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Abstract Axillary lymph node dissection (ALND), once
considered standard of care for all patients with invasive
breast cancer, is now obsolete in patients with histologically
negative sentinel lymph nodes (SLNs). Alternatives to
ALND in patients with histologically positive SLNs are
available after the ACOSOG Z0011 and AMAROS trials
demonstrated no difference in locoregional recurrence, dis-
ease-free survival, or overall survival between SLN biopsy
alone (ACOSOG Z0011) or with axillary radiotherapy
(AMAROS) and ALND in women with clinical T1-2 inva-
sive breast cancer and 1-2 positive SLNs treated with mul-
timodality therapy, offering the opportunity to reduce the
morbidity of treatment. In contrast, the MA.20 and EORTC
22922-10925 studies suggest that similar patient populations
benefit from ALND and comprehensive nodal irradiation.
Here, we will discuss the contemporary surgical manage-
ment of clinically node-negative breast cancer patients with
metastases in the SLNs.
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Introduction

In breast cancer patients with pathologically negative ax-
illary lymph nodes, sentinel lymph node (SLN) biopsy has
been shown to be equivalent to axillary lymph node dis-
section (ALND) in terms of overall survival (OS), disease-
free survival (DFS), and regional lymph node recurrence
[1], but decreases the morbidity of surgery. Several factors
have stimulated interest in decreasing the use of ALND in
patients with axillary node metastases. These include the
observation that non-sentinel node metastases are present
in only 48 % [95 % confidence interval (CI) 35-62 %] of
SLN-positive patients who undergo ALND [2], and the
recognition that effective adjuvant therapy, in addition to
reducing distant recurrence, is an important contributor to
local control [3]. Additionally, decisions regarding sys-
temic therapy are increasingly based upon biologic char-
acteristics of the primary tumor rather than the number of
axillary nodes with metastases [4]. As a result, the role of
axillary surgery in pathologically node-positive patients
has increasingly been questioned, and randomized trials
have offered alternatives to ALND for SLN node-positive
patients who will be treated with multimodality therapy
[See, 6°, 7ee]. At the same time, other studies have sug-
gested a benefit for axillary dissection and comprehensive
node field irradiation [8¢e, 9+¢] in similar patients, resulting
in considerable confusion regarding the optimal approach
to the sentinel node-positive patient in 2015. Here, we will
review the contemporary surgical management of breast
cancer patients with micrometastases and macrometastases
in the axillary nodes.
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Micrometastatic Disease

Enhanced pathologic evaluation of the SLN with serial
sectioning and immunohistochemistry (IHC) results in in-
creased detection of micrometastases as compared to
ALND, with Giuliano et al. reporting a five-fold difference
in detection [10]. In a population-based Danish study of
24,051 patients comparing the detection of micrometas-
tases in the pre- and post-SLN biopsy era, the detection of
micrometastases increased from 5.1 % of cases to 9.0 %
[odds ratio (OR) 1.85], although the detection rate for
macrometastases did not change [11]. Completion ALND
in patients with 1 SLN micrometastasis results in detection
of non-sentinel node metastasis in up to 20 % of patients
[12, 13], providing the rationale for the procedure.

However, a review of the National Cancer Database
indicated that many surgeons were not performing ALND
for micrometastatic disease in the SLNs. Of 2203 patients
with micrometastatic disease treated between 1998 and
2000, 530 (24 %) had SLN biopsy alone. At a median
follow-up of 63 months, there were no differences in ax-
illary recurrence rates (0.6 vs 0.2 %, p = 0.06) or relative
survival (98.5 vs 98.2 %, p = 0.72) for patients having
SLN biopsy alone versus completion ALND [14].
Although this study was limited by its retrospective, non-
randomized design, it offered evidence that omission of
ALND in patients with micrometastatic disease did not
result in worse outcomes.

International Breast Cancer Study Group (IBCSG) 23-01
was a multicenter, randomized, non-inferiority trial com-
paring axillary dissection (n = 464) with no axillary dis-
section (n = 467) in early-stage breast cancer patients with
SLN micrometastases. Although most patients were treated
with breast-conserving surgery, 9 % of patients in each
group underwent mastectomy. Nearly all patients received
systemic therapy (95 % ALND vs 97 % no ALND), with the
majority receiving hormonal therapy alone. Non-sentinel
node metastases were present in 13 % of ALND patients, but
at a median follow-up of 5 years, regional recurrences were
seen in only 1 % of patients treated with SLN biopsy alone
compared to <1 % in the ALND group. No differences in
DEFS or OS were observed, and ALND was not a predictor of
DFS on multivariable analysis (p = 0.13) [6¢].

The effect of micrometastatic disease on breast cancer
prognosis has also been studied in two large prospective
trials. The American College of Surgeons Oncology Group
(ACOSOG) Z0010 study was a prospective multicenter
trial initiated in 1999 to evaluate the effect of occult dis-
ease in SLNs and bone marrow in women with T1-2 breast
cancer with a clinically negative axilla and SLNs which
were histologically negative by hematoxylin and eosin
(H&E) staining. Occult metastases were identified with
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IHC in 349 (10.5 %) of 3326 specimens evaluated. Five-
year rates of OS did not differ significantly between pa-
tients with IHC positive and IHC negative SLNs (95.1 vs
95.7 %, respectively; p = 0.64), and IHC-positive SLNs
were not associated with a worse survival on multivariable
analysis [adjusted hazard ratio (HR) 0.88; p = 0.70) [15].
The National Surgical Adjuvant Bowel and Breast Project
(NSABP) protocol B-32 trial similarly evaluated the sig-
nificance of SLN occult metastases on prognosis in 3887
node-negative breast cancer patients participating in a
study randomizing patients with negative SLNs to ALND
or no further surgery. Occult metastases were detected in
15.9 % of patients; at 5 years, an absolute difference in
survival of 1.2 % was present, favoring those without
metastases (p = 0.03) [16]. However, after 10 years of
follow-up, the difference in survival was no longer statis-
tically significant (p = 0.06). More importantly, in patients
with occult metastasis, there was no difference in OS or
DFS between the SLN biopsy-only group and the ALND
group, suggesting that tumor biology, not extent of local
surgery, has the largest impact on prognosis [17]. In ag-
gregate, these studies indicate that ALND is not necessary
for patients with SLN micrometastases treated with breast-
conserving therapy. This finding, coupled with the obser-
vation that the presence of SLN micrometastases does not
significantly alter DFS or OS and thus is not an indication
for systemic therapy in the absence of other indications,
calls into question the routine practice of serial sectioning
and THC of sentinel nodes to facilitate detection of small
tumor deposits.

Macrometastatic Disease

Patients with a clinically negative axilla and
macrometastatic disease in the SLN are a group of patients
for whom ALND has long been considered the standard of
care. The landmark NSABP B04 trial addressed the ques-
tion of whether the removal of the axillary lymph nodes in
clinically node-negative patients contributed to survival.
Clinically node-negative women were randomized to
radical mastectomy versus total mastectomy and nodal
radiotherapy (RT) versus total mastectomy alone. At
25 years of follow-up, there were no survival differences
among groups. Although 40 % of patients randomized to
radical mastectomy had axillary nodal metastases, only
18 % of patients treated with total mastectomy alone re-
quired ALND, making the important point that even in
patients receiving no RT and no systemic therapy, the
majority of nodal metastases do not become evident as
axillary first failures [18]. Although NSABP B04 did not
result in the demise of ALND due to the prognostic sig-
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nificance of nodal status and its use in the 1980s to de-
termine the need for chemotherapy, it supported the con-
duct of newer trials re-examining the need for ALND in
patients treated in the modern era of systemic therapy.

Alternatives to ALND: SLN Biopsy Alone
ACOSOG Z0011

ACOSOG Z0011 was a prospective, randomized, non-in-
feriority trial comparing ALND to no ALND in women
with clinical T1-2 invasive breast cancer and 1-2 positive
SLNs. Accrual began in 1999, and the study closed in 2004
before reaching the targeted enrollment of 1900 patients
due to slow accrual and a lower-than-anticipated event rate.
Patients were eligible if they had a tumor <5 cm, a
clinically negative axilla as determined by physical ex-
amination, and <3 SLNs with metastatic breast cancer
identified by H&E staining. All patients had breast-con-
serving surgery with whole-breast RT. Patients were
ineligible if they had matted nodes or gross extranodal
extension, or if they received neoadjuvant systemic ther-
apy. No criteria regarding microscopic extranodal exten-
sion were specified for the study. Overall, 891 patients
were enrolled; following exclusions, 420 patients were
randomized to ALND and 436 to SLN only [7¢].

Patient characteristics are summarized in Table 1 [5ee,
Tee, 8e¢, 9ee]. Approximately 37 % of ALND patients and
45 9% of SLN-only patients had micrometastatic disease
only in the sentinel node [19]. The majority of women

(89 %) received whole-breast RT, and systemic therapy
was delivered to 96 % of ALND patients and 97 % of
SLN-only patients. In the ALND group, 27.3 % of patients
had additional positive non-sentinel nodes removed by
ALND, suggesting that a similar burden of disease was
present in the SLN-only group. At a median follow-up of
6.3 years, regional recurrence was seen in 0.5 % of ALND
patients compared to 0.9 % of SLN-only patients
(p = 0.45), and no differences in DFS or OS were ob-
served between groups, with excellent 5-year OS rates of
91.8 % in the ALND group versus 92.5 % in the SLN-only
group (p = 0.25) [7+*]. As anticipated, surgical morbidity
was significantly decreased in the SLN-only group, with
fewer wound infections (p = 0.016), paresthesias
(p < 0.001), and subjective lymphedema (p < 0.001) re-
ported [20].

The results of ACOSOG Z0011 were practice changing,
as the study emphasized that effective systemic therapy and
RT coupled with less-extensive surgery provided equiva-
lent local control and survival to aggressive axillary sur-
gery in clinically node-negative patients with metastases in
1 or 2 SLNs. Despite compelling results, omission of
ALND in patients meeting ACOSOG Z0011 criteria has
not been uniform. Critics of the trial stated the women
treated on study were a highly select group of post-
menopausal women with small, estrogen receptor (ER)
positive tumors, and that the results were not applicable to
a heterogeneous breast cancer population. Beginning in
2010, the ACOSOG Z0011 eligibility criteria were applied
to an unselected, consecutive cohort of breast cancer pa-
tients with histologically positive SLNs at Memorial Sloan

Table 1 Comparison of patient characteristics across randomized trials of macrometastatic axillary disease management

ACOSOG Z0011 [7°°] AMAROS [5°°] MA.20 [8°°] EORTC [9°°]

No. of patients 856 1425 1832 3877
Age, median (years) 55 55.5 53 54
T1-T2 (%) 99 99.6 99 96
ER positive (%) 83 Not stated 75 78
Nodal metastasis (%)

None 4 0 10 44

1-3 79 99 85 43
Breast surgery BCS BCS + M BCS BCS + M
Randomization SLN vs ALND SLN + Axillary RT vs ALND WBI vs WBI + RNI WBI vs WBI + RNI
Systemic therapy (%) 97 90 100 84
RT

Breast tangents Yes Yes Yes Yes

Axilla No Yes Apex No

Other node fields No SC SC, IM SC, IM

BCS breast-conserving surgery, M mastectomy, SLN sentinel lymph node, RT radiotherapy, ALND axillary lymph node dissection, ER estrogen
receptor, SC supraclavicular, /M internal mammary, RN/ regional nodal irradiation
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Kettering Cancer Center (MSKCC). Of 2157 invasive
breast cancer patients undergoing breast-conserving sur-
gery, 380 (18 %) had a positive SLN; 93 were excluded
due to non H&E metastasis, neoadjuvant therapy, and
conversion to mastectomy, resulting in 287 eligible pa-
tients. ALND was performed for metastases in 3 > SLNs
or gross extracapsular extension (ECE). Using these crite-
ria, only 45 patients (16 %) required ALND. The MSKCC-
unselected patient population was remarkably similar to the
70011 study cohort [21e], indicating that the Z0011
population is representative of most patients undergoing
breast-conserving surgery for T1-2 breast cancer. Of note,
more patients in the MSKCC cohort had SLN
macrometastasis (73 %) compared to the Z0011 cohort
(55 %). Patient age, and ER, progesterone receptor (PR),
and HER?2 status were not predictive of the need for axil-
lary dissection. At publication, with a median follow-up of
13 months, no axillary recurrences were noted in the SLN-
only group [21]. Median follow-up is now 33 months, and
no isolated regional recurrences have been observed
(Morrow M, unpublished data).

Chung et al. applied the ACOSOG Z0011 criteria to
high-risk, node-positive breast cancer patients undergoing
breast conservation [22¢] to determine how many were
potentially suitable for elimination of ALND by retro-
spectively identifying women diagnosed between 2000 and
2011 with HER2/neu-positive disease, triple-negative
breast cancer, or age <50 years. These groups were se-
lected because they are considered by some to be ineligible
for management using ACOSOG Z0011 criteria due to
poor prognosis. Overall, 186 high-risk breast cancer pa-
tients with at least 1 positive node were identified: 57
(31 %) were HER2 positive, 55 (30 %) were triple nega-
tive, and 74 (40 %) were <50 years of age. Of thesel86
patients, 125 (67 %) would have been eligible for the
ACOSOG Z0011 trial. The predominant reason for
ineligibility was a clinically positive axilla, which ac-
counted for 57 % of the ineligible patients. After excluding
patients with clinically positive nodes, 84 % of the cohort
would have been considered eligible to omit ALND,
similar to the percentage of eligible patients in the un-
selected prospective MSKCC cohort [21¢]. Of the eligible
patients who had an ALND (n = 105), 38 % had in-
volvement of non-sentinel nodes, and the median number
of positive non-sentinel nodes was only 1 (range 1-3)
[22¢]. These findings demonstrate that patients with “high-
risk” tumor features are not more likely to have a higher
burden of residual axillary nodal disease compared to
“low-risk” patients, confirming that ACOSOG Z0011 cri-
teria can be applied to a heterogeneous breast cancer
population with similar results.

As noted previously, of 605 ACOSOG Z0011 patients
with case report forms regarding radiation administration,
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89 % received whole-breast irradiation. Although the
protocol specified that standard tangential fields should be
used and that regional nodal irradiation was not allowed,
details regarding radiation field design were not specified
or captured, causing many to speculate that the excellent
local control rates in the SLN-only arm were the result of
treatment with high tangents to axillary levels I and II.
Jagsi et al. reviewed the RT treatment records of 228 pa-
tients (29 % of enrolled patients); 104 in the ALND arm
and 124 in the SLN-only arm. Of these patients, 185
(81 %) received tangent-only treatment. There was no
difference in the use of high tangents between the ALND
group (50 %) and SLN-only group (52.6 %), and treatment
arm was not associated with use of high tangents on uni-
variable or multivariable analysis. Three-field nodal irra-
diation was delivered to 43 (18.9 %) patients; 22 in the
ALND group and 21 in the SLN-only group [23+]. While
this study emphasizes the need to standardize RT field
design in local therapy studies, the lack of a significant
difference in treatment regimens between study arms
indicates that the favorable outcome after SLN biopsy
alone was not due to the selective use of more extensive
RT.

Alternatives to ALND: SLN Biopsy and Regional
Nodal Irradiation

AMAROS

After Mapping of the Axilla: Radiotherapy or Surgery?
(AMAROS) was a randomized prospective study designed
to evaluate whether axillary RT provided similar axillary
local control to ALND with less morbidity in patients with
a positive SLN [5e¢]. From 2001 to 2010, 4806 eligible
patients with T1-2 breast cancer and a clinically negative
axilla were enrolled in this multicenter, non-inferiority
study. 1425 patients had SLN metastases; 744 were ran-
domized to the ALND arm, and 681 were randomized to
the axillary RT arm. Axillary RT was delivered to all three
levels of the axilla and the medial part of the supraclav-
icular fossa at a prescribed dose of 50 Gy delivered in 25
fractions. The 5-year rate of axillary recurrence in the
ALND group was 0.43 % compared to 1.2 % in the axil-
lary RT group. As the event rate was low, the study was
underpowered to test non-inferiority; nevertheless, no sig-
nificant difference in treatment arms was observed. Lym-
phedema rates, as measured by circumferential arm
measurements, were significantly lower in the axillary RT
group (6 %) compared to the ALND groups (13 %) at
5 years (p = 0.0009) [5e¢]. These findings would suggest
that axillary RT is an appropriate alternative to ALND in
patients with a positive SLN; however, the clinical
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Table 2 Outcomes across randomized trials of macrometastatic axillary disease management

Trial Nodal recurrence p value oS p value
ALND (%)  Experimental group (%) ALND (%)  Experimental group (%)
ACOSOG Z0011 (5 years) [7**] 0.5 0.9 0.45 91.8 92.5 0.25
AMAROS (5 years) [5°°] 0.43 1.2 NA* 93.3 92.5 0.34
MA.20 (10 years) [8°°] 2.6 0.7 0.009* 81.8 82.8 0.38
EORTC 22922 (10 years) [9°°] 4.2 2.7 Not stated  80.7 82.3 0.06

ALND axillary lymph node dissection, OS overall survival
* Underpowered to test non-inferiority due to low event rate
X p value for all locoregional recurrences, not just regional

characteristics of the AMAROS cohort are remarkably
similar to the ACOSOG Z0011 cohort [7¢¢], with 80 % of
AMAROS patients having a tumor <2 cm, 90 % patients
receiving any systemic therapy, and 95 % of patients
having only 1-2 positive sentinel nodes (Table 1). Patients
in ACOSOG Z0011 treated with SLN biopsy-only
demonstrated similar rates of axillary local control [7¢¢] as
the AMAROS patients receiving axillary RT (Table 2) [See,
7ee, 8ee, Qee] Thus, while AMAROS indicates that SLN
biopsy and nodal RT is an alternative to ALND, it does not
demonstrate that RT is necessary in all patients. Mastec-
tomy was performed in 18 % of AMAROS patients [See];
in this subset of patients with a positive SLN in whom
ALND would be recommended, axillary RT may be an
acceptable treatment option if the finding of a positive SLN
is sufficient indication for postmastectomy RT. However,
given the ongoing controversy over the use of postmas-
tectomy RT in patients with T1 and T2 tumors and in-
volvement of 1-3 axillary nodes, knowledge of the extent
of lymph node involvement remains important for many
physicians.

Axillary Dissection and Regional Nodal Irradiation
MA.20 and EORTC 22922/10925

In contrast to the ACOSOG Z0011 and the AMAROS
trials, which suggest that the use of systemic therapy and
RT allows a reduction in the extent of axillary surgery, the
MA.20 and the European Organisation for Research and
Treatment of Cancer (EORTC) 22922/10925 studies sug-
gest that similar patient populations benefit from ALND
and comprehensive nodal RT [8ee, 9e¢]. The MA.20 trial
randomized patients with positive axillary nodes, detected
by ALND or SLN biopsy, or node-negative patients con-
sidered to be high risk based on tumor size >5 cm, or
>2 cm with <10 nodes removed and grade 3 histology, or
lymphovascular invasion, or ER negativity to whole-breast
RT versus whole-breast RT plus RT to the supraclavicular,

axillary, and internal mammary nodes in the upper 3 in-
terspaces to a dose of 50 Gy in 25 fractions. All patients
received adjuvant systemic therapy. Of the 1832 enrolled
patients, 10 % were node negative. Other patient charac-
teristics are summarized in Table 1. After a median follow-
up of 9.5 years, 10-year DFS in the nodal RT group was 82
versus 77 % in the breast RT-only group (HR 0.76; 95 %
CI 0.61-0.94; p = 0.01). The rates of isolated local DFS
were 95.2 % with nodal RT versus 92.2 % without (HR
0.59; 95 % CI 0.39-0.88; p = 0.009). Although distant
DFS was also improved in the nodal RT group, no sig-
nificant improvement in OS was noted, with a 1 % absolute
improvement in the nodal RT group (HR 0.91; 95 % CI
0.72-1.13; p = 0.38) (Table 2) [8]. The EORTC trial
evaluated the role of medial supraclavicular and internal
mammary node irradiation in 3877 patients undergoing
mastectomy or breast-conserving surgery who had node-
positive breast cancer or medially located node-negative
tumors. Patient age and tumor characteristics were similar
to those of patients involved in ACOSOG Z0011,
AMAROS, and MA.20 (Table 1), but 44 % of enrolled
patients were node negative. Of the remainder, 43 % had
1-3 nodes containing metastases. As in MA.20, 10-year
DFS favored the nodal RT group (72.1 vs 69.1 %,
p = 0.04), but the absolute difference in OS at 10 years
was 1.6 % and did not reach statistical significance
(p = 0.06), even in this large study (Table 2). While severe
radiation toxicities were uncommon, the use of nodal RT
resulted in significant increases in both acute and long-term
sequelae of RT [9+¢]. In MA.20, the incidence of lym-
phedema was increased from 4.5 to 8.4 % (p = 0.001), and
the incidence of pneumonitis, radiation dermatitis, and late
changes to the skin and subcutaneous tissues (telangectasia,
atrophy) were also significantly increased [8e¢]. The
EORTC trial found a significant increase in pulmonary fi-
brosis with nodal RT (4.4 vs 1.7 %, p < 0.001). With
10 years of follow-up in patients with median ages of 53.5
and 54 years, no increases in cardiac toxicities were ob-
served [9¢¢]. The results of these studies have been inter-
preted by some to mean that all patients with axillary nodal
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metastases, regardless of tumor size or extent of nodal
involvement, should receive comprehensive nodal RT. A
major conundrum in current practice is resolving the ap-
parently contradictory findings of ACOSOG Z0011 and
AMAROS with those of MA.20 and EORTC 22922/10925
(Table 2). Interestingly, although MA.20 and EORTC
22922/10925 included both node-positive and node-nega-
tive patients, the 10-year rates of nodal recurrence in the
ALND arms of these studies, 1.6 and 1.8 % [8ee, 9¢°], were
approximately four times higher than those seen at 5 years
in the ALND arms of ACOSOG Z0011 and AMAROS (0.5
and 0.4 %, respectively) [5¢e, 7+¢]. This may reflect dif-
ferences in patient populations since patients with
clinically positive nodes were excluded from ACOSOG
70011 and AMAROS, or may reflect a benefit for nodal RT
in the face of limited and non-sentinel node-directed axil-
lary surgery. Fewer than 10 nodes were removed in one-
third of patients in the MA.20 study, and the median node
count was 12 [8e]. In the EORTC trial, the median number
of nodes removed in a complete ALND was 15, and 13 in a
partial dissection [9¢]. In comparison, in the ALND arms
of ACOSOG Z0011 and AMAROS, a median of 17 nodes
were removed [See, 7¢¢]. Given the modest improvement in
DFS and the lack of an OS benefit for nodal RT in the
setting of limited surgery, the magnitude of benefit with
more extensive surgery is of concern. Additionally, lym-
phedema may be a more significant problem after more
extensive ALND and nodal RT than was observed in
MA.20 or the EORTC study.

Personalized Axillary Management

Efforts to personalize axillary management have primarily
centered upon identification of patients with a heavy tumor
burden who are likely to benefit from ALND or RT, and
include the use of preoperative imaging to select axillary
treatment as well as the identification of histologic features
associated with a heavier nodal tumor burden.

Abnormal Preoperative Imaging

Prior to the adoption of ACOSOG Z0011 into clinical
practice, axillary ultrasound with biopsy of suspicious nodes
was used by many to allocate women with a clinically
negative axilla to ALND without the need for SLN biopsy. In
order to be clinically useful, axillary imaging and biopsy
need to reliably distinguish between patients with metastases
in 1 or 2 nodes who are still candidates for SLNB if they
otherwise meet ACOSOG Z0011 eligibility criteria, and
those with metastases in >3 nodes who could proceed di-
rectly to ALND. Pilewskie et al. evaluated whether abnormal
axillary imaging predicted the need for ALND in a
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prospective cohort of 425 women with T1-2, clinically node-
negative invasive breast cancer undergoing breast conser-
vation with <3 positive sentinel nodes managed according to
Z0011 criteria. All patients had a preoperative mammogram,
242 (57 %) had an axillary ultrasound, and 172 (40 %) had a
breast MRI. Abnormal nodes were seenon 7,25, and 30 % of
mammograms, ultrasounds, and MRIs, respectively. Over-
all, 71 patients (17 %) underwent completion ALND, while
354 (83 %) had 1-2 positive SLNs and had SLN biopsy
alone. Women with abnormal lymph nodes seen on preop-
erative imaging were more likely to undergo ALND com-
pared to women with no abnormal nodes identified (27-32 vs
12-15 %, respectively). Notably, almost 70 % of women
with abnormal preoperative axillary imaging were able to be
managed with SLN biopsy alone (1-2 positive SLNs) and
were spared the morbidity of ALND [24]. Pilewskie et al.
also examined whether a positive needle biopsy in women
with clinical T1-2 cancers and no palpable axillary nodes
identified a patient population requiring ALND. In this study
of 152 patients, 49 % of those with a positive needle biopsy
had metastases in only 1 or 2 axillary (as opposed to sentinel)
nodes, indicating that proceeding directly to ALND on the
basis of a positive needle biopsy will lead to overtreatment in
a minimum of 50 % of patients [25].

Extracapsular Extension

Patients with gross ECE were excluded from ACOSOG
70011, and gross ECE is generally considered an indica-
tion for nodal RT; however, the presence of microscopic
ECE was not evaluated in the study. Gooch et al. identified
1109 patients meeting ACOSOG Z0011 eligibility criteria
(T1-2, clinically node-negative invasive breast cancer, and
1-2 positive SLNs by H&E staining) treated between 2006
and 2013 [26]. ECE was identified in 331 patients; 180
(54 %) had <2 mm ECE, and 151 (46) had >2 mm ECE.
Patients with ECE had larger tumors (p < 0.0001), were
more likely to be hormone-receptor positive (p = 0.0164),
and had a higher incidence of multifocality (p = 0.0062)
and lymphovascular invasion (p < 0.0001) compared to
patients without ECE. In patients in whom completion
ALND was performed, additional positive nodes were seen
in 54 % of patients with ECE compared to 22 % of patients
without ECE (p < 0.0001). When patients were stratified
by extent of ECE, patients with >2 mm of ECE were more
likely to have additional positive non-sentinel nodes
(66.1 %) compared to patients with <2 mm ECE (42.9 %)
(p < 0.0001), and 33 % of patients with >2 mm ECE had
>4 additional positive nodes compared to 8.6 % of those
with <2 mm ECE (p < 0.0001). On multivariate analysis,
the strongest predictor of having >4 positive nodes at
completion ALND was ECE >2 mm (OR 14.2; 95 % CI
7.1-28.4; p < 0.0001) [26]. These findings suggest that
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patients with >2 mm of ECE may benefit from additional
axillary treatment with either ALND or axillary RT.

Future Directions

Selection of patients for ALND or nodal RT solely on the
basis of tumor burden ignores both differences in rates of
locoregional recurrence among breast cancer subtypes and
does not consider the variable effects of systemic therapy
among subtypes. Two different approaches are being
studied, which hold promise for individualization of ther-
apy in the future. The first is the use of genomic signatures
to identify patients at different risks of locoregional re-
currence who would benefit from more or less therapy.
Mamounas et al. examined the incidence of locoregional
recurrence postmastectomy in 1065 node-positive patients
enrolled in NSABP B28 who were treated with che-
motherapy, but not RT, in relation to the 21-gene recur-
rence score [Oncotype Dx (Genomic Health, Redwood
City, CA)], and found rates of locoregional recurrence
ranging from 3.3 to 12.3 % [27]. In the subset with in-
volvement of >4 nodes, a group traditionally considered to
require ALND and nodal RT, locoregional recurrence oc-
curred in 5.5 % of those with a low 21-gene recurrence
score compared to 23.6 % of those with a high score
(p = 0.006). Tramm et al. [28] created a genomic signature
which is both prognostic for locoregional recurrence and
predictive of the benefit of RT using patients treated in the
Danish Breast Cancer Group 82b and 82c trials. Low-risk
signatures were observed in patients with metastases in >4
nodes, and high-risk signatures in those with lower tumor
burdens, and were independent of ER, PR, and HER2
status. These signatures require validation in independent
datasets, but are a promising approach to further indi-
vidualizing treatment selection. Alternatively, since the use
of less local therapy is predicated upon the effectiveness of
systemic therapy, another approach is to use neoadjuvant
chemotherapy to identify triple-negative and HER2 posi-
tive patients who do not have a complete pathologic re-
sponse to treatment and thus are at highest risk for
locoregional recurrence [29] and would benefit from
maximal surgery and RT. This concept is currently being
tested in the NRG 9353 and Alliance A11202 trials.

Conclusion

ALND should no longer be considered standard manage-
ment for all women with nodal metastases. SLN biopsy
alone, or in combination with RT for higher-risk subgroups,
has been shown to be a safe alternative with lower morbidity
in randomized trials. While some patients derive benefit

from ALND and nodal RT based on the findings of MA.20
and EORTC 22922-10925, the modest DFS benefit and lack
of OS benefit in these studies do not justify treating all node-
positive patients with this more morbid approach. Defining
the patient subsets best treated with each of these approaches
is a critical challenge for the future.
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