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Abstract
Purpose—Brachytherapy after lumpectomy is an increasingly popular breast cancer treatment,
but data concerning its effectiveness are conflicting. Recently proposed “suitability” criteria
guiding patient selection for brachytherapy have never been empirically validated.

Methods—Using the Surveillance, Epidemiology, and End Results–Medicare linked database,
we compared women aged 66 years or older with invasive breast cancer (n=28,718) or ductal
carcinoma in situ (n=7229) diagnosed from 2002 to 2007, treated with lumpectomy alone,
brachytherapy, or external beam radiation therapy (EBRT). The likelihood of breast preservation,
measured by subsequent mastectomy risk, was compared by use of multivariate proportional
hazards, further stratified by American Society for Radiation Oncology (ASTRO) brachytherapy
suitability groups. We compared 1-year postoperative complications using the χ2 test and 5-year
local toxicities using the log-rank test.

Results—For patients with invasive cancer, the 5-year subsequent mastectomy risk was 4.7%
after lumpectomy alone (95% confidence interval [CI], 4.1%–5.4%), 2.8% after brachytherapy
(95% CI, 1.8%–4.3%), and 1.3% after EBRT (95% CI, 1.1%–1.5%) (P<.001). Compared with
lumpectomy alone, brachytherapy achieved a more modest reduction in adjusted risk (hazard ratio
[HR], 0.61; 95% CI, 0.40–0.94) than achieved with EBRT (HR, 0.22; 95% CI, 0.18–0.28).
Relative risks did not differ when stratified by ASTRO suitability group (P=.84 for interaction),
although ASTRO “suitable” patients did show a low absolute subsequent mastectomy risk, with a
minimal absolute difference in risk after brachytherapy (1.6%; 95% CI, 0.7%–3.5%) versus EBRT
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(0.8%; 95% CI, 0.6%–1.1%). For patients with ductal carcinoma in situ, EBRT maintained a
reduced risk of subsequent mastectomy (HR, 0.40; 95% CI, 0.28–0.55; P<.001), whereas the small
number of patients treated with brachytherapy (n=179) precluded definitive comparison with
lumpectomy alone. In all patients, brachytherapy showed a higher postoperative infection risk
(16.5% vs 9.9% after lumpectomy alone vs 11.4% after EBRT, P<.001); higher incidence of
breast pain (22.9% vs 11.2% vs 16.7%, P<.001); and higher incidence of fat necrosis (15.3% vs
5.3% vs 7.7%, P<.001).

Conclusions—In this study era, brachytherapy showed lesser breast-preservation benefit
compared with EBRT. Suitability criteria predicted differential absolute, but not relative, benefit
in patients with invasive cancer.

Introduction
Breast brachytherapy after lumpectomy for early breast cancer is an increasingly popular
radiation treatment approach, increasingly used in lieu of standard whole-breast irradiation
(1, 2). Brachytherapy limits radiation treatment to the tissue surrounding the lumpectomy
cavity and conveniently accelerates treatment completion within 1 to 2 weeks (3). Yet
controversy persists over whether this technique should be considered a standard of care,
given the lack of clarity regarding which patient subgroups may derive the greatest benefit
and which subgroups may incur potential harm from this treatment. One recent study found
that older women with invasive breast cancer had decreased breast-preservation and higher
complication rates after brachytherapy compared with standard radiation, but that analysis
did not stratify by pathologic factors (1).

To guide clinicians, the American Society for Radiation Oncology (ASTRO) proposed
“suitability” criteria to guide brachytherapy use in everyday practice, stratifying patients as
“suitable,” “cautionary,” and “unsuitable” (3). The suitable group identifies low-risk patients
with favorable local control outcomes (4, 5), although National Comprehensive Cancer
Network guidelines suggest that adjuvant radiation could be forgone in many such suitable
patients (3–5). Importantly, ASTRO categories have not been empirically validated for the
ability to distinguish who might benefit from brachytherapy, particularly in comparison with
the alternatives of lumpectomy alone (4) or whole-breast irradiation.

Given the existing heterogeneous—and sometimes conflicting—recommendations, a direct
comparison is warranted of outcomes after lumpectomy alone versus adjuvant
brachytherapy versus adjuvant external beam radiation therapy (EBRT). Comparing risk-
benefit profiles for these treatments is essential for prospectively stratifying patients’ risk
and guiding treatment decisions. Accordingly, in a cohort of Medicare patients diagnosed
with early invasive breast cancer or ductal carcinoma in situ (DCIS), we sought to compare
the following among treatment groups: (1) the likelihood of breast preservation after
treatment, (2) the validity of suitability categories for modifying the likelihood of breast
preservation, and (3) the risks of postoperative complications and local toxicities.

Methods
From the Surveillance, Epidemiology, and End Results (SEER)–Medicare population-based
dataset, we retrospectively identified 35,947 women aged 66 years or older treated with
lumpectomy for incident breast cancer diagnosed from 2002 to 2007. Radiation treatment
(no radiation [lumpectomy alone] vs brachytherapy vs EBRT) and patient/tumor covariates
were determined based on SEER records and Medicare claims. Socioeconomic covariates
were linked from the Area Resource File for 2002 to 2007.
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Outcomes
Subsequent mastectomy was defined as a claim for mastectomy identified from 1 year after
diagnosis to December 31, 2009 (last date of follow-up). Postoperative complications
(infectious and noninfectious) were determined by claims reported within 1 year of
diagnosis. Local toxicities (breast pain, rib fracture, fat necrosis, and radiation pneumonitis)
were determined by claims reported between the diagnosis date and date of last follow-up.

ASTRO suitability groupings
Patients with invasive cancer were classified as suitable, cautionary, or unsuitable for
brachytherapy, according to groupings adapted from ASTRO consensus criteria (3) and
recently published methods (2). Suitable patients had estrogen receptor (ER)–positive
tumors, 2 cm or less in size, with invasive ductal, mucinous, or tubular histology; no
extensive intraductal component; and clinically and pathologically node-negative disease
with documentation of surgical and/or pathologic assessment of axillary lymph nodes. On
the basis of the study inclusion criterion of age 66 years or older, all patients in this sample
met the ASTRO age criterion. In our sample the subset of patients aged 70 years or older
was classified as “older suitable.”

Unsuitable patients included those with T3/T4 disease, tumor size greater than 3 cm,
documented nodal involvement, or no nodal sampling for those with invasive disease.
Cautionary patients included those without unsuitable features but who had invasive cancer
with tumor size between 2.1 and 3.0 cm or any of the following features with total tumor
size of 3.0 cm or less: extensive intraductal component, invasive lobular histology, or ER-
negative disease. Candidate patients with DCIS are considered ASTRO cautionary. Patients
not meeting any of these criteria were considered “unclassified.” Surgical margin status,
lymphovascular space invasion, and multicentricity are unavailable in the SEER-Medicare
dataset (2).

Statistical analysis
Univariate associations between type of radiation treatment (lumpectomy alone vs
brachytherapy vs EBRT) and covariates were determined by use of the Pearson χ2 test. The
Cochran-Armitage test for trend was used to test for temporal changes in treatment.

Subsequent mastectomy risk
To address the first objective, the cumulative incidence of subsequent mastectomy for each
radiation treatment type was calculated with the Kaplan-Meier method for the overall cohort
and separately for patients with invasive cancer and DCIS. The log-rank test compared all
paired comparisons.

We used multivariate proportional hazards regression to test whether radiation treatment
type was associated with subsequent mastectomy risk after adjusting for patient, tumor, and
socio-demographic covariates. Interactions were tested with the likelihood ratio test.
Because the interaction term between treatment group and tumor behavior (invasive vs
DCIS) was statistically significant (P=.01 for interaction), analyses for invasive cancer
versus DCIS were conducted separately.

A secondary validation model (for invasive cancer) used propensity score analysis with 1:1
matched cohorts: lumpectomy alone matched to EBRT, lumpectomy alone matched to
brachytherapy, and EBRT matched to brachytherapy. We determined propensity scores
using logistic modeling adjusting for baseline covariates (6). Proportional hazards regression
stratified by matched pair was used to determine associations between radiation treatment
type and subsequent mastectomy risk.
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ASTRO-stratified analysis
To address the second objective, we tested associations between radiation type and
subsequent mastectomy risk within each ASTRO risk group (suitable, cautionary,
unsuitable, and unclassified) using the Kaplan-Meier method and log-rank test, as well as
stratified multivariate models.

Postoperative complications and local toxicities
To address the third objective, the frequencies of soft tissue infection and noninfectious
postoperative complications (shock, hemorrhage, hematoma, seroma, persistent
postoperative fistula, or nonhealing surgical wound) within 1 year of diagnosis were
compared by use of the χ2 test. Multivariate logistic regression was used to calculate
adjusted odds of infectious and noninfectious complications. Risks of breast pain, fat
necrosis, pneumonitis, and rib fracture were compared by use of the log-rank test. Analyses
were 2 tailed (SAS software, version 9.2; SAS Institute, Cary, NC). The details are shown in
Tables E1, E2, and E3.

Results
Baseline characteristics

Among the 35,947 patients, the median follow-up was 3.5 years (interquartile range, 2.7–4.8
years). The median age was 75 years (interquartile range, 70–80 years), 5.8% of patients
(n=2089) were black, and 12.3% (n=4419) had moderate to severe comorbidity. A total of
79.9% (n=28,718) were diagnosed with invasive breast cancer and 20.1% (n=7229) with
pure DCIS. Of the patients, 23% (n=8254) received lumpectomy alone, 3.6% (n=1310)
received brachytherapy, and 73.4% (n=26,383) received EBRT.

Brachytherapy use increased from 0.8% of patients (45 of 5959) in 2002 to 6.9% of patients
(403 of 5850) in 2007 (P<.001 for trend), whereas EBRT use decreased (P<.001 for trend)
and use of lumpectomy alone remained stable (P=.09 for trend) (Fig. 1). Patients treated
with brachytherapy, in comparison with lumpectomy alone and EBRT, were more likely to
have a tumor size of 2.0 cm or less, ER-positive receptor status, non–high-grade histology,
and negative axillary lymph nodes and were more likely to undergo axillary surgery but
were less likely to have DCIS (P<.001 for all comparisons) and less likely than patients
treated with EBRT to receive chemotherapy (P<.001) (Table 1).

Subsequent mastectomy risk: invasive breast cancer
During follow-up, 1.8% of patients with invasive breast cancer (509 of 28,718) underwent
subsequent mastectomy. The 5-year cumulative incidence of subsequent mastectomy was
4.7% (95% confidence interval [CI], 4.1%–5.4%) (number at risk, 5588) for those treated
with lumpectomy alone, 2.8% (95% CI, 1.8%–4.3%) (number at risk, 1131) for
brachytherapy, and 1.3% (95% CI, 1.1%–1.5%) (number at risk, 21,999) for EBRT (Table 2,
Fig. 2A).

On adjusted analysis, compared with lumpectomy alone as the referent (hazard ratio [HR],
1.00), both brachytherapy (HR, 0.61; 95% CI, 0.40–0.94; P=.02) and EBRT (HR, 0.22; 95%
CI, 0.18–0.28; P<.001) were associated with lower subsequent mastectomy risks. However,
compared with brachytherapy as the referent, EBRT maintained the lowest subsequent
mastectomy risk (HR, 0.37; 95% CI, 0.24–0.55; P<.001). Other predictors of subsequent
mastectomy included ER-negative status, large tumor size, T4 stage, and high grade (Table
3).
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Propensity score analysis
Propensity score matching balanced covariates in treatment groups (Table E4), with 4210
matched pairs treated with EBRT versus lumpectomy alone, 1131 pairs with EBRT versus
brachytherapy, and 963 pairs with brachytherapy versus lumpectomy alone (Hosmer-
Lemeshow P=.57, P=.50, and P=.10, respectively). Compared with lumpectomy alone,
brachytherapy maintained a nonsignificant intermediate subsequent mastectomy risk (HR,
0.63; 95% CI, 0.34–1.16; P=.14). EBRT maintained the lowest risk (HR, 0.16; 95% CI,
0.11–0.26; P<.001) as well as compared with brachytherapy (HR, 0.29; 95% CI, 0.12–0.71;
P=.007).

Stratified ASTRO suitability analysis
Among patients with invasive cancer, 34.7% (n=9966) were categorized as suitable, 17.6%
(n=5059) as cautionary, 35.2% (n=10,119) as unsuitable, and 12.5% (n=3574) as
unclassified. Actual brachytherapy use was correlated with ASTRO group (brachytherapy in
6.3% [627 of 9966], 3.2% [179 of 5509], 1.5% [150 of 10,119], and 4.9% [175 of 3574] of
patients in each group, respectively; P<.001). Of all brachytherapy-treated patients, 55%
(n=627) were categorized as suitable at presentation (Table 1). When we included all
invasive patients regardless of treatment, the subsequent mastectomy risk was increased in
the cautionary group (HR, 1.61; 95% CI, 1.22–2.13; P<.001) and unsuitable group (HR,
1.34; 95% CI, 1.04–1.72; P=.03) compared with the referent suitable group (HR, 1.00).

Within each ASTRO group, EBRT consistently showed the lowest subsequent mastectomy
risks versus lumpectomy alone, whereas brachytherapy consistently showed intermediate
subsequent mastectomy risks versus lumpectomy alone (Fig. 3A–C). Similar magnitudes of
relative risks (RRs) within each ASTRO group were confirmed by the nonsignificant
interaction term between treatment group and ASTRO group (P=.84 for interaction).
Comparing brachytherapy with lumpectomy alone, we found similar risk reductions for
suitable (adjusted HR, 0.60; 95% CI, 0.30–1.22; P=.16), cautionary (adjusted HR, 0.55; 95%
CI, 0.23–1.29; P=.17), and unsuitable (adjusted HR, 0.57; 95% CI, 0.21–1.56; P=.27)
patients, although were not statistically significant.

Although ASTRO groups failed to show a differential relative benefit from brachytherapy,
the ASTRO suitable group did identify patients with the lowest baseline risk of subsequent
mastectomy. Accordingly, within the suitable group, absolute risks after treatment with
brachytherapy compared with EBRT were most similar. Specifically, the 5-year cumulative
incidence of subsequent mastectomy was 1.6% (95% CI, 0.7%–3.5%) for brachytherapy
versus 0.8% (95% CI, 0.6%–1.1%) for EBRT in suitable patients, as compared with 5.4%
(95% CI, 2.5%–11.6%) versus 2.2% (95% CI, 1.7%–2.8%) in cautionary patients and with
3.6% (95% CI, 1.3%–9.4%) versus 1.6% (95% CI, 1.3%–2.0%) in unsuitable patients (Table
2).

Brachytherapy outcomes were particularly favorable in older suitable patients (n=7450)
(Table 2, PFig. 3D), with a 5-year cumulative incidence of subsequent mastectomy of 3.5%
(95% CI, 2.4%–5.0%) for lumpectomy alone, 1.0% (95% CI, 0.3%–3.4%) for
brachytherapy, and 0.8% (95% CI, 0.6%–1.1%) for EBRT. The adjusted subsequent
mastectomy reduction for brachytherapy versus lumpectomy alone was marginally
significant (HR, 0.39; 95% CI, 0.15–1.02; =.05).

Subsequent mastectomy risk: DCIS
During follow-up, 2.2% of DCIS patients (156 of 7229) underwent subsequent mastectomy.
The 5-year cumulative incidence of subsequent mastectomy was 3.2% (95% CI, 2.5%–
4.1%) (number at risk, 2666) for those treated with lumpectomy alone, 4.6% (95% CI,
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2.0%–10.5%) (number at risk, 179) for brachytherapy, and 1.6% (95% CI, 1.3%–2.2%)
(number at risk, 4384) for EBRT (Table 2, PFig. 2B). Compared with lumpectomy alone,
EBRT showed a lower risk of subsequent mastectomy (HR, 0.40; 95% CI, 0.28–0.55; <.001)
(Table 3).

Postoperative complications (all patients)
Within 1 year of diagnosis, the frequency of postoperative infections was 9.9% (95% CI,
9.2%–10.5%) for lumpectomy alone, 16.5% (95% CI, 14.5%–18.5%) for brachytherapy, and
11.4% (95% CI, 11.0%–11.8%) for EBRT (P<.001 for each pair-wise comparison) (Table
3). On adjusted analysis, compared with lumpectomy alone as the referent, brachytherapy
was associated with an increased postoperative infection risk (RR, 1.54; 95% CI, 1.33–1.77;
P<.001), but EBRT showed no difference (RR, 1.03; 95% CI, 0.94–1.11; P<.001) (Table
E5).

The frequency of noninfectious postoperative complications was 6.0% (95% CI, 5.5%–
6.5%) for lumpectomy alone, 18.7% (95% CI, 16.6%–20.8%) for brachytherapy, and 9.5%
(95% CI, 9.1%–9.8%) for EBRT (P<.001 for each pair-wise comparison) (Table 3). After
adjustment, compared with lumpectomy alone as the referent, brachytherapy was associated
with an increased noninfectious complication risk (RR, 2.81; 95% CI, 2.43–3.24; P<.001),
as was EBRT (RR, 1.37; 95% CI, 1.24–1.52; P<.001) (Table E5).

Local toxicities (all patients)
Brachytherapy was associated with a higher 5-year cumulative incidence of breast pain
(22.9%; 95% CI, 20.2%–25.7%) compared with lumpectomy alone (11.2%; 95% CI,
10.5%–12.0%) or EBRT (16.7%; 95% CI, 16.2%–17.2%) (P<.001 for both comparisons).
Brachytherapy was associated with a higher cumulative incidence of fat necrosis (15.3%;
95% CI, 13.0%–17.9%) compared with lumpectomy alone (5.3%; 95% CI, 4.8%–5.8%) or
EBRT (7.7%; 95% CI, 7.3%–8.0%) (P<.001 for both comparisons). In contrast,
brachytherapy—compared with lumpectomy alone and compared with EBRT—yielded no
difference in the cumulative incidence of rib fracture (P=.93 and P=.07, respectively) or
radiation pneumonitis (P=.08 and P=.07, respectively) (Table 2).

Discussion
In this cohort of older patients, for invasive breast cancer, brachytherapy was associated
with an improved likelihood of breast preservation compared with lumpectomy alone but
with a lesser magnitude of benefit compared with EBRT. Specifically, we found a 39%
adjusted relative benefit for brachytherapy after lumpectomy versus a 78% adjusted relative
benefit for EBRT. As practiced in this era, brachytherapy was associated with increased
postoperative and local toxicity risks. This analysis adds to the literature a direct comparison
of contemporary breast brachytherapy results against both a negative control group
(lumpectomy alone) and a positive control group (EBRT) when applied in everyday US
practice during the study era.

Previous randomized and population-based studies established a 70% local control benefit
for adjuvant EBRT compared with lumpectomy alone for invasive breast cancer (7),
consistent with the magnitude of subsequent mastectomy benefit for EBRT reported in our
analysis. In contrast, the magnitude of relative improvement in local control for adjuvant
brachytherapy compared with lumpectomy alone has, to date, been unclear. In the United
States, the use of brachytherapy, a category 2a treatment option, has increased steadily
whereas the use of lumpectomy alone, a category 1 treatment option, has remained static (8).
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This apparent discordance between care patterns and the best evidence underscores the
timeliness of our detailed evaluation of brachytherapy versus other treatment options.

Unlike the intermediate breast-preservation benefit associated with brachytherapy in our
study, historical comparisons of brachytherapy versus EBRT showed equivalent tumor
control outcomes. Patients in these studies were treated by use of interstitial brachytherapy
techniques to radiate a 1.5- to 3.0-cm rim of tissue surrounding the lumpectomy cavity (9–
11). In contrast, in the vast majority of US patients treated in our study era, single-entry
catheters were used, which radiate a smaller volume (1.0-cm rim of tissue) (3, 12). This
difference could contribute to our contrasting findings and underscores the need for
continued evaluation of modern breast brachytherapy outcomes.

No prior study has shown brachytherapy suitability selection criteria to be valid for
identifying patients with a differential treatment benefit after brachytherapy versus EBRT.
After stratification by suitability criteria in our study, we found that suitable patients were
least likely to undergo subsequent mastectomy and had the smallest absolute difference in
mastectomy risk (<1% absolute difference at 5 years) when treated with brachytherapy
versus EBRT. This observation suggests that ASTRO criteria are most informative for
predicting patients’ baseline risk of mastectomy without radiation and therefore for
quantifying absolute gains in breast preservation attributable to radiation, consistent with
another recent study evaluating ASTRO criteria (13). However, our analysis showed that the
proposed ASTRO groups did not show differential relative treatment benefits, with the
adjusted relative benefits of brachytherapy within each ASTRO group nearly identical.
Suitable patients aged 70 years or older derived adjuvant benefit from brachytherapy (HR,
0.39) that nearly approached the benefit derived from EBRT (HR, 0.22) (0.2% absolute
difference at 5 years).

Limitations
Despite covariate adjustment as well as the validating propensity score model analysis to
account for imbalances between treatment groups, residual confounding may still exist in
this observational analysis, for example, with factors such as compliance with adjuvant
hormonal therapy and margin status, which were unavailable in our data. The outcome of
subsequent mastectomy, though clinically relevant (4, 14), is only a proxy for local
recurrence, although nevertheless, it is also known to be associated with recurrence risk
factors (ER negativity, tumor stage/grade, radiation delay, and incompletion). The low
number of patients with DCIS treated with brachytherapy in this study precluded definitive
comparison of the effectiveness of brachytherapy in this patient population. Furthermore, we
focused our evaluation on ASTRO guidelines; other breast brachytherapy patient selection
guidelines exist, and future studies may seek to validate other selection algorithms (15–17).

Absolute risk differences by treatment group were small, and therefore, when placed in a
clinical context, counseling of patients about the relative tradeoffs between lumpectomy
alone versus either brachytherapy or EBRTrequires discussion of the clinical significance of
both absolute and relative treatment effects—particularly in the older, most favorable low-
risk patients. Future studies, with longer follow-up will be important, however, because
recurrence and mastectomy risks increase with time. Importantly, the complication profile of
brachytherapy may have continued improving since2007, as provider experience has
increased or newer catheters have provided greater dosimetric flexibility. The
generalizability of our findings requires validation in patients treated more recently and in
centers that favor intraoperative or interstitial brachytherapy, for whom outcomes could
substantially vary because of differing treatment techniques (11, 13, 18, 19). Improved
technique could potentially impact breast-preservation rates, decreasing subsequent
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mastectomies because of treatment toxicity alone. Finally, it is important to acknowledge
that whole-breast radiation is not without late toxicities, such as cardiac events and second
malignancies, and although such outcomes are difficult to ascertain given the median
follow-up of this study, they should not be neglected when one is evaluating the comparative
effectiveness and toxicities of different radiation treatment options.

Conclusions
For older women with invasive breast cancer, brachytherapy generally offered a lesser
breast-preservation benefit compared with standard EBRT, although absolute differences
were minimal in suitable-risk patients. Future studies may seek to identify additional criteria
to select optimal patient subgroups in which treatment benefits of brachytherapy are
equivalent to EBRT.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Summary

To improve patient selection for breast brachytherapy, “suitability” criteria are proposed
but still require empiric validation. In this cohort of older breast cancer patients, there
was an increased risk of subsequent mastectomy after breast brachytherapy compared
with external beam radiation therapy. Suitability criteria identified patients with the
lowest absolute, but not relative, risk of mastectomy.
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Fig. 1.
Time trends for use of external beam radiation therapy (EBRT), brachytherapy, and
lumpectomy alone from 2002 to 2007. Brachytherapy increased whereas EBRT decreased
(P<.001). Lumpectomy alone remained stable (P=.09).
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Fig. 2.
Adjusted subsequent mastectomy risk (cumulative incidence) in invasive breast cancer
patients (A) and ductal carcinoma in situ (DCIS) patients (B). P* indicates adjusted P value
from proportional hazards regression with lumpectomy alone (Lump) as referent; P†

indicates adjusted P value with EBRT as referent. Brachy = brachytherapy; EBRT =
external beam radiation therapy.
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Fig. 3.
Subsequent mastectomy risk: patients with invasive breast cancer stratified by American
Society for Radiation Oncology (ASTRO) suitability groups. P* indicates adjusted P value
from proportional hazards regression with lumpectomy alone (Lump) as referent; P†

indicates adjusted P value with external beam radiation therapy (EBRT) as referent. Brachy
= brachytherapy.
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Table 3

Proportional hazards regression: Predictors of adjusted subsequent mastectomy risk (N=35,947)

HR 95% CI P value

Treatment factors

 For invasive cancers, type of radiation*

  Lumpectomy alone 1 — —

  Brachytherapy 0.61 0.40–0.94 .02

  EBRT 0.22 0.18–0.28 <.001

 For DCIS, type of radiation*

  Lumpectomy alone 1 — —

  Brachytherapy 1.18 0.51–2.73 .71

  EBRT 0.40 0.28–0.55 <.001

 Receipt of chemotherapy

  No 1 — —

  Yes 1.00 0.78–1.27 .98

Patient factors

 Age

  66–69 y 1 — —

  70–74 y 0.82 0.66–1.03 .08

  75–79 y 0.84 0.67–1.05 .13

  ≥80 y 0.68 0.54–0.85 .001

 Race

  White 1 — —

  Black 1.37 1.03–1.82 .03

  Other/unknown 0.66 0.41–1.06 .08

 Charlson Comorbidity score

  0 1 — —

  1 1.11 0.92–1.34 .28

  ≥2 1.21 0.97–1.52 .10

 Year of diagnosis

  2002 1 — —

  2003 0.95 0.75–1.20 .66

  2004 0.99 0.77–1.27 .94

  2005 1.08 0.83–1.40 .57

  2006 0.99 0.74–1.33 .96

  2007 1.19 0.86–1.66 .30

Tumor factors

 Size

  0–2.0 cm 1 — —

  2.1–5.0 cm 1.30 1.06–1.59 .01

  >5 cm 2.14 1.28–3.56 .004

  Unknown 1.22 0.93–1.61 .14
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HR 95% CI P value

 T4 involvement

  No 1 — —

  Yes 1.65 1.10–2.48 .02

 Nodal status

  Pathologic N0 1 — —

  Clinical N0 0.90 0.70–1.16 .40

  Pathologic N+ 1.26 0.98–1.61 .08

  Unknown 0.83 0.54–1.29 .41

 Estrogen receptor status

  Positive 1 — —

  Negative or borderline 2.65 2.15–3.26 <.001

  Unknown 1.14 0.91–1.44 .25

 Grade

  Low/intermediate grade 1 — —

  High grade 1.63 1.36–1.96 <.001

  Missing 1.15 0.88–1.51 .31

 Tumor behavior in lumpectomy-alone patients

  DCIS 1 — —

  Invasive cancer 1.35 0.82–2.21 .24

 Tumor behavior in brachytherapy patients

  DCIS 1 — —

  Invasive cancer 0.70 0.27–1.82 .46

 Tumor behavior in EBRT patients

  DCIS 1 — —

  Invasive cancer 0.76 0.48–1.20 .24

 Overlapping lesion

  No 1 — —

  Yes 1.10 0.88–1.37 .42

 Laterality

  Right 1 — —

  Left 1.11 0.95–1.30 .18

Sociodemographic factors

 SEER registry

  Greater California 1 — —

  Connecticut 0.98 0.63–1.53 .93

  Detroit 0.98 0.71–1.37 .92

  Hawaii 1.25 0.90–1.74 .19

  Iowa 0.98 0.44–2.22 .97

  New Mexico 0.97 0.64–1.48 .89

  Seattle 1.10 0.65–1.88 .72

  Utah 0.77 0.52–1.13 .18

  Rural Georgia 1.11 0.69–1.81 .67
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  Kentucky 1.23 0.87–1.74 .24

  Louisiana 1.77 1.28–2.44 <.001

  New Jersey 0.93 0.71–1.20 .57

 Percent of adults in census tract or ZIP code with at least some college education

  0–7.4 1 — —

  7.5–13.0 0.95 0.75–1.21 .69

  13.1–21.1 0.75 0.57–0.99 .04

  21.2–100 0.86 0.63–1.18 .36

 Median income in census tract or ZIP code

  $0–$37,413 1 — —

  $37,414–$50,066 1.22 0.96–1.54 .11

  $50,067–$66,720 1.04 0.77–1.39 .81

  $66,721–$200,008 0.98 0.70–1.39 .92

 Urban/rural status

  Large metropolitan 1 — —

  Metropolitan 1.11 0.89–1.37 .35

  Urban 1.28 0.90–1.84 .17

  Less urban 0.91 0.60–1.38 .67

  Rural 1.24 0.61–2.55 .55

 Surgeon density in county of residence†

  0–8.3 1 — —

  8.4–11.6 0.79 0.63–0.99 .04

  11.7–15.4 0.93 0.74–1.17 .54

  ≥15.5 0.86 0.67–1.09 .21

Abbreviations: CI = confidence interval; DCIS = ductal carcinoma in situ; EBRT = external beam radiation therapy; HR = hazard ratio; SEER =
Surveillance, Epidemiology, and End Results.

*
Interaction of type of treatment with tumor behavior was significant at P=.01.

†
Per 100,000 persons in county of residence.
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