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A B S T R A C T

Purpose
Prior results of breast-conserving therapy (BCT) have shown substantial rates of local recurrence
(LR) in young patients with breast cancer (BC).

Patients and Methods
We studied 1,434 consecutive patients with invasive BC who received BCT from December 1997 to July
2006. Ninety-one percent received adjuvant systemic therapy; no patients received trastuzumab. Five BC
subtypes were approximated: estrogen receptor (ER) or progesterone receptor (PR) positive, HER2
negative, and grades 1 to 2 (ie, luminal A); ER positive or PR positive, HER2 negative, and grade 3 (ie, luminal
B); ER or PR positive, and HER2 positive (ie, luminal HER2); ER negative, PR negative, and HER2 positive
(ie, HER2); and ER negative, PR negative, and HER2 negative (ie, triple negative). Actuarial rates of LR were
calculated by using the Kaplan-Meier method.

Results
Median follow-up was 85 months. Overall 5-year cumulative incidence of LR was 2.1% (95% CI, 1.4% to
3.0%). The 5-year cumulative incidence of LR was 5.0% (95% CI, 3.0% to 8.3%) for age quartile 23 to 46
years; 2.2% (95% CI, 1.0% to 4.6%) for ages 47 to 54 years; 0.9% (95% CI, 0.3% to 2.6%) for ages 55
to 63 years; and 0.6% (95% CI, 0.1% to 2.2%) for ages 64 to 88 years. The 5-year cumulative incidence
of LR was 0.8% (95% CI, 0.4% to 1.8%) for luminal A; 2.3% (95% CI, 0.8% to 5.9%) for luminal B; 1.1%
(95% CI, 0.2% 7.4%) for luminal HER2; 10.8% (95% CI, 4.6% to 24.4%) for HER2; and 6.7% (95% CI,
3.6% to 12.2%) for triple negative. On multivariable analysis, increasing age was associated with decreased
risk of LR (adjusted hazard ratio, 0.97; 95% CI, 0.94 to 0.99; P � .009).

Conclusion
In the era of systemic therapy and BC subtyping, age remains an independent prognostic factor
after BCT. However, the risk of LR for young women appears acceptably low.

J Clin Oncol 29:3885-3891. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Young patient age has been reported to be a poor
prognostic factor among women with breast cancer
(BC).1-4 Studies have variously defined young age as
age at diagnosis younger than 35, 40, 45, or even 50
years, with reports demonstrating higher rates of
local recurrence (LR) and lower survival when
young women are compared with older women.5-14

Moreover, despite advances in BC survival since the
1970s among women generally, survival rates
among young women continue to fall behind those
of older women across all stages of BC.15,16

Although local therapy options do not gener-
ally differ for women with BC on the basis of age,
breast-conserving therapy (BCT) is usually desirable
among young women to preserve quality of life.
Randomized trials comparing BCT to mastectomy
consistently demonstrate a small but measurable in-

creased risk of LR after BCT compared with mastec-
tomy, estimated at 1% per year,6,17-20 but without a
corresponding decrease in disease-free or overall
survivals. However, the Early Breast Cancer Trial-
ists’ Collaborative Group 2005 overview analysis of
randomized trials showed that LR impacts survival
and suggests that, for every four LRs prevented at
year 5, one fewer BC death will occur at year 15.21

Given that BC mortality appears to be influ-
enced by LR and that higher rates of LR have been
reported among young women, it is critical to accu-
rately characterize the risk of LR among young
women receiving BCT in the contemporary era.
Prior results of BCT have shown substantial rates
of local or locoregional recurrence among young
women of at least 10% to 20% at 5 years and as high
as 50% at 10 years after BCT, depending on the
definition of young age, LR, and length of follow-
up.7-10,22-24 A 1994 study from the Joint Center for
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Radiation Therapy, for example, reported rates of LR of 36% at 5 years
and 51% at 10 years after BCT among women younger than 35 years,
which was significantly higher than for older women.8 In the setting of
observed high LR rates, some have questioned whether BCT among
young women represents optimal therapy25 or have recommended
treatment intensification among these women.26,27

Mostof the literatureexaminingLRratesafterBCT,however,report
data from randomized trials or institutional experiences with patients
treated in the 1970s, 1980s, and early 1990s. This represents an era before
thewidespreaduseofadjuvantsystemictherapythathasbeenobservedto
decrease the risk of LR12 and preceded improvements in BC imaging and
rigorous attention to margin status that may be particularly important
among young women.28 Given these advances, it is not clear that previ-
ously reported rates of LR reflect those seen in current practice. In addi-
tion, there is growing recognition that BC is a heterogeneous disease, with
molecularly distinct BC subtypes identified through gene expression pro-
filing that yield additional prognostic information.29-32 These molecular
subtypes can be approximated by immunohistochemical (IHC) staining
patterns for estrogen receptor (ER), progesterone receptor (PR), and
humanepidermalgrowthfactorreceptor2(HER2),33 providingclinically
useful differentiation of outcomes.34 Moreover, young women with BC
appear to have tumors enriched for specific gene sets conferring a more
aggressive biology compared with those of older women.35 Whether pa-
tient age remains prognostic in the setting of molecular subtype informa-
tionhasnotbeenfullycharacterizedwithregardtoriskofLR.Inthisstudy,
we aimed to characterize the risk of LR after BCT in the current era
according to both age and BC subtype.

PATIENTS AND METHODS

Patient Selection

The study cohort consisted of 1,434 consecutive women with clinical stage I
or II invasive BC who received BCT between December 1997 and July 2006 at
Dana-FarberCancerInstitute/BrighamandWomen’sHospital (Boston,MA;n�
918) or Massachusetts General Hospital (Boston, MA; n � 516), and had infor-
mation available on ER, PR, and HER2/neu status and histologic grade of their
primary tumor (Table 1). Patients with prior malignancy (except nonmelanoma
skin cancers), synchronous bilateral breast cancer, or treatment with preoperative
systemic therapy were excluded. This investigation was approved by the Dana-
Farber/Harvard Cancer Center institutional review board.

Treatment Characteristics

All patients underwent lumpectomy, and 1,335 patients (93%) underwent
surgical lymph node evaluation. All women received external-beam radiation
therapy (RT) to the whole breast. Whole-breast RT was generally prescribed to 45
to 50 Gy in 1.8- to 2.0-Gy daily fractions, with a tumor-bed boost to a total dose of
60 to 61 Gy. Additional supraclavicular or axillary RT fields were not typically
treated except among women with four or more positive lymph nodes. Adjuvant
chemotherapy was delivered to 87% of node-positive patients (ie, 321 of 371
patients) and to 32% of node-negative patients (ie, 338 of 1,063 patients). Among
ER-positive or PR-positive patients, 90% (ie, 1,089 of 1,208) received hormonal
therapy. No patient received adjuvant trastuzumab.

Follow-Up and End Points

Patients were generally observed in follow-up 4 to 6 weeks after RT
completion and every 6 months thereafter with annual breast imaging.
Follow-up time was counted from the date of diagnosis to the date of the first
event (defined herein) or last confirmed date of disease-free status. The me-
dian follow-up time was 85 months (range, 1.5 to 153 months).

The primary end point was time to LR as a first event. This end point
included any ipsilateral in-breast recurrence (invasive or noninvasive) without
evidence of distant metastasis. Patients diagnosed with distant metastasis

within 4 months of a LR event (n � 4) were considered to have had simulta-
neous local and distant recurrence and, therefore, were not considered to have
the primary end point.

Classification of Groups

On the basis of recent data suggesting that the tumor proliferation marker
Ki-67 can additionally discriminate luminal BC subtypes,36 a tight correlation
between Ki-67 and histologic grade in breast cancers,37,38 and recent consensus
conference conclusions that grade is an acceptable surrogate for Ki-67 in the
distinctionof luminal subtypes,39 receptorstatusandhistologicgradewereusedto
approximate five BC subtypes: ER positive or PR positive, HER2 negative, and
grade1or2(ie,subtypeluminalA);ERpositiveorPRpositive,HER2negative,and

Table 1. Patient Baseline Characteristics

Characteristic

Patients (N � 1,434)

No. %

T stage
T1a 151 10.5
T1b 353 24.6
T1c 646 45.0
T2 272 19.0
T3 12 0.8

No. of positive nodes
cN0 (no nodes sampled) 99 6.9
0 964 67.2
1 to 3 303 21.1
4 to 9 54 3.8
� 9 14 1.0

Grade
1 380 26.5
2 617 43.0
3 437 30.5

ER and/or PR positive 1,208 84.2
HER2 positive 160 11.2
LVI present 335 23.4
EIC present 168 11.7
ECE present 116 8.1
Menopausal status

Premenopausal 430 30.0
Perimenopausal 100 7.0
Postmenopausal 882 61.5
Unknown 22 1.5

Systemic therapy
Yes 1,302 90.8

Node positive 363 97.8
Node negative 939 88.3

No 132 9.2
Node positive 8 2.2
Node negative 124 11.7

Margins
Negative 1,282 89.4
Close 113 7.9
Positive 33 2.3
Unknown 6 0.4

Age at diagnosis, years
� 35 52 3.6
36-45 238 16.6
46-55 470 32.8
56-65 376 26.2
66-75 211 14.7
� 75 87 6.1

Abbreviations: ECE, extracapsular extension; EIC, extensive intraductal com-
ponent; ER, estrogen receptor; HER2, human epidermal growth factor recep-
tor 2; LVI, lymphovascular invasion; PR, progesterone receptor.
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grade 3 (ie, luminal B); ER positive or PR positive and HER2 positive (ie, luminal
HER2);ERnegative,PRnegative,andHER2positive(ie,HER2);andERnegative,
PR negative, and HER2 negative (ie, triple negative). ER and PR status were
determined by immunohistochemical (IHC) staining. Tumors were considered
HER2 positive if they were scored 3� by IHC or if they were 2� by IHC and also
HER2 amplified (ratio � 2.0) on the basis of fluorescence in situ hybridization. In
the absence of positive fluorescence in situ hybridization data, tumors scored 2�
by IHC were considered negative for HER2.40,41

Statistical Methods

The �2 test was used to compare baseline characteristics among age
quartiles and BC subtypes for categoric variables, whereas the Kruskal-Wallis
test was used for continuous variables. Kaplan-Meier actuarial cumulative
rates of LR were calculated, and Gray’s competing risks multivariable analy-
sis42 was used to estimate associations with time to LR. Competing events were
isolated regional nodal recurrence, contralateral BC, second malignancy, dis-
tant metastasis, and death without recurrence. Covariates were BC subtype
with luminal A as baseline, age (continuous variable), tumor size in centime-
ters (continuous), number of positive lymph nodes (continuous), and whole-
breast RT dose in Gy (continuous). All analyses were performed in Stata 11.1
(StataCorp, College Station, TX). All P values were two sided.

RESULTS

Baseline Distribution of Prognostic Factors According

to Age Quartile and Subtype

Among the four age quartiles, there were significant differences
in the distribution of histologic grade (P � .001), lymphovascular
invasion (LVI; P � .001), node positivity (P � .001), pathologic T
stage (P � .001), margin status (P � .04), receipt of systemic therapy
(P � .001), and total RT dose (P � .02; Table 2). Compared with older
patients, younger women more frequently had BC exhibiting high
grade, larger size, LVI, and node positivity, and were more likely to
receive adjuvant chemotherapy.

AmongthefiveBCsubtypes, thereweresignificantdifferences inthe
distribution of patient age (P � .001), histologic grade (P � .001), LVI
(P � .001), node positivity (P � .001), pathologic T stage (P � .001),
receipt of systemic therapy (P � .001), whole breast RT dose (P � .002),

andtotalRTdose(P� .004;Table3).Comparedwiththeothersubtypes,
HER2 and triple-negative subtypes more frequently demonstrated high
grade and larger size, and luminal B and HER2 subtypes more frequently
exhibited LVI. The triple negative subtype was most commonly observed
among younger patients.

LR

Afteramedianfollow-upof85months, therewere44(isolated)LRs.
The 5-year cumulative incidence of LR for all patients was 2.1% (95% CI,
1.4% to 3.0%). For patients in age quartile 23 to 46 years, the 5-year
cumulative incidence of LR was 5.0% (95% CI, 3.0% to 8.3%) compared
with 2.2% (95% CI, 1.0% to 4.6%) for age quartile 47 to 54 years , 0.9%
(95%CI,0.3%to2.6%)foragequartile55to63years,and0.6%(95%CI,
0.1% to 2.2%) for age quartile 64 to 88 years (Fig 1). For patients in the
luminal A subgroup, the 5-year cumulative incidence of LR was 0.8%
(95%CI,0.4%to1.8%)comparedwith2.3%(95%CI,0.8%to5.9%)for
luminal B, 1.1% (95% CI, 0.2% to 7.4%) for luminal HER2, 10.8% (95%
CI, 4.6% to 24.4%) for HER2, and 6.7% (95% CI, 3.6% to 12.2%) for
triple negative (Fig 2).

Table 4 provides an exploratory analysis of crude rates of LR accord-
ing to age quartile and BC subtype. Among the youngest age quartile, the
highest rates of LR were among luminal B (8.1%), HER2 (13.3%), and
triple-negative (10.2%) subtypes. In contrast, the two oldest age quartiles
of ages 55 to 63 years and 64 to 88 years demonstrated LR rates of 0% and
0%, respectively, among luminal B subtypes, and 6.7% and 0%, respec-
tively, among HER2 subtypes. Of 101 women younger than age 40 years,
four (4.0%) experienced LR, of which three had luminal B subtype and
one had luminal A subtype; there was one LR (2.6%) among the 39
women younger than age 35 years.

On multivariable analysis, increasing age at diagnosis was indepen-
dently associated with decreased risk of LR (adjusted hazard ratio [AHR],
0.97 per year; 95% CI, 0.94 to 0.99; P� .009; Table A1, online only). With
luminal A subtype as baseline, both HER2 (AHR, 5.2; 95% CI, 1.8 to 15;
P � .003) and triple-negative (AHR, 3.9; 95% CI, 1.7 to 9; P � .001)
subtypes were associated with increased risk of LR, whereas luminal B

Table 2. Patient Baseline Characteristics Stratified by Age Quartile

Characteristic
All Patients
(N � 1,434)

Patients by Age Quartile (years)

P� 47 (n � 341) 47-54 (n � 360) 55-63 (n � 370) � 63 (n � 363)

T1, % 80 72 81 85 83 � .001
Grade 3, % 30 42 35 26 20 � .001
LVI, % 23 34 23 22 15 � .001
Margins positive, % 2.3 2.4 1.4 1.9 3.6 .04
Node positive, % 26 36 34 19 15 � .001
� 4 positive nodes, % 5 5.9 5.6 5.1 2.5 � .001
WB dose, Gy .2

Median 45 45 45 45 45
Mean 46.4 46.5 46.3 46.4 46.5
Range 39.6-60.0 39.6-50.4 39.6-50.4 39.6-60.0 39.6-55.0

Total dose, Gy .02
Median 60 60.4 60 60 60
Mean 59.1 59.4 58.2 59.4 59.7
Range 50.0-72.0 50.0-68.0 52.0-68.0 51.6-70.0 50.0-72.0

Systemic treatment, % 91 96 93 94 81 � .001
Hormonal treatment, % 77 73 79 81 75 .06
Chemotherapy treatment, % 46 74 60 39 12 � .001

NOTE. All comparisons were by �2 test except age and dose (Kruskal-Wallis test).
Abbreviations: LVI, lymphovascular invasion; WB, whole breast.

Local Recurrence After BCT According to Age and Subtype
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subtype(AHR,2.1;95%CI,0.95to4.8;P� .067)showedanonsignificant
trendtowardincreasedriskofLR,andluminalHER2subtype(AHR,0.48;
95%CI,0.06to3.7;P� .49)wasnotassociatedwithriskofLR.Increasing
number of positive lymph nodes (AHR, 1.07; 95% CI, 1.00 to 1.16; P �
.059)andtumorsize incentimeters(AHR,1.32;95%CI,0.96to1.80;P�
.08) were not significantly associated with increased risk of LR, whereas
whole-breast RT dose (AHR, 0.91; 95% CI, 0.86 to 0.98; P � .007) was
associated with decreased risk of LR.

DISCUSSION

In this study, we found that, among 1,434 consecutive women with
early-stage invasive BC who received BCT, increasing age was associ-
ated with decreased risk of LR independent of BC subtype approxima-
tion or other prognostic factors. Yet, although younger women

Table 3. Patient Baseline Characteristics Stratified by Subtype

Characteristic
All Patients
(N � 1,434)

Patients by Subtype

P
Luminal A
(n � 905)

Luminal B
(n � 198)

Luminal-HER2
(n � 105) HER2 (n � 55)

Triple Negative
(n � 171)

Median age, years 55 56 52 52 52 53 � .001
Age quartile in years, % � .001

� 47 24 19 31 31 27 34
47-54 25 24 28 29 29 26
55-63 26 28 21 26 27 21
� 63 25 30 20 14 16 18

T1, % 80 87 71 74 64 65 � .001
Grade 3, % 30 0 100 48 75 87 � .001
LVI, % 23 18 41 30 40 25 � .001
Margins positive, % 2.3 2.2 3.0 4.8 1.8 0.6 .2
Node positive, % 26 20 35 37 46 31 � .001
� 4 positive nodes, % 5 3 7 8 11 8 � .001
WB dose, Gy .002

Median 45 45 45 45 45 45
Mean 46.4 46.4 46.9 47.2 45.9 45.8
Range 39.6-60.0 39.6-60.0 39.6-55.0 39.6-50.4 39.6-50.0 39.6-50.4

Total dose, Gy .004
Median 60 60 61 60 61 61
Mean 59.1 59.5 58.6 59.5 55.7 58.9
Range 50.0-72.0 50.0-72.0 51.0-68.0 54.2-68.0 53.6-61.0 53.0-70.0

Systemic treatment, % 91 92 95 92 78 81 � .001
Hormonal treatment, % 77 90 88 91 7 9 � .001
Chemotherapy treatment, % 46 31 70 68 75 77 � .001

NOTE. All comparisons by �2 test except age and dose (Kruskal-Wallis test).
Abbreviations: HER2, human epidermal growth factor receptor 2; LVI, lymphovascular invasion; WB, whole breast.

0

Age 23-46 years
Age 47-54 years
Age 55-63 years
Age 64-88 years

No. at risk
Age 23-46 years 341 328 305 291 260 204 187 162
Age 47-54 years 360 356 343 333 290 221 193 167
Age 55-63 years 370 366 354 337 300 228 205 172
Age 64-88 years 363 353 343 331 294 225 207 177
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Fig 1. Unadjusted cumulative incidence of local recurrence by age quartile on
the basis of competing risks analysis.

0

Luminal A
Luminal B
Luminal-HER2
HER2
Triple negative

No. at risk
Luminal A 905 891 872 850 749 582 522 441
Luminal B 198 191 181 170 157 116 105 87
Luminal-HER2 105 104 95 90 83 71 69 65
HER2 55 53 47 43 39 30 26 20
Triple negative 171 164 150 139 116 79 70 65
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Fig 2. Unadjusted cumulative incidence of local recurrence by breast cancer
subtype on the basis of competing risks analysis. HER2, human epidermal
growth factor receptor 2.
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demonstrated the highest rate of LR, the 5.0% risk of LR at 5 years we
observed among the youngest age quartile was considerably lower
than the 10% to 36% risk of LR at similar follow-up reported in prior
studies8-10,22-24,43 from earlier treatment periods that focused on re-
currence risk among young women.

The low rate of LR after BCT among young women in our series
compared with earlier reports may reflect differences in treatment era.
Similar to other centers,43,44 we have observed a progressive decline in LR
over time. Our series included women treated with BCT from 1997 to
2006; most prior series report outcomes on women treated before
2000. Modern advances include better preoperative breast imaging
and postoperative delineation of the lumpectomy cavity for radia-
tion planning, greater attention to obtaining negative surgical mar-
gins, incorporation of a radiation boost, and—perhaps most
importantly—the prevalent use of adjuvant systemic therapy. Sys-
temic therapy substantially decreases rates of LR after BCT12,45-49; in
this study, 91% of women received hormonal therapy, chemotherapy,
or both. This is in contrast to rates of systemic therapy use of 20% to
35% reported for patients treated in the 1970s, 1980s, and 1990s,8,23,24

and to some contemporary series that still report systemic therapy use
among less than 60% of patients,50 which may account for some of the
differences observed in rates of LR.

In addition to age, we analyzed LR according to BC subtype, and we
observed higher rates of LR among HER2 and triple-negative subtypes,
with a trend toward higher LR among patients with luminal B subtype.
We defined luminal subtypes as luminal A, luminal B, and luminal HER2
by using histologic grade in addition to hormone receptor status on the

basis of data that demonstrated distinct outcomes among three luminal
subtypes by incorporating tumor proliferation markers (Ki-67)36 that are
now being utilized by some groups.50,51 Our results suggest that, among
young women, luminal B and HER2 subtypes are associated with higher
rates of LR after BCT compared with older women. Similarly, investiga-
tors in Milan reported elevated rates of locoregional recurrence for the
luminal B subtype among young women after mastectomy or BCT.50

Other than the luminal B subtype, the luminal subtypes were associated
with relatively low rates of LR among the youngest patients, demonstrat-
ing that many young women with hormone-positive disease have quite
favorable outcomes after BCT.

The prognostic importance of age on risk of LR after BCT remains
controversial. Young age has been reported as a risk factor for LR after
BCTinmostinvestigations8-12,52,53butnotinall.54-56Youngerwomenare
more likely topresentwith larger,higher-grade,ERnegative,LVIpositive,
lymph node–positive tumors.35,57,58 Thus, it is challenging to separate
these clinicopathologic factors that occur more frequently among young
women and are themselves prognostic from the impact of age on out-
come.Themultivariableanalysis inthisstudysuggests that,evenintheera
of BC subtype approximation, increasing age remains independently
prognostic for lower risk of LR, consistent with most prior reports. How-
ever, the magnitude of increased LR risk in absolute terms among young
women appears modest, and the rates of LR after BCT among the young-
estagequartile,ormadeonthebasisofagecutoffsof35or40years,appear
reasonably low.

Additional study is required to understand the mechanisms un-
derlying the prognostic value of age in BC. Anders et al35 has shown

Table 4. Crude Risk of Local Recurrence by Age Quartile and Subtype

Age Quartile (years)

Breast Cancer Subtype

Luminal A Luminal B Luminal-HER2 HER2 Triple Negative All Subtypes

23-46
% 4.7 8.1 3.0 13.3 10.2 6.5
No. local recurrences 8 5 1 2 6 22
No. at risk 172 62 33 15 59 341
Median follow-up, months 87.5 86.4 90.8 101.8 63.8 86.8

47-54
% 0.5 5.5 0 18.8 8.9 2.6
No. local recurrences 1 3 0 3 4 11
No. at risk 214 55 30 16 45 419
Median follow-up, months 82.2 84.0 104.0 69.9 61.2 84.5

55-63
% 1.6 0 0 6.7 8.3 2.3
No. local recurrences 4 0 0 1 3 8
No. at risk 250 42 27 15 36 343
Median follow-up, months 83.6 90.3 88.0 64.8 77.3 83.2

64-88
% 0.4 0 0 0 6.5 0.9
No. local recurrences 1 0 0 0 2 3
No. at risk 269 39 15 9 31 331
Median follow-up, months 86.4 56.8 110.3 83.4 53.7 84.5

All ages
% 1.5 4.0 1.0 10.9 8.8 3.1
No. local recurrences 14 8 1 6 15 44
No. at risk 905 198 105 55 171 1,434
Median follow-up, months 85.2 82.0 96.3 83.8 61.2 85.0

NOTE. Crude risk is the actual number of local recurrences per number at risk. Median follow-up in months is reported for each age quartile and breast cancer
subtype combination.

Abbreviation: HER2, human epidermal growth factor receptor 2.
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that, in addition to unfavorable clinicopathologic characteristics, BC
in women 45 years of age or younger exhibited significantly lower ER�
mRNA, ER� mRNA, and PR expression but higher HER2 and epider-
mal growth factor receptor genomic expression, with over 350 rele-
vant gene sets related to multiple oncogenic signaling pathways that
distinguished BC in young women. Recent work suggests that, even
within subtypes, there is striking heterogeneity among tumors,
with transcriptome analyses identifying six subgroups within the
triple-negative subtype that have divergent sensitivities to different
chemotherapies or targeted inhibitors.59 Given this apparent di-
versity of subgroups within BC subtypes and different genomic
features among young patients, ongoing research is necessary to
additionally characterize what appears to be a distinct biologic
expression of BC among young patients that might explain the
prognostic significance of age. Indeed, another recent study by
Anders et al60 evaluated the distribution of molecular BC subtypes
by age to assess for potential confounding effects on the distribu-
tion of purported age-associated genes. Their work demonstrated
that genes associated with intrinsic subtype and grade appeared to
strongly influence the biologic differences observed among tumors
in young versus older women. This suggests that, as BC continues
to be better characterized at the genomic level and as therapies are
selected to target molecular subtypes for individual patients, the
importance of age on prognosis may eventually disappear.

There are several potential limitations to this study. Classification
accordingtoER,PR,andHER2statusandgradeareonlyapproximations
of genotype-based molecular BC subtypes, and our conclusions do not
necessarilyapplytogenotype-basedsubtypes.AlthoughourredefinedBC
subtypes incorporating histologic grade in addition to hormone receptor
status are based on the heterogeneity of classically defined luminal B
tumors61 and prognostic information gained by adding tumor prolifera-
tionmarkerdata toclassic subtypes,36 ourfindings thatarebasedonthese
new definitions must be confirmed by other studies. Other possible limi-
tations are the relatively small patient numbers in certain subgroups, such
as for the HER2 subtype that contained only 55 patients. Additionally, no
patients received trastuzumab in this cohort, but it is now the standard of
care for patients with HER2-positive BC40,41; thus, the LR risk seen in the
HER2 subgroup may now be lower than what we observed among
women treated until 2006. In the two largest randomized trials, adjuvant

trastuzumab decreased the risk of LR among HER2-positive patients by
almost 50%, although LR was not a specific end point. Moreover, with a
median follow-up of 7.1 years, we have reported cumulative incidence of
LRat5years,andlongerfollow-upmayberequiredtodetermineaccurate
long-term rates of LR. Finally, dosimetric analyses of whole-breast RT
parameters iswarranted,giventhatwefoundthatincreasingwhole-breast
RT dose was associated with reduced LR rates. Because there exists an
important interplay between total RT dose, dose per fraction, and dose
homogeneity within the breast,62,63 additional investigation of the impact
of dosimetry on our results is necessary and has been undertaken.

In conclusion, this study demonstrates that, in an era of routine use
of systemic therapy and clinical BC subtype approximation, young age
remains an independent risk factor for LR, with variability in LR risk for
youngpatientsaccordingtoBCsubtype.Moreimportant,however, isour
observation of the low overall risk of LR among the youngest age group in
our study. The 5.0% risk of LR at 5 years we found among the youngest
age quartile is substantially lower than the risk of LR reported in prior
series from earlier treatment periods, and it constitutes an acceptably low
risk of LR after BCT among young women in the current era.
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