrhage 234 43.2 1.0 (0.8–1.1)

 Thyroid Disorder (not cancer) 916 51.5 1.0 (0.9–1.1)

 Falls 129 37.2 1.0 (0.8–1.3)

 Diabetes 823 50.7 1.0 (1.0–1.1)

 Rheumatologic Disorders 160 55.6 1.1 (0.9–1.2)

 Blindness 289 53.3 1.1 (1.0–1.2)

 Hypertension 3,471 52.4 1.0 (1.0–1.1)

 Myocardial infarction 217 46.5 1.1 (1.0–1.3)

Charlson Comorbidity Index ‡

 0 3,223 55.4 1.0

 1 1,402 46.2 0.9 (0.8–0.9)

 2 743 45.4 0.9 (0.8–0.9)

 3+ 521 36.9 0.7 (0.7–0.8)

*
Each model was adjusted for tumor characteristics (grade, tumor size, histology, stage), sociodemographics at diagnosis (age, marital status, race/

ethnicity, educational attainment of census tract, ZIP code, median household income of census tract/income, metropolitan status of residence),
year of diagnosis, lymph node status, mammography use, and tumor registry.

†
Odds ratios were converted to Relative Risks using SAS PROC GENMOD’s Poisson regression capability.

‡
In a separate model, we categorized women by their Charlson Comorbidity Index (0,1,2,3+) rather than their individual comorbidities; however,

we did include conditions from the Clinical Classifications Software that were not included in the Charlson.
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