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BRACHYTHERAPY IS A MEANS OF

delivering radiation using an
implanted radioactive source
and has been used to treat vari-

ous malignancies. Recently, breast
brachytherapy has emerged as an al-
ternative to whole-breast irradiation
(WBI), the standard radiation treat-
ment after lumpectomy.1,2 Compared
with WBI, brachytherapy irradiates less
breast tissue and requires a much
shorter course of treatment.

As many as 10% of older women with
breast cancer are now treated with
brachytherapy,3-5 and at least 50 000
have been treated to date in the United
States.6 Controversy persists, how-
ever, regarding appropriateness of wide-
spread adoption of brachytherapy as the
sole radiation treatment modality fol-
lowing lumpectomy.1,5 Although WBI
is proven to decrease risk of local re-
currence after lumpectomy and thereby
optimize the long-term likelihood of
breast preservation,7,8 a paucity of ma-
ture randomized data directly compar-
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Context Brachytherapy is a radiation treatment that uses an implanted radioactive
source. In recent years, use of breast brachytherapy after lumpectomy for early breast
cancer has increased substantially despite a lack of randomized trial data comparing
its effectiveness with standard whole-breast irradiation (WBI). Because results of long-
term randomized trials will not be reported for years, detailed analysis of clinical out-
comes in a nonrandomized setting is warranted.

Objective To compare the likelihood of breast preservation, complications, and sur-
vival for brachytherapy vs WBI among a nationwide cohort of older women with breast
cancer with fee-for-service Medicare.

Design Retrospective population-based cohort study of 92 735 women aged 67 years
or older with incident invasive breast cancer, diagnosed between 2003 and 2007 and
followed up through 2008. After lumpectomy 6952 patients were treated with brachy-
therapy vs 85 783 with WBI.

Main Outcome Measures Cumulative incidence and adjusted risk of subsequent
mastectomy (an indicator of failure to preserve the breast) and death were compared
using the log-rank test and proportional hazards models. Odds of postoperative in-
fectious and noninfectious complications within 1 year were compared using the �2

test and logistic models. Cumulative incidences of long-term complications were com-
pared using the log-rank test.

Results Five-year incidence of subsequent mastectomy was higher in women treated
with brachytherapy (3.95%; 95% CI, 3.19%-4.88%) vs WBI (2.18%; 95% CI, 2.04%-
2.33%;P�.001)andpersistedaftermultivariateadjustment (hazard ratio [HR],2.19;95%
CI,1.84-2.61,P�.001).Brachytherapywasassociatedwithmorefrequentinfectious(16.20%;
95%CI,15.34%-17.08%vs10.33%;95%CI,10.13%-10.53%;P�.001;adjustedodds
ratio[OR],1.76;1.64-1.88)andnoninfectious(16.25%;95%CI,15.39%-17.14%vs9.00%;
95% CI, 8.81%-9.19%; P� .001; adjusted OR, 2.03; 95% CI, 1.89-2.17) postoperative
complications;andhigher5-year incidenceofbreastpain(14.55%,95%CI,13.39%-15.80%
vs11.92%;95%CI,11.63%-12.21%), fatnecrosis (8.26%;95%CI,7.27-9.38vs4.05%;
95%CI,3.87%-4.24%),andrib fracture (4.53%;95%CI,3.63%-5.64%vs3.62%;95%
CI,3.44%-3.82%;P�.01forall).Five-yearoverall survivalwas87.66%(95%CI,85.94%-
89.18%) in patients treated with brachytherapy vs 87.04% (95% CI, 86.69%-87.39%)
in patients treated with WBI (adjusted HR, 0.94; 95% CI, 0.84-1.05; P=.26).

Conclusion In a cohort of older women with breast cancer, treatment with brachy-
therapy compared with WBI was associated worse with long-term breast preserva-
tion and increased complications but no difference in survival.
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ing brachytherapy with standard WBI
exists.1,2 Given the comparatively
smaller volume of breast tissue treated
with brachytherapy, concerns persist
that brachytherapy may be insuffi-
cient for full tumor eradication, poten-
tially leading to excess local recur-
rences requiring salvage mastectomy.9

Additionally, excess risks of postop-
erative and postradiation complica-
tions have not been well quantified.

Long-term randomized trial results
comparing brachytherapy with WBI re-
main years from maturing.10 In the in-
terim, a comparison of brachytherapy
vs WBI in the nonrandomized cohort
setting is warranted to help guide on-
going treatment decisions. Accord-
ingly, in a comprehensive cohort of
older Medicare patients diagnosed with
invasive breast cancer, we sought to
compare breast brachytherapy vs WBI
with respect to the likelihood of long-
term breast preservation, complica-
tions, and survival.

METHODS
The national Medicare data set in-
cludes claims data of all health care ser-
vices for all Medicare beneficiaries in
the United States, including institu-
tional (inpatient and outpatient) and
provider final action claims.11 This data
set includes 100% of Medicare benefi-
ciaries throughout the United States and
is thus distinct from the Surveillance,
Epidemiology, and End Results
(SEER)–Medicare database, which cap-
tures only 26% of beneficiaries.12 This
study was granted exempt status by the
University of Texas M D Anderson in-
stitutional review board.

We identified 119 576 women (ex-
cluding entitlement solely due to end-
stage renal disease or disability), who
were 67 years or older, with a diagno-
sis of invasive breast cancer from 2003-
2007 and who were treated with
lumpectomy followed by radiation
therapy (eTable 1 available at http:
//www.jama.com). Cases were identi-
fied using a previously validated algo-
rithm13,14 derived from Medicare claims.
The algorithm has a published sensi-
tivity of 82% to 87% and specificity ex-

ceeding 99% for all early-stage breast
cancer inclusive of any treatment or no
treatment.13,14 We modified this algo-
rithm to further enhance specificity by
selecting only cases of breast cancer
treated with lumpectomy followed by
radiation therapy for a coded diagno-
sis of breast cancer. Date of surgery was
considered the diagnosis date. Our data
provided a minimum of a 12-month his-
tory of claims before diagnosis to de-
termine patients’ clinical history.

We excluded patients with only 1 In-
ternational Classification of Diseases,
Ninth Revision (ICD-9) diagnosis code in-
dicating breast cancer (n�11); meta-
static disease at diagnosis (�3990); a his-
tory of breast cancer (n=10 363); and
noncontinuous Medicare Part A and B
or health maintenance organization
(HMO) coverage within 12 months be-
fore and after diagnosis (n=7123), which
yielded 98 083 eligible patients. Of these,
we excluded patients for whom actual
treatment with radiation could not be
confirmed using a stringent definition
for receipt of radiation (n=1546), pa-
tients treated with both external beam
radiation and brachytherapy (n=775),
and patients who did not satisfy our a
priori definition of WBI, which re-
quired treatment with at least 11 frac-
tions of radiation (n=3027) to exclude
external beam partial breast or pallia-
tive WBI, yielding a final analytic co-
hort of 92 735.

Patients were classified as treated
with WBI vs breast brachytherapy if
claims indicating treatment were re-
corded within 12 months of diagno-
sis. Single-entry catheter-based brachy-
therapy was also identified (eTable 2).

Outcomes

Subsequent mastectomy was defined as
a claim for mastectomy after initiation of
radiation therapy. This outcome indi-
cates failure of radiation to achieve its in-
tended clinical purpose, which is to op-
timize the likelihood of long-term breast
preservation. Prior studies validate that
the association of radiation with long-
term breast preservation can be as-
sessed using this claims-based out-
come.15-19 Our data set does not provide

details on underlying reasons for mas-
tectomy, which therefore could have rep-
resented treatment for local recurrence
or nonmalignant complication. Time to
subsequent mastectomy was calculated
from date of first radiation. Overall sur-
vival from date of diagnosis was also
compared.

Infectious postoperative complica-
tions were determined by claims indi-
cating soft tissue infection that may
have affected the breast (eg, mastitis and
breast abscess). Noninfectious postop-
erative complications included claims
for postoperative shock, hemorrhage,
hematoma, seroma, persistent postop-
erative fistula, or nonhealing surgical
wound. Post-radiation–associated com-
plications were determined by claims
indicating rib fracture, fat necrosis,
breast pain, and pneumonitis (eTable
3). Time to postradiation complica-
tions was calculated from the date of
the first radiation.

Overall survival was calculated from
the date of diagnosis to the date of
death. Cause of death is not available
in this data set.

Covariates and Analyses

Demographic covariates included age,
year of diagnosis, and race. Geo-
graphic region was based on zip code
and US Census Bureau region defini-
tions. Severity of comorbid disease was
based on modified Charlson comor-
bidity score derived from claims dur-
ing the 12 months preceding diagno-
sis,20 ,21 and grouped as 0 for no
comorbidity, 1 for mild, 2 for moder-
ate, or 3 or higher for severe.

Treatment-related variables in-
cluded axillary lymph node involve-
ment; axillary lymph node surgery in-
cluding sentinel node biopsy, lymph
node dissection, or both; and receipt of
chemotherapy (eTable 2). Socioeco-
nomic covariates derived from the Area
Resource File linked by county in-
cluded rural and urban status, percent-
age of population by county who were
living in poverty, median household in-
come, educational level (percentage
with college education or more), den-
sity of surgeons, and density of radia-
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tion oncologists.22,23 For variables with
information available in multiple years,
information from the year closest to di-
agnosis year was used.

Analyses were conducted using SAS
statistical software version 9.2 (SAS In-
stitute Inc) and assumed a 2-tailed
�=.05. We calculated the percentage of
women treated with brachytherapy by
year and evaluated time trends using the
Cochran Armitage test. Univariate pre-
dictors of brachytherapy use were tested
using the Pearson �2 test for categori-
cal variables and the Wilcoxon rank
sum test for continuous variables.

To address our first objective, cu-
mulative incidence of subsequent mas-
tectomy was determined using the
Kaplan-Meier method. Patients were
censored at the earliest of any of the fol-
lowing: loss of part A or B coverage,
conversion to HMO coverage, death, or
December 31, 2008, the end of the
study period. Sensitivity analysis de-
termined whether event risks re-
mained stable after accounting for com-
peting risks.24 Multivariate proportional
hazards models tested the association
between radiation treatment (brachy-
therapy vs WBI) and subsequent mas-
tectomy and adjusted for covariates
identified a priori based on clinical sig-
nificance and univariate analyses
(P� .25). For all analyses, missing or
unknown covariate values were treated
as a separate dummy variable in mul-
tivariate models except when the num-
ber of missing individuals was too small
to permit reliable parameter esti-
mates. In such cases, the number of
missing individuals excluded is clearly
specified in all relevant tables. Propor-
tional hazards assumption was con-
firmed by inspection of log (−log [sur-
vival]) curves. Interaction terms
between radiation treatment and age,
race, comorbidity, axillary lymph node
involvement, receipt of chemo-
therapy, geographic region, and year of
treatment were tested in preplanned
analyses to identify any subset of pa-
tients with particularly high or low risk
of subsequent mastectomy. Sensitiv-
ity analysis tested whether effect sizes
remained stable if patients receiving at

least 1 fraction of external beam radia-
tion were included in the WBI group.
Numbers needed to harm were calcu-
lated using the Wald method.25

A subsidiary analysis was con-
ducted using propensity score match-
ing. The probability of receiving brachy-
therapy was determined using a logistic
model adjusted for age, race, comor-
bidity score, region, urban or rural sta-
tus, axillary lymph node involvement,
axillary lymph node surgery, chemo-
therapy, year of diagnosis, and the fol-
lowing county-level variables divided
into quartiles: median household in-
come, percentage living in poverty, per-
centage with college or more educa-
tion, surgeon density, and radiation
oncologist density. Patients with miss-
ing county-level variables were ex-
cluded. Goodness of fit was assessed
using the Hosmer and Lemeshow test.
Patients treated with brachytherapy vs
WBI were matched 1:1 using a greedy
8- to 1- digit matching algorithm.26 Dif-
ferences in covariate strata by treat-
ment group in the matched cohort were
assessed using McNemar �2 test and
Wilcoxon signed rank sum test for
paired data. A multivariate propor-
tional hazards model, stratified by
matched pair,27 tested the association
of brachytherapy vs WBI with subse-
quent mastectomy with and without ad-
justment for residual imbalanced
covariates.

To address our next objective, the
univariate association of radiation treat-
ment with frequency of infectious and
noninfectious postoperative complica-
tions by 30-day increment after diag-
nosis was compared using a general-
ized estimating equation. Summary
frequencies of these events within 1 year
of diagnosis by radiation treatment were
compared using the �2 test. Adjusted
odds of these events within 1 year of
diagnosis were determined using mul-
tivariable logistic models with initial
candidate covariates selected based on
a priori clinical significance or univari-
ate P� .25, and iterative model refine-
ment to minimize collinearity. Good-
ness of fit was assessed using the
method of Hosmer and Lemeshow. Cu-

mulative incidences of postradiation
complications (rib fracture, fat necro-
sis, breast pain, and pneumonitis) were
compared using the log-rank test. Sen-
sitivity analysis tested the effect of a
more stringent postradiation compli-
cation definition as proposed by
Klabunde et al20 which requires diag-
noses to appear at least once in Part A
data, which are physician-coded, or at
least twice separated by an interval of
at least 30 days in Part B data, which
are administratively coded.

To address our final objective, over-
all survival by radiation treatment was
calculated using the Kaplan-Meier
method with unadjusted differences
evaluated using the log-rank test. Pa-
tients were censored if they had not died
by the end of the study period. Multi-
variate proportional hazards regres-
sion tested the effect of radiation treat-
ment on survival and adjusted for
covariates identified a priori based on
clinical significance and univariate
analyses (P� .25).

Assuming 6952 women treated with
brachytherapy and 85 783 treated with
WBI, accrual spanning 5 years with 1
additional year of follow-up, a 5-year
risk of subsequent mastectomy of 2%
in patients treated with WBI, and a true
hazard ratio (HR) of 2.0 for women
treated with brachytherapy compared
with patients treated with WBI, this
study was able to reject the null hy-
pothesis that brachytherapy and WBI
are associated with an equal risk of sub-
sequent mastectomy with power ap-
proaching 1.000. The Type I error prob-
ability associated with this test of the
null hypothesis is 0.05.28

RESULTS
Of 92 735 women, median follow-up
was 3.03 years (interquartile range,
1.90-4.34) and 13 355 (14.40%; 95%
confidence interval [CI], 14.18%-
14.63%) were censored during the
study interval due to loss of fee-for-
service coverage. The women were a
mean (SD) age of 74.8 (5.5) years and
82 418 (92.11%; 95% CI, 91.93%-
92.28%) were white. A total of 72 251
(77.91%; 95% CI, 77.64%-78.18%)
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received axillary surgery, 13 504
(14.56%; 95% CI, 14.34%-14.79%) re-
ceived chemotherapy, 11 569 (12.48%;
95% CI, 12.26%-12.69%) had axillary
nodal involvement at diagnosis, and
6952 (7.50%; 95% CI, 7.33%-7.67%) re-
ceived breast brachytherapy, with 5324
(76.58%; 95% CI, 75.57%-77.57%) of
those treated with single-entry catheter-
based approaches.

Use of brachytherapy increased from
674 of 19 449 (3.47%; 95% CI, 3.21%-
3.73%)patientsdiagnosedin2003to2224
of 17 760 (12.52%; 95% CI, 12.04%-
13.02%) patients in 2007 (P� .001 for
trend; FIGURE 1). Patients treated with
brachytherapy were less likely to have
axillary lymph node involvement or to
have received chemotherapy but were
more likely to have undergone axillary
lymph node surgery (P� .001, all com-
parisons; TABLE 1)

Breast brachytherapy was associ-
ated with a higher risk of subsequent
mastectomy, with 5-year cumulative
incidence of 3.95% (95% CI, 3.19%-
4.88%) in patients treated with brachy-
therapy vs 2.18% (95% CI, 2.04%-
2.33%) in patients treated with WBI
(P� .001; FIGURE 2 and TABLE 2) On
multivariate analysis, brachytherapy re-
mained associated with an increased
risk of subsequent mastectomy (HR,
2.19; 95% CI, 1.84-2.61, P � .001;
TABLE 3).

A borderline significant interaction
term between radiation treatment type

(brachytherapy vs WBI) and axillary
lymph node involvement (P=.05) in-
dicated that patients with involved
nodes were at particularly high risk of
subsequent mastectomy when treated
with brachytherapy vs WBI (HR, 5.08;
95% CI, 2.94-8.80; P� .001). Never-
theless, even patients without in-
volved axillary nodes experienced an in-
creased risk of subsequent mastectomy
when treated with brachytherapy (HR,
2.09; 95% CI, 1.74-2.51; P� .001). The
interaction term between radiation
treatment type and single-entry vs non-
single–entry catheter was not statisti-
cally significant (P=.99). Subsequent
mastectomy risk in patients who re-
ceived single-entry catheter place-
ment vs WBI (HR, 2.19; 95% CI, 1.76-
2.73) was similar to the risk in patients
who did not receive single entry cath-
eter placement vs WBI (HR, 2.19; 95%
CI, 1.66-2.90). Interaction terms for ra-
diation treatment by age, race, comor-
bidity, receipt of chemotherapy, and
geographic region were also not sig-
nificant (P� .05). The interaction term
for radiation therapy treatment by year
of diagnosis was not significant (P=.44),
indicating that outcomes of brachy-
therapy failed to improve over time.

Propensity score-based 1:1 match-
ing yielded a cohort of 6939 matched
pairs, 99.81% all patients treated with
brachytherapy and 8.09% of all pa-
tients treated with WBI (Hosmer and
Lemeshow P value for logistic model to

calculate propensity score, 0.88). Co-
variates were more evenly balanced in
this cohort, but residual imbalance ex-
isted for age (P=.02), race (P=.03), ax-
illary lymph node surgery (P=.01), and
chemotherapy (P=.02; Table 1). Among
the matched pairs, treatment with
brachytherapy compared with WBI was
associated with an increased risk of sub-
sequent mastectomy (HR, 1.86; 95% CI,
1.37-2.52; P� .001) that persisted af-
ter adjustment for imbalanced covari-
ates (HR, 1.87; 95% CI, 1.36-2.58;
P� .001; eTable 4 available at http:
//www.jama.com).

Breast brachytherapy was associated
with a higher risk of infectious and non-
infectious postoperative complica-
tions, with 1916 of 6952 (27.56%; 95%
CI, 26.51%-28.63%) of patients treated
with brachytherapy vs 14 518 of 85 783
(16.92%; 95% CI, 16.67%-17.18%)
treated with WBI experiencing any com-
plication within 1 year of lumpectomy
(P� .001). Specifically, by 1 year, 1126
patients (16.20%; 95% CI, 15.34%-
17.08%) treated with brachytherapy ex-
perienced skin or soft tissue infection
compared with 8860 (10.33% ; 95% CI,
10.13%-10.53%) treated with WBI (ad-
justed odds ratio [OR], 1.76; 95% CI,
1.64-1.88; P � .001; goodness of fit
P=.70; eTable 5). Similarly, by 1 year,
1132 patients (16.25%; 95% CI, 15.39%-
17.14%) treated with brachytherapy ex-
perienced noninfectious postoperative
complications compared with 7721
(9.00%; 95% CI, 8.81%-9.19%) treated
with WBI (adjusted OR, 2.03; 95% CI,
1.89-2.17; P � .001; goodness of fit
P=.83; eTable 6). When analyzed in 30-
day intervals through the first 540 days
after diagnosis, patients treated with
brachytherapy compared with WBI ex-
perienced an increased risk of infec-
tious (OR, 1.82; 95% CI, 1.70-1.95;
P� .001) and noninfectious (OR, 1.90;
95% CI, 1.77-2.04; P� .001) postopera-
tive complications (FIGURE 3).

Brachytherapy was generally associ-
ated with higher risk of postradiation
complications, with 24.96% (95% CI,
23.29%-26.72%) of patients treated
with brachytherapy vs 18.80% (95% CI,
18.44%-19.17%) treated with WBI

Figure 1. Patients Treated With Brachytherapy
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experiencing any complication within
5 years of radiation (P� .001). Specifi-
cally, 5-year cumulative incidence of
breast pain was 14.55% (95% CI,

13.39%-15.80%) in patients treated
with brachytherapy vs 11.92% (95% CI,
11.63%-12.21%) in patients treated
with WBI (P� .001); fat necrosis was

8.26% (95% CI, 7.27%-9.38%) vs 4.05%
(95% CI, 3.87%-4.24%; P� .001); and
rib fracture was 4.53% (95% CI, 3.63%-
5.64%) vs 3.62% (95% CI, 3.44%-

Table 1. Baseline Characteristics of Overall Cohort and Propensity Score-Matched Cohort by Treatment Groupa

Type of Variable

No. (%) of Women in the
Entire Cohort

P
Valueb

No. (%) of Women in the
Propensity-Score Matched Cohort

P
Valuec

Brachytherapy
(n = 6952)

Whole Breast
Irradiation
(n = 85 783)

Brachytherapy
(n = 6939)

Whole Breast
Irradiation
(n = 6939)

Patient factors
Age, mean (SD), y 75.10 (5.73) 74.80 (5.51) �.001 75.09 (5.73) 74.93 (5.47) .12
Age group, y

67-69 1407 (20.24) 17 695 (20.63)

�.001

1404 (20.23) 1372 (19.77)

.0270-74 2093 (30.11) 26 739 (31.17) 2086 (30.06) 2154 (31.04)
75-79 1827 (26.28) 23 269 (27.13) 1826 (26.32) 1886 (27.18)
�80 1625 (23.37) 18 080 (21.08) 1623 (23.39) 1527 (22.01)

Race/ethnicity
White 6482 (93.24) 78 936 (92.02)

�.001
6471 (93.26) 6548 (94.37)

Black 350 (5.03) 4765 (5.55) 349 (5.03) 299 (4.31) .03
Others 120 (1.73) 2082 (2.43) 119 (1.71) 92 (1.33)

Charlson comorbidity score
0 5025 (72.28) 63 489 (74.01)

.02

5018 (72.32) 5139 (74.06)

.111 1460 (21.0) 16 841 (19.63) 1456 (20.98) 1371 (19.76)
2 332 (4.78) 3861 (4.50) 330 (4.76) 301 (4.34)
�3 135 (1.94) 1592 (1.86) 135 (1.95) 128 (1.84)

Tumor factors
Axillary lymph node involvement

No 6710 (96.52) 74 456 (86.80)
�.001

6698 (96.53) 6702 (96.58)
.80

Yes 242 (3.48) 11 327 (13.20) 241 (3.47) 237 (3.42)
Treatment factors

Axillary lymph node surgery
No 1239 (17.82) 19 245 (22.43)

�.001
1236 (17.81) 1142 (16.46)

.01
Yes 5713 (82.18) 66 538 (77.57) 5703 (82.19) 5797 (83.54)

Chemotherapy
No 6480 (93.21) 72 751 (84.81)

�.001
6467 (93.20) 6525 (94.03)

.02
Yes 472 (6.79) 13 032 (15.19) 472 (6.80) 414 (5.97)

Sociodemographic factors
Region

Midwest 1172 (16.86) 20 239 (23.59)

�.001

1171 (16.88) 1231 (17.74)
Northeast 1325 (19.06) 19 107 (22.27) 1324 (19.08) 1369 (19.73)
South 3057 (43.97) 30 049 (35.03) 3052 (43.98) 2980 (42.95) .66
West 1184 (17.03) 13 809 (16.10) 1183 (17.05) 1150 (16.57)
Missing 214 (3.08) 2579 (3.01) 209 (3.01) 209 (3.01)

Urban/rural status
Metropolitan 5902 (84.90) 68 442 (79.79)

�.001
�5902 �5868

.69Nonmetropolitan 1035 (14.89) 16 904 (19.71) �1035 �1070
Missing 15 (0.22) 437 (0.51) �11 �11

Median household income, US $d

�39 823 1431 (20.58) 21 726 (25.33) 1431 (20.62) 1507 (21.72)
39 824-45 290 1627 (23.40) 21 557 (25.13)

�.001
1627 (23.45) 1562 (22.51)

.29
45 291-53 789 1988 (28.60) 21 128 (24.63) 1988 (28.65) 1945 (28.03)
�53 790 1893 (27.23) 21 248 (24.77) 1893 (27.28) 1925 (27.74)
Missing 13 (0.19) 124 (0.14) 0 0

Living in poverty, %d

�9 1713 (24.64) 21 933 (25.57) 1713 (24.69) 1714 (24.70)
10-12 1713 (24.64) 21 361 (24.90)

.08
1713 (24.69) 1710 (24.64)

.81
13-15 1744 (25.09) 21 716 (25.32) 1744 (25.13) 1746 (25.16)
�16 1769 (25.45) 20 649 (24.07) 1769 (25.49) 1769 (25.49)
Missing 13 (0.19) 124 (0.14) 0 0

(continued)
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3.82%; P � .01). Only 5-year inci-
dence of pneumonitis was higher in
patients treated with WBI (0.72%; 95%
CI, 0.66%-0.80%) than for those treated
with brachytherapy (0.12%; 95% CI,
0.05%-0.26%; P� .001; Table 2).

At 5 years, an absolute 1.77% (95%
CI, 1.30%-2.24%) excess mastectomy
risk in patients treated with brachy-
therapy compared with WBI meant that,
for every 56 women treated with breast
brachytherapy, 1 woman was harmed
with unnecessary mastectomy (num-
ber needed to harm [NNH], 56; 95% CI,
45-77). At 1 year, an absolute 10.64%
(95% CI, 9.57%-11.72%) excess post-
operative complication risk in women
treated with brachytherapy meant that,
for every 9 women treated with brachy-

therapy, 1 was harmed with an unnec-
essary postoperative complication
(NNH, 9; 95% CI, 8-10). At 5 years, an
absolute 6.16% (95% CI; 5.11%-
7.21%) excess radiation-associated
complication risk in patients treated
with brachytherapy meant that, for ev-
ery 16 women treated with brachy-
therapy, 1 was harmed with an unnec-
essary postradiation complication
(NNH, 16; 95% CI, 14-20).

At 5 years, overall survival was
87.66% (95% CI, 85.94%-89.18%)
among patients treated with brachy-
therapy compared with 87.04% (95%
CI, 86.69%-87.39%) among patients
treated with WBI (unadjusted HR, 0.87;
[95% CI, 0.78-0.98; P=.02; referent is
WBI). This difference did not persist

with multivariable adjustment (HR,
0.94; 95% CI, 0.84-1.05; P=.26).

COMMENT
In our comprehensive sample of older
women with breast cancer, we found
significantly increased risk of subse-
quent mastectomy associated with
breast brachytherapy vs standard WBI.
Furthermore, we found excess risks of
postoperative and postradiation com-
plications associated with breast brachy-
therapy. Exploratory subgroup analy-
ses failed to identify any subset of
patients demonstrating significant clini-
cal benefit from brachytherapy com-
pared with standard treatment. These
results represent, to our knowledge, the
first comprehensive, population-

Table 1. Baseline Characteristics of Overall Cohort and Propensity Score-Matched Cohort by Treatment Groupa (continued)

Type of Variable

No. (%) of Women in the
Entire Cohort

P
Valueb

No. (%) of Women in the
Propensity-Score Matched Cohort

P
Valuec

Brachytherapy
(n = 6952)

Whole Breast
Irradiation
(n = 85 783)

Brachytherapy
(n = 6939)

Whole Breast
Irradiation
(n = 6939)

College or more education, %d

�17 1534 (22.07) 21 730 (25.33)

�.001

1534 (22.11) 1514 (21.82)

.9318-24 1706 (24.54) 21 452 (25.01) 1706 (24.59) 1676 (24.15)
25-29 1955 (28.12) 21 153 (24.66) 1955 (28.17) 2003 (28.87)
�30 1744 (25.09) 21 324 (24.86) 1744 (25.13) 1746 (25.16)
Missing 13 (0.19) 124 (0.14) 0 0

Year of diagnosis
2003 674 (9.70) 18 775 (21.89)

�.001

670 (9.66) 700 (10.09)

.37

2004 893 (12.85) 17 977 (20.96) 893 (12.87) 928 (13.37)
2005 1334 (19.19) 16 885 (19.68) 1334 (19.22) 1306 (18.82)
2006 1827 (26.28) 16 610 (19.36) 1826 (26.32) 1790 (25.80)
2007 2224 (31.99) 15 536 (18.11) 2216 (31.94) 2215 (31.92)

Health services factors
Surgeon densitye

�7 1670 (24.02) 21 481 (25.04)

.009

1670 (24.07) 1668 (24.04)

.708-11 1828 (26.29) 21 327 (24.86) 1828 (26.34) 1832 (26.40)
12-16 1662 (23.91) 21 517 (25.08) 1662 (23.95) 1648 (23.75)
�17 1779 (25.59) 21 333 (24.87) 1779 (25.64) 1791 (25.81)
Missing 13 (0.19) 125 (0.15) 0 0

Radiation oncologist densityf

�6 1526 (21.95) 21 630 (25.21)

�.001

1526 (21.99) 1589 (22.90)

.307-14 1976 (28.42) 21 224 (24.74) 1976 (28.48) 1935 (27.89)
15-21 1676 (24.11) 21 428 (24.98) 1676 (24.15) 1636 (23.58)
�22 1761 (25.33) 21 392 (24.89) 1761 (25.38) 1779 (25.64)
Missing 13 (0.19) 125 (0.15) 0 0

aThe propensity score could not be reliably calculated for 138 patients (0.15% of the entire cohort) with missing information regarding income, poverty, education, and physician
density. These patients were not included in the matching algorithm to create the propensity score-matched cohort. Cell sizes less than 11 are noted as “�11” in concert with
privacy protections governing publications derived from this data source and adjacent cells have been modified accordingly to prevent calculation of cell sizes that are less than
11.

bP value from Pearson �2 test.
cP value reflects paired nature of data (McNemar �2 test for categorical variables and Wilcoxon signed rank sum test for continuous variables).
d In patient’s county of residence.
ePer 100 000 persons in county of residence.
fPer 1 million persons in county of residence.
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based study to directly compare the
clinical outcomes associated with use
of breast brachytherapy vs standard
WBI in older patients. Additional study
is required to confirm the validity and
generalizability of these findings.

Results additionally suggest that the
cumulative absolute number of women
experiencing excess harm associated
with brachytherapy may grow, propor-
tional to the increasing number of
women treated with brachytherapy. Re-
sults from our analysis are consistent
with published reports3,4 confirming
rapid and increasing adoption of
brachytherapy, with as many as 12.5%
of patients in our cohort treated with
brachytherapy in 2007.

Our results underscore existing con-
troversy over appropriateness of wide-
spread adoption of breast brachy-
therapy as the sole radiation treatment
modality following lumpectomy be-
cause few data are available to quan-

tify benefits and harms of brachy-
therapy in direct comparison with
standard WBI.1 A nonrandomized
brachytherapy registry trial of 1440
women reported 5-year local recur-
rence risks comparable with subse-

quent mastectomy risks reported in our
analysis, but importantly, the prior
study lacked a control group.29 Other
conflicting data have been reported,
with randomized trials evaluating in-
terstitial brachytherapy30 and intraop-

Figure 2. Cumulative Incidence of Subsequent Mastectomy
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The difference in risk was significant (P� .001, log-rank). Error bars indicate 95% confidence intervals.

Table 2. Cumulative Incidence of Mastectomy and Postradiation Complications at 1, 3, and 5 Years of Follow-Upa

Outcome

Brachytherapy Whole Breast Irradiation

P
Value

No. of Women
at Risk

Cumulative
No. of Events % (95% CI)

No. of Women
at Risk

Cumulative
No. of Events % (95% CI)

Subsequent mastectomy, y
1 6746 47 0.68 (0.51-0.90) 81 651 318 0.37 (0.34-0.42) �.001

3 2419 132 2.53 (2.13-3.02) 43 703 871 1.25 (1.17-1.34) �.001

5 442 150 3.95 (3.19-4.88) 11 735 1135 2.18 (2.04-2.33) �.001

With axillary node involvement,
outcome risk at 5 y

11 12 8.25 (4.27-15.63) 1114 187 2.53 (2.15-2.98) �.001

Without axillary node involvement,
outcome risk at 5 y

432 136 3.87 (3.08-4.85) 10 518 877 2.09 (1.93-2.25) �.001

Rib fracture, y
1 6732 59 0.85 (0.66-1.10) 81 423 555 0.65 (0.60-0.71) .05

3 2428 133 2.44 (2.05-2.91) 43 286 1470 2.11 (2.00-2.22) .03

5 442 158 4.53 (3.63-5.64) 11 532 1879 3.62 (3.44-3.82) .01

Fat necrosis, y
1 6636 159 2.29 (1.96-2.67) 81 343 647 0.76 (0.70-0.82) �.001

3 2328 323 5.86 (5.24-6.55) 43 057 1848 2.68 (2.56-2.81) �.001

5 417 358 8.26 (7.27-9.38) 11 487 2245 4.05 (3.87-4.24) �.001

Breast pain, y
1 6336 463 6.67 (6.11-7.28) 78 147 3966 4.65 (4.51-4.80) �.001

3 2198 703 11.87 (11.03-12.77) 40 171 6855 9.09 (8.88-9.30) �.001

5 389 744 14.55 (13.39-15.80) 10 536 7670 11.92 (11.63-12.21) �.001

Radiation pneumonitis, y
1 6785 �11 0.09 (0.04-0.19) 81 615 353 0.41 (0.37-0.46) �.001

3 2405 �11 0.18 (0.05-0.26) 43 943 488 0.61 (0.56-0.67) �.001

5 462 �11 0.12 (0.05-0.26) 11 863 520 0.72 (0.66-0.80) �.001
aThe entire cohort (n=92 735 is included in these analyses). Cell sizes of less than 11 are noted as “�11” in concert with privacy protections governing publications derived from this data

source. Cumulative incidences calculated via the Kaplan-Meier method. P values were derived from log-rank test with data truncated at 1, 3, and 5 years. In a sensitivity analysis that
used a more stringent toxic effects definition as suggested by Klabunde et al20 (see Methods section), significance and direction of associations were similar for all adverse toxic effects
outcomes except rib fracture, for which no difference in treatment groups was noted. All findings were similar using the cumulative incidence competing risks method instead of the
Kaplan-Meier method to calculate event risk.24
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erative brachytherapy31 reporting simi-
lar tumor control rates in comparison
with WBI. These trials may have limi-
tations in applicability, however, due to

potential important differences in tech-
nique and target volume, especially in
comparison with brachytherapy prac-
tices in the United States during the era

captured by our analysis. The Tar-
geted Intraoperative Radiotherapy vs
Whole Breast Radiotherapy for Breast
Cancer (TARGIT-A) randomized trial

Table 3. Multivariate Proportional Hazards Regression: Predictors of Subsequent Mastectomya

Predictor
No. of

Women

No. of Women
With Subsequent

Mastectomy

Unadjusted Analysis Adjusted Analysis

HR (95% CI) P Value HR (95% CI) P Value

Treatment factors
Type of radiation

Whole breast irradiation 85 658 1168 1 [Reference] 1 [Reference]

Brachytherapy 6939 151 1.94 (1.63-2.30) �.001 2.19 (1.84-2.61) �.001

Chemotherapy
No 79 109 1010 1 [Reference] 1 [Reference]

Yes 13 488 309 2.04 (1.80-2.32) �.001 2.02 (1.75-2.33) �.001

Axillary lymph node surgery
No 20 458 313 1 [Reference] 1 [Reference]

Yes 72 139 1006 0.86 (0.76-0.98) .03 0.73 (0.64-0.83) �.001

Patient factors
Age, y

67-69 19 071 315 1 [Reference] 1 [Reference]

70-74 28 787 421 0.86 (0.74-1.00) .05 0.91 (0.78-1.05) .20

75-79 25 056 319 0.74 (0.63-0.86) �.001 0.82 (0.70-0.96) .01

�80 19 683 264 0.81 (0.69-0.96) .01 0.92 (0.77-1.09) .31

Race/ethnicity
White 85 317 1192 1 [Reference] 1 [Reference]

Black 5089 95 1.32 (1.06-1.64) .01 1.18 (0.95-1.48) .14

Other nonwhite 2191 32 1.11 (0.78-1.58) .55 1.15 (0.81-1.65) .44

Charlson comorbidity score
0 68 417 957 1 [Reference] 1 [Reference] .

1 18 269 277 1.17 (1.02-1.34) .02 1.15 (1.00-1.32) .05

2 4186 61 1.17 (0.90-1.52) .24 1.15 (0.89-1.49) .30

�3 1725 24 1.29 (0.86-1.93) .23 1.29 (0.86-1.93) .23

Tumor factors
Axillary lymph node involvement

No 81 042 1104 1 [Reference] 1 [Reference]

Yes 11 555 215 1.49 (1.29-1.72) �.001 1.27 (1.08-1.50) .004

Sociodemographic factors
Region

Northeast 20 422 239 1 [Reference] 1 [Reference]

West 14 970 187 1.09 (0.90-1.32) .41 1.09 (0.89-1.34) .42

Midwest 21 392 321 1.30 (1.10-1.54) .002 1.25 (1.04-1.49) .02

South 33 074 530 1.38 (1.18-1.61) �.001 1.27 (1.08-1.51) .005

Unknown 2739 42 1.38 (0.99-1.91) .06 1.23 (0.86-1.75) .26

Urban/rural status
Metropolitan area 74 344 �1045 1 [Reference] 1 [Reference]

Nonmetropolitan area 17 938 �270 1.09 (0.96-1.25) .20 1.03 (0.86-1.23) .74

Unknown 315 �11 1.25 (0.47-3.33) .58 0.95 (0.32-2.78) .93

Median household income, US $
�39 823 23 156 396 1 [Reference] 1 [Reference]

39 824-45 290 23 184 361 0.97 (0.84-1.12) .69 1.00 (0.84-1.20) �.99

45 291-53 789 23 116 302 0.89 (0.76-1.03) .11 0.94 (0.75-1.18) .59

�53 790 23 141 260 0.80 (0.68-0.93) .004 0.92 (0.67-1.27) .62

Living in poverty, %
�9 23 645 311 1 [Reference] 1 [Reference]

10-12 23 074 334 1.05 (0.90-1.23) .54 0.94 (0.78-1.13) .50

13-15 23 460 344 1.09 (0.94-1.27) .26 0.89 (0.71-1.12) .32

�16 22 418 330 1.17 (1.00-1.37) .05 0.90 (0.70-1.16) .42
(continued)
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reported favorable local control rates
among patients receiving a single ra-
diation treatment given intraopera-
tively followed by selective use of WBI.31

Although results of this trial are in-
triguing, relatively few local recur-
rence events have been reported to date
and follow-up remains relatively short.
Our analysis does not specifically dis-
tinguish intraoperative radiotherapy,
given its rarity during the study era and,
thus, is insufficient to evaluate this par-
ticular technique. To address persis-
tent questions, the ongoing RTOG
0413/NSABP B-39 trial randomizes pa-
tients to WBI vs partial breast irradia-
tion (delivered with brachytherapy or
external beam radiation) with accrual
likely completing in 2012. Results are
highly anticipated, but notably, the cu-
mulative results for 3- to 5-year local
recurrence risks as well as long-term
complications will still be unavailable
for some time.

Given that breast brachytherapy is, at
present, offered routinely off-protocol
throughout the United States, our study
provides critical interim companion data
to awaited randomized results32 and may
help clinicians and patients quantify the
risk-benefit ratio of brachytherapy com-
pared with standard treatment alterna-
tives. Accurate risk-benefit assessment
must also consider, on the one hand, the
established effectiveness of WBI for
achieving local control, with associated
5-year recurrence as low as 0.6% to 0.9%
in older patients treated in the modern
era33; on the other hand, the possibility
that brachytherapy outcomes might be-
come increasingly favorable, for ex-
ample, in high-volume centers as phy-
sician experience matures or in the
context of development of and adher-
ence to patient selection criteria. Evi-
dence suggests that approximately 20%
of patients treated with breast brachy-
therapy during the era spanned by our

analysis fell into an “unsuitable” treat-
ment category as defined by American
Society of Therapeutic Radiology and
Oncology Consensus Panel guide-
lines,34,35 although optimally discrimi-
nating selection criteria that identify pa-
tients with the lowest local recurrence
risk after brachytherapy have not yet
been clearly defined.29,34

Our sample focused on older patients
with fee-for-service Medicare coverage.
Future studies are required to validate
findings in younger patients with other
insurance status. Median follow-up was
relatively short, with longer follow-up in
future studies required to determine
whether the relative risk of outcomes is
modified by time. Second, our defini-
tions of invasive cancer and radiation
were claims based and may be subject to
misclassification bias. However, defini-
tions were based on a previously vali-
dated algorithm13 and sought to maxi-
mizespecificity.Persistentnondifferential

Table 3. Multivariate Proportional Hazards Regression: Predictors of Subsequent Mastectomya (continued)

Predictor
No. of

Women

No. of Women
With Subsequent

Mastectomy

Unadjusted Analysis Adjusted Analysis

HR (95% CI) P Value HR (95% CI) P Value

�College education, %
�17 23 263 365 1 [Reference] 1 [Reference]

18-24 23 158 332 0.90 (0.78-1.05) .17 0.92 (0.78-1.10) .37

25-29 23 108 345 0.93 (0.80-1.07) .31 0.95 (0.78-1.17) .66

�30 23 068 277 0.73 (0.63-0.86) �.001 0.78 (0.61-1.01) .06

Year of diagnosis
2003 19 420 408 1 [Reference] 1 [Reference]

2004 18 833 357 1.09 (0.94-1.27) .23 1.08 (0.93-1.25) .32

2005 18 181 286 1.16 (0.98-1.36) .08 1.12 (0.95-1.32) .17

2006 18 423 173 0.98 (0.81-1.19) .63 0.94 (0.77-1.14) .51

2007 17 740 95 1.04 (0.82-1.32) .76 0.93 (0.72-1.19) .56

Health services factors
Surgeon densityb

�7 23 151 358 1 [Reference] 1 [Reference]

8-11 23 155 318 0.87 (0.75-1.01) .08 0.91 (0.77-1.07) .24

12-16 23 179 305 0.83 (0.71-0.97) .02 0.88 (0.73-1.06) .19

�17 23 112 338 0.88 (0.75-1.02) .09 0.99 (0.80-1.23) .93

Radiation oncologist densityc

�6 23 156 334 1 [Reference] 1 [Reference]

7-14 23 200 328 0.96 (0.82-1.12) .58 1.12 (0.93-1.35) .22

15-21 23 104 337 0.98 (0.84-1.14) .75 1.17 (0.96-1.42) .12

�22 23 137 320 0.92 (0.79-1.07) .25 1.09 (0.88-1.34) .43
Abbreviation: HR, hazard ratio.
aThis analysis is inclusive of 92 597 patients (138 patients with unknown variables regarding socioeconomic status were excluded (0.15% of the entire cohort) as reliable parameter

estimates could not be calculated). Cell sizes less than 11 are noted as “�11” in concert with privacy protections governing publications derived from this data source and adjacent cells
have been modified accordingly to prevent calculation of cell sizes that are �11. In a sensitivity analysis that considered all patients who received at least one fraction of external beam
radiation to have received WBI (n=89 473), the effect size of brachytherapy remained stable (HR 2.13, 95% CI 1.79-2.54; P� .001).

bPer 100 000 persons in county of residence.
cPer 1 million persons in county of residence.
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misclassificationcouldhavebiasedresults
toward the null. Third, our administra-
tive data set was unable to adjust for
covariates such as cancer stage, histol-
ogy, surgical margins, hormone recep-
tor status, endocrine therapy, and radia-
tion dose, with potential residual
confounding of our model. Our results
require future validation with prospec-
tiveandrandomizedstudies,withourret-
rospective cohort data considered
complementary to such analyses. How-
ever, if more favorable cases were differ-
entially selected to receive brachy-
therapy,3 suchconfoundingwould likely
have caused an underestimate of mas-
tectomy risk for brachytherapy patients.
We sought to account for residual con-
founding using propensity score analy-

sis, although ultimately our results will
require validation in the prospective set-
ting. Fourth, detection bias may have
affectedcomplicationoutcomes, if, theo-
retically,assessmentandbillingfor lower-
grade complications was more frequent
in patients treated with brachytherapy
because it is a newer treatment. Never-
theless, higher-grade, severe complica-
tions requiring direct medical interven-
tion would likely not have been
differentiallycodedbetweenthe2groups.
Longer-termfollow-upisrequiredtofully
characterize toxicity profiles.

Finally, the outcome of subsequent
mastectomy could have been a marker
for local tumor recurrence or treatment-
related complications and additional
studies with detailed pathologic infor-

mation regarding patterns of failure are
needed. Thus, our claims data are lim-
ited in their ability to confirm actual can-
cer recurrence, even though the out-
come of subsequent mastectomy still
reflects the clinically relevant goal of
breast preservation. Our study alone
does not prove causality between
brachytherapy treatment and subse-
quent mastectomy, local tumor recur-
rence, or complications. Nevertheless,
prior studies suggest a high prevalence
of clinically occult spread of breast can-
cer to other parts of the breast.36,37 For
example, a pathologic analysis of 130
mastectomy specimens with primary tu-
mors 2 cm or smaller found that only
41% had pathologically confirmed uni-
centric disease. A total of 42% of pa-

Figure 3. Frequency of Infectious and Noninfectious Postoperative Complications
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Patients treated with brachytherapy experienced higher unadjusted risks of infectious (odds ratio [OR], 1.82; 95% CI, 1.70-1.95; P� .001) and noninfectious (OR,
1.90; 95% CI, 1.77-2.04; P� .001) complications when analyzed by the 30-day interval through 18 months after diagnosis than women treated with whole-breast
irradiation (ORs and P values were derived from generalized estimating equation). Error bars indicate 95% confidence intervals.
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tients had multifocal or multicentric dis-
ease extending more than 2 cm from the
primary tumor and an additional 17%
had multifocal disease within 2 cm of the
primary tumor.37 Because brachy-
therapy typically irradiates a 1-cm mar-
gin of breast tissue surrounding the
lumpectomy cavity, these pathologic
studies suggest a biologically plausible
mechanism for an increased risk of lo-
cal recurrence and subsequent mastec-
tomy in patients treated with brachy-
therapy compared with WBI.

In older Medicare beneficiaries diag-
nosed with invasive breast cancer and
treated with lumpectomy, brachy-
therapy compared with WBI was asso-
ciated with a decreased likelihood of
long-term breast preservation and an in-
creased likelihood of complications, but
no difference in overall survival. Poten-
tial public health implications of these
findings are substantial, given the high
incidence of breast cancer, along with the
recent rapid increase in breast brachy-
therapy use. Although these results await
validation in the prospective setting, they
also prompt caution over widespread ap-
plication of breast brachytherapy out-
side the study setting.

Author Contributions: Dr B Smith had full access to
all of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data
analysis.
Study concept and design: G. Smith, Xu, Buchholz,
Shih, B. Smith.
Acquisition of data: G. Smith, Giordano, B. Smith.
Analysis and interpretation of data: G. Smith, Xu,
Giordano, Jiang, Shih, B. Smith.
Drafting of the manuscript’s. Smith, Buchholz, B. Smith.
Critical revision of the manuscript for important in-
tellectual content: G. Smith, Xu, Giordano, Shih,
B. Smith.
Statistical analysis: G. Smith,, Xu, Jiang, Shih, B. Smith.
Obtained funding: G. Smith, Giordano, B. Smith.
Administrative, technical, or material support:
G. Smith, Giordano, B. Smith.
Study supervision: G. Smith, B. Smith.
Conflict of Interest Disclosures: All authors have com-
pleted and submitted the ICMJE Form for Disclosure
of Potential Conflicts of Interest. Dr Smith receives re-
search support from Varian Medical Systems, but this
support was not used for any portion of the current
manuscript. None of the other coauthors have con-
flicts to report.
Funding/Support: Dr B. Smith and Dr Giordano are sup-
ported by grant RP101207 from the Cancer Preven-
tion & Research Institute of Texas. Dr G. Smith was sup-
ported by a Multidisciplinary Postdoctoral Award from
the Department of Defense. Dr Shih is supported by grant
R01 HS018535 from the Agency for Healthcare Re-
search and Quality and by grants RC1CA145799 and
R21CA165092 from the National Cancer Institute, and
from the University of Chicago Cancer Research Foun-
dation Women’s Board. This study was also supported

in part by grants CA16672 and T32CA77050 from the
Department of Health and Human Services National
Cancer Institute. This study was also supported by a phil-
anthropic gift from Ann Cazalot and Clarence Cazalot.
Role of the Sponsor: The sponsors had no role in the
design and conduct of the study; collection, manage-
ment, analysis, and interpretation of the data; or in the
preparation, review, or approval of the manuscript.
Online-Only Material: The 6 eTables and Author Video
Interview are available at http://www.jama.com.
Additional Contributions: The authors would like to
thank Yu Shen, PhD, Division of Quantitative Sci-
ences, The University of Texas MD Anderson Cancer
Center for her statistical advice regarding this manu-
script, for which he received no compensation.

REFERENCES

1. Smith BD, Arthur DW, Buchholz TA, et al. Accel-
erated partial breast irradiation consensus statement
from the American Society for Radiation Oncology
(ASTRO). Int J Radiat Oncol Biol Phys. 2009;74
(4):987-1001.
2. Smith BD, Arthur DW, Buchholz TA, et al. Accel-
erated partial breast irradiation consensus statement
from the American Society for Radiation Oncology
(ASTRO). J Am Coll Surg. 2009;209(2):269-277.
3. Smith GL, Xu Y, Buchholz TA, et al. Brachy-
therapy for accelerated partial-breast irradiation. J Clin
Oncol. 2011;29(2):157-165.
4. Abbott AM, Habermann EB, Tuttle TM. Trends in
the use of implantable accelerated partial breast irra-
diation therapy for early stage breast cancer in the
United States. Cancer. 2011;117(15):3305-3310.
5. Hattangadi JA, Taback N, Neville BA, Harris JR,
Punglia RS. Accelerated partial breast irradiation using
brachytherapy for breast cancer. J Natl Cancer Inst.
2012;104(1):29-41.
6. MammoSite: targeted radiation therapy. Hologic
Inc website. www.mammosite.com/physicians. Ac-
cessed October 30, 2008.
7. Clarke M, Collins R, Darby S, et al; Early Breast Can-
cer Trialists’ Collaborative Group (EBCTCG). Effects of
radiotherapy and of differences in the extent of sur-
gery for early breast cancer on local recurrence and
15-year survival: an overview of the randomised trials.
Lancet. 2005;366(9503):2087-2106.
8. Darby S, McGale P, Correa C, et al; Early Breast
Cancer Trialists’ Collaborative Group (EBCTCG). Ef-
fect of radiotherapy after breast-conserving surgery
on 10-year recurrence and 15-year breast cancer death.
Lancet. 2011;378(9804):1707-1716.
9. Buchholz TA. Partial breast irradiation—is it ready
for prime time? Int J Radiat Oncol Biol Phys. 2003;
57(5):1214-1216.
10. Norris D, Julian TB. Update on the NSABP B-39/
RTOG 0413 Clinical Trial. Oncology Issues. Jan-Feb
2008:20-21.
11. Medicare Utilization & Enrollment. Research Data
Assistance Center. http://www.resdac.umn.edu
/Medicare. Updated August 11, 2011. Accessed March
2011.
12. Warren JL, Klabunde CN, Schrag D, Bach PB, Riley
GF. Overview of the SEER-Medicare data: content, re-
search applications, and generalizability to the United
States elderly population. Med Care. 2002;40(8)
(suppl):IV-3-IV-18.
13. Nattinger AB, Laud PW, Bajorunaite R, Sparapani
RA, Freeman JL. An algorithm for the use of Medi-
care claims data to identify women with incident breast
cancer. Health Serv Res. 2004;39(6 pt 1):1733-
1749.
14. Gold HT, Do HT. Evaluation of three algorithms
to identify incident breast cancer in Medicare claims
data. Health Serv Res. 2007;42(5):2056-2069.
15. Mandelblatt JS, Potosky AL. On the road to im-
proving the quality of breast cancer care. Med Care.
2008;46(8):759-761.
16. Punglia RS, Saito AM, Neville BA, Earle CC, Weeks
JC. Impact of interval from breast conserving surgery

to radiotherapy on local recurrence in older women
with breast cancer. BMJ. 2010;340:c845.
17. Smith BD, Gross CP, Smith GL, Galusha DH,
Bekelman JE, Haffty BG. Effectiveness of radiation
therapy for older women with early breast cancer.
J Natl Cancer Inst. 2006;98(10):681-690.
18. Smith BD, Haffty BG, Buchholz TA, et al. Effec-
tiveness of radiation therapy in older women with duc-
tal carcinoma in situ. J Natl Cancer Inst. 2006;
98(18):1302-1310.
19. Srokowski TP, Fang S, Duan Z, et al. Completion
of adjuvant radiation therapy among women with
breast cancer. Cancer. 2008;113(1):22-29.
20. Klabunde CN, Potosky AL, Legler JM, Warren JL.
Development of a comorbidity index using physician
claims data. J Clin Epidemiol. 2000;53(12):1258-
1267.
21. Klabunde CN, Warren JL, Legler JM. Assessing co-
morbidity using claims data. Med Care. 2002;40
(8)(suppl):IV-26-IV-35.
22. Area Resource File (ARF): 2009-2010. Depart-
ment of Health and Human Services. http://arf.hrsa
.gov. Accessed March 15, 2012.
23. Area Resource File (ARF). Area Resource File (ARF):
2007-2008. Department of Health and Human Ser-
vices. http://arf.hrsa.gov. Accessed March 15, 2012.
24. Gray RJ. A class of K-sample tests for comparing
the cumulative incidence of a competing risk. Ann Stat.
1988;16:1141-1154.
25. Bender R. Calculating confidence intervals for the
number needed to treat. Control Clin Trials. 2001;
22(2):102-110.
26. Parsons LS. Reducing bias in a propensity score
matched-pair sample using greedy matching
techniques. Proceedings of the Twenty-Sixth Annual
SAS Users Group International Conference, Cary, NC:
SAS Institute Inc. 2001:214-226.
27. D’Agostino RB Jr. Propensity score methods for
bias reduction in the comparison of a treatment to a
non-randomized control group. Stat Med. 1998;
17(19):2265-2281.
28. Dupont WD, Plummer WD Jr. Power and sample
size calculations. Control Clin Trials. 1990;11(2):
116-128.
29. Shaitelman SF, Vicini FA, Beitsch P, Haffty B, Keisch
M, Lyden M. Five-year outcome of patients classified
using the American Society for Radiation Oncology
consensus statement guidelines for the application of
accelerated partial breast irradiation. Cancer. 2010;
116(20):4677-4685.
30. Polgár C, Fodor J, Major T, et al. Breast-
conserving treatment with partial or whole breast ir-
radiation for low-risk invasive breast carcinoma. Int J
Radiat Oncol Biol Phys. 2007;69(3):694-702.
31. Vaidya JS, Joseph DJ, Tobias JS, et al. Targeted
intraoperative radiotherapy versus whole breast ra-
diotherapy for breast cancer (TARGIT-A trial). Lancet.
2010;376(9735):91-102.
32. Concato J, Shah N, Horwitz RI. Randomized, con-
trolled trials, observational studies, and the hierarchy
of research designs. N Engl J Med. 2000;342(25):
1887-1892.
33. Arvold ND, Taghian AG, Niemierko A, et al. Age,
breast cancer subtype approximation, and local re-
currence after breast-conserving therapy. J Clin Oncol.
2011;29(29):3885-3891.
34. Vicini F, Arthur D, Wazer D, et al. Limitations of
the American Society of Therapeutic Radiology and
Oncology Consensus Panel guidelines on the use of
accelerated partial breast irradiation. Int J Radiat On-
col Biol Phys. 2011;79(4):977-984.
35. Husain ZA, Mahmood U, Hanlon A, et al. Accel-
erated partial breast irradiation via brachytherapy.
Brachytherapy. 2011;10(6):479-485.
36. Vaidya JS, Vyas JJ, Chinoy RF, Merchant N, Sharma
OP, Mittra I. Multicentricity of breast cancer. Br J
Cancer. 1996;74(5):820-824.
37. Holland R, Veling SH, Mravunac M, Hendriks JH.
Histologic multifocality of Tis, T1-2 breast carcinomas.
Cancer. 1985;56(5):979-990.

BRACHYTHERAPY VS WHOLE-BREAST IRRADIATION

©2012 American Medical Association. All rights reserved. JAMA, May 2, 2012—Vol 307, No. 17 1837

Downloaded From: https://jamanetwork.com/ on 05/22/2023


