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ARTICLE INFO ABSTRACT

Keywords: Introduction of sentinel lymph node biopsy, initially in clinically node-negative and subsequently in patients
Br_eaSt cancer. presenting with involved axilla and downstaged by primary systemic therapy, allowed for significant decrease in
Primary systemic therapy morbidity compared to axillary lymph node dissection. Concurrently, regional nodal irradiation was demon-

Axillary de-escalation
Sentinel lymph node biopsy
Radiation therapy

strated to improve outcomes in most node-positive patients. Additionally, over the last decades, introduction of
more effective systemic therapies has resulted in improvements not only at distant sites, but also in locoregional
control, creating space for de-escalation of locoregional treatments. We discuss the data on de-escalation in
axillary surgery and irradiation, both in patients undergoing upfront surgery and primary systemic therapy, with
special emphasis on the feasibility of omission of nodal irradiation in patients undergoing primary systemic
therapy. In view of the accumulating evidence, omission of axillary irradiation may be considered in clinically
node-positive patients converting after primary systemic therapy to pathologically negative nodes on sentinel
lymph node biopsy (preferably also with in-breast pCR), presenting with lower initial nodal stage, older age and
were treated with breast-conserving surgery followed by whole breast irradiation. Omission of regional nodal
irradiation in patients with aggressive tumor phenotypes achieving a pCR is under investigation. In patients
undergoing preoperative endocrine therapy the adoption of axillary management strategies utilized in case of
upfront surgery seems more suitable than those used in post chemotherapy-based primary systemic therapy
setting.

Abbreviations: ACOSOG, American College of Surgeons Oncology Group; ALND, axillary lymph node dissection; BC, breast cancer; BCS, breast conserving surgery;
BCT, breast conserving therapy; cNO, clinically node-negative; cN+, clinically node-positive; DBCG, Danish Breast Cancer Cooperative Group; DFS, disease-free
survival; DMFS, distant metastasis-free survival; EBCTCG, Early Breast Cancer Trialists’ Collaborative Group; EORTC, European Organisation for Research and
Treatment of Cancer; ER, estrogen receptor; IBCSG, International Breast Cancer Study Group; IMN, internal mammary nodes; ITC, isolated tumor cells; LN, lymph
node; LRR, locoregional recurrence; MSKCC, Memorial Sloan Kettering Cancer Center; NCDB, National Cancer Database; NSABP, National Surgical Adjuvant Breast
and Bowel Project; OS, overall survival; pCR, pathological complete response; PMRT, postmastectomy radiation therapy; PS(E)T, primary systemic endocrine
therapy; PST, primary systemic therapy; RNI, regional nodal irradiation; RS, Oncotype DX Breast Recurrence Score; RT, radiation therapy; SLN, sentinel lymph node;
SLNB, sentinel lymph node biopsy; WBI, whole breast irradiation.
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E. Senkus et al.
Introduction

Decades of progress in early breast cancer (BC) treatment, in
particular advances in early detection and tumor-biology-driven sys-
temic therapy have resulted in improvements in both local/distant
control and overall survival (OS) [1]. Resultant improved disease con-
trol together with the morbidity associated with locoregional treatments
have led to locoregional treatment (surgery and radiation) de-escalation
attempts, aiming to decrease treatment-related sequelae and — as a result
- improve patients’ quality-of-life.

In regional lymph node (LN) management the first steps were made
in axillary surgery. Already at the turn of the centuries sentinel lymph
node biopsy (SLNB) in clinically node-negative (cNO) patients with
omission of axillary lymph node dissection (ALND) in sentinel lymph
node (SLN)-negative patients became a standard of care [2]. Almost
twenty years later, the American College of Surgeons Oncology Group
(ACOSOG) Z0011 randomized trial demonstrated the feasibility of
ALND omission in patients with limited axillary nodal involvement (<3
positive nodes), treated with tangential breast irradiation and adjuvant
systemic therapy (Table 1) [3].

Additionally, the randomized International Breast Cancer Study
Group (IBCSG) 23-01 and AATRM 048/13/2000 trials and the single
arm SENOMIC study confirmed the safety of ALND omission in patients
with one or more micrometastatic (<2 mm) SLN [4,5,9]. More recently
the SINODAR One trial assessed the feasibility of ALND omission
following SLNB in a relatively higher risk population with clinically T1-
T2NO tumors and 1-2 SLN macrometastases, irrespective of surgery to
the primary tumor (breast-conserving surgery (BCS) vs mastectomy) [6].
At a median follow-up of 30 months, no axillary recurrences were
observed. Of note, around 20% of patients in the SLNB arm underwent
mastectomy, and the use of radiation therapy (RT) was left to treating
physician’s discretion (no details were reported). Several ongoing trials
addressing similar unmet needs are still ongoing (SENOMAC -
NCT02240472, POSNOC - NCT02401685, INSEMA - NCT02466737)
[10-12]. Finally, the AMAROS (European Organisation for Research and
Treatment of Cancer (EORTC) 0981-22023) and OTOASOR trials
confirmed comparable axillary control and a decrease in lymphoedema
(AMAROS) in cT1-2 NO SLN-positive patients treated with axillary RT,
as compared with ALND [8,13].

Interestingly, the largely forgotten National Surgical Adjuvant Breast
and Bowel Project (NSABP) B-04 trial conducted in the early 1970s, in
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patients having only clinical evaluation of preoperative nodal status and
no adjuvant systemic treatments, demonstrated no significant difference
at 25-year follow-up in terms of disease-free survival (DFS), relapse-free
survival, distant-disease-free survival, or OS in cNO patients who have
been randomly assigned to conventional radical mastectomy, total
mastectomy with postoperative regional nodal irradiation (RNI) or total
mastectomy followed by ALND at axillary recurrence [14]. Similarly,
there was no difference in outcomes between patients with clinically
positive nodes (cN+) treated by radical mastectomy or by total mas-
tectomy and RT. However, all outcomes were dramatically worse
compared to more recent findings, which makes the translation to cur-
rent practice impossible.

Genomic profiling for locoregional treatment decisions

Another approach to de-escalate axillary treatment is to select pa-
tients according to genomic profile. In the NSABP B-28 trial, which
randomized node-positive patients to more versus less aggressive post-
operative chemotherapy (AC-T vs AC) and in which no RNI was allowed,
a strong relationship between the Oncotype DX Breast Recurrence
Score® (RS) and locoregional recurrence (LRR) risk was demonstrated,
with 11.2 years risk of LRR of 3.3%. 7.2% and 12.2% for patients with
low, intermediate and high scores, respectively [15]. Similarly, among
the 316 estrogen receptor (ER)-positive, node-positive patients from the
Southwest Oncology Group trial S8814, who underwent mastectomy
without postmastectomy radiation therapy (PMRT) (252 patients) or
breast-conserving therapy (BCT) including whole breast irradiation
(WBI) (64 patients) followed by tamoxifen alone, chemotherapy fol-
lowed by tamoxifen, or concurrent tamoxifen and chemotherapy, esti-
mated 10-year cumulative LRR rates were 9.7% for low and 16.5% for
intermediate or high RS (p = .02) [16]. This difference remained sig-
nificant among postmastectomy patients, with 10-year actuarial LRR
rates of 7.7% for low vs 16.8% for intermediate or high RS (p = .03).
Importantly, in a subset of postmastectomy patients with 1-3 involved
nodes, the low RS group had only 1.5% LRR rate, suggesting a possibility
of omitting RT. It is important to remember, though, that these patients
routinely underwent ALND.

The ongoing NCIC MA.39 trial is assessing the role of RNI in ER-
positive, low genomic risk (RS <18) patients with 1-3 involved LN,
treated with modern systemic therapies (NCT03488693) [17]. However,
as the trial includes patients both after SLNB and ALND, the feasibility of

Table 1
Published/presented trials on de-escalation of axillary surgery in patients undergoing de novo surgery.
Trial Patient number SLN involvement Breast RT details Median DFS
surgery follow-up
(years)
ACOSOG 891 (target accrual <2 SLN, without gross 100% tangential fields obligatory, 51%* “high tangents”, 10 SLNB 80,2%
Z0011 [3] 1900) extranodal disease, 45% BCT 19%* “on purpose” third regional nodal irradiation ALND 78,2%
micrometastases field; irrespective of SLNB or ALND arm
IBCSG 23-01 934 (target accrual micrometastases only 90% BCT  97% of BCT patients had RT (19% intraoperative 10 SLNB 76,8%
[4] 1960) only) ALND 74,9%
AATRM 048/ 247 (target accrual micrometastases only 92% BCT  RT (breast only) in all BCT patients; high tangents 5 SLNB/ALND
13/2000 [5] 352) or axillary field not allowed 98,2%
Sinodar One 889 (target accrual 1-2 macrometastases 78% BCT  RT indication independent of the omission of 2.5 SLNB 95.15%
[6] 2000) ALDN, no details reported (projected 5-y)
ALND 93.5%
(projected 5-y)
AMAROS [7] 4823 (1425 60% macrometastases, 29% 82% BCT no ALND arm: 4 levels of the axilla 10 SLNB + RT
randomized) micrometastases, 11% ITC 78,2% (DMFS)
SLNB + ALND
81,7% (DMFS)
OTOASOR [8] 2106 (526 60% macrometastases, 36% 84% BCT no ALND arm: 4 levels of the axilla 8 SLNB + RT
randomized, 474 micrometastases, 6% ITC 77,4%
analyzed) SLNB + ALND
72,1%

ALND - axillary lymph node dissection, BCT - breast conserving therapy, ITC — isolated tumor cells, RT - radiation therapy, SLN — sentinel lymph node
* applies to patients with known RT field details (calculations extrapolated among patients with known and unknown tangent height).
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axillary de-escalation in the SLNB subgroup may be difficult to
demonstrate.

Role of axillary radiation therapy in patients undergoing
upfront surgery

A number of RT trials and population registry series have demon-
strated the benefit of RNI (Table 2).

In the Canadian MA.20 trial the addition of RNI (including internal
mammary, supraclavicular, and axillary LN) in 1832 women with node-
positive or high-risk node-negative BC treated with BCS and adjuvant
systemic therapy resulted in 10-year DFS improvement (82.0% for RNI
vs 77.0% for the control; HR 0.76; 95 %CI 0.61-0.94; p = .01), albeit
without OS difference [18]. The EORTC 22922/10925 “Internal mam-
mary” trial, which randomized 4004 patients with involved axillary
nodes and/or a medially located primary to irradiate or not the internal
mammary and medial supraclavicular LN, at a median FU of 15.7 years
showed significant reduction of BC mortality (HR 0.81; 95 %CI
0.69-0.94; p = .005) and BC recurrence (HR 0.87; 95 %CI 0.77-0.98; p
=.024), also without OS improvement (HR 0.95; 95 %CI 0.84-1.06; p =
.358) [19]. A smaller French trial randomized 1407 patients with posi-
tive axillary nodes or central/medial tumors to receive postoperative
chest wall and supraclavicular nodes irradiation with or without internal
mammary nodes (IMN). The study failed to demonstrate a statistically
significant survival benefit, although a numerical, potentially clinically
meaningful >3% difference in 10-year OS in favor of IMN irradiation
was observed and the negative interpretation of this trial may have
resulted from insufficient sample size [20]. Additionally, in a series of
3089 patients from the Danish Breast Cancer Cooperative Group (DBCG)
registry managed by a uniform policy of IMN irradiation only in patients
with right-sided tumors, a reduction in BC mortality (adjusted HR 0.85;
95 %CI 0.73-0.98; p = .03) and OS improvement in favor of IMN irra-
diation (adjusted HR 0.82; 95 %CI, 0.72-0.94; p = .005) without
increased risk of death from ischemic heart disease was observed [21].
However, the role of irradiation of particular nodal sub-volumes cannot
be evaluated based on the outcomes of these studies because of the
differences in target volumes. It is also important to remember that all
the “old” trials demonstrating BC mortality benefit from PMRT involved
RNI [22]. However, taking into account the consistent improvements in
locoregional control, resulting from modern systemic therapies, these
results might not be fully applicable to currently treated patients
[23-25].

Importantly, the Early Breast Cancer Trialists’ Collaborative Group
(EBCTCG) meta-analysis evaluating 13,404 patients in 14 RNI trials
found no effect on BC recurrence or BC mortality and increased non-BC
related mortality leading to increased overall mortality in 8 studies
starting between 1961 and 1978. In sharp contrast, RNI significantly
reduced BC recurrence, BC mortality and any death, without increased
non-BC related mortality in six studies initiated after 1989 [24].

The ACOSOG Z0011 trial demonstrated that ALND may be safely
omitted in in patients with limited axillary nodal involvement treated
with tangential field irradiation and adjuvant systemic therapy [3].
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However, the trial protocol did not specify the details of postoperative
RT. In an analysis of the ACOSOG Z0011 radiation field design, 18.9% of
patients received directed RNI using >3 fields and among >80% pa-
tients irradiated with tangential beams only, approximately 50% were
treated with so-called “high tangents” (cranial border <2 cm from hu-
meral head), leaving only approximately 40% treated with “classical”
tangential beams technique [26].

According to a study comparing dose coverage of regional LN areas
following the Z0011, AMAROS, EORTC 10981-22023 and MA-20 field
design, high tangent irradiation resulted in a similar dose distribution in
levels I and II of the axilla, as compared to the field design in the
AMAROS trial, which included intentional axillary irradiation [27]. It
also needs to be remembered that both ACOSOG Z0011 and IBCSG
23-01 enrolled relatively low-risk node-positive patients. ACOSOG
70011 allowed for inclusion of patients with <2 positive SLN, without
gross extranodal disease and no primary systemic therapy (PST). >70%
of patients in the SLNB arm had only one involved SLN and in 45% only
micrometastatic disease was present [3]. An even lower risk population
was enrolled in the IBCSG 23-01 study, which allowed for only micro-
metastatic disease and no PST. In this study 95% had involvement of
only one SLN and approximately 90% of patients underwent BCT,
including breast irradiation [4]. Importantly, although tangential-field
WBI does not assure reliable dose coverage of levels I and II of the ax-
illa, therapeutic irradiation dose is delivered to at least part of this
volume in a significant percentage of patients [28-30].

More supportive data on omission of axillary LN irradiation comes
from a prospective series from the Memorial Sloan Kettering Cancer
Center (MSKCC - New York, United States), validating the ACOSOG
70011 results in real-world setting [31]. Among the 484 patients treated
with SLNB alone with a minimum follow-up of 12 months, 103 cases
received WBI using a prone technique (which practically excludes
axillary irradiation) and only one nodal relapse (1%) was observed [31].

De-escalation of axillary treatment in patients undergoing pri-
mary systemic therapy

Surgical trials have demonstrated that in patients without clinical
nodal involvement at baseline sensitivity and long-term outcomes of
SLNB performed after PST are identical to those undergoing upfront
surgery [32,33]. However, nodal involvement was a classical indication
for ALND before the era of PST. Yet, PST allows for conversion from
limited nodal involvement (cN1) to negative nodal status (ypNO) in
approximately 40% of patients [34]. Trials attempting to define the role
of SLNB in patients presenting with nodal involvement and treated with
modern PST have demonstrated satisfactory sensitivity in the post-PST
setting, provided dual tracer is used or at least 3 SLN are identified
(Table 3) [34-39].

However, because all patients in these studies underwent ALND, long
term outcomes including the axillary recurrences after SLNB alone are
unknown. Such information was provided by a prospective MSKCC
cohort of cN1 patients receiving PST followed by a negative SLNB and no
further axillary surgery [40]. Among the 610 patients included, 234

Table 2
Published data on regional nodal irradiation (randomized trials + Danish cohort).
Trial Patient median Irradiated LN groups DFS oS Comment
number follow-up (difference between arms)
MA.20 [18] 1832 9.5 years IM, SC, AX 1(82.0%vs 77.0%,HR NS RT to operated axilla in case of <10 LN
0.76; p = .01) examined or >3 LN involved
EORTC 22922/ 4004 15.7 years IM, medial SC NS NS RT to operated axilla only if inadequate
10925 [19] surgery
DMFS NS, | BC recurrence and BC
mortality
French [20] 1334 11.3 years M NS NS
DBCG [21] 3089 8.9 years M - 1 (75.9% vs 72.2%, HR DMFS NS, | BC mortality

0.82, p = .005)

AX - axilla, BC - breast cancer, DMFS - distant metastasis-free survival, HR — hazard ratio, IM - internal mammary, LN — lymph nodes, NS - not significant, RT —

radiation therapy, SC — supraclavicular.
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Table 3
Published trials on de-escalation of axillary surgery in cN+ patients converting
to ycNO after primary systemic therapy (studies >100 patients).

Trial Patient SLN identification False negative rate
number rate
ACOSOG 71071 689 92.7% 12.6% (9.1% in patients
[35] with >2 SLN identified,

10.8% with dual tracer)
592 (Arm 80.1% 14.2% (4.9% in patients
C) with >2 SLN identified,

8.6% with dual tracer)

SENTINA [36]

SN FNAC [37] 153 87.6% 8.4% (4.9% in patients
with >2 SLN identified,
5.2% with dual tracer)

GANEA 2 [38] 307 79.5% 11.9%

Swedish [39] 195 77.9% (80.7% 14.1% (4% in patients with

with dual tracer) >2 SLN identified)
MD Anderson 150 93% 16.1%
Cancer Center
[34]

SLN - sentinel lymph node.

(42%) had >3 negative SLNs and underwent SLNB alone. Of those, 205
(88%) received postoperative RT, with 164 (80%) receiving RNI. At a
median follow-up of 35 months, there was only 1 (0.4%) axillary
recurrence, synchronous with a breast recurrence, in a patient who
refused RT. In another series of 688 consecutive cT1-3 cNO-2 patients
operated at the European Institute of Oncology (Milan, Italy)
(2000-2015), who became or remained cNO after PST and underwent
SLNB with at least one SLN found, ALND was not performed even if a
single SLN was negative and nodal RT was not mandatory [41]. Despite
less strict axillary management, including RNI only in 10.9% of <N+ BCT
patients and 37.9% of cN+ postmastectomy patients, after 9.2-year
median follow-up axillary failures occurred in only 1.8% of initially
cN1-2 and in 1.5% of initially cNO patients.

The LRR risk in PST treated patients is related to intrinsic tumor
phenotype. In the ACOSOG Z1071 the highest LRR risk was observed
among triple-negative tumors (HR 5.91 comparing to hormone-
receptor-positive BC) [42]. In the EORTC 10,994 (p53) trial the high-
est rate of LRR as first event was seen among HER2-positive tumors
treated without trastuzumab (10.4%) and triple-negative tumors (8.9%)
[43]. However, this phenomenon seems to be balanced by a good
response to PST. In the series of 751 patients treated with PST and BCT at
MD Anderson Cancer Center (Houston, United States), 5-year LRR-free
survival rate in patients with 4 main phenotypes (ER+/HER2-, ER+/
HER2+, ER-/HER2-, ER-/HER2+ ), who achieved pathological com-
plete response (pCR) ranged from 97.4% to 100% [44]. Among similarly
treated group of 335 patients from a single Korean institution, after
median 7.2 years follow-up, there were no LRRs among triple-negative
patients, who achieved a pCR [45]. Similar, 100% 5-year locoregional
control in the pCR subgroup was observed among 233 patients treated
with PST, mastectomy and postoperative RT at MSKCC [46]. Addition-
ally, in the National Cancer Database (NCDB) series of triple-negative
and HER2-positive cN+ patients, who achieved a breast pCR, the rate
of node positivity at surgery was as low as 1.6% [47]. Based on these
data, EUBREAST initiated a trial evaluating omission of SLNB in triple-
negative and HER2-positive BC patients with in-breast pCR after PST
(NCT04101851).

In patients with residual axillary nodal involvement ALND remains
standard, as even in micrometastatic disease LRR seems high even in
patients achieving breast pCR [48]. Indeed, among the 1617 patients
from the NCDB (2006-2014) and matched for patient, tumor, and
treatment characteristics, SLNB (+ RNI) was associated with signifi-
cantly lower survival, compared to ALND (+ RNI) (HR 1.7, 95 %CI
1.3-2.2, p < .001), with estimated 5-year OS of 71% and 77%, respec-
tively [49]. Exploratory subgroup analyses showed that SLNB was
comparable with ALND in patients with luminal A or B tumors with
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single metastatic LN (HR 1.03, 95 %CI 0.59-1.8, p = .91). However, in
another, more recent NCDB series (2012-2015) of 1411 ¢T1-3 N1 ypN1
patients, OS of these treated with SLNB with RNI (206 patients) and
ALND + RNI (1205 patients) did not differ (5-year OS: 76% vs. 73%, p =
.39; after propensity score matching: 79% vs. 69%, p = .33, respectively)
[501.

Another approach towards de-escalation of axillary treatment,
although with limited application outside The Netherlands due to reg-
ulatory issues, includes the combined use of PET/CT before PST and the
MARI (removal of axillary LN marked with radioactive iodine seeds)
procedure after PST [51]. According to this protocol, patients showing
1-3 FDG-avid axillary LN (cN <4) and a tumor-negative MARI node
(MARI-) receive no further axillary treatment. All cN <4 patients with a
tumor-positive MARI node (MARI+), as well as patients with >4 FDG-
avid LNs [cN(4+)] and MARI- receive locoregional RT. An ALND is
performed only for cN(4+) patients with MARI+. After 16 months of
follow-up no LRR were seen in 39 patients (24.5%) in whom no RNI was
used and only 1 - among 71 patients (44.7%) in whom ALND was
replaced by RNI, in spite of residual axillary disease at surgery.

The 2021 the St. Gallen Consensus Guidelines support the recom-
mendation for ALND in case of residual nodal macrometastases after
PST. RNI may be a potentially acceptable alternative to ALND in patients
with micrometastatic disease or isolated tumor cells. Importantly, sys-
temic treatment options such as capecitabine or trastuzumab emtansine
for residual invasive cancer are not considered equivalent alternatives to
ALND [52].

Radiation management of axilla after PST is less straightforward. As
far, as there is general agreement on no need of RNI in cNO patients
remaining pathologically node-negative (ypNO) after PST and on
avoidance of axillary irradiation in the post-ALND setting. However, the
role of axillary irradiation in patients who convert from cN+ to ypNO
after PST and are spared ALND is much less clear, and many guidelines
urge caution concerning RT tailored by response to PST [53,54]. Also,
the recently published policy review on local management following
PST for early BC does not provide much guidance on the details of RNI
[S55].

High-level evidence data from prospective, optimally randomized
studies on the role of axillary irradiation in this patient subgroup are
lacking. In this framework, recommendations have to be made from less
direct evidence. The pooled analysis of NSABP B-18 and NSABP B-27
trials provided prospective data on locoregional control in a homoge-
nous population of PST-treated patients [56]. Both trials strictly defined
the locoregional management: lumpectomy patients received breast RT
alone; mastectomy patients were not allowed RT. Axillary surgery
routinely employed ALND. Independent predictors of LRR in lumpec-
tomy patients were age, baseline clinical nodal status, and pathologic
breast tumor and nodal status; in mastectomy patients, these were
baseline clinical tumor size and nodal status, and pathologic nodal sta-
tus/breast tumor response (Fig. 1). 10-year LRR probability in mastec-
tomy patients remained <10%, irrespective of primary tumor size in
PCR patients and in clinically (pre-PST) and pathologically node-
negative patients, who failed to achieve in-breast pCR. In the lumpec-
tomy + WBI group the LRR risk was strongly age-related and the only
subgroup which LRR risk remained <10% for all age groups were cNO
patients, who achieved a pCR; slightly worse outcomes were seen in
clinically and pathologically node-negative patients, who failed to
achieve pCR in the breast and in cN+ patients who achieved a pCR. The
highest LRR risk in both subgroups was observed among pathologically
node-positive patients (HR 2.71). Interestingly, relatively lower nodal
recurrence risk was observed among BCT, as compared to mastectomy
patients, despite numerically higher recurrence rate in the ipsilateral
breast. One of the possible explanations could be that in the BCT sub-
group at least part of the nodal areas received therapeutic irradiation
doses from the tangential fields.

Finally, in the unpublished CTNeoBC metanalysis, LRR rates in
postmastectomy patients were lower in the subgroup with (3.8%) vs.
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Fig. 1. 10-year risk of locoregional recurrence for breast conserving therapy
(A) and mastectomy (B) following preoperative chemotherapy in pooled anal-
ysis of NSABP B-18 and NSABP B-27 trials [56]. ¢cN - clinical nodal status
(before preoperative chemotherapy), pCR — pathological complete response,
XRT - radiation therapy; ypN - pathologic nodal status (after preoperative
chemotherapy).

without (8.1%) pCR, irrespective of RT use, whereas in lumpectomy
patients, LRR rates were similar in patients with (6.0%) and without
(6.3%) pCR [57]. Interestingly, in hormone receptor—positive, HER2-
negative patients with a pCR low recurrence rates, regardless of grade
and type of breast surgery, were observed. Among ypN+ patients, grade
3 tumors were associated with significantly higher LRR rate than grade 1
or 2 cancers, suggesting a place for omission of RT in the latter group.
[57]. Unfortunately, information on the use and details of postoperative
RT was lacking.

Indirect information on postoperative RT efficacy in post-PST pa-
tients may be derived from population-based registries such as NCDB,
post hoc analyses of clinical trials or retrospective patient series (Table 4)
[58].

Among 10,283 cT1-3 N1 postmastectomy patients from NCDB
(2003-2011), 3040 (29.6%) converted to ypNO. The use of post-
operative RT was associated with improved OS independently of nodal
response (ypN+, HR 0.795; p < .001 and ypNO, HR 0.743; p = 0.19)
[59]. However, in another NCDB (1998-2009) series of 1560 post-
mastectomy, stage II (node-positive) or III patients who converted to
ypNO, no OS benefit was observed from postoperative RT. Although the
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Table 4
Effect of radiation therapy in cN+ patients converting to ypNO after primary
systemic therapy.

Type of breast Patient Effect of postoperative RT
surgery number (RNI for BCS patients)
NCDB mastectomy 3040 108
(2003-2011)
[59]
NCDB 1560 OS NS
(1998-2009) 1 OS in clinical stage IIIB/
[60] 11IC, T3/T4, no pCR (breast)
NCDB 7499 OS NS
(2010-2015)
[61]
NCDB 1937 OS NS
(2004-2008) 1 OS in HR- patients
[62]
Gepar Trials [63] 158 borderline | LRR
ACOSOG 71071 157 LRR, DFS, BCSS, OS NS
[35]
Chinese [64] 185 | LRR, | DM, t DFS, OS NS
KROG 12-05 [65] 151 LRR, DFS, OS NS
Institut Curie [66] 92 LRR, DFS, OS NS
MD Anderson 106 Stage I and II LRR - NS,
[671 Stage III | LRR
NCDB breast 2070 OS NS
(2003-2011) conserving
[59] surgery
ACOSOG 71071 125 LRR, DFS, BCSS, OS NS
[35]
NCDB 4842 OS NS
(2010-2015)
[61]
Centre René 84 DFS, OS NS
Huguenin [68]
KROG 12-05 [65] 251 LRR, DFS, OS NS

BSC - breast conserving surgery, BCSS — breast cancer-specific survival, DFS —
disease-free survival, DM - distant metastases, HR — hormone-receptor, LRR —
locoregional recurrence, NS - non-significant, OS — overall survival, pCR —
pathological complete response, RNI - regional nodal irradiation.

RT group patients had more advanced disease, PMRT showed no asso-
ciation with OS on multivariate analysis [60]. Significant improvement
was seen, however, in higher-risk subgroups, such as clinical stage IIIB/
IIIC disease (p = .027), T3/T4 tumors (p = 0.25) or residual invasive
disease after PST (p = .041). In a series of 16,535 postmastectomy pa-
tients (2010-2015) improvement in adjusted OS with the use of PMRT
was seen among ypN1, but not ypNO patients [61]. In another NCDB
series (2004-2008) of 8321 c¢N1-2 patients who underwent PST followed
by mastectomy and were unselected for pathological nodal status, PMRT
was associated with an OS benefit in both cN1 (5-year OS 75.8% vs.
71.9%, p < .01) and cN2 (5-year OS 69.2% vs. 58.6%, p < .01) sub-
groups [62]. In the subgroup of ypNO patients, PMRT improved OS for
hormone-receptor negative patients but not hormone-receptor positive
patients.

In a combined analysis of three German Breast Group trials (Gepar-
Trio, GeparQuattro, GeparQuinto), in 817 postmastectomy, non-
inflammatory BC patients, among whom RT was administered to 676
(82.7%), in the multivariate analysis RT was associated with borderline
lower risk of LRR (HR 0.51, 95 %CI 0.27-1.0; p = .05). This effect was
mostly expressed in ¢T3/4 and cN+ patients, including those who con-
verted to ypNO [63]. Additional risk factors for LRR included lack of ER
and progesterone receptor, and baseline nodal status. In the ACOSOG
71071 trial, where patients treated with mastectomy and ALND under-
went RT at physician’s discretion, omission of PMRT was associated
with higher LRR risk (HR 4.84; 95 %CI 1.50-15.61; p = .008) [42].
Further subset analysis demonstrated that the RT omission detriment
was limited to patients with residual node-positive disease (HR 4.14; 95
%CI 1.15-14.92; p = .030). This detrimental effect on LRR did not,
however, translate into other long-term outcomes, such as DFS, BCSS or
OS. In another series of 185 ¢T1-3 N1 BC patients, who converted to
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ypNO, treated in a single Chinese institution (Beijing, China) between
1999 and 2013, for patients with and without PMRT, the 5-year LRR,
distant metastasis, DFS and OS rates were 1.1% and 7.5% (p = .071),
5.1% and 15.0% (p = 0.023), 95.0% and 79.0% (p = 0.008), and 100.0%
and 94.5% (p = 0.089), respectively [64]. In patients with stage III
disease, the 5-year LRR and DFS rates were 1.9% and 14.4% (p = 0.041)
and 91.9% and 67.4% (p = 0.022), respectively, whereas in stage II
patients the 5-year distant metastasis and DFS rates were 0 and 11.5%
(p = 0.044), and 100.0% and 84.9% (p = 0.023), respectively. In
contrast, in a similar multicenter retrospective study from Korea (KROG
12-05) the 5-year DFS, LRRFS, and OS rates, although numerically in
favor of PMRT (91.2, 98.1, 93.3% with PMRT vs 83.0%, 92.3%, and
89.9% without PMRT), weren’t statistically different [65]. No effect
from PMRT on LRR, DFS and OS was also seen in a series from Institut
Curie (Paris, France) [66]. In a series of 226 patients from MD Anderson,
who achieved a pCR, no benefit from PMRT was seen for stage I and II
patients, however, the 10-year LRR rate was significantly improved with
PMRT for Stage III patients (7.3% for PMRT vs. 33.3% without PMRT; p
=.040) [67].

In a systematic review on the use of PMRT in post-PST patients
clinical stage II (T1-2 NO-1), age >40 years, estrogen receptor-positivity,
PCR or 0-3 positive nodes without lymphovascular invasion or extrac-
apsular extension, were identified as associated with <10% risk of LRR
without radiation [69]. No detailed information on the PMRT benefit
was provided, however, in relation to the pathological nodal status.

In BCT patients, among 5032 cT1-3 N1 undergoing PST (NCDB
2003-2011), no benefit from the addition of RNI to WBI was seen, both
in ypNO and ypN+ patients [59]. Also, in the ACOSOG Z1071, the BCT
subgroup of the KROG 12-05 and among 9474 patients from another
NCDB series (2010-2015), no benefit from RNI was observed, irre-
spective of pathological nodal status [42,61,70]. In a series of 248 ypNO
patients from Centre René Huguenin (Saint-Cloud, France) no difference
in DFS and OS in relation to the RNI use was seen both among cNO (164
patients) and cN+ (84 patients) subgroups [68]. In another Korean study
(KROG 16-06) of 261 ypNO patients (41% cN+), ALND was found to be
the only favorable factor for locoregional control and RNI had no effect
on LRR, DFS, or OS, irrespective of the response to PST [71]. The lack of
RNI benefit in BCT patients may be explained that in many of these trials
and series the routinely used tangential breast irradiation often involved
also a large part of the axilla.

Finally, a recent systematic review attempting to assess the role of
RNI in cN2 patients converting to ypNO, based on 4 retrospective studies
of 1107 patients (3 studies — postmastectomy, 1 study — BCT) demon-
strated numerical, although not statistically different improvements in
DFS (91.2% vs 83%) and LRR-free survival (98.1% vs 92.3%) from
locoregional RT [72]. Additionally, loco-regional RT was associated
with an OS benefit among patients with stage IIIB-C (79.3% vs 71.2%, p
=.027) and T3-T4 tumors (82.6% vs 76.6%, p = .025).

The current major guidelines in most cases strongly recommend RNI
(with avoidance of operated axilla) for both clinical and pathological
(yp) nodal involvement [53,54]. The only exception was the 2019 St.
Gallen Consensus, in which RNI in case of cN1 patients converting to
ypNO was recommended only in the presence of additional adverse
factors [73]. This, however, is being changed back in the 2021 edition to
a strong recommendation against omitting RNI for patients whose pre-
sented with a clinically positive axillary node(s), even when pCR is
achieved [52].

More light on the feasibility of axillary de-escalation will be shed by
ongoing phase III randomized trials in baseline cN+ patients undergoing
PST followed by surgery including SLNB. The NSABP B-51/RTOG 1304
randomizes cT1-3pN1 patients who converted to ypNO into RNI vs no
RNI (NCT01872975) [74]. In the higher risk ypN+ population the
ALLIANCE A011202 trial is evaluating omission of completion ALND in
patients undergoing RNI (NCT01901094) [75]. The main objective of
the SAKK 23-16/IBCSG 57-18/ABCSG-53/GBG 101 (TAXIS) trial is to
test the hypothesis that in mixed population of cN+ patients undergoing
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PST or upfront surgery including tailored axillary surgery, axillary RT in
pathologically node-positive patients is non-inferior to ALND in terms of
DFS (NCT03513614) [76]. The feasibility of omission of ALND and RNI
in patients with micrometastatic SLN will be assessed by the NEONOD2
trial (NCT040196780) [77]. Additionally, a Dutch Prospective Regis-
tration Study (RAPCHEM/BOOG 2010-03) (NCT01279304) evaluated
the outcome of risk-adapted irradiation policy based on the ypN status:
(1) ypNO (low-risk): WBI and no PMRT; (2) ypN1 (intermediate-risk): RT
to breast or chest wall, in case of no ALND: RT to level I and II of the
axilla; (3) ypN2 (high-risk): RT to breast or chest wall and regional LN
(excluding operated axilla) [78]. The assessment of the chosen policy in
this study may, however, be hampered by many deviations from the RT
protocol observed, especially in intermediate-risk patients.

In view of the accumulating evidence, omission of axillary RT in
cN+, post-PST patients undergoing SLNB may be considered in patients
with ypNO (preferably also with in-breast pCR), lower initial N stage,
older age and treated with BCS followed by WBI. RNI may probably also
be omitted in patients with aggressive tumor phenotypes achieving a
PCR (Table 5).

A practice of selecting patients for RNI based on ypN status after PST
is, however, already existing, as demonstrated among 26,009 patients
from the NCDB (2010-2015) [61]. Over the observed time-period, the
use of RNI among ypN1 patients increased from 49% to 59%, whereas it
remained stable at approximately 44% among ypNO patients.

Finally, it should be stressed, that axillary RT, if indicated, should
routinely be applied only to the unoperated part of the axilla, given that
most failures occur in the unoperated part of the nodal drainage area and
that adding RT to surgery increases lymphoedema rates [18,19].

Axillary de-escalation after primary (neoadjuvant) endocrine
therapy (PS(E)T)

Chemotherapy-based PST in ER-positive, HER2-negative patients is
related to lowest pCR rates among all BC phenotypes [79]. Also, the
nodal pCR rate in this subgroup remains the lowest [80]. The pCR rates
after PS(E)T are even lower, differing from 4.1 to <10% after PS(E)T vs.
15.6% after chemotherapy [81,82].

No standards exist regarding axillary management following residual
disease after PS(E)T and it is often assumed that it should mirror that
after chemotherapy-based PST. As the probability of conversion of cN+
to ypNO after PS(E)T is very low, the recommendations applying to
situation after chemotherapy-based PST may not be applicable here.
Additionally, it needs to be remembered that patients undergoing sur-
gery after chemotherapy-based PST have in most cases already
completed all planned treatment of this particular modality (i.e., no
further improvement in outcome from this treatment can be expected),
whereas in case of PS(E)T the patients usually have finished only few
months out of 5-10 years of endocrine treatment planned and the
pathological status at surgery does not reflect the efficacy of fully
completed treatment. Furthermore, patients with gross nodal involve-
ment are likely to additionally receive adjuvant chemotherapy.

Unfortunately, none of the PS(E)T trials have evaluated the type and
outcomes of axillary management. A hypothesis generated by the group
from Dana Farber/Brigham and Women’s Cancer Center (Boston, United
States), that minimal residual nodal burden after PS(E)T would not have
a detrimental impact on long-term outcomes, because patients selected
for PS(E)T have not received their full systemic therapy at the time of
surgery resulted in a comparative analysis of patients undergoing
upfront vs post-PS(E)T surgery in relation to pathological nodal status
[83]. In a series of 3406 PS(E)T-treated patients, matched in a pro-
pensity score analysis for clinical characteristics of age, race, clinical
tumor and nodal stage, histology, grade, type of surgery, and presence of
lymphovascular invasion with same number of patients undergoing
upfront surgery, 5-year OS between patients from both cohorts was
similar for all analyzed nodal stages. Another analysis from the same
group demonstrated that in the NCDB cohort of PS(E)T patients there
was no difference in 5-year estimated OS by type of axillary surgery
(SLNB vs ALND) in any residual nodal disease burden subgroup (ypNO;
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Table 5

Recommendations for axillary lymph node dissection and irradiation of axillary nodal volumes in relation to pathological nodal status in cN+ patients converting to
ycNO after primary systemic therapy and sentinel lymph node biopsy /targeted axillary dissection.

Risk ypNO
group
PST (ChT or Low Axillary RT: level I and II; consider RNI omission

ET) if WBI or chest wall RT
High Axillary RT: level I-IV

ypNO(i+), ypN1lmi  ypN1 <2 ypN1 >3

Axillary RT: level I~ ALND, if not: axillary RT: level I and
and II I

Axillary RT: level ALND + axillary RT: non-resected
-1V part up to level IV

ALND + axillary RT: non-resected
part up to level IV
ALND + axillary RT: non-resected
part up to level IV

ALND - axillary lymph node dissection; PST - primary systemic therapy; SLNB — sentinel lymph node biopsy; TAD - targeted axillary dissection; ChT — chemotherapy;
ET - endocrine therapy; RNI - regional nodal irradiation; RT - radiation therapy; WBI — whole breast irradiation.

Note: Lymph node levels covered should be according to the lymph node levels involved, extent of surgery, and lymph node levels at risk for residual subclinical
disease. The absolute number of nodes excised is not a true indicator of the axillary lymph node level reached at time of surgery (e.g., 10 lymph nodes excised does not
mean that all level 1 and 2 lymph nodes were dissected). The radiation therapy volumes should be defined based on evaluation of the pre-treatment and post-treatment
imaging, changes seen on radiation planning CT and if in doubt, after consulting the surgeon. If medially/centrally located tumor with indication for axillary radiation

therapy up to level IV, strongly consider internal mammary nodes irradiation

Risk group definition:
e Low Risk: <2 cN+ before PST AND complete response in the breast AND age >40

e High Risk: >2 cN+ before PST AND/OR TNBC AND/OR incomplete response in the breast AND/OR age <40.

1-2 positive nodes; >3 positive nodes) [84]. It needs to be remembered,
however, that due to pattern of relapse of luminal tumors characterized
by late recurrences, 5-year OS may be not the optimal end point.

Thus, as survival outcomes for PS(E)T patients are more resembling
patients undergoing upfront surgery rather than patients treated with
chemotherapy-based PST and the prognostic significance of residual
nodal disease after PS(E)T mirrors that after upfront surgery, in this
patient population the adoption of axillary management strategies uti-
lized in case of upfront surgery may be more appropriate than those used
in post chemotherapy-based PST setting.

Conclusions

One of the goals in treating BC patients should be to tailor the tri-
modality treatment according to the risk of recurrence, this will allow
to reduce morbidity associated with therapy and costs without
compromising outcomes. Decreasing the intensity of regional manage-
ment of the axilla started with trials of SLNB in patients undergoing
upfront surgery and significantly progressed with the wide diffusion of
PST. Conversion of cN+ disease into ypNO allows for reduction in the
extent of axillary dissection, and — in some cases — probably also in the
use and extent of postoperative RT. It needs to be remembered, however,
that, as reported by the EBCTCG metanalysis, the introduction of PST
initially resulted in increased LRR rates, most probably resulting from
reducing extent of locoregional treatments following disease down-
staging [85]. Another pitfall of available data suggesting possible further
de-escalation of axillary management is that most come from retro-
spective analyses, which are statistically underpowered and no final
conclusions can be made before results from ongoing prospective ran-
domized trials become available. Another possible approach towards
therapeutic de-escalation while maintaining very low LRR rates in pa-
tients at low risk of distant relapses, is the reduction of systemic therapy
utilization combined with optimal locoregional control by RT.

Extreme caution should be taken, however, when deciding about
omission of particular therapeutic components. We encourage strongly
to conduct this de-escalation process in a stepwise manner, carefully
monitoring for increased LRR rates. This should be accompanied by
collecting relevant patient-, tumor- and treatment-related data to allow
for fully informed evaluation of treatment de-escalation outcomes. For
this, enrollment of patients preferably into prospective controlled ran-
domized studies or, if not feasible, into high-quality registries is of
utmost importance.

Funding

This research did not receive any specific grant from funding

agencies in the public, commercial, or not-for-profit sectors.
CRediT authorship contribution statement

Elzbieta Senkus: Conceptualization, Methodology, Project admin-
istration, Writing — original draft. Maria Joao Cardoso: Investigation,
Writing — review & editing. Orit Kaidar-Person: Investigation, Writing
- review & editing. Aleksandra Lacko: Investigation, Writing — original
draft. Icro Meattini: Investigation, Writing — review & editing. Philip
Poortmans: Investigation, Writing — review & editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1] Allemani C, Matsuda T, di Carlo V, Harewood R, Matz M, Niksi¢ M, et al. Global
surveillance of trends in cancer survival 2000-14 (CONCORD-3): analysis of
individual records for 37 513 025 patients diagnosed with one of 18 cancers from
322 population-based registries in 71 countries. The Lancet 2018;391. 10.1016/
S0140-6736(17)33326-3.

[2] Veronesi U, Zurrida S. Optimal surgical treatment of breast cancer. The Oncologist

1996;1. 10.1634/theoncologist.1-6-340.

Giuliano AE, Ballman K v., McCall L, Beitsch PD, Brennan MB, Kelemen PR, et al.

Effect of axillary dissection vs no axillary dissection on 10-year overall survival

among women with invasive breast cancer and sentinel node metastasis: The

ACOSOG Z0011 (Alliance) randomized clinical trial. JAMA - J Am Med Assoc

2017;318. 10.1001/jama.2017.11470.

[4] Galimberti V, Cole BF, Viale G, Veronesi P, Vicini E, Intra M, et al. Axillary
dissection versus no axillary dissection in patients with breast cancer and sentinel-
node micrometastases (IBCSG 23-01): 10-year follow-up of a randomised,
controlled phase 3 trial. Lancet Oncol 2018;19. https://doi.org/10.1016/51470-
2045(18)30380-2.

[5] Sold M, Alberro JA, Fraile M, Santesteban P, Ramos M, Fabregas R, et al. Complete

axillary lymph node dissection versus clinical follow-up in breast cancer patients

with sentinel node micrometastasis: Final results from the multicenter clinical trial

AATRM 048/13/2000. Ann Surgical Oncology 2013;20. 10.1245/510434-012-

2569-y.

Tinterri C, Marrazzo E, Anghelone C, Barbieri E, Sagona A, Bottini A, et al. Abstract

PD4-01: Preservation of axillary lymph nodes compared to complete dissection in

T1-T2 breast cancer patients presenting 1-2 metastatic sentinel lymph nodes : A

multicenter randomized clinical trial. Sinodar One 2021. https://doi.org/10.1158/

1538-7445.sabcs20-pd4-01.

[7] Rutgers E, Donker M, Poncet C, Straver M, Meijnen P, van de Velde C, et al.
Abstract GS4-01: Radiotherapy or surgery of the axilla after a positive sentinel
node in breast cancer patients: 10 year follow up results of the EORTC AMAROS
trial (EORTC 10981,/22023), 2019. 10.1158/1538-7445.sabcs18-gs4-01.

[8] Savolt Péley G, Polgar C, Udvarhelyi N, Rubovszky G, Kovacs E, et al. Eight-year
follow up result of the OTOASOR trial: The optimal treatment of the axilla —
surgery or radiotherapy after positive sentinel lymph node biopsy in early-stage
breast cancer: a randomized, single centre, phase III, non-inferiority trial. Eur J
Surg Oncol 2017;43. https://doi.org/10.1016/].js0.2016.12.011.

[3

=

[6

[}


https://doi.org/10.1016/S1470-2045(18)30380-2
https://doi.org/10.1016/S1470-2045(18)30380-2
https://doi.org/10.1158/1538-7445.sabcs20-pd4-01
https://doi.org/10.1158/1538-7445.sabcs20-pd4-01
https://doi.org/10.1016/j.ejso.2016.12.011

E. Senkus et al.

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Andersson Y, Bergkvist L, Frisell J, de Boniface J. Omitting completion axillary
lymph node dissection after sentinel node micrometastases in breast cancer — first
results from the Swedish prospective SENOMIC trial. Eur J Cancer 2020;138.
https://doi.org/10.1016,/50959-8049(20)30537-2.

de Boniface J, Frisell J, Andersson Y, Bergkvist L, Ahlgren J, Rydén L, et al.
Survival and axillary recurrence following sentinel node-positive breast cancer
without completion axillary lymph node dissection: The randomized controlled
SENOMAC trial. BMC Cancer 2017;17. https://doi.org/10.1186/512885-017-
3361-y.

Goyal A, Dodwell D. POSNOC: A randomised trial looking at axillary treatment in
women with one or two sentinel nodes with macrometastases. Clin Oncol 2015;27.
10.1016/j.clon.2015.07.005.

Comparison of Axillary Sentinel Lymph Node Biopsy Versus no Axillary Surgery
(INSEMA) (NCT02466737). Https://ClinicaltrialsGov/Ct2/Show/Results/
NCT02466737 n.d.

Donker M, van Tienhoven G, Straver ME, Meijnen P, van de Velde CJH, Mansel RE,
et al. Radiotherapy or surgery of the axilla after a positive sentinel node in breast
cancer (EORTC 10981-22023 AMAROS): A randomised, multicentre, open-label,
phase 3 non-inferiority trial. The Lancet Oncology 2014;15. 10.1016/S1470-2045
(14)70460-7.

Fisher B, Jeong J-H, Anderson S, Bryant J, Fisher ER, Wolmark N. Twenty-five-year
follow-up of a randomized trial comparing radical mastectomy, total mastectomy,
and total mastectomy followed by irradiation. N Engl J Med 2002;347. https://doi.
org/10.1056/nejmoa020128.

Mamounas EP, Liu Q, Paik S, Baehner FL, Tang G, Jeong JH, et al. 21-gene
recurrence score and locoregional recurrence in node-positive/ER-positive breast
cancer treated with chemo-endocrine therapy. J Natl Cancer Inst 2017;109.
https://doi.org/10.1093/jnci/djw259.

Woodward WA, Barlow WE, Jagsi R, Buchholz TA, Shak S, Baehner F, et al.
Association between 21-gene assay recurrence score and locoregional recurrence
rates in patients with node-positive breast cancer. JAMA Oncology 2020;6. https://
doi.org/10.1001/jamaoncol.2019.5559.

Parulekar WR, Berrang T, Kong I, Rakovitch E, Theberge V, Gelmon KA, et al. Cctg
MA.39 tailor RT: A randomized trial of regional radiotherapy in biomarker low-risk
node-positive breast cancer (NCT03488693). J Clin Oncol 2019;37. https://doi.
0rg/10.1200/jc0.2019.37.15_suppl.tps602.

Whelan TJ, Olivotto IA, Parulekar WR, Ackerman I, Chua BH, Nabid A, et al.
Regional nodal irradiation in early-stage breast cancer. N Engl J Med 2015;373.
https://doi.org/10.1056/nejmoal415340.

Poortmans PM, Weltens C, Fortpied C, Kirkove C, Peignaux-Casasnovas K,
Budach V, et al. Internal mammary and medial supraclavicular lymph node chain
irradiation in stage I-III breast cancer (EORTC 22922/10925): 15-year results of a
randomised, phase 3 trial. Lancet Oncol 2020;21. https://doi.org/10.1016/51470-
2045(20)30472-1.

Hennequin C, Bossard N, Servagi-Vernat S, Maingon P, Dubois JB, Datchary J, et al.
Ten-year survival results of a randomized trial of irradiation of internal mammary
nodes after mastectomy. Int J Radiat Oncol Biol Phys 2013;86. https://doi.org/
10.1016/j.ijrobp.2013.03.021.

Thorsen LBJ, Offersen BV, Dang H, Berg M, Jensen I, Pedersen AN, et al. DBCG-
IMN: A population-based cohort study on the effect of internal mammary node
irradiation in early node-positive breast cancer. J Clin Oncol 2016;34. https://doi.
org/10.1200/JCO.2015.63.6456.

McGale P, Taylor C, Correa C, Cutter D, Duane F, Ewertz M, et al. Effect of
radiotherapy after mastectomy and axillary surgery on 10-year recurrence and 20-
year breast cancer mortality: Meta-analysis of individual patient data for 8135
women in 22 randomised trials. The Lancet 2014;383. https://doi.org/10.1016/
S0140-6736(14)60488-8.

Abe O, Abe R, Enomoto K, Kikuchi K, Koyama H, Masuda H, et al. Effects of
chemotherapy and hormonal therapy for early breast cancer on recurrence and 15-
year survival: An overview of the randomised trials. Lancet 2005;365. https://doi.
org/10.1016/50140-6736(05)66544-0.

Dodwell D, Taylor C, McGale P, Coles C, Duane F, Gray R, et al. Abstract G54-02:
Regional lymph node irradiation in early stage breast cancer: An EBCTCG meta-
analysis of 13,000 women in 14 trials. General Session Abstracts, American
Association for Cancer Research; 2019, p. GS4-02-GS4-02. 10.1158/1538-7445.
SABCS18-GS4-02.

Romond EH, Perez EA, Bryant J, Suman VJ, Geyer CE, Davidson NE, et al.
Trastuzumab plus adjuvant chemotherapy for operable HER2-positive breast
cancer. N Engl J Med 2005;353. https://doi.org/10.1056/nejmoa052122.

Jagsi R, Chadha M, Moni J, Ballman K, Laurie F, Buchholz TA, et al. Radiation field
design in the ACOSOG Z0011 (Alliance) trial. J Clin Oncol 2014;32. https://doi.
org/10.1200/JC0O.2014.56.5838.

Borm KJ, Oechsner M, Diisberg M, Buschner G, Weber W, Combs SE, et al.
Irradiation of regional lymph node areas in breast cancer — Dose evaluation
according to the Z0011, AMAROS, EORTC 10981-22023 and MA-20 field design.
Radiotherapy and Oncology 2020;142. 10.1016/j.radonc.2019.08.021.
Rabinovitch R, Ballonoff A, Newman F, Finlayson C. Evaluation of breast sentinel
lymph node coverage by standard radiation therapy fields. Int J Radiat Oncol Biol
Phys 2008;70. https://doi.org/10.1016/j.ijrobp.2007.08.064.

Witucki G, Degregorio N, Rempen A, Schwentner L, Bottke D, Janni W, et al.
Evaluation of sentinel lymph node dose distribution in 3D conformal radiotherapy
techniques in 67 pNO breast cancer patients. Int J Breast Cancer 2015;2015.
10.1155/2015/539842.

van Roozendaal LM, Schipper RJ, Smit LHM, Brans BT, Beets-Tan RGH, Lobbes
MBI, et al. Three-dimensional breast radiotherapy and the elective radiation dose

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Cancer Treatment Reviews 101 (2021) 102297

at the sentinel lymph node site in breast cancer. Ann Surgical Oncol 2015;22.
10.1245/510434-015-4413-7.

Morrow M, van Zee KJ, Patil S, Petruolo O, Mamtani A, Barrio A v., et al. Axillary
dissection and nodal irradiation can be avoided for most node-positive Z0011-
eligible breast cancers: a prospective validation study of 793 patients. Ann Surg
2017;266. 10.1097/SLA.0000000000002354.

Xing Y, Foy M, Cox DD, Kuerer HM, Hunt KK, Cormier JN. Meta-analysis of sentinel
lymph node biopsy after preoperative chemotherapy in patients with breast cancer.
Br J Surg 2006;93. https://doi.org/10.1002/bjs.5209.

Hunt KK, Yi M, Mittendorf EA, Guerrero C, Babiera G v., Bedrosian I, et al. Sentinel
lymph node surgery after neoadjuvant chemotherapy is accurate and reduces the
need for axillary dissection in breast cancer patients. Ann Surg 2009;250. 10.1097/
SLA.0b013e3181b8fd5e.

Alvarado R, Yi M, Le-Petross H, Gilcrease M, Mittendorf EA, Bedrosian I, et al. The
role for sentinel lymph node dissection after neoadjuvant chemotherapy in patients
who present with node-positive breast cancer. Ann Surgical Oncology 2012;19.
10.1245/510434-012-2484-2.

Boughey JC, Suman VJ, Mittendorf EA, Ahrendt GM, Wilke LG, Taback B, et al.
Factors affecting sentinel lymph node identification rate after neoadjuvant
chemotherapy for breast cancer patients enrolled in ACOSOG Z1071 (alliance).
Ann Surg 2015;261. 10.1097/SLA.0000000000000551.

Kuehn T, Bauerfeind I, Fehm T, Fleige B, Hausschild M, Helms G, et al. Sentinel-
lymph-node biopsy in patients with breast cancer before and after neoadjuvant
chemotherapy (SENTINA): A prospective, multicentre cohort study. Lancet Oncol
2013;14. https://doi.org/10.1016/51470-2045(13)70166-9.

Boileau JF, Poirier B, Basik M, Holloway CMB, Gaboury L, Sideris L, et al. Sentinel
node biopsy after neoadjuvant chemotherapy in biopsy-proven node-positive
breast cancer: The SN FNAC study. J Clin Oncol 2015;33. https://doi.org/10.1200/
JCO.2014.55.7827.

Classe JM, Loaec C, Gimbergues P, Alran S, de Lara CT, Dupre PF, et al. Sentinel
lymph node biopsy without axillary lymphadenectomy after neoadjuvant
chemotherapy is accurate and safe for selected patients: the GANEA 2 study. Breast
Cancer Res Treat 2019;173. https://doi.org/10.1007/s10549-018-5004-7.
Zetterlund LH, Frisell J, Zouzos A, Axelsson R, Hatschek T, de Boniface J, et al.
Swedish prospective multicenter trial evaluating sentinel lymph node biopsy after
neoadjuvant systemic therapy in clinically node-positive breast cancer. Breast
Cancer Res Treat 2017;163. https://doi.org/10.1007/s10549-017-4164-1.

Barrio A v, Montagna G, Mamtani A, Sevilimedu V, Cody HS, El-Tamer M, et al.
Abstract PD4-05: Axillary recurrence is a rare event in node-positive patients.
treated with sentinel node biopsy alone after neoadjuvant chemotherapy: Results
of a prospective study, 2021. 10.1158/1538-7445.sabcs20-pd4-05.
Kahler-Ribeiro-Fontana S, Pagan E, Magnoni F, Vicini E, Morigi C, Corso G, et al.
Long-term standard sentinel node biopsy after neoadjuvant treatment in breast
cancer: a single institution ten-year follow-up. Eur J Surg Oncol 2021;47. https://
doi.org/10.1016/j.€js0.2020.10.014.

Haffty BG, McCall LM, Ballman K v., Buchholz TA, Hunt KK, Boughey JC. Impact of
radiation on locoregional control in women with node-positive breast cancer
treated with neoadjuvant chemotherapy and axillary lymph node dissection:
results from ACOSOG Z1071 clinical trial. Int J Radiation Oncology Biol Phys
2019;105. 10.1016/j.ijrobp.2019.04.038.

Gillon P, Touati N, Breton-Callu C, Slaets L, Cameron D, Bonnefoi H. Factors
predictive of locoregional recurrence following neoadjuvant chemotherapy in
patients with large operable or locally advanced breast cancer: An analysis of the
EORTC 10994/BIG 1-00 study. Eur J Cancer 2017;79. https://doi.org/10.1016/j.
€jca.2017.04.012.

Swisher SK, Vila J, Tucker SL, Bedrosian I, Shaitelman SF, Litton JK, et al.
Locoregional control according to breast cancer subtype and response to
neoadjuvant chemotherapy in breast cancer patients undergoing breast-conserving
therapy. Ann Surgical Oncol 2016;23. 10.1245/510434-015-4921-5.

Jwa E, Shin KH, Kim JY, Park YH, Jung SY, Lee ES, et al. Locoregional recurrence
by tumor biology in breast cancer patients after preoperative chemotherapy and
breast conservation treatment. Cancer Res Treatment 2016;48. https://doi.org/
10.4143/crt.2015.456.

Yang TJ, Morrow M, Modi S, Zhang Z, Krause K, Siu C, et al. The effect of molecular
subtype and residual disease on locoregional recurrence in breast cancer patients
treated with neoadjuvant chemotherapy and postmastectomy radiation. Ann
Surgical Oncol 2015;22. 10.1245/510434-015-4697-7.

Barron AU, Hoskin TL, Day CN, Hwang ES, Kuerer HM, Boughey JC. Association of
low nodal positivity rate among patients with ERBB2 -positive or triple-negative
breast cancer and breast pathologic complete response to neoadjuvant
chemotherapy. JAMA Surg 2018;153. https://doi.org/10.1001/
jamasurg.2018.2696.

Garcia Torralba E, de la Morena P, Garcia Gomez M, Ivars Rubio A, Garcia
Martinez E, Garcia-Garre E, et al. High-risk of recurrence for nodal micrometastasis
with breast pathologic complete response (ypT0/Tis ypN1mi) after neoadjuvant
chemotherapy. J Clin Oncol 2020;38. https://doi.org/10.1200/jc0.2020.38.15_
suppl.e12524.

Almahariq MF, Levitin R, Quinn TJ, Chen PY, Dekhne N, Kiran S, et al. Omission of
axillary lymph node dissection is associated with inferior survival in breast cancer
patients with residual N1 Nodal disease following neoadjuvant chemotherapy. Ann
Surgical Oncol 2021;28. 10.1245/510434-020-08928-2.

Kharouta MZ, Damico N, Miller M, Harris EE, Lyons J. Impact of Axillary Lymph
Node Dissection (ALND) on survival in patients with ypN1 breast cancer that
receive regional nodal irradiation (RNI): A national cancer database (NCDB)
analysis. Int J Radiation Oncol Biol Phys 2020;108. 10.1016/j.
ijrobp.2020.07.1140.


https://doi.org/10.1016/S0959-8049(20)30537-2
https://doi.org/10.1186/s12885-017-3361-y
https://doi.org/10.1186/s12885-017-3361-y
https://doi.org/10.1056/nejmoa020128
https://doi.org/10.1056/nejmoa020128
https://doi.org/10.1093/jnci/djw259
https://doi.org/10.1001/jamaoncol.2019.5559
https://doi.org/10.1001/jamaoncol.2019.5559
https://doi.org/10.1200/jco.2019.37.15_suppl.tps602
https://doi.org/10.1200/jco.2019.37.15_suppl.tps602
https://doi.org/10.1056/nejmoa1415340
https://doi.org/10.1016/S1470-2045(20)30472-1
https://doi.org/10.1016/S1470-2045(20)30472-1
https://doi.org/10.1016/j.ijrobp.2013.03.021
https://doi.org/10.1016/j.ijrobp.2013.03.021
https://doi.org/10.1200/JCO.2015.63.6456
https://doi.org/10.1200/JCO.2015.63.6456
https://doi.org/10.1016/S0140-6736(14)60488-8
https://doi.org/10.1016/S0140-6736(14)60488-8
https://doi.org/10.1016/S0140-6736(05)66544-0
https://doi.org/10.1016/S0140-6736(05)66544-0
https://doi.org/10.1056/nejmoa052122
https://doi.org/10.1200/JCO.2014.56.5838
https://doi.org/10.1200/JCO.2014.56.5838
https://doi.org/10.1016/j.ijrobp.2007.08.064
https://doi.org/10.1002/bjs.5209
https://doi.org/10.1016/S1470-2045(13)70166-9
https://doi.org/10.1200/JCO.2014.55.7827
https://doi.org/10.1200/JCO.2014.55.7827
https://doi.org/10.1007/s10549-018-5004-7
https://doi.org/10.1007/s10549-017-4164-1
https://doi.org/10.1016/j.ejso.2020.10.014
https://doi.org/10.1016/j.ejso.2020.10.014
https://doi.org/10.1016/j.ejca.2017.04.012
https://doi.org/10.1016/j.ejca.2017.04.012
https://doi.org/10.4143/crt.2015.456
https://doi.org/10.4143/crt.2015.456
https://doi.org/10.1001/jamasurg.2018.2696
https://doi.org/10.1001/jamasurg.2018.2696
https://doi.org/10.1200/jco.2020.38.15_suppl.e12524
https://doi.org/10.1200/jco.2020.38.15_suppl.e12524

E. Senkus et al.

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

van der Noordaa MEM, van Duijnhoven FH, Straver ME, Groen EJ, Stokkel M, Loo
CE, et al. Major reduction in axillary lymph node dissections after neoadjuvant
systemic therapy for node-positive breast cancer by combining PET/CT and the
MARI procedure. Ann Surgical Oncol 2018;25. 10.1245/510434-018-6404-y.
Burstein HJ, Curigliano G, Thiirlimann B, Weber WP, Poortmans P, Regan M, et al.
CUSTOMIZING LOCAL AND SYSTEMIC THERAPIES FOR WOMEN WITH EARLY
BREAST CANCER: The St. Gallen International Consensus Guidelines for treatment
of early breast cancer 2021. Ann Oncology 2021. 10.1016/j.annonc.2021.06.023.
NCCN Clinical Practice Guidelines in Oncology. Breast cancer. Version 4.2021-
April 28, 2021. Https://WwwNccenOrg/Professionals/Physician_Gls/Pdf/BreastPdf
n.d.

Gandhi A, Coles C, Makris A, Provenzano E, Goyal A, Maxwell AJ, et al. Axillary
surgery following neoadjuvant chemotherapy — multidisciplinary guidance from
the association of breast surgery, faculty of clinical oncology of the royal college of
radiologists, UK breast cancer group, national coordinating committee for breast
pathology and British society of breast radiology. Clin Oncol 2019;31. https://doi.
org/10.1016/j.clon.2019.05.021.

Dubsky P, Pinker K, Cardoso F, Montagna G, Ritter M, Denkert C, et al. Breast
conservation and axillary management after primary systemic therapy in patients
with early-stage breast cancer: the Lucerne toolbox. Lancet Oncol 2021;22. https://
doi.org/10.1016/51470-2045(20)30580-5.

Mamounas EP, Anderson SJ, Dignam JJ, Bear HD, Julian TB, Geyer CE, et al.
Predictors of locoregional recurrence after neoadjuvant chemotherapy: Results
from combined analysis of national surgical adjuvant breast and bowel project B-
18 and B-27. J Clin Oncol 2012;30. https://doi.org/10.1200/JC0O.2011.40.8369.
Mamounas EP, Cortazar P, Zhang L, von Minckwitz G, Mehta K, Cameron DA, et al.
Locoregional recurrence (LRR) after neoadjuvant chemotherapy (NAC): Pooled-
analysis results from the Collaborative Trials in Neoadjuvant Breast Cancer
(CTNeoBC). J Clin Oncol 2014;32. https://doi.org/10.1200/jc0.2014.32.26_
suppl.61.

Montero A, Ciérvide R, Poortmans P. When can we avoid postmastectomy
radiation following primary systemic therapy? Curr Oncol Rep 2019;21. https://
doi.org/10.1007/s11912-019-0850-y.

Rusthoven CG, Rabinovitch RA, Jones BL, Koshy M, Amini A, Yeh N, et al. The
impact of postmastectomy and regional nodal radiation after neoadjuvant
chemotherapy for clinically lymph node-positive breast cancer: A national cancer
database (NCDB) analysis. Ann Oncol 2016;27. 10.1093/annonc/mdw046.

Liu J, Mao K, Jiang S, Jiang W, Chen K, Kim BYS, et al. The role of postmastectomy
radiotherapy in clinically nodepositive, stage II-III breast cancer patients with
pathological negative nodes after neoadjuvant chemotherapy: An analysis from the
NCDB. Oncotarget 2016;7. 10.18632/oncotarget.6664.

Fayanju OM, Ren Y, Suneja G, Thomas SM, Greenup RA, Plichta JK, et al. Nodal
response to neoadjuvant chemotherapy predicts receipt of radiation therapy after
breast cancer diagnosis. Int J Radiat Oncol Biol Phys 2020;106. https://doi.org/
10.1016/j.ijrobp.2019.10.039.

Kantor O, Pesce C, Singh P, Miller M, Tseng J, Wang CH, et al. Post-mastectomy
radiation therapy and overall survival after neoadjuvant chemotherapy. J Surg
Oncol 2017;115. https://doi.org/10.1002/js0.24551.

Krug D, Lederer B, Seither F, Nekljudova V, Ataseven B, Blohmer JU, et al. Post-
mastectomy radiotherapy after neoadjuvant chemotherapy in breast cancer: a
pooled retrospective analysis of three prospective randomized trials. Ann Surgical
Oncol 2019;26. 10.1245/510434-019-07635-x.

Rong QL, Wang SL, Tang Y, Jin J, Song YW, Wang WH, et al. The role of
postmastectomy radiotherapy in clinical T1-3N1MO breast cancer patients with
pathological negative lymph nodes after neoadjuvant chemotherapy and
mastectomy. Zhonghua Zhong Liu Za Zhi [Chinese Journal of Oncology] 2017;39.
10.3760/cma.j.issn.0253-3766.2017.06.009.

Shim SJ, Park W, Huh SJ, Choi DH, Shin KH, Lee NK, et al. The role of
postmastectomy radiation therapy after neoadjuvant chemotherapy in clinical
stage II-III breast cancer patients with pNO: A multicenter, retrospective study
(KROG 12-05). Int J Radiat Oncol Biol Phys 2014;88. https://doi.org/10.1016/j.
ijrobp.2013.09.021.

le Scodan R, Selz J, Stevens D, Bollet MA, de La Lande B, Daveau C, et al.
Radiotherapy for stage II and stage III breast cancer patients with negative lymph
nodes after preoperative chemotherapy and mastectomy. Int J Radiat Oncol Biol
Phys 2012;82. https://doi.org/10.1016/j.ijrobp.2010.12.054.

McGuire SE, Gonzalez-Angulo AM, Huang EH, Tucker SL, Kau SWC, Yu TK, et al.
Postmastectomy radiation improves the outcome of patients with locally advanced
breast cancer who achieve a pathologic complete response to neoadjuvant
chemotherapy. Int J Radiat Oncol Biol Phys 2007;68. https://doi.org/10.1016/j.
ijrobp.2007.01.023.

Daveau C, Stevens D, Brain E, Berges O, Villette S, Moisson P, et al. Is regional
lymph node irradiation necessary in stage II to III breast cancer patients with

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

771

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

Cancer Treatment Reviews 101 (2021) 102297

negative pathologic node status after Neoadjuvant chemotherapy? Int J Radiat
Oncol Biol Phys 2010;78. https://doi.org/10.1016/j.ijrobp.2009.08.053.

Fowble BL, Einck JP, Kim DN, McCloskey S, Mayadev J, Yashar C, et al. Role of
postmastectomy radiation after neoadjuvant chemotherapy in stage II-III breast
cancer. Int J Radiation Oncol Biol Phys 2012;83. 10.1016/j.ijrobp.2012.01.068.
Noh JM, Park W, Suh CO, Keum KC, Kim YB, Shin KH, et al. Is elective nodal
irradiation beneficial in patients with pathologically negative lymph nodes after
neoadjuvant chemotherapy and breast-conserving surgery for clinical stage II-IIT
breast cancer? A multicentre retrospective study (KROG 12-05). Br J Cancer 2014;
110. https://doi.org/10.1038/bjc.2014.26.

Cho WK, Park W, Choi DH, Kim YB, Kim JH, Kim SS, et al. Role of elective nodal
irradiation in patients with ypNO after neoadjuvant chemotherapy followed by
breast-conserving surgery (KROG 16-16). Clin Breast Cancer 2019;19. https://doi.
org/10.1016/j.clbc.2018.08.009.

Marino L, Lancellotta V, Franco P, Meattini I, Meduri B, Bernini M, et al. Loco-
regional adjuvant radiation therapy in breast cancer patients with positive axillary
lymph-nodes at diagnosis (CN2) undergoing preoperative chemotherapy and with
complete pathological lymph-nodes response. Development of GRADE (Grades of
recommendation, assessment, Development and Evaluation) recommendation by
the Italian Association of radiation therapy and Clinical Oncology (AIRO). Breast
2021;55. https://doi.org/10.1016/j.breast.2020.12.012.

Burstein HJ, Curigliano G, Loibl S, Dubsky P, Gnant M, Poortmans P, et al.
Estimating the benefits of therapy for early-stage breast cancer: The St. Gallen
International Consensus Guidelines for the primary therapy of early breast cancer
2019. Annals of Oncology 2019;30. 10.1093/annonc/mdz235.

Mamounas E, Bandos H, White J, Julian T, Khan A, Shaitelman S, et al. Abstract
OT2-04-01: Phase III trial to determine if chest wall and regional nodal
radiotherapy (CWRNRT) post mastectomy (Mx) or the addition of RNRT to whole
breast RT post breast-conserving surgery (BCS) reduces invasive breast cancer
recurrence-free interval (IBCR-FI) in patients (pts) with pathologically positive
axillary (PPAx) nodes who are ypNO after neoadjuvant chemotherapy (NC): NRG
Oncology/NSABP B-51/RTOG 1304, 2019. 10.1158/1538-7445.sabcs18-0t2-04-
01.

Comparison of Axillary Lymph Node Dissection With Axillary Radiation for
Patients With Node-Positive Breast Cancer Treated With Chemotherapy
(NCT01901094). Https://ClinicaltrialsGov/Ct2/Show/NCT01901094 n.d.

Weber WP, Henke G, Hayoz S, Ribi K, Seiler S, Maddox C, et al. Abstract PD4-04:
Tailored axillary surgery to omit axillary lymph node dissection independently
from the use of neoadjuvant chemotherapy in patients with clinically node-positive
breast cancer: Pre-specified subproject within TAXIS (SAKK 23/16 / IBCSG 57-18 /
ABCSG-53 / GBG 101), 2021. 10.1158/1538-7445.sabcs20-pd4-04.

Breast Cancer: Axillary Conservation After Neoadjuvant Chemotherapy in Micro
Metastatic Sentinel Lymph Nodes. (NEONOD2). Https://ClinicaltrialsGov/Ct2/
Show/NCT04019678 n.d.

Boersma LJ, Verloop J, Voogd AC, Elkhuizen PHM, Houben R, van Leeuwen AE,
et al. Radiotherapy after primary CHEMotherapy (RAPCHEM): Practice variation
in a Dutch registration study (BOOG 2010-03). Radiotherapy and Oncology 2020;
145. 10.1016/j.radonc.2020.01.018.

Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP, Wolmark N, et al.
Pathological complete response and long-term clinical benefit in breast cancer: The
CTNeoBC pooled analysis. The Lancet 2014;384. https://doi.org/10.1016/50140-
6736(13)62422-8.

Mamtani A, Barrio A v., King TA, van Zee KJ, Plitas G, Pilewskie M, et al. How
often does neoadjuvant chemotherapy avoid axillary dissection in patients with
histologically confirmed nodal metastases? results of a prospective study. Ann
Surgical Oncol 2016;23. 10.1245/5s10434-016-5246-8.

Pariser AC, Sedghi T, Soulos PR, Killelea B, Gross CP, Mougalian SS. Utilization,
duration, and outcomes of neoadjuvant endocrine therapy in the United States.
Breast Cancer Research and Treatment 2019;178. 10.1007/s10549-019-05397-4.
Spring LM, Gupta A, Reynolds KL, Gadd MA, Ellisen LW, Isakoff SJ, et al.
Neoadjuvant endocrine therapy for estrogen receptor-positive breast cancer a
systematic review and meta-analysis. JAMA Oncology 2016;2. https://doi.org/
10.1001/jamaoncol.2016.1897.

Kantor O, Wong S, Weiss A, Metzger O, Mittendorf EA, King TA. Prognostic
significance of residual nodal disease after neoadjuvant endocrine therapy for
hormone receptor-positive breast cancer. Npj Breast Cancer 2020;6. https://doi.
org/10.1038/541523-020-00177-6.

Kantor O, Wakeman M, Weiss A, Wong S, Laws A, Grossmith S, et al. Axillary
management after neoadjuvant endocrine therapy for hormone receptor-positive
breast cancer. Ann Surgical Oncology 2021;28. 10.1245/510434-020-09073-6.
Asselain B, Barlow W, Bartlett J, Bergh J, Bergsten-Nordstrom E, Bliss J, et al. Long-
term outcomes for neoadjuvant versus adjuvant chemotherapy in early breast
cancer: meta-analysis of individual patient data from ten randomised trials. Lancet
Oncol 2018;19. https://doi.org/10.1016/51470-2045(17)30777-5.


https://doi.org/10.1016/j.clon.2019.05.021
https://doi.org/10.1016/j.clon.2019.05.021
https://doi.org/10.1016/S1470-2045(20)30580-5
https://doi.org/10.1016/S1470-2045(20)30580-5
https://doi.org/10.1200/JCO.2011.40.8369
https://doi.org/10.1200/jco.2014.32.26_suppl.61
https://doi.org/10.1200/jco.2014.32.26_suppl.61
https://doi.org/10.1007/s11912-019-0850-y
https://doi.org/10.1007/s11912-019-0850-y
http://refhub.elsevier.com/S0305-7372(21)00145-6/h0300
http://refhub.elsevier.com/S0305-7372(21)00145-6/h0300
http://refhub.elsevier.com/S0305-7372(21)00145-6/h0300
http://refhub.elsevier.com/S0305-7372(21)00145-6/h0300
https://doi.org/10.1016/j.ijrobp.2019.10.039
https://doi.org/10.1016/j.ijrobp.2019.10.039
https://doi.org/10.1002/jso.24551
https://doi.org/10.1016/j.ijrobp.2013.09.021
https://doi.org/10.1016/j.ijrobp.2013.09.021
https://doi.org/10.1016/j.ijrobp.2010.12.054
https://doi.org/10.1016/j.ijrobp.2007.01.023
https://doi.org/10.1016/j.ijrobp.2007.01.023
https://doi.org/10.1016/j.ijrobp.2009.08.053
https://doi.org/10.1038/bjc.2014.26
https://doi.org/10.1016/j.clbc.2018.08.009
https://doi.org/10.1016/j.clbc.2018.08.009
https://doi.org/10.1016/j.breast.2020.12.012
https://doi.org/10.1016/S0140-6736(13)62422-8
https://doi.org/10.1016/S0140-6736(13)62422-8
https://doi.org/10.1001/jamaoncol.2016.1897
https://doi.org/10.1001/jamaoncol.2016.1897
https://doi.org/10.1038/s41523-020-00177-6
https://doi.org/10.1038/s41523-020-00177-6
https://doi.org/10.1016/S1470-2045(17)30777-5

	De-escalation of axillary irradiation for early breast cancer – Has the time come?
	Introduction
	Genomic profiling for locoregional treatment decisions

	Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References


