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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Describe the influence of tumor biology when selecting options for local treatment of breast cancer.

2. Identify key areas of controversy relating to localized treatment of breast cancer.

This article is available for continuing medical education credit at CME.TheOncologist.com.CMECME

ABSTRACT

Breast-conserving therapy (BCT) and mastectomy have
equal survival outcomes. Rates of local recurrence after
BCT have declined steadily, largely as a result of the
widespread use of systemic therapy. Sentinel node bi-
opsy has replaced axillary dissection for staging the ax-
illa, and in women undergoing BCT with whole-breast
irradiation (WBI), axillary dissection is not needed for
local control or survival in those with fewer than three
involved sentinel nodes. Alternatives to 6 weeks of WBI

have been shown to be safe and effective for subsets of
breast cancer patients, and the use of preoperative che-
motherapy allows BCT in some women who require
mastectomy if surgery is the initial step in treatment.
The combination of the smaller cancers detected with
screening and the routine use of multimodality therapy
has resulted in a decrease in the morbidity of local ther-
apy and improved cancer treatment outcomes. The On-
cologist 2011;16:1367–1379

INTRODUCTION

The locoregional therapy of breast cancer has changed dra-
matically over the past 30 years, from the era of radical

mastectomy for all to options including breast-conserving
therapy (BCT) with whole-breast irradiation (WBI), mas-
tectomy with immediate reconstruction, and mastectomy

Correspondence: Monica Morrow, M.D., Breast Service, Department of Surgery, Memorial Sloan-Kettering Cancer Center, 300 E. 66th Street,
New York, New York 10065, USA. Telephone: 646-888-5350; Fax: 646-888-5365; e-mail: morrowm@mskcc.org Received July 6, 2011;
accepted for publication August 1, 2011; first published online in The Oncologist Express on September 29, 2011. ©AlphaMed Press 1083-
7159/2011/$30.00/0 http://dx.doi.org/10.1634/theoncologist.2011-0223

TheOncologist®

The Oncologist CME Program is located online at http://cme.theoncologist.com/.
To take the CME activity related to this article, you must be a registered user.

Breast Cancer

The Oncologist 2011;16:1367–1379 www.TheOncologist.com



alone, with treatment selection based on a combination of
extent of disease and patient preference. More recently, at-
tempts have been made to further tailor the extent of ther-
apy, with the omission of axillary dissection in some node-
positive women and preservation of the nipple areolar
complex (NAC) to facilitate reconstruction in others, and
the use of hypofractionated WBI and accelerated partial
breast irradiation (PBI) for selected patients.

At the same time, our thinking regarding the role of lo-
coregional management has evolved. For many years, lo-
coregional therapy was the only method of breast cancer
treatment available. However, the observation that many
patients with breast cancer were not cured by radical mas-
tectomy [1] ultimately resulted in acceptance of the idea
that treatment failure after breast cancer surgery is usually a
result of disseminated tumor cells present at the time of sur-
gery rather than an insufficiently radical operative proce-
dure. This resulted in the belief that, although local therapy
is important to reduce the likelihood of complications at the
primary tumor site, variations in local therapy are unlikely
to have a major impact on breast cancer survival—the “sys-
temic disease” hypothesis promulgated by Dr. Bernard
Fisher [2]. The 2005 publication from the Early Breast Tri-
alists’ Collaborative Group (EBCTCG) demonstrating that
differences �10%–20% in local control between treat-
ments at 5 years are associated with statistically significant
differences in breast cancer survival at 15 years [3] has
brought us full circle to again believe that adequate locore-
gional therapy is an important component of breast cancer
survival. The purpose of this article is to review the evolu-
tion of the local therapy of breast cancer with an emphasis
on current areas of controversy.

CATALYSTS FOR CHANGE

In the 1970s, the major debate in the local therapy of breast
cancer was the safety of the switch from radical mastec-
tomy to modified radical mastectomy. In that environment,
the National Surgical Adjuvant Breast and Bowel Project
(NSABP) B04 trial asked a radical question: Did removal
of the axillary nodes in clinically node-negative women
contribute to survival? The study randomized clinically
node-negative women to radical mastectomy, simple mas-
tectomy with nodal irradiation, or simple mastectomy with
delayed axillary dissection if clinical evidence of nodal re-
currence occurred [4, 5]. Through 25 years of follow-up,
that trial showed no difference in survival outcomes. In ad-
dition, although 40% of the women randomized to radical
mastectomy had axillary nodal metastases, only 18.5% of
those in the axillary observation arm required delayed dis-
section. Although the study did not result in the abandon-
ment of axillary dissection, primarily because of the

prognostic importance of nodal involvement and the use of
nodal status to select patients for adjuvant therapy at that
time, the results were a direct repudiation of the Halstedian
concept of breast cancer biology and opened the door to the
study of BCT as an alternative to mastectomy and to the use
of immediate breast reconstruction.

CURRENT STATUS OF BCT
Six prospective randomized trials, some with follow-up of
20 years, have established that survival is equivalent after
BCT and mastectomy [4–11]. Local recurrence after BCT
has been a great source of concern for both patients and
physicians. It is interesting to note that, in the NSABP B06
trial [4, 8], the only randomized study that required histo-
logically negative margins, the 20-year rate of ipsilateral
breast tumor recurrence (IBTR) after BCT did not differ
significantly from the rate of local recurrence in the mas-
tectomy group. Since the time that these initial trials were
conducted, rates of IBTR have decreased steadily as a result
of a combination of improvements in mammography, the
routine inking of specimen margins, and the widespread use
of adjuvant therapy in women with breast cancer.

The importance of both endocrine therapy and chemo-
therapy to maintaining local control is well documented in
prospective randomized trials. The majority of women with
invasive breast cancer now receive some form of adjuvant
systemic therapy in addition to surgery and radiation ther-
apy (RT). In the NSABP B14 trial, in which node-negative,
estrogen receptor (ER)� women were randomized to ta-
moxifen citrate or placebo, the 10-year rate of in-breast re-
currence was lower in the tamoxifen group than in the
placebo group (4.3% versus 14.7%) [12]. In the NSABP
B13 trial, node-negative ER� women were randomized to
chemotherapy or a no-treatment control group [13]. At 8
years, local recurrence was seen in only 2.6% of those re-
ceiving chemotherapy, compared with 13.4% of controls.
In a report of 3,799 node-negative women participating in
five NSABP trials of adjuvant systemic therapy, the cumu-
lative incidence of in-breast recurrence at 12 years for those
receiving adjuvant therapy was only 6.6% [14]. Since the
time that those trials were conducted, more effective sys-
temic therapy has become available. As survival has in-
creased as a result of improved systemic therapy, a parallel
decrease in local recurrence rates has been observed. For
example, in the randomized trials that established the effi-
cacy of adjuvant trastuzumab, the addition of trastuzumab
to chemotherapy resulted in a 50% lower locoregional re-
currence (LRR) rate than with treatment with chemother-
apy alone [15]. Similar results were reported in ER�, node-
negative patients when systemic treatment was selected on
the basis of the Oncotype DX™ (Genomic Health, Inc.,
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Redwood City, CA) score. Although this score was devel-
oped to predict the risk for systemic recurrence, Mamounas
et al. [16] demonstrated that, in the absence of systemic
treatment, patients with high-risk Oncotype DX™ scores
had an 18.4% risk for LRR, compared with those with low-
risk scores who had a 10.8% risk. The addition of tamox-
ifen, appropriate treatment for those with low-risk scores,
led to a �50% lower incidence of LRR (4.3%, in the low-
risk group). In contrast, a much more modest LRR differ-
ence, 15.8% with tamoxifen versus 18.4%, was seen in the
high-risk group. However, when chemotherapy was added,
the LRR rate in the high-risk group was only 7.8%.

The importance of biology and targeted therapy is fur-
ther supported by the emerging literature on the impact of
tumor subtype on local recurrence after BCT or mastec-
tomy. Both Millar et al. [17] and Nguyen et al. [18] demon-
strated that the rate of local recurrence after BCT varies
among the intrinsic subtypes of breast cancer as approxi-
mated by the ER, progesterone receptor (PR), and human
epidermal growth factor receptor (HER)-2 status. In both
studies, the lowest rates of local recurrence at 5 years were
seen among the ER�PR�HER-2� (luminal A-like) group,
and the highest rates were seen among triple-negative (bas-
al-like) and ER�HER-2� patients in the absence of adju-
vant trastuzumab. However, ER, PR, and HER-2 status are
not selection factors for mastectomy or for more widely
clear lumpectomy margins because the same pattern of a
greater risk for chest-wall recurrence among ER� patients,
regardless of HER-2 status, was observed in a retrospective
analysis of the Danish Breast Cancer Group randomized tri-
als of mastectomy with or without RT [19]. A similar im-
pact of biology on LRR, independent of the use of BCT or
mastectomy, was shown in the analysis by Mamounas et al.
[16] of the impact of the Oncotype DX™ score on LRR. In
a multivariate analysis, young patient age, high histologic
grade, and high-risk Oncotype DX™ score, but not lumpec-
tomy versus mastectomy, were predictors of a higher rate of
LRR.

These data suggest that local control is the result of a
complex interaction among tumor burden, the intrinsic bi-
ologic characteristics of the tumor, and the effectiveness of
the systemic therapy that is available. If the tumor burden is
too high, as evidenced by a positive lumpectomy margin
[20], the rate of local recurrence is greater. Once the tumor
burden is reduced to subclinical levels, as evidenced by
negative margins and the absence of additional mammo-
graphic abnormalities, it is unclear whether further attempts
to reduce the subclinical tumor burden will significantly
improve local control. This raises interesting issues as in-
creasingly sensitive imaging modalities become clinically
available. It has been known for many years that cancers

that appear to be clinically and mammographically unicen-
tric are microscopically multifocal in as many as 60% of
cases [21]. This was the argument initially used to suggest
that all breast cancers should be treated with mastectomy, a
contention disproven in clinical trials. As discussed above,
rates of IBTR for patients selected for BCT with clinical
exam and mammography are about 6% at 10 years, and
lower in ER� subsets. These clinical findings are difficult
to reconcile with the observation that magnetic resonance
imaging (MRI) shows additional cancer in 16% (95% con-
fidence interval [CI], 6%–34%) of patients [22] and suggest
that the majority of this subclinical disease is controlled
with RT. This contention is supported by retrospective
studies [23, 24] that do not demonstrate a lower rate of
IBTR after BCT in women selected for the procedure using
MRI, in spite of the fact that significantly more women end
up undergoing a mastectomy based on disease found with
MRI [25, 26]. As tracers that target abnormalities in cancer
cells are used to further improve the sensitivity of imaging,
an unwanted side effect may be the use of more extensive
surgery unless we continue to re-examine our selection cri-
teria for BCT in the context of newer diagnostic tools and
the effectiveness of systemic therapy.

At present, BCT is a mature technique with well-de-
fined selection criteria (Table 1). Population-based data in-
dicate that �90% of women with stage 0, I, or II carcinoma
in whom BCT is attempted have successful completion of the
procedure [27]. Rates of IBTR have decreased considerably
since the procedure was first developed, and eligibility has
been expanded with the use of neoadjuvant chemotherapy to
shrink operable cancers to avoid mastectomy.

NEOADJUVANT CHEMOTHERAPY TO ALLOW BCT
Because BCT does not result in a better survival outcome
than with mastectomy, its primary benefit is cosmetic, and a
large tumor relative to the size of the breast has been con-
sidered a contraindication to BCT [28]. Multiple prospec-
tive randomized trials have addressed the question of giving
chemotherapy preoperatively in women with operable
breast cancer, and a meta-analysis of these studies showed

Table 1. Absolute contraindications to breast-conserving
therapy

Multicentric cancer

Diffuse malignant-appearing microcalcifications

Prior therapeutic irradiation to the breast

Pregnancya

Inability to obtain negative margins
aWith radiation required during pregnancy.
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no survival disadvantage (or advantage) for the use of che-
motherapy preoperatively. A higher rate of LRR was not
observed after BCT or mastectomy, and the mastectomy
rate was 16.6% lower (95% CI, 15.1%–18.1%) with the use
of neoadjuvant therapy [29]. This is actually an underesti-
mation of the rate of downstaging because many of the
women in those studies were candidates for BCT without
chemotherapy. In the two studies reporting BCT rates in
women who would have required mastectomy if surgery
was performed initially, the rates of BCT were 27% and
23% [30, 31]. The biggest barrier to the use of BCT after
neoadjuvant therapy remains the inability to determine the
extent of viable residual tumor preoperatively, particularly
when cancer dies in a honeycomb or buckshot-type pattern.
MRI appears to be the most reliable way to assess both
the extent of residual disease and the pattern of response,
but it may still overestimate the extent of residual disease
or fail to identify microscopic islands of viable residual
tumor [32, 33].

NEWER RADIATION APPROACHES FOR BCT
The initial trials of BCT all employed WBI using tangent
fields. Subsequent studies have shown that an additional
boost dose of RT results in better local control, although the
magnitude of benefit varies with patient age [34]. However,
the time and travel necessary for a 6-week course of RT are
burdensome to some patients, whereas fear of the side ef-
fects of RT causes others to opt for mastectomy [35]. This
has prompted a number of new approaches to RT after BCT
that are designed to decrease the time of treatment, the tox-
icity of treatment, or both.

Hypofractionation
Hypofractionated (HFx) RT, defined as the delivery of larg-
er-than-standard doses of radiation over a shorter period of
time, has come full circle since its inception in the early
1960s–1970s, when it was associated with a substantially
higher rate of late toxicity [36]. Ultimately, these poor re-
sults were attributed to the failure to decrease the total dose.
Improved understanding of the radiobiological parameters
that govern the response of breast tissue to fraction sizes has
led to a resurgence of interest in HFx regimens for early-
stage breast cancer. To date, three randomized trials com-
paring HFx with standard fractionated (SF) RT have been
published, challenging previous assumptions regarding
toxicity [37–39].

The first of those trials, conducted by the Ontario Clin-
ical Oncology Group, established the efficacy of the “Ca-
nadian fractionation regimen,” an HFx schedule commonly
used in the U.S. [39]. In that trial, 1,234 women with node-
negative breast cancer undergoing wide local excision and
axillary dissection were randomized to receive RT with ei-
ther the SF (50 Gy in 25 fractions, over 35 days) or HFx
(42.6 Gy in 16 fractions, over 22 days) regimen. Patients
were stratified according to age, tumor size, the use of
systemic therapy, and treatment center. With a median
follow-up of 12 years, the risks for local recurrence at 10
years were equivalent in the two groups (6.7% for SF
versus 6.2% for HFx), with no difference in cosmesis or
late effects from RT.

These findings were corroborated by the results of two
large, randomized trials performed in the U.K.: the Stan-
dardization of Breast Radiotherapy (START) A and

Table 2. Randomized trials of hypofractionation for whole-breast irradiation

Canadian trial U.K. START A U.K. START B

Sample size n � 1,234 n � 2,236 n � 2,215

Stage T1–T2 pN0 T1–T3, pN0–N1 T1–T3, pN0–N1

Median follow-up 12 yrs 5 yrs 5 yrs

Surgery type All BCT Mastectomy, 15% Mastectomy, 8%

HFx regimen 42.5 Gy in 16 fractions over
3 wks

(a) 41.6 Gy in 13 fractions over 5
wks or
(b) 39 Gy in 13 fractions over 5 wks

40 Gy in 15 fractions over
3 wks

Systemic therapy Chemotherapy, 11% (CMF) Anthracycline based, 36% Anthracycline based, 22%

Use of boost None 61% used boost 44% used boost

Exclusion criteria based
on breast size

Excluded �25 cm None None

Regional nodal irradiation None Yes Yes

ER/PR status Majority were ER�PR� Not reported Not reported

Abbreviations: BCT, breast-conserving therapy; CMF, cyclophosphamide, methotrexate, and 5-fluorouracil; ER, estrogen
receptor; HFx, hypofractionated; PR, progesterone receptor; START, Standardization of Breast Radiotherapy Trial.
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START B trials, which compared various HFx regimens
with SF RT (50 Gy in 25 fractions over 5 weeks) in patients
with both node-negative and node-positive breast cancer af-
ter BCT or mastectomy. The START A trial examined two
different HFx regimens, 41.6 and 39 Gy, delivered in 13
fractions over 5 weeks. After a median follow-up of 5.1
years, the local recurrence rate in the 41.6-Gy group was
equivalent to that in the SF arm (3.5% versus 3.6%),
whereas the local control rate in the 39-Gy arm was inferior
(5.2%) [37]. In the START B trial, the HFx arm consisted of
40 Gy delivered in 15 fractions over 3 weeks. With a me-
dian follow-up of 6 years, the locoregional relapse rate was
3.3% in the SF arm and 2.2% in the HFx arm, with a trend
for changes in breast appearance to be less in the HFx group
(p � .06) [38].

Despite the uniformity of the clinical findings demon-
strating equivalent local control and a low incidence of ma-
jor toxicities, underrepresentation of certain subsets of
patients has precluded the widespread adoption of HFx in
the U.S. Key differences in baseline characteristics of pa-
tients enrolled in these trials are outlined in Table 2. The
majority of the patients in the Canadian trial had low-risk
features, including tumors that were primarily T1–T2,
grade 1 or 2, and ER�. None of the patients received a boost
dose of RT, a minority received chemotherapy, and women
with large breast separations were excluded altogether. On
subset analysis, a lower local control rate was observed in
women with high-grade tumors in the HFx arm, raising the
possibility that high-grade tumors may exhibit differential
sensitivities to HFx radiation. In contrast, a meta-analysis
of the U.K. START trials [40] did not substantiate this find-
ing in a study population that included more patients with
larger tumors and node-positive disease. Up to one-third of
patients received chemotherapy, whereas some even re-
ceived regional lymph node irradiation. The use of a boost
was uncontrolled, there was no exclusion based on breast
size, and information on ER status was unavailable.

The controversy underlying the optimal selection of pa-
tients for HFx is exemplified by the inability of an Ameri-
can Society for Radiation Oncology (ASTRO) panel to
agree on the appropriateness of HFx for women who did not
meet all the following criteria: �50 years old with patho-
logic T1–T2N0 disease treated with BCT, no chemother-
apy, and a radiation plan demonstrating �7% dose
inhomogeneity [41]. On the other hand, proponents of HFx
are currently investigating even more aggressive HFx reg-
imens that evaluate higher doses of radiation per fraction
and integrate the tumor bed boost. Based on the promising
results of the START A and START B trials, the FAST
(Faster radiotherapy for breast cancer patients) trial will
randomize women to SF (50 Gy in 25 fractions) or HFx (30

Gy in five fractions or 27.5 Gy in five fractions) over 5
weeks [42]. The Radiation Therapy Oncology Group
(RTOG) has launched a phase III, noninferiority trial in
BCT patients, comparing SF (50 Gy in 25 fractions) or HFx
(42.7 Gy in 16 fractions) plus a sequential boost with an
HFx regimen that includes a concomitant boost to the tumor
bed (40–48 Gy in 15 fractions).

It is important to consider HFx RT in the context of the
modern radiation techniques available today, such as prone
positioning and intensity-modulated RT, which may facili-
tate the delivery of a uniform dose to the breast and mitigate
concerns regarding toxicities of HFx RT, particularly in
large-breasted women. However, until data from the afore-
mentioned trials and confirmatory long-term results from
the START trials become available, judicious use of HFx in
clinical practice is advised, particularly in patients who do
not meet the conservative criteria stipulated by the ASTRO
task force.

Prone Technique
Standard tangential radiation was predominantly per-
formed in the supine position in the landmark trials of both
conventional and HFx RT [3, 37–39]. Prone positioning
emerged as an alternative to supine positioning in the early
1990s for women with large, pendulous breasts, in an effort
to decrease dose inhomogeneity and skin toxicity resulting
from large breast separation and skin folds. The prone po-
sition requires patients to lie with the treated breast sus-
pended through an aperture in the breast board into air,
resulting in displacement of the breast away from the chest
wall (Fig. 1). Although data are limited to small single-
institution series, prone RT has been shown to deliver a

Figure 1. Prone breast radiation. The breast falls anteriorly
toward the ground, with two tangential beams enveloping the
whole breast. The axillary lymph nodes (contoured in orange
and blue) are not included in the beams.
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lower radiation dose to the lung and, to a lesser extent, the
heart, without compromising tumor control [43–45].

One trade-off of the prone technique is lesser coverage
of level I and level II axillary lymph nodes [43], restricting
its use in patients who require nodal irradiation. Other poor
candidates for prone RT include elderly or morbidly obese
patients who have difficulty tolerating the position and pa-
tients with deep-seated tumors near the chest wall, where
the potential for suboptimal coverage by the radiation field
exists. Because both supine and prone positioning have
been shown to be safe and effective methods of delivering
WBI, individual anatomy plays the largest role in determin-
ing the optimal setup.

PBI
The concept of PBI represents a substantial departure from
the traditional treatment approach for early-stage breast
cancer. WBI using SF RT has been the widely accepted
standard for several decades based on its use in multiple
randomized trials that proved the equivalence of BCT to
mastectomy, as well as a meta-analysis that unequivocally
demonstrated long-term survival benefits with this ap-
proach [3, 5–11]. PBI delivers larger-than-standard doses
of daily radiation over 1–10 days to the resection cavity plus
a 1- to 2-cm margin, permitting faster, more convenient
treatment and sparing of the uninvolved portions of the
breast and adjacent tissues from high doses of radiation
(Fig. 2).

The rationale for PBI is based on both clinical and
pathologic data, suggesting that the immediate vicinity of
the index tumor is the area at greatest risk for local recur-
rence. Pathologic studies have demonstrated that tumor

cells rarely extend beyond 4 cm from the index lesion in
mastectomy specimens without an extensive intraductal
component [21]. Clinical support for these pathologic stud-
ies stems from the observed patterns of failure within the
breast in patients treated with BCT. Each of the three pro-
spective randomized trials that compared wide excision
alone with or without RT demonstrated that 80%–90% of
recurrences were located at the site of the lumpectomy
[8, 46, 47]. The rate of “elsewhere failures” at sites far
removed from the tumor bed was �4%, which approaches
the risk for developing contralateral breast cancer. Taken
together, these data suggest that the benefit of WBI is de-
rived mainly from the delivery of radiation to the region of
the tumor bed.

PBI can be delivered with any one of the following four
techniques: (a) multicatheter interstitial brachytherapy, (b)
balloon-based brachytherapy such as MammoSite� (Ho-
logic Inc., Bedford, MA), (c) external-beam 3-dimensional
(3D) conformal RT, and (d) intraoperative RT (IORT) us-
ing electrons or orthovoltage photons. Distinct advantages,
disadvantages, and technical requirements are associated
with each method, underscoring the importance of individ-
ualizing the method to patient anatomy, preferences, and
availability. Multicatheter brachytherapy has the most ma-
ture data and dosing flexibility, but its widespread use is
limited by the invasive nature of the procedure and the ex-
pertise required. Balloon-based brachytherapy represents
by far the most popular method of PBI in the U.S., as evi-
denced by the �50,000 women treated with this device to
date [48]. The MammoSite� Registry Trial, a prospective
study launched by the American Society of Breast Sur-
geons, reported the 5-year outcomes of 1,449 patients
treated with this technique. Good to excellent cosmesis was
achieved in 90.6% of the study population, and the actuarial
rate of IBTR was 2.5% [49]. External-beam RT is a relative
newcomer to PBI. Although appealing for its simplicity,
noninvasiveness, and homogeneous dose distributions, fol-
low-up with this approach is short, and the optimal dose and
fractionation are undetermined. With IORT, radiation is ad-
ministered to the operative bed plus a margin at the time of
lumpectomy. Direct visualization of the cavity decreases
the likelihood of marginal miss and allows for shielding of
the surrounding skin. The ability to deliver all the treatment
in a single fraction inside a standard operating room (in the
case of orthovoltage photons) is hugely convenient. Poten-
tial disadvantages include the inability to confirm final mar-
gin and lymph node status prior to delivery of treatment, the
lack of centers equipped to perform this procedure in the
U.S., and the unknown late effects stemming from the de-
livery of a large, single dose of RT.

Presently, studies of PBI with �4 years of follow-up

Figure 2. A three-dimensional view of partial breast radiation
with the external-beam technique, using four beams to target
the partial breast cavity (red).
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consist of small, single-institution cohort studies [50–53]
that demonstrated low local recurrence rates that are similar
to those seen in patients treated with contemporary WBI
and adjuvant systemic therapy. Notably, the majority of the
patients in those trials had low-risk prognostic features (age
�50 years, tumors �2 cm, margins �2 mm, node nega-
tive), whereas the excellent local control rates seen with
WBI were obtained in a much more diverse patient popula-
tion. Randomized trials of WBI and PBI conducted before
the advent of computed tomography–based planning and
3D conformal radiation are flawed by poor patient selec-
tion, pathologic evaluation, and inadequate technology
that hindered the accurate localization and delivery of ra-
diation, resulting in suboptimal local control rates [54 –
56]. Data from modern randomized trials comparing PBI
with WBI have just emerged or are currently under way
(Table 3). The largest of these trials, the NSABP B-39/
RTOG 04 –13 study, is aiming to accrue 4,300 patients,
including patients with all grades of ductal carcinoma in
situ and invasive cancers with one to three positive
lymph nodes—a somewhat higher risk group than typi-
cally selected for PBI. External-beam, interstitial cathe-
ter, and MammoSite� brachytherapy are all methods of

PBI permitted in the NSABP B-39 trial, which will pro-
vide important information on the efficacy and toxicities
of these different techniques.

Although IORT is less prevalent in North America, in-
terest was recently heightened by the publication of the Tar-
geted Intraoperative Radiotherapy (TARGIT)-A study, a
multi-institutional noninferiority trial of 2,232 women ran-
domized to receive IORT or WBI with or without a boost
following BCT [57]. At 4 years of follow-up, the local re-
currence rates were comparatively low (1.2% for IORT ver-
sus 0.95% in the WBI arm; 95% CI, 1.04%–1.54%; p �
.41), as was the incidence of major toxicities (3.3% for WBI
versus 3.9% for IORT; p � .44). Notably, only a minority
(14%) of patients in the IORT arm received an additional
external-beam RT boost when the final pathology was
found to contain prespecified adverse features. Given the
proven benefit of a boost on local control [34], critics have
raised concerns regarding the therapeutic efficacy of the
dose delivered in the TARGIT trial to the more distant mar-
gins of the target volume—an issue that time will resolve as
longer-term data become available.

Despite the lack of data from randomized trials with du-
rable follow-up, the practice of PBI outside a clinical trial

Table 3. Randomized trials of accelerated partial breast irradiation

Institution/trial
Target accrual
(yrs of accrual) Control arm Experimental arm

NSABP B-39/RTOG 04–13 4,300 (2005–present) WBI, 50–50.4 Gy in 28 fractions,
with or without 10- to 16-Gy
boost

(a) MIB, 34 Gy in 10 fractions;
(b) MammoSite™, 34 Gy in 10
fractions; (c) 3D-CRT, 38.5 Gy
in 10 fractions

European Brachytherapy
Breast Cancer GEC-ESTRO
Working Group

1,170 (2004–2009) WBI, 50–50.4 Gy in 25–28
fractions, � 10-Gy boost

MIB only: (a) 32.0 Gy in 8
fractions HDR; (b) 30.3 Gy in
7 fractions HDR; (c) 50 Gy
pulsed dose rate

ELIOT/European Institute of
Oncology

1,200 (2000–2007) WBI, 50 Gy in 25 fractions, with
or without 10-Gy boost

IORT, 21 Gy in 1 fraction
using electrons up to 9 MeV

RAPID Ontario Clinical
Oncology Group

2,128 (2006–present) WBI, with or without 10-Gy
boost:
(a) 42.5 Gy in 16 fractions for
small breasts,
(b) 50 Gy in 25 fractions for large
breasts.

3D-CRT only, 38.5 Gy in 10
fractions

TARGIT-A 2,232 (2000–2010) WBI, 40–56 Gy with or without
10- to 16-Gy boost

IORT, 20 Gy in one fraction,
low-energy x-rays)

National Institute of Oncology,
Budapest, Hungary

258 (1998–2004) 50 Gy in 25 fractions (a) MIB, 36.4 Gy in 7
fractions;
(b) Electrons, 50 Gy in 25
fractions

Abbreviations: 3D-CRT, three-dimensional conformal-beam radiation therapy; ELIOT, electron intraoperative radiotherapy;
GEC-ESTRO, Groupe Européen de Curiethérapie and the European Society for Therapeutic Radiology and Oncology;
HDR, high dose rate; IORT, intraoperative radiotherapy; MIB, multicatheter interstitial brachytherapy; NSABP, National
Surgical Adjuvant Breast and Bowel Project; RAPID, Randomized trial of accelerated partial breast irradiation; RTOG,
Radiation Therapy Oncology Group; TARGIT, Targeted Intraoperative Radiotherapy; WBI, whole breast irradiation.
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has increased over the past decade, prompting an ASTRO
task force to issue a consensus statement defining groups of
patients who are “suitable,” “cautionary,” and “unsuitable”
for PBI performed off protocol [41]. The categorization of
patients into “cautionary” and “unsuitable” groups was
based on the lack of mature data from modern studies to
support treatment of these subsets, rather than disproven ef-
ficacy or concerns regarding toxicities.

In summary, PBI is a rapidly evolving technique that
represents a significant paradigm shift in fundamental be-
liefs regarding local therapy. Although the favorable results
from prospective single-arm trials and the TARGIT trial are
reassuring, long-term data from large, phase III trials on ef-
ficacy and cosmesis are needed to validate PBI as an equiv-
alent treatment to WBI for early-stage breast cancer
patients. The refinement of techniques that improve target
delineation and treatment accuracy are active topics of re-
search that will contribute importantly to our ability to
safely deliver PBI.

ADVANCES IN MASTECTOMY TECHNIQUE:
SKIN SPARING AND NIPPLE SPARING

Skin sparing mastectomy (SSM) has become standard prac-
tice in women undergoing immediate breast reconstruction,
providing an envelope into which the reconstruction is cre-
ated and minimizing surgical scars. A recent single-institu-
tion retrospective study comparing 799 patients undergoing
SSM with 1,011 undergoing conventional mastectomy
(CM) in 2000–2005 found no difference in local or regional
recurrence rates between the procedures [58]. A meta-
analysis of nine observational studies involving 3,739 pa-
tients also found no differences in the local recurrence rate

between SSM (6.2%) and CM (4.0%) (odds ratio, 1.25;
95% CI, 0.81–1.94) [59].

The use of nipple-sparing mastectomy (NSM) (Fig. 3) is
more controversial. Unlike the skin overlying the breast,
which is separated from the breast parenchyma by a layer of
fat, there is no s.c. fat layer beneath the NAC. Preservation
of the NAC means that breast tissue must be left behind in
order to maintain a blood supply and that ductal tissue may
also be left behind in the nipple itself, raising concerns
about both the risk for cancer recurrence and the develop-
ment of new cancers in the future. The reported incidence of
nipple involvement in women with breast cancer in larger
series is in the range of 6%–30% depending upon the pa-
tient population studied and the extent of pathologic evalu-
ation [60, 61]. In most studies, the size of the primary
cancer and the distance from nipple to tumor are predictive
of nipple involvement [62, 63], suggesting that the best can-
didates for NSM are women with small peripheral tumors
who could actually undergo BCT. Retrospective studies
comparing total LRR after NSM with other types of mas-
tectomy have not shown differences [64–66], and recur-
rences in the NAC itself are infrequent. However, these
results are difficult to assess because of differences between
patient groups. To address the oncologic concerns with
NSM, the group at the European Institute of Oncology has
added IORT of the NAC to the procedure. With this ap-
proach, in 800 patients, total necrosis of the NAC was seen
in 3.5%, with NAC removal in 5% of cases [67]. With a
mean follow-up of only 20 months, LRR was seen in 1.4%
of cases, but none of the recurrences were in the NAC. Un-
fortunately, the availability of IORT is limited, so this ap-
proach is unlikely to become widespread. When discussing
NSM with patients, it is important that they are aware that
the preserved NAC differs from the NAC prior to surgery.
Loss of pigmentation is frequent, and normal sensation is
retained in one-third or fewer patients [68], with concomi-
tant loss of erectile function. In addition, nipple loss in the
postoperative period is reported in 0%–48% of cases, with
most series reporting rates �10% [63].

MANAGEMENT OF THE AXILLA

In the past decade, dramatic changes in the approach to the
axilla in women with clinically node-negative breast cancer
have taken place. As previously discussed, the NSABP B04
trial demonstrated that, in women treated with mastectomy
alone, axillary dissection did not contribute to survival [4],
but it continues to be used for staging and local control.
Sentinel node (SN) biopsy is based on the concept that there
is a reproducibly identifiable node (or nodes) that drains the
breast and predicts the status of the remaining axillary
nodes. The SN hypothesis in breast cancer was originally

Figure 3. Bilateral nipple-sparing mastectomies with implant
reconstruction performed through an incision lateral to the nip-
ple areolar complex.

1374 Evolution of Local Therapy of Breast Cancer



validated by Giuliano et al. [69], and SN biopsy is now a
mature technique. Two large, prospective multi-institu-
tional studies, the American College of Surgeons Oncology
Group (ACOSOG) Z10 trial and the NSABP B32 trial,
demonstrated, in �10,000 patients, that an SN could be
identified in 98% of cases [70, 71]. In the NSABP B32
study, wherein patients were randomized to completion ax-
illary dissection or not after a negative SN biopsy, the false-
negative rate was 9.8% [70]. However, in two studies in
which patients were randomized to SN biopsy or axillary
dissection, the rate of identification of nodal metastases did
not differ, indicating that there is a false-negative rate for
axillary dissection as well [72, 73]. Axillary recurrence
rates �1% after a negative SN biopsy further support the
safety of the procedure [74, 75]. At this point in time, SN
biopsy should be considered the standard of care for staging
the axilla in women with T1–T3, clinically node-negative
breast cancer. Contraindications to the procedure are un-
common and include pregnancy and lactation, and inflam-
matory and other T4 breast cancers [76]. The lymphazurin
blue dye used for mapping has not been shown to be safe
during pregnancy, and although the dose of radioactivity to
the fetus is estimated to be below the recommended guide-
lines for radiation exposure during pregnancy [77, 78], the
procedure has not been widely used in pregnant women.
Limited experience in inflammatory breast cancer suggests
an unacceptably high false-negative rate for SN biopsy in
this circumstance [79, 80].

In an era when cancers are increasingly detected by
screening mammography at a small size with a lower risk
for axillary node involvement than was seen in the pre-
screening era, SN biopsy represents a real advance in the
staging of breast cancer by avoiding the morbidity of axil-

lary dissection in node-negative women. Morbidity out-
comes in two randomized trials are shown in Table 4 [72,
81]. In the ACOSOG Z11 trial, the incidence of any side
effect was 70% in the axillary dissection arm and only 25%
in the SN arm (p � .001) [81]. In the ALMANAC (Axillary

Table 4. Complications of sentinel node biopsy versus axillary dissection

ACOSOG Z11 ALMANAC

SN Ax Dx p-value SN Ax Dx p-value

n of patients 446 445 413 403

Wound infection 3% 8% .0016 11% 15% .051

Paresthesia 9% 39% �.0001 11% 31% �.001

Lymphedema, patient reporteda 6% 19% �.001 5% 13% �.001

Lymphedema, measureda 6% 11% .0786

Data from Lucci A, McCall LM, Beitsch PD et al. Surgical complications associated with sentinel lymph node dissection
(SLND) plus axillary lymph node dissection compared with SLND alone in the American College of Surgeons Oncology
Group Trial Z0011. J Clin Oncol 2007;25:3657–3663; and Mansel RE, Fallowfield L, Kissin M et al. Randomized
multicenter trial of sentinel node biopsy versus standard axillary treatment in operable breast cancer: The ALMANAC Trial.
J Natl Cancer Inst 2006;98:599–609.
aAt 1 year.
Abbreviations: ACOSOG, American College of Surgeons Oncology Group; ALMANAC, Axillary Lymphatic Mapping
Against Nodal Axillary Clearance; Ax Dx, axillary dissection; SN, sentinel node.

Table 5. Key results of the ACOSOG Z11 trial

SN only
Axillary
dissection p-value

n of patients 436 420

Median age, yrs 54 56 NS

Clinical stage T1 71% 68% NS

ER� 83% 83% NS

Adjuvant therapy 97% 96% NS

Median n nodes
removed

2 17 �.001

Total locoregional
recurrence

2.8% 4.1% .11

Total regional
recurrence

0.9% 0.5% NS

Disease-free survival 83.9% 82.2% NS

Overall survival 92.5% 91.8% NS

Data from Giuliano AE, McCall L, Beitsch P et al.
Locoregional recurrence after sentinel lymph node
dissection with or without axillary dissection in patients
with sentinel lymph node metastases: The American
College of Surgeons Oncology Group Z0011 randomized
trial. Ann Surg 2010;252:426–432; discussion 432–433;
and Giuliano AE, Hunt KK, Ballman KV et al. Axillary
dissection vs no axillary dissection in women with
invasive breast cancer and sentinel node metastasis: A
randomized clinical trial. JAMA 2011;305:569–575.
Abbreviations: ACOSOG, American College of Surgeons
Oncology Group; ER, estrogen receptor; NS, not
significant; SN, sentinel node.
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Lymphatic Mapping Against Nodal Axillary Clearance)
trial, quality of life as measured by the Functional Assess-
ment of Cancer Therapy B�4 questionnaire was signifi-
cantly better at 1, 3, 6, and 12 months after surgery in the SN
arm than in the axillary dissection arm (p � .001 at 12
months) [72].

With the ability to stage patients as node positive or
node negative with SN biopsy, the next clinical question to
be addressed was the need for axillary dissection for local
control, and perhaps survival, in the era of multimodality
therapy. The ACOSOG Z11 trial addressed this question by
randomizing clinically node-negative women with cancers
�5 cm in size treated with lumpectomy and RT to comple-
tion axillary dissection versus no further surgery after the
finding of a positive SN. Key results of the trial at a median
6.3 years of follow-up are summarized in Table 5 [82, 83].
No differences in local control or survival were observed
between groups. The extremely low rate of LRR in both
groups highlights the progress that has been made in breast
cancer management in recent decades. It is important to rec-
ognize that these results apply to patients meeting the study
entry criteria. Specifically, they should not be extrapolated
to clinically node-positive women, those treated with neo-
adjuvant therapy, PBI, or mastectomy, or women with lo-
cally advanced breast cancer. In practice, the findings
probably should be applied to women with involvement of
one or two SNs only, because only 15 women with three or
more involved SNs were treated within the SN biopsy-only
study arm.

Although these results are potentially practice chang-
ing, a number of concerns have been raised about the
ACOSOG Z11 study. The study was originally designed to
recruit 1,900 women, but closed after recruitment of 891
women because of slow accrual and a lower-than-antici-
pated event rate. In spite of this, the predefined statistical
analysis plan was carried out and demonstrated noninferi-
ority of SN biopsy alone with a p-value of .008 [82].
Equally important is the observation from the EBCTCG
overview [3] that, for differences in local therapy to impact
the 15-year breast cancer–specific survival rate, the differ-
ence in local control at 5 years must be �10%. The differ-
ence in regional node failure between the study arms in the
ACOSOG Z11 trial is 0.4%, making it exceptionally un-
likely that results would have changed had the full sample
been recruited. Other studies examining outcomes after no
axillary surgery at all, WBI, and systemic therapy reported
nodal recurrence rates �4% [84 – 86], also below the
threshold for a survival difference in the EBCTCG over-
view. Keeping in mind that the SNs were the only involved
lymph nodes in 73% of patients in the axillary dissection

arm, the very low rates of nodal failure in the ACOSOG
Z11 trial are consistent with these findings.

Other concerns include the length of follow-up and
whether or not the results can be applied to ER� women and
young women. Women with ER� breast cancer are known
to have a longer time course to distant metastasis than those
with ER� cancer [17], so it is reasonable to ask whether the
same is true of regional recurrence. In the NSABP B04 trial,
the median time to nodal recurrence was only 14.8 months
[4], but that study is so old that the ER status of the partic-
ipants is unknown. However, Greco et al. [87] and Martelli
et al. [84] reported the time course of axillary recurrence in
women treated with BCT and no axillary surgery in patient
populations that were 75% and 92% ER�, respectively. The
median times to axillary recurrence were 30.6 months and
33 months, respectively, strongly supporting the idea that
the median follow-up of 6.3 years in the ACOSOG Z11
study was long enough to capture the majority of nodal re-
currences.

Finally, there is the issue of the relatively small numbers
of ER� women and young women in the ACOSOG Z11 tri-
als. Because most breast cancer is ER� and occurs in older
women, the distribution of study participants is consistent
with the epidemiology of the disease. No trends for a higher
rate of nodal recurrence in ER� women or young women
were observed. A multivariate analysis of predictors of re-
gional nodal failure after axillary dissection in 1,500
women did not find age or ER status to be risk factors [88].
Further follow-up on these patient groups as the findings
from the ACOSOG Z11 trial are implemented in clinical
practice will help to clarify this issue.

In summary, just as the extent of surgery on the breast
has become more individualized, so too has the surgical ap-
proach to the axilla. SN biopsy reliably identifies node-
positive and node-negative women. In women with limited
SN involvement (two or fewer involved nodes), removal of
the SNs coupled with the tangent radiation that is part of
BCT and systemic therapy is an effective method of main-
taining local control. Elimination of axillary dissection in
this subgroup does not decrease survival and reduces the
morbidity of treatment. For women with greater numbers of
involved lymph nodes and those undergoing mastectomy,
the safety of this approach is uncertain, and axillary dissec-
tion remains the standard of care. However, based on the
results of the NSABP B04 trial, it is clear that a substantial
number of women with axillary node involvement do not
experience axillary recurrence even in the absence of RT or
systemic therapy. This suggests that the results of the
ACOSOG Z11 study may apply to other subgroups of
breast cancer patients, but that further research is needed to
identify who can be safely managed this way.
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CONCLUSIONS

The options available for the local therapy of breast cancer
today represent a dramatic evolution from the era of the rad-
ical mastectomy. These therapeutic advances are a result of
carefully conducted clinical trials and improved under-
standing of the biology of breast cancer. The explosion of
knowledge regarding the molecular biology of breast can-
cer offers an opportunity not only to develop new drugs but

also to continue to refine the biologic assumptions that
underlie local treatment and to test these assumptions in
clinical trials.
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