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Abstract

Background.—In women = 70 years of age with TINO hormone receptor-positive (HR+)/human
epidermal growth factor receptor 2-negative (HER2-) breast cancer, breast surgery type and
omission of axillary surgery or radiation therapy (RT) do not impact overall survival. Although
frailty and life expectancy ideally factor into therapy decisions, their impact on therapy receipt is
unclear. We sought to identify trends in and factors associated with locoregional therapy type by
frailty and life expectancy.

Methods.—Women = 70 years of age with TLINO HR+/HER2- breast cancer diagnosed in the
Surveillance, Epidemiology, and End Results (SEER)-Medicare database between 2010 and 2015
were stratified by validated claims-based frailty and life expectancy measures. Therapy trends over
time by regimen intensity (‘high intensity’: lumpectomy + axillary surgery + RT, or mastectomy

+ axillary surgery; ‘moderate intensity’: lumpectomy + RT, lumpectomy + axillary surgery, or
mastectomy only; or ‘low intensity’: lumpectomy only) were analyzed. Factors associated with
therapy type were identified using generalized linear mixed models.

Results.—Of 16,188 women, 21.8% were frail, 22.2% had a life expectancy < 5 years, and
only 12.3% fulfilled both criteria. In frail women with a life expectancy < 5 years, high-intensity
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regimens decreased significantly (48.8-31.2%; p < 0.001) over the study period, although in 2015,
30% still received a high-intensity regimen. In adjusted analyses, frailty and life expectancy < 5
years were not associated with breast surgery type but were associated with a lower likelihood

of axillary surgery (frailty: odds ratio [OR] 0.86, 95% confidence interval [CI] 0.76-0.96; life
expectancy < 5 years: OR 0.22, 95% CI 0.20-0.25). Life expectancy < 5 years was also associated
with a lower likelihood of RT receipt in breast-conserving surgery patients (OR 0.30, 95% ClI
0.27-0.34).

Conclusions.—Rates of high-intensity therapy are decreasing but overtreatment persists in
this population. Continued efforts aimed at appropriate de-escalation of locoregional therapy are

needed.
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Over 30% of new breast cancer cases diagnosed annually in the United States are in women
> 70 years of age.! Tailoring their therapy based not only on chronological age but also on
physiologic age, is important. Overtreatment and undertreatment of older adults is defined
by the intensity of cancer therapy relative to its associated benefits and harms,2 which, in
an older population, requires clinicians to take geriatric-specific considerations, such as life
expectancy and frailty, into account. While undertreatment of older adults with aggressive
breast cancer has been a longstanding concern,= attention to overtreatment of those with
lower-risk breast cancers, such as early-stage hormone receptor-positive (HR+) disease, is
growing.6-10

A range of locoregional treatment options are available to older adults with early-stage HR+
breast cancer, as randomized controlled trial (RCT) data demonstrate survival equivalency
between mastectomy and breast-conserving therapy (BCT),11-13 axillary surgery (i.e.
sentinel lymph node biopsy [SLNB] or axillary lymph node dissection [ALND]4-16 versus
no axillary surgery, and radiation therapy (RT) versus no RT6:17 in women > 70 years of
age with clinical TINO HR+/human epidermal growth factor receptor 2-negative (HER2-)
breast cancers. With respect to omission of RT or axillary surgery, there are slight trade-offs
with small increases in locoregional recurrence but without detrimental survival outcomes.
Ten-year follow-up from the Cancer and Leukemia Group B (CALGB)-9343 trial and
PRIME 11 have demonstrated a decrease of approximately 7% in local recurrence with RT
(PRIME I1: 9.8% without RT, 0.9% with RT; CALGB: 10% without RT, 2% with RT),
without any significant difference in overall survival.16:18 Similarly, omission of axillary
surgery carries an approximately 3—-6% risk of axillary recurrence without a decrement in
survival.14-16 However, these risks are cumulative over a 10-year follow-up, highlighting a
patient’s need to be fit enough and with a long enough life expectancy to potentially realize
any potential benefit of RT or SLNB.

As such, women with early-stage HR+/HER2- breast cancer may reasonably opt for one
of four possible lumpectomy-containing regimens (lumpectomy + axillary surgery + RT,
lumpectomy + RT [without axillary surgery], lumpectomy + axillary surgery [without RT],
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or lumpectomy alone), or one of two mastectomy-containing regimens (mastectomy +
axillary surgery or mastectomy alone, as post-mastectomy RT is not standard in women with
this type of disease). Without a survival advantage to more aggressive therapy, the potential
for overtreatment in women with early-stage HR+/HER2- breast cancer is clear, as regimens
that would be considered standard of care in fit populations (i.e., lumpectomy + axillary
surgery + RT and mastectomy + axillary surgery) may translate into overtreatment in a

frail patient with limited life expectancy. However, the associations between life expectancy/
frailty and locoregional treatment receipt in clinical practice and potential practice changes
over time remain unclear. In order to better target future interventions optimizing treatment
based on physiologic age and preferences, we sought to evaluate trends over time in
locoregional therapy regimen receipt by life expectancy and frailty in women = 70 years of
age with cTINO HR+/HER2- breast cancer in the timeframe around landmark publications
in this area, and the factors associated with receipt of different locoregional treatment
regimens.

METHODS

Data Source

The Surveillance, Epidemiology, and End Results (SEER) program of the National Cancer
Institute reports population-based data in areas representing 28% of the US population.1®
Since 1991, SEER data have been linked with administrative Medicare data for individuals
enrolled in fee-for-service. Given that this dataset (SEER-Medicare) is a limited dataset
using previously collected data, it was deemed exempt for review by the Massachusetts
General Brigham Institutional Review Board.

Patients

Women = 70 years of age with clinical TLNO HR+/HER2- breast cancer diagnosed

from January 2010 to October 2015 were identified. As the data from RCTs considering
de-escalation of locoregional therapy included only women, we chose to exclude men.
Given that our claims-based frailty measure2? was originally described using International
Classification of Diseases, Ninth Revision (ICD-9) codes, this timeframe was chosen

to exclude the time after the change to ICD, Tenth Revision (ICD-10) coding. Women
who were continuously enrolled in Medicare Parts A/B, and not a health maintenance
organization, from 1 year prior to diagnosis through to 1 year after diagnosis were included.
Those who were diagnosed at autopsy, those with unknown surgery type and unknown
receptor status, those who were male, and those who underwent neoadjuvant RT or post-
mastectomy RT or had previous history of breast cancer were excluded.

Variables

The stratifying variables of interest were frailty and life expectancy. Frailty was defined
using the validated claims-based frailty indicator reported by Kim et al.20 This frailty
index incorporates administrative codes for durable medical equipment claims, comorbid
conditions, and health care facility use in the 12 months prior to the diagnosis. A binary
variable was created to indicate the frailty status, with a score of > 0.25 designating a
patient as frail and < 0.25 deemed as not frail, as has been done in previous studies.?! Life
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expectancy was determined using the validated claims-based measure reported by Tan et
al.22 This measure was based on patient sex, age, and comorbidities and can qualify patients
as having a life expectancy of = 5 years or <5 years.

Other patient-level variables included age, race, ethnicity (non-Hispanic White, Black,
Hispanic, other, and unknown), Charlson-Deyo Comorbidity Index (0, 1, 2, 3, > 4),23
regional location of the patient’s home zip code (urban or rural), median income of the
patient’s zip code (quartiles), SEER region (West, Northeast, Midwest, or South) and year
of diagnosis. Disease characteristics included tumor grade (1, 2, 3), clinical tumor stage
(T1a, T1b, or T1c), and tumor histology (invasive ductal carcinoma [IDC], invasive lobular
carcinoma [ILC], or other).

Outcome Measures

The main measure of interest was the proportion of patients undergoing different
locoregional therapy options, stratified by life expectancy and frailty status. Claims data
were used to more robustly define a patient’s scope of surgery (i.e. scope of lymph node
surgery) and RT receipt, which can be missing in the SEER files. Locoregional therapy
regimen options included lumpectomy alone, lumpectomy + RT, lumpectomy + axillary
surgery, lumpectomy + RT + axillary surgery, mastectomy only, and mastectomy + axillary
surgery. Lumpectomy + axillary surgery + RT and mastectomy + axillary surgery were
deemed ‘high intensity” as they represented regimens in which there was no de-escalation
of therapy. Lumpectomy + RT, lumpectomy + axillary surgery, and mastectomy alone
were considered ‘moderate intensity’ therapy because there was omission of at least one
possible treatment. Finally, lumpectomy alone was deemed ‘low intensity” because there was
omission of treatments not shown to improve survival. Patients who did not receive any
locoregional therapy were labeled as having ‘no treatment’.

Statistical Analysis

The proportion of patients receiving low-, moderate-, and high-intensity therapy regimens
was compared by year of diagnosis. These numbers were then stratified by frailty and life
expectancy, grouping patients by four combinations (i.e., frail with life expectancy < 5 years,
frail with life expectancy = 5 years, not-frail with life expectancy < 5 years, and not-frail
with life expectancy = 5 years), to understand if trends by intensity of treatment regimen
differed by frailty and life expectancy. Chi-square tests of proportions were run to determine
significant differences by year. To evaluate each separate treatment decision comprising

the intensity of regimen, generalized linear mixed models were used to identify a priorr-
selected patient-level and disease-level factors associated with each locoregional treatment
decision. Separate models were run for each of the following decisions: lumpectomy versus
mastectomy, axillary surgery versus no axillary surgery, and RT versus no RT among
patients who underwent lumpectomy. All analyses were performed using SAS software,
version 9.4 (SAS Institute Inc., Cary, NC, USA).
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Of 16,188 women, 21.8% were frail, 22.2% had a life expectancy < 5 years, and 1987
(12.3%) fulfilled both criteria (Fig. 1a). The proportion of frail women increased with
chronological age, with 15.7% of women aged 70-74 years and 34.8% of women aged

= 85 years qualifying as frail (p< 0.001) (Fig. 1b). There was a greater increase in the
proportion of those with limited life expectancy (< 5 years) with age, with 71.6% of women
> 85 years compared with 5.2% of women aged 70-74 years having a life expectancy of

< 5 years (p<0.001). Other clinicopathologic characteristics by frailty and life expectancy
status are detailed in Table 1. A higher proportion of Black women were frail compared with
non-Hispanic White subjects (32.7 vs. 21.1%; p< 0.001), and had a < 5-year life expectancy
(31.3 vs. 21.4%; p< 0.001).

Overall, 10,401 (64.3%) women underwent high-intensity therapy (mastectomy + axillary
surgery or lumpectomy + axillary surgery + RT), 3766 (23.3%) underwent moderate-
intensity treatment (mastectomy alone, lumpectomy + axillary surgery, or lumpectomy +
RT), 1226 (7.5%) underwent low-intensity locoregional treatment (lumpectomy alone), and
795 women did not receive any locoregional therapy (4.9%). Among those who were

frail, 51.9% underwent high-intensity therapy, 27.0% underwent moderate-intensity therapy,
12.4% underwent low-intensity therapy, and 8.7% did not undergo locoregional treatment.
Of those who had a life expectancy of < 5 years, 41.6% underwent high-intensity therapy,
28.9% underwent moderate-intensity therapy, 18.4% underwent low-intensity therapy, and
11.0% did not undergo locoregional therapy.

From 2010 to 2015, the proportion of women in the entire cohort undergoing high-intensity
treatment decreased (71-49.2%; p < 0.001) (Fig. 2a), with a larger decrease in the
lumpectomy + axillary surgery + RT group (49.1-33.5%; p < 0.001) compared with the
mastectomy + axillary surgery group (21.9-15.7%; p < 0.001). Moderate-intensity treatment
regimens significantly increased from 18.1 to 36.3% (v < 0.001), driven by increases in
lumpectomy + axillary surgery (12.7-32.7%; p < 0.001). Rates of lumpectomy + RT (3.6—
2.6%; p=0.015) and mastectomy only (1.8-1.0%; p = 0.002) statistically significantly
declined over the study period. Low-intensity treatment increased (6.5-9.0%; p < 0.001) and
omission of locoregional therapy (no treatment) stayed stable (4.4-5.5%; p = 0.30).

Trends were largely paralleled in subpopulations stratified by frailty status and life
expectancy (Fig. 2a, b, ¢). In non-frail women with a life expectancy = 5 years, high-
intensity regimens overall made up the majority of locoregional treatments offered, but
also decreased over time (lumpectomy + axillary surgery + RT: 55.7-39.3%, p < 0.001;
mastectomy + axillary surgery: 22.0-15.9%, p < 0.001) (Fig. 1b). Moderate-intensity
regimens increased significantly over time, being driven by a significant increase in
lumpectomy + axillary surgery (11.9-33.0%; p < 0.001), while lumpectomy + RT (2.5~
2.3%; p= 0.56) and mastectomy only (1.0-0.8%; p = 0.2) did not change significantly. The
low-intensity regimen of lumpectomy increased only slightly but did not reach statistical
significance (3.9-5.2%; p = 0.06).
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In frail women with a life expectancy < 5 years, high-intensity regimens decreased
significantly (overall: 48.4-31.2%, p < 0.001; lumpectomy + axillary surgery + RT: 27.5—
17.3%, p < 0.001; mastectomy + axillary surgery: 20.8-13.9%, p = 0.02) over the study
period. Low-intensity treatment increased slightly from 16.2 to 19.8% (p = 0.08) but did
reach statistical significance, and, similar to the overall cohort and to non-frail women
with life expectancies over 5 years, moderate-intensity regimens increased (25.6-36.1%; p
=0.02), driven by increases in lumpectomy + axillary surgery (14.6-30.6%; p < 0.001).
However, in 2015, 31.2% of frail women with a life expectancy < 5 years still received a
high-intensity regimen.

On adjusted analysis, both frailty and life expectancy < 5 years were found to be
significantly associated with a lower likelihood of axillary surgery receipt (Table 2).
However, there was no significant association between frailty or life expectancy and receipt
of mastectomy compared with lumpectomy. Other patient characteristics significantly
associated with intensity of locoregional therapy included race, ethnicity, and year of
diagnosis. Black women were more likely than non-Hispanic White women to undergo
more intensive locoregional therapy. The end of the study period (2015), compared with
2010, was associated with lower odds of receipt of mastectomy and RT in breast-conserving
surgery patients, but not of axillary surgery. Disease characteristics were also associated
with locoregional therapy type. Grade 2 (vs. grade 1) and grade 3 (vs. grade 1) tumors were
associated with more intense locoregional therapy, as was T1c disease.

DISCUSSION

In this cohort of older patients with TAINO HR+/HER2- breast cancer, the rates of high-
intensity locoregional therapy declined by 21.8% over the study years. These high-intensity
regimens were instead mostly replaced by moderate-intensity regimens (in which there was
omission of one element of locoregional therapy, be it RT or axillary surgery), although
low-intensity treatment rates did increase, albeit to a lesser extent, by 2.5%. Omission of
locoregional therapy increased only 1.1% throughout 2010-2015. The overall trend of a
statistically significant decline in high-intensity therapy with increases in moderate-intensity
regimens held true across subgroups defined by frailty and life expectancy status. On
adjusted models for each treatment decision faced by a given patient, we showed that frailty
and life expectancy were significantly associated with axillary and RT receipt, but not with
type of breast surgery received.

With no survival benefit seen with RT or axillary surgery in RCT data, current guidelines
and recommendations urge consideration of omission of certain locoregional therapies in
older women with early-stage HR+/HER2- breast cancer.24-26 However, the absence of
specific, prescriptive wording of these statements leaves physicians to determine the best
candidates for omission, which can lead to anxiety regarding appropriate patient selection.?’
Incorporating objective indicators of physiologic age should help to guide tailored cancer
therapy,28 and there are clinical programs pushing to incorporate geriatric assessment in
oncology??-33 and surgical clinics.34-36 Previous data would suggest that use of such tools
in practice is still low?” but our multivariate model did demonstrate associations between
the presence of frailty and limited life expectancy and lower likelihood of axillary surgery
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receipt, and between limited life expectancy and a lower likelihood of RT receipt. However,
our analysis is unable to assess if physicians were using clinical tools to objectively assess
older adults or simply using the “‘eyeball’ test.

That only 56% of women who are frail have < 5 years life expectancy speaks to the fact

that these are two different constructs, despite the fact that both of our validated claims-
based measures used did incorporate patient comorbidities.20-22 The literature regarding the
significance of frailty with respect to the risk of adverse outcomes in low-risk surgery and
radiation is relatively limited3” and thus it may not be expected that frailty would necessarily
be associated with RT receipt. It may be that limited life expectancy is more relevant to RT
treatment decisions as relatively long follow-up times are necessary to see the modest local
benefits in this patient population.1618

There may be several factors contributing to the lack of association between frailty and
limited life expectancy with breast surgery type on multivariable analysis. First, although
all patients had stage | disease, breast conservation candidacy rests on factors other than
tumor stage; multifocality, multicentrality of disease, or presence of extensive associated
ductal carcinoma in situ (DCIS) may preclude breast conservation. Second, breast surgery
type is a prototypical preference-sensitive decision, and patients, despite possibly being
frail and having limited life expectancy, may be opting for mastectomy for any number of
reasons, such as the anxiety/worry regarding recurrence38-41 or wish to avoid RT (or wish
to avoid the modest increase in local recurrence with omission of RT).42-44 Third, clinician
perception of the relative operative stress of a lumpectomy versus mastectomy may vary.
In a study rating operative stress by Delphi consensus, lumpectomy and mastectomy were
classified as having the same stress level.*> The fact that frailty and limited life expectancy
were significantly associated with a lower likelihood of axillary surgery is encouraging,
demonstrating that surgeons may be taking these factors into consideration. Even if formal
geriatric screening or assessment is not being done clinically, clinician judgment may be
adequate to appropriately de-escalate axillary surgery.

Overtreatment is a concept that can be difficult to define.*8 However, given the reductions in
local recurrence seen in RCTSs, it is reasonable to suggest that overtreatment is manifest in
the 30% of women who were frail and who had a life expectancy of <5 years and received
maximum locoregional therapy at the end of the study period. The perceived operative and
treatment risks associated with breast surgery and RT may be low but are not negligible.
Locoregional complication rates (including infection, seroma, hematoma, breast edema, skin
toxicities, wound complications, and paresthesias) in past SEER-Medicare analysis, have
recorded overall complication rates of 37.6% in women receiving lumpectomy + RT.4’ The
burdens of daily travel associated with RT#849 and increased cost of care*’-20 are also not
to be ignored. In addition, there has been some suggestion from a recent observational study
that frailty is associated with increased local complication rates.®! As physicians become
more comfortable discussing omission of locoregional therapy, patients in turn may be more
comfortable with less therapy. However, it remains to be determined exactly how much of
this overtreatment may be driven by patient preference, and if nuances in patient/physician
communication may have an effect on patients’ treatment decisions.
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Although it may be fair to label high-intensity therapy in frail women with a limited life
expectancy as overtreatment, undertreatment is more difficult to define in this population.
As the trial data supporting the safety of lower-intensity therapy in this population did not
include geriatric-specific data that allow for speculation on physiologic age, it is difficult
to suggest that a robust woman with a > 5-year life expectancy was being undertreated

by lumpectomy only, especially since older women who participate in trials tend to be
healthier than those who refuse to participate.>? If endocrine therapy is taken, the data
support no compromise in survival and some women are likely to accept the trade-off in
single-digit increases in locoregional recurrence risk for less-intense therapy.16:18:53 The
importance of informed, frank conversations in this arena are paramount, as these decisions
are preference-sensitive.

There are a number of limitations in our study. First, analyses using SEER-Medicare are
subject to possible coding errors in data collection. Second, as we did not have Medicare
Part D data, we did not have data regarding endocrine therapy, which is an important
therapeutic consideration in this patient population. Third, while we used validated
claims-based frailty and life expectancy measures, the determination of overtreatment

and undertreatment may rest on other patient factors, such as patient preference and
conversational dynamics between patient and physician. Finally, certain data (e.g. extent

of DCIS, multicentric nature of disease) that can influence the extent of locoregional therapy
are not available in this dataset.

CONCLUSION

We illustrate how geriatric-specific considerations such as frailty and life expectancy may
play a role in locoregional treatment decision making in older women with early-stage
HR+/HER2- breast cancer, and that overtreatment persists in frail women with limited
life expectancy. Further work is needed to decrease the rates of overtreatment and to

also understand how to use currently existing objective measures of physiological age to
appropriately tailor physician treatment recommendations and conversations.
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FIG. 1.
Study cohort showing a life expectancy by frailty status, and b age by frailty status and life

expectancy
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FIG. 2.

Locoregional therapy trends over time. a Locoregional therapy trends over time (whole
cohort). Trends from 2010 to 2015 in women = 70 years of age with TLNO HR+ disease, by
therapy intensity: high intensity: lumpectomy, axillary surgery and RT, or mastectomy and
axillary surgery; moderate intensity: lumpectomy and RT, lumpectomy and axillary surgery,
or mastectomy only; low intensity: lumpectomy only. b Locoregional therapy trends over
time in non-frail women with a = 5-year life expectancy. Trends from 2010 to 2015 in
women = 70 years of age with TINO HR+ disease who are robust and have a = 5-year

life expectancy, by therapy intensity: high intensity: lumpectomy, axillary surgery and RT,
or mastectomy and axillary surgery; moderate intensity: lumpectomy and RT, lumpectomy
and axillary surgery, or mastectomy only; low intensity: lumpectomy only. ¢ Locoregional
therapy trends over time in frail women with a < 50-year life expectancy. Trends from

2010 to 2015 in women = 70 years of age with TAINO HR+ disease who are frail and
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have a < 5-year life expectancy, by therapy intensity: high intensity: lumpectomy, axillary
surgery and RT, or mastectomy and axillary surgery; moderate intensity: lumpectomy and
RT, lumpectomy and axillary surgery, or mastectomy only; low intensity: lumpectomy only.
HR+hormone receptor-positive, RT radiation therapy
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Adjusted logistic regression predicting more intense locoregional therapy type in patients =70 years of age
with TINO HR+ breast cancer

Breast surgery2

Axillary surgery

RT in BCS patients

Frailty
No
Yes
Life expectancy, years
25
<5
Race
African- American/Black
Hispanic/Latinx White
Non-Hispanic/Latinx White
Other
Unknown
Year of diagnosis
2010
2011
2012
2013
2014
2015
Median income
Quartile 1 (lowest)
Quartile 2
Quartile 3
4 (highest)
Urban/rural status
Urban
Rural
Unknown
SEER region
Northeast
Midwest
South
West
Tumor grade
1
2
3

Unknown

Ann Surg Oncol. Author manuscript; available in PMC 2024 February 01.

Ref
1.05[0.95-1.17]

Ref
1.03 [0.93-1.15]

1.22 [1.03-1.44]
1.12 [0.99-1.45]
Ref

1.67 [1.41-1.99]
1.27 [0.71-2.26]

Ref

0.84 [0.74-0.96]
0.91 [0.79-1.03]
0.86 [0.74-1.01]
0.76 [0.64-0.90]
0.64 [0.54-0.77]

Ref

0.92 [0.81-1.05]
0.77 [0.68-0.88]
0.69 [0.60-0.78]

Ref
1.33[1.16-1.51]
1.09 [0.96-1.24]

Ref

1.66 [1.42-1.95]
2.11[1.83-2.43]
1.37 [1.20-1.55]

Ref

1.24 [1.13-1.35]
1.53 [1.33-1.76]
1.61 [1.27-2.04]

Ref
0.86 [0.76-0.96]

Ref
0.22 [0.20-0.25]

1.31 [1.04-1.66]
1.19 [0.93-1.53]
Ref

1.08 [0.85-1.37]
0.91 [0.46-1.78]

Ref

0.99 [0.84-1.18]
0.83 [0.70-0.98]
0.98 [0.81-1.20]
0.81 [0.66-1.00]
0.87 [0.71-1.08]

Ref

0.94 [0.79-1.13]
1.04 [0.88-1.24]
0.94 [0.79-1.12]

Ref
0.99 [0.83-1.18]
1.11[0.94-1.30]

Ref

1.87 [1.54-2.23]
1.80 [1.53-2.13]
1.48 [1.29-1.70]

Ref

1.19 [1.07-1.33]
1.54 [1.27-1.88]
1.06 [0.79-1.42]

Ref
0.92 [0.82-1.02]

Ref
0.30 [0.27-0.34]

1.24 [1.02-1.50]
1.09 [0.89-1.33]
Ref

1.27 [1.04-1.55]
0.79 [0.45-1.38]

Ref

0.96 [0.83-1.12]
0.80 [0.69-0.92]
0.78 [0.66-0.92]
0.52 [0.44-0.61]
0.29 [0.24-0.34]

Ref

1.06 [0.92-1.23]
1.09 [0.95-1.26]
1.22 [1.06-1.40]

Ref
0.93 [0.80-1.08]
1.02 [0.89-1.15]

Ref

1.05 [0.90-1.24]
0.80 [0.70-0.92]
0.67 [0.60-0.76]

Ref

1.17 [1.01-1.28]
1.72 [1.46-2.02]
1.10 [0.85-1.43]
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Breast surgery2

Axillary surgery

RT in BCS patients

Tumor stage
Tla
Tib
Tic
Histology
IDC
ILC
Other

Ref
0.80 [0.70-0.92]
1.18 [1.04-1.34]

Ref
1.34[1.21-1.49]
1.03 [0.90-1.18]

Ref
1.44 [1.24-1.67]
1.47 [1.27-1.70]

Ref
1.09 [0.95-1.26]
0.81 [0.70-0.94]

Ref
1.14 [1.01-1.29]
1.31[1.15-1.48]

Ref
1.07 [0.95-1.20]
0.85 [0.74-0.96]

Bolded values denote statistical significance at p< 0.05

aOdds of undergoing mastectomy

BCS breast-conserving surgery, AR+ hormone receptor-positive, /DC invasive ductal carcinoma, /LC invasive lobular carcinoma, A7 radiation
therapy, SEER Surveillance, Epidemiology, and End Results, other/unknown ethnicity patients coded as American Indian, Chinese, Japanese,
Filipino, Hawaiian, Korean, Vietnamese, Laotian, Hmong, Kampuchean, Thai, Asian Indian, Pakistani, Micronesian, Chamorran, Guamanian,
Polynesia, Tahitian, Samoan, Tongan, Melanesian, Fiji Islander, New Guinean, other Asian not otherwise specified, Pacific Islander not otherwise
specified, other, or unknown in SEER
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