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ABSTRACT

Background: Sentinel lymph node biopsy (SLNB) is acceptable for patients who were initially node-positive (cN+) and who
achieve a complete radiological response after neoadjuvant chemotherapy (NACT). The impact of identifying chemotherapeutic
‘treatment effect’ (TE) in resected nodes on reducing false-negative rates and oncological outcomes remains unclear. The aim of
this study was to assess the impact of TE seen on SLNB and to determine oncological outcomes in this patient cohort.
Methods: cN+ breast cancer patients who received NACT and achieved nodal pathological complete response after SLNB only
between 2014 and 2023 were assessed. Patients with negative SLNB (ypNO) were divided into two groups: (1) with TE and (2)
without TE. Crude axillary recurrence rates were compared using the log-rank test. Median disease-free (DFS) and overall
survival (OS) were compared using Kaplan—Meier curves.

Results: One hundred and fourteen patients were ypNO after SLNB: 84 (73.7%) with TE and 30 (26.3%) without TE. Axillary
recurrence trended towards a lower rate in those with TE (2.38% vs. 3.33%, p = 0.77). All patients with axillary recurrence had
residual triple-negative disease within the breast. There were no differences in median DFS (47.5 vs. 43.5 months, p = 0.91) and
OS (53.5 vs. 44.5 months, p = 0.68) between the two groups, respectively.

Conclusion: Absence of TE in patients undergoing SLNB only does not appear to affect DFS and OS, but may increase the risk
of axillary recurrence. Larger studies are needed to further determine the impact of TE on oncologic outcomes in these patients.

1 | Introduction to evolve. Prospective multicentre studies have shown that sen-
tinel lymph node biopsy (SLNB) is feasible, with an acceptably
low false-negative rate (FNR), in patients with initially node-
positive disease who achieve a radiological complete response

Management of the axilla in node-positive breast cancer
patients receiving neoadjuvant chemotherapy (NACT) continues
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after NACT, when dual tracer mapping is used and when three
or more sentinel lymph nodes (SLNs) are excised [1-3]. The
alternative is a targeted axillary dissection (TAD), which involves
clipping the metastatic node at the time of biopsy and retrieving
the clipped node in combination with an SLNB [4]. There
remains ongoing debate as to which technique is superior, with
TAD being associated with a lower FNR and being used
increasingly, as demonstrated by a recent survey of breast sur-
geons in Europe [5, 6]. Studies that have evaluated the accuracy
of TAD have shown that the clipped node is not a sentinel node
in up to 35% of cases [4, 7], indicating that performing a SLNB
may miss the originally abnormal node. However, those who
favour using an SLNB argue that the histological presence of
chemotherapeutic ‘treatment effect’ (TE) in the SLNs accounts
for this. In addition, there remains a paucity of evidence to
suggest that oncological outcomes are better in patients under-
going a TAD versus SLNB only [8], with recent data showing that
the latter was comparable to TAD, with no difference in 3-year
rates of axillary recurrence [9].

The presence of chemotherapeutic TE within excised axillary
nodes without residual disease after NACT in initially node-
positive patients is associated with an improved prognosis [10].
Previous evidence has also indicated that the majority of pa-
tients who undergo SLNB will have TE identified [11, 12].
However, it remains unclear if the absence of TE in this setting
is associated with a higher FNR or poorer oncological outcomes,
such as increased axillary recurrence rates. Many of the original
studies, such as ACOSOG Z0171 [1], SENTINA [2] and SN
FNAC [3] did not examine TE as a factor affecting FNR, and,
therefore, it is also unclear if such patients who did not have TE
identified within the SLNs should proceed to an axillary
lymph node dissection (ALND). ALND remains the current
standard of care for patients with residual disease after NACT.
For patients undergoing TAD or SLNB only with no residual
disease after NACT, axillary radiotherapy (RT) remains the
standard of care [13]. The omission of RT in this setting is being
evaluated in the NSABP B51 [14] and ATNEC [15] studies. As
the move towards de-escalation of axillary treatment continues,
accurate axillary staging of those with residual disease becomes
more critical. The aim of this study, therefore, was to assess the
frequency of TE reported after SLNB only, and to compare
oncological outcomes in ypNO patients with TE and those with
no TE in this cohort.

2 | Materials and Methods
2.1 | Patient Inclusion and Treatment Pathway

A retrospective review of a prospectively maintained database
within a single institution was performed. The study was
approved by the Clinical Audit Committee of St Vincent's
University Hospital (No. 4267). The requirement for informed
consent was waived owing to the retrospective nature of the
study. Data were collected from patients with confirmed inva-
sive breast cancer who had cytologically proven metastatic
axillary lymph nodes at diagnosis and received NACT followed
by SLNB only between January 2014 and December 2023. Pa-
tients with inflammatory breast cancer, occult breast cancer, a
previous history of breast cancer, stage IV disease at presenta-
tion, residual nodal metastases after SLNB or those who

underwent ALND were excluded. All patients underwent
bilateral mammography as well as breast and axillary ultraso-
nography at diagnosis. Pre- and post-treatment magnetic reso-
nance imaging (MRI) of the breast were also performed to
monitor response to NACT.

Patients found to have indeterminate or abnormal axillary
lymph nodes at diagnosis underwent fine-needle aspiration
(FNA) cytology. Criteria for performing FNA included cortical
thickness > 3 mm, focal or eccentric cortical thickening and a
replaced, abnormal or absent fatty hilum. Only FNA-confirmed
nodal metastases were considered node-positive. Chemotherapy
regimens were prescribed at the discretion of the treating
medical oncology team. After NACT, axillary status was re-
evaluated by clinical examination as well as ultrasonography
and MRI. Patients within this cohort who had normal axillary
imaging (ultrasound or MRI) after NACT were considered
for SLNB.

2.2 | Surgical Technique

The technique for performing SLNB after NACT in patients
who were initially node-positive was standardised. All patients
received dual nodal tracers that consisted of (i) subareolar
injection of 20 MBq technetium-99m performed preoperatively
on the morning of surgery and (ii) periareolar injection of
patent blue dye after induction of anaesthesia followed by 5 min
of manual massage. SLNs were retrieved using hand-held
gamma probe guidance and visual inspection for blue dye. All
surgeons aimed to excise a minimum of three sentinel nodes.
Completion ALND was indicated if residual nodal metastases,
determined by standardised pathological assessment outlined
below, were identified. If less than three lymph nodes were
identified after SLNB, further individualised axillary treatment
was discussed at the multidisciplinary team (MDT) meeting.

2.3 | Pathological Assessment

Histopathological assessment of SLNs involved serial slicing of
each lymph node at 2 mm intervals prior to paraffin embedding
and preparation of standard H&E sections. Further investiga-
tion, such as deeper level sections or cytokeratin immuno-
histochemistry were performed on selected cases at the
discretion of the reporting pathologist. Consultant pathologists
with expertise in breast pathology documented the presence or
absence of TE in the final pathology report. TE in lymph nodes
was evidenced by the presence of some or all of the following
findings: parenchymal fibrosis/scarring, aggregated foamy
macrophages, myxoid change and increased vascularity, akin to
tumour bed changes in the breast. Information regarding the
presence or absence of TE was obtained from the original
pathology report, where available. Selected cases were re-
reviewed by two dedicated breast pathologists (A.M. and C.Q.).
SLN slides were reviewed in cases where there was no mention
of TE in the SLNs on the original pathology report. In addition,
all cases reported as showing no evidence of TE were also re-
viewed to identify subtle TE, which may not have been re-
cognised in earlier years of post-NACT reporting and have been
described in more recent publications [11]. Cases considered to
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be ‘indeterminate’ on initial review by pathologist 1 (A.M.) were
also reviewed by the second pathologist (C.Q.), and the classi-
fication reached by consensus. If TE was not identified after
SLNB, further axillary treatment was discussed at the MDT on a
case-by-case basis.

2.4 | Data Collection and Outcomes

Patient demographics, clinical as well as pathological char-
acteristics of tumours, receptor status, type of breast surgery
performed, number of sentinel nodes retrieved and presence or
absence of breast pCR were recorded for each patient. Patients
were divided into two groups based on the pathology report: (1)
ypNO with TE and (2) ypNO with no TE.

Axillary recurrence was defined as histologically confirmed
nodal metastasis in the ipsilateral axilla. Local recurrence was
defined as ipsilateral breast or chest wall recurrence. Distant
recurrence was defined as radiological and pathological con-
firmation of breast cancer recurrence beyond the ipsilateral
breast, chest wall or regional lymph node basin. The time of
recurrence, death and last follow-up were recorded. Time to
event was calculated from the date of surgery to determine
median disease-free survival (DFS) and overall survival (OS).

2.5 | Statistical Analysis

Clinical and pathological characteristics were reported as
medians and ranges for continuous variables and as frequencies
and percentages for categorical variables. Baseline character-
istics were compared using the Chi-square or Fisher's exact test.
Crude axillary recurrence, local recurrence and distant recur-
rence rates were compared between both groups using the log-
rank test. Kaplan—Meier curves were performed to estimate
median DFS and OS. Statistical analyses were done using IBM
SPSS Statistics Version 26.0 (Armonk, NY), and p values less
than 0.05 were considered statistically significant.

3 | Results
3.1 | Baseline Demographics and Clinical
Characteristics

From January 2014 to December 2023, 114 patients who were
ypNO after SLNB were identified. Of these, 113 (99.1%) patients
were female, and one (0.9%) patient was male. The median age
of the study population was 50 years (range 32—83). Approxi-
mately two-thirds (67.5%) of tumours were larger than 2cm
(cT2-3) in size on baseline breast imaging. Only 14 patients
(12.3%) had multifocal or multicentric tumours. HER2-positive
tumours accounted for 58 (50.9%) patients. Breast-conserving
surgery (BCS) was performed in 73 (64%) cases.

3.2 | Pathological Characteristics

Of the 114 patients who met the inclusion criteria and were
included in the analysis, 84 (73.7%) had TE and 30 (26.3%) had
no TE, broadly similar to rates of TE identification in published
studies [11, 12]. All patients had a positive pre-treatment FNA

showing metastatic carcinoma. The majority of patients (95.6%)
had invasive breast carcinoma, no special type (ductal).
Seventy-eight (68.4%) tumours were reported to be grade 3.
Lymphovascular invasion was present in only three (2.1%)
cases. Breast pCR, defined as the absence of invasive disease,
occurred in 53 (46.5%) patients after surgery. The median
number of SLNs retrieved was 3 (range 1-7). In 44 (38.6%)
patients, only one or two SLNs were removed.

3.3 | Predictive Factors of TE

Clinical and pathological characteristics of the entire cohort are
summarised in Table 1. We compared the two subgroups of
patients to identify predictors of TE. There was no difference in
the number of nodes removed in patients with no TE (25% vs.
26.8%, p =0.83), suggesting that the absence of TE was not
related to retrieval of a smaller number of nodes. Patients with

TABLE 1 | Clinical and pathological characteristics of ypNO pa-
tients undergoing SLNB only.
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TE No TE
N=84 N=30
(73.7%) (26.3%) p value
Age
<50 40 (71.4%) 16 (28.6%) p=0.67
> 50 44 (75.9%) 14 (24.1%)
Tumour type
Ductal 81 (74.3%) 28 (25.7%) p=0.47
Lobular 3 (60%) 2 (40%)
Multifocal or p=0.27
multicentric
Yes 12 (85.7%) 2 (14.3%)
No 72 (72%) 28 (28%)
Tumour size p=0.57
cT1 29 (78.4%) 8 (21.6%)
cT2 50 (70.4%) 21 (29.6%)
cT3 5(83.3%) 1 (16.7%)
Tumour grade
2 26 (72.2%) 10 (27.8%) p=0.82
3 58 (74.4%) 20 (25.6%)
Tumour biology
HR+/HER2— 18 (75%) 6 (25%)
HER2+ 40 (69%) 18 (31%) p=0.44
HR—/HER2—- 26 (81.2%) 6 (18.8%)
Number of SLNs
<3 33 (75%) 11 (25%) p=0.83
>3 51 (73.2%) 19 (26.8%)
Breast surgery
BCS 51 (69.9%) 22 (30.1%) p=0.27
Mastectomy 33 (80.5%) 8 (19.5%)
Breast pCR
Yes 44 (83%) 9 (17%) p=0.03
No 40 (65.6%) 21 (34.4%)
3
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triple-negative breast cancer (TNBC) were more likely to have
TE in the nodes compared to patients with luminal or HER2-
positive breast cancers, although the difference did not reach
statistical significance (81.2% vs. 75% vs. 69%, respectively;
p =0.44). TE was more common in patients with a breast pCR
compared to patients without a breast pCR (83% vs. 65.6%,
respectively; p=0.03). Otherwise, there were no differences
between the two groups in terms of age of diagnosis, tumour
size, histological type, tumour grade and type of breast surgery
performed.

3.4 | Clinical Outcomes

During a median follow-up of 48 months (range 6—119 months),
three axillary recurrences were observed. This represents 2.63%
of the total cohort. The observed axillary recurrence rate was
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2.38% for TE and 3.33% for no TE (p =0.77). When examining
clinicopathological characteristics in patients with an axillary
recurrence, all patients had TNBC and did not have a pCR in the
breast on final pathology. Three patients had local recurrences,
two of whom also had an axillary recurrence. The local recur-
rence rate was 2.38% for TE and 3.33% for no TE (p=0.77).
Twelve patients had isolated distant recurrences; however, no
differences in the distant recurrence rate were seen between the
two groups (13% for TE and 10% for no TE, p = 0.65). Overall, 14
(12.3%) patients died. One patient had an isolated local recur-
rence. Ten patients died due to metastatic disease, one of whom
developed locoregional recurrence followed by distant metastasis.
The remaining three patients who passed away died from other
causes. The median DFS was 47.5 months for TE and
43.5 months for no TE (p =0.91; Figure 1). There were no dif-
ferences in median OS (53.5 months for TE vs. 44.5 months for
no TE, p =0.68) between the two groups (Figure 2).
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FIGURE 1 | Kaplan-Meier curve of DFS for ypNO patients with and without TE after SLNB only.
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FIGURE 2 | Kaplan-Meier curve of OS for ypNO patients with and without TE after SLNB only.
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4 | Discussion

Axillary management of pathologically proven node-positive
breast cancer patients who become radiologically node negative
after NACT has evolved considerably over the last decade.
Despite initial concerns over performing SLNB only in this
setting, it is now deemed acceptable to do so provided a dual
tracer technique is adopted and a minimum of three nodes are
excised, as these factors have been demonstrated to lower the
FNR below 10% [16]. Whilst it is clear that performing a TAD,
with removal of the initially abnormal node that has been
clipped at the time of diagnosis as well as SLNB, is associated
with a lower FNR compared to SLNB alone [4], there remains
ongoing debate regarding the impact of each technique on
longer-term oncological outcomes [17, 18]. Recently, studies
comparing oncological outcomes for patients treated with SLNB
versus TAD have shown no differences in the incidence of axil-
lary recurrence [9, 19]. As the premise of clipping the abnormal
node and excising it after NACT is central to performing a TAD,
it would seem equally important that for patients undergoing
SLNB only, identification of chemotherapeutic TE in one or more
of the sentinel nodes excised is achieved, indicating that an ini-
tially abnormal node has been removed. The absence of such a
finding theoretically indicates that axillary staging is not as
accurate, but it is unknown if this actually affects oncological
outcomes. The findings of the current study would indicate that
the finding of TE does not appear to affect outcomes including
axillary recurrence, local recurrence and distant recurrence.
Although axillary recurrence is slightly higher in the ‘no TE’
group, rates of axillary recurrence are low, consistent with the
findings of previous studies [20, 21].

The idea of using TE within sentinel nodes as another method
for documenting retrieval of an initially positive node after
NACT, without needing to mark the node has been previously
described [10]. However, in one study by Brown et al. [22], TE
was present in only 50% of SLNs excised. In another study by
Barrio et al. [11]. TE was identified in 88%, with at least three
SLNs removed in all patients, in keeping with previous evidence
indicating more accurate axillary staging with a lower FNR in
patients where three or more nodes are removed. Interestingly,
the current analysis did not demonstrate any difference in the
number of nodes retrieved between patients with or without
TE, with a median of three nodes excised in both groups,
indicating that nodal yield may not be the driving factor in
identifying such a finding.

The failure of identification of TE has several possible ex-
planations. It is obviously possible that the initially metastatic
lymph node may not have been removed surgically. This can
occur due to fibrosis of afferent lymphatics by chemotherapy,
which reduces the sensitivity of SLN mapping [23]. However,
previous evidence from Pislar et al. [12] has also indicated that
even when ALND is performed in this cohort, TE was not
identified in 11% of patients who were initially node-positive.
This suggests that even when a maximum number of nodes are
retrieved, factors beyond the extent of axillary surgery, such as
more aggressive tumour biology, influence the identification of
TE in the nodes [11]. Previous evidence has clearly demon-
strated that response rates to NACT in axillary lymph nodes
vary according to different tumour subtypes, with triple-

negative and HER2-positive tumours having higher axillary
pPCR rates (50% and 65%, respectively), compared to hormone
receptor-positive patients (20%) [1]. It is possible that TE in the
lymph nodes after NACT could also be affected by tumour
subtype. Whilst the current analysis did not demonstrate a
difference in receptor subtype between the two groups, patients
in the TNBC cohort had the highest rate of TE in excised nodes
(> 80%) yet all of the axillary recurrences occurred in patients
with a TNBC subtype without breast pCR suggesting that the
mechanism of recurrence in this small group of patients is not
explained by the absence of TE but rather the biology of the
disease [23]. However, the current study does demonstrate that
for patients within the TNBC subtype who do not yield a breast
pCR, care must be taken and significant consideration should
be given to completion of ALND in the absence of TE, given the
rate of axillary recurrences seen.

It also remains unclear if the mechanism yielding the absence of
TE in the ‘no TE’ group of patients was driven by the response to
chemotherapy, such as spontaneous nodal regression, as is often
seen with the lower nodal yield after ALND in patients who have
received NACT or by the underlying pathology [24]. Another
consideration in a retrospective study is the pathology reporting
recommendations used during that period. For example, cur-
rently the International Collaboration on Cancer Reporting
(ICCR) strongly encourages reporting of TE in lymph nodes and
gives helpful advice on it's recognition, but it is still a ‘non-core’
data item [25]. During the time of reporting the older cases in
this study, this data point was sometimes omitted. It is likely that
identification of more subtle histological evidence of TE im-
proved as time progressed. To mitigate against this, the authors
reviewed all SLN slides from patients with no comment on nodal
TE and from the ‘no TE’ group, to determine the presence or
absence of TE and identify subtle TE which may not have been
appreciated at the time of reporting. After this review, 11 patients
were re-classified as having subtle TE.

Although the rate of axillary recurrence between the TE and no
TE groups was not statistically significant, it is likely that with a
larger patient cohort and a longer follow-up period, a statisti-
cally significant difference may be seen. The axillary recurrence
rate of 2.38% seen in the TE group is in keeping with recently
published studies, such as the NEOSENTITURK MF-1803 study
[26], which found an axillary recurrence rate of 0.3% within all
patients in the SLNB arm at a median follow-up of 39 months.
The rate of 3.33% seen within the no TE group in the current
analysis is higher than the results published by Pilsar et al., [12]
who experienced only one axillary recurrence across both
groups at a median follow-up of 36 months, compared to
48 months in this study. The study by Pilsar et al. did, however,
demonstrate a difference in recurrence-free survival (RFS) in
favour of the TE group (91% vs. 86%), suggesting a possible
benefit within the TE group, consistent with the rate of distant
recurrences seen in this study, although both studies included
relatively small patient cohorts.

Finally, de-escalation trials for breast cancer patients with
axillary pCR after NACT continue to evolve. The NSABP B51
trial showed that among patients with nodal pCR, with or
without breast pCR, omission of adjuvant regional nodal
irradiation (RNTI) led to equivalent oncological outcomes [27].
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At a median follow-up of 5 years, there was no difference in
RFS, DFS or OS between those randomised to RNI or no RNI.
Therefore, in patients with initially node-positive disease who
become ypNO after NACT, RNI may be safely omitted without
adversely affecting oncological outcomes. The ATNEC trial [15]
is investigating whether omission of axillary treatment is non-
inferior to ALND or axillary RT, and patients undergoing SLNB
only are required to have histological evidence of nodal
downstaging (fibrosis or scarring) to be considered eligible for
inclusion. In this setting, the FNR of SLNB may matter in
making RT decisions. If there is no TE and the initially
abnormal node is missed, and if RNI is not given based on a
falsely-negative axillary pCR, this may potentially lead to an
increase in axillary recurrences. Therefore, the presence of TE,
otherwise a TAD, with excision of the clipped node, may guide
radiation oncologists in their decision for RT de-escalation. For
patients with residual nodal metastases after NACT, Alliance
11202 [28] and TAXIS [29] trials will guide the decision for
axillary RT as an alternative to ALND for local control.

The current limitations of this study include a small sample size
and a retrospective nature. However, the retrospective nature
accounts for any bias that may result in patients with no TE
now proceeding to ALND, as this did not occur during the study
period. One may argue that longer-term follow-up beyond the
current median time is needed to fully assess oncological out-
comes, especially in ER-positive patients. However, previous
evidence has demonstrated that most axillary recurrences,
especially in HER2-positive and TNBC patient cohorts, will be
seen within the first 5 years [28]. Finally, our patient cohort is
limited by changes in systemic therapy over time, as a propor-
tion of our patients predate current treatment regimens, such as
capecitabine, trastuzumab emtansine and pembrolizumab, that
have improved patient outcomes [30-33]. It remains unclear
whether axillary recurrences would have been lower if all pa-
tients, especially in the TNBC cohort, had received immuno-
therapy as the current standardised treatment.

5 | Conclusion

Whilst the current analysis adds to the growing body of evi-
dence supporting limited axillary assessment in initially node-
positive patients who achieve a complete radiological response
after NACT, the absence of histopathological evidence of TE in
patients undergoing SLNB only should be treated with caution.
Whether or not a completion ALND is required in these pa-
tients is unclear, but the study demonstrates that excision of an
initially abnormal node is of significant importance, and on this
basis, TAD, with marking of the abnormal node at diagnosis,
should be strongly considered.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

1.J. C. Boughey, “Sentinel Lymph Node Surgery After Neoadjuvant
Chemotherapy in Patients With Node-Positive Breast Cancer: The
ACOSOG Z1071 (Alliance) Clinical Trial,” Journal of the American

Medical Association 310, no. 14 (2013): 1455-1461, https://doi.org/10.
1001/jama.2013.278932.

2.T. Kuehn, I. Bauerfeind, T. Fehm, et al., “Sentinel-Lymph-Node
Biopsy in Patients With Breast Cancer Before and After Neoadjuvant
Chemotherapy (SENTINA): A Prospective, Multicentre Cohort Study,”
Lancet Oncology 14, no. 7 (2013): 609-618, https://doi.org/10.1016/
S1470-2045(13)70166-9.

3.J. F. Boileau, B. Poirier, M. Basik, et al., “Sentinel Node Biopsy After
Neoadjuvant Chemotherapy in Biopsy-Proven Node-Positive Breast
Cancer: The SN FNAC Study,” Journal of Clinical Oncology 33, no. 3
(2015): 258-264, https://doi.org/10.1200/JC0O.2014.55.7827.

4. A. S. Caudle, W. T. Yang, S. Krishnamurthy, et al., “Improved Axil-
lary Evaluation Following Neoadjuvant Therapy for Patients With
Node-Positive Breast Cancer Using Selective Evaluation of Clipped
Nodes: Implementation of Targeted Axillary Dissection,” Journal of
Clinical Oncology 34, no. 10 (2016): 1072-1078, https://doi.org/10.1200/
JCO.2015.64.0094.

5. M. L. Gasparri, J. de Boniface, P. Poortmans, et al., “Axillary Surgery
After Neoadjuvant Therapy in Initially Node-Positive Breast Cancer:
International EUBREAST Survey,” British Journal of Surgery 109, no. 9
(2022): 857-863, https://doi.org/10.1093/bjs/znac217.

6. J. M. Simons, A. J. G. Maaskant-Braat, E. J. T. Luiten, et al., “Patterns
of Axillary Staging and Management in Clinically Node Positive Breast
Cancer Patients Treated With Neoadjuvant Systemic Therapy: Results
of a Survey Amongst Breast Cancer Specialists,” European Journal of
Surgical Oncology 46, no. 1 (2020): 53-58, https://doi.org/10.1016/j.€jso.
2019.08.012.

7.S. Kuemmel, J. Heil, A. Rueland, et al., “A Prospective, Multicenter
Registry Study to Evaluate the Clinical Feasibility of Targeted Axillary
Dissection (TAD) in Node-Positive Breast Cancer Patients,” Annals of
Surgery 276, no. 5 (2022): e553-e562, https://doi.org/10.1097/SLA.
0000000000004572.

8.S. Keelan, M. R. Boland, E. J. Ryan, et al., “Long-Term Survival in
Patients With Node-Positive Breast Cancer Who Undergo Sentinel
Lymph Node Biopsy Alone After Neoadjuvant Chemotherapy: Meta-
Analysis,” British Journal of Surgery 110, no. 3 (2023): 324-332, https://
doi.org/10.1093/bjs/znac413.

9. G. Montagna, M. M. Mrdutt, S. X. Sun, et al., “Omission of Axillary
Dissection Following Nodal Downstaging With Neoadjuvant Chemo-
therapy,” JAMA Oncology 10 (2024): 793-798, https://doi.org/10.1001/
jamaoncol.2024.0578.

10. L. A. Newman, N. L. Pernick, V. Adsay, et al., “Histopathologic
Evidence of Tumor Regression in the Axillary Lymph Nodes of Patients
Treated With Preoperative Chemotherapy Correlates With Breast Cancer
Outcome,” Annals of Surgical Oncology 10, no. 7 (2003): 734-739, https://
doi.org/10.1245/as0.2003.03.081.

11. A. V. Barrio, A. Mamtani, M. Edelweiss, et al., “How Often Is
Treatment Effect Identified in Axillary Nodes With a Pathologic Com-
plete Response After Neoadjuvant Chemotherapy?,” Annals of Surgical
Oncology 23, no. 11 (2016): 3475-3480, https://doi.org/10.1245/s10434-
016-5463-1.

12.N. Pislar, G. Gasljevic, I. Ratosa, A. Kovac, J. Zgajnar, and
A. Perhavec, “Absence of Post-Treatment Changes in Sentinel
Lymph Nodes Does Not Translate Into Increased Regional Recurrence
Rate in Initially Node-Positive Breast Cancer Patients,” Breast Cancer
Research and Treatment 202, no. 3 (2023): 443-450, https://doi.org/10.
1007/s10549-023-07084-x.

13. A. Gandhi, C. Coles, A. Makris, 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 Coordinat-
ing Committee for Breast Pathology and British Society of Breast
Radiology,” Clinical Oncology (Royal College of Radiologists) (London)
31, no. 9 (2019): 664-668, https://doi.org/10.1016/j.clon.2019.05.021.

Journal of Surgical Oncology, 2026

85UB017 SUOLUWIOD BAIERID) B(qed!jdde a3 Aq paueA0b 318 S0 WO 88N JO SBINI 10§ ARR1G 1T BUIIUO ABJIM UIO (SUORIPUOD-PUR-SWLBILI0D "B 1M ARe1q 1 jeul|uo//Scil) SUORIPUOD PU SW L U} 88 *[9202/60/90] U0 AigIT8UIIUO ABIIM ‘NIFLSNIZ 14381V TV.LIISOH V.LITAVAES| VI3 1S VA8 3ava3100S Ad 69€02 0S(/200T 0T/I0pAL00"A8 1M AReid 1 puIUO//SARY W1 papeojumoq ‘0 ‘8606960T


https://doi.org/10.1001/jama.2013.278932
https://doi.org/10.1001/jama.2013.278932
https://doi.org/10.1016/S1470-2045(13)70166-9
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.2015.64.0094
https://doi.org/10.1200/JCO.2015.64.0094
https://doi.org/10.1093/bjs/znac217
https://doi.org/10.1016/j.ejso.2019.08.012
https://doi.org/10.1016/j.ejso.2019.08.012
https://doi.org/10.1097/SLA.0000000000004572
https://doi.org/10.1097/SLA.0000000000004572
https://doi.org/10.1093/bjs/znac413
https://doi.org/10.1093/bjs/znac413
https://doi.org/10.1001/jamaoncol.2024.0578
https://doi.org/10.1001/jamaoncol.2024.0578
https://doi.org/10.1245/aso.2003.03.081
https://doi.org/10.1245/aso.2003.03.081
https://doi.org/10.1245/s10434-016-5463-1
https://doi.org/10.1245/s10434-016-5463-1
https://doi.org/10.1007/s10549-023-07084-x
https://doi.org/10.1007/s10549-023-07084-x
https://doi.org/10.1016/j.clon.2019.05.021

14. E. P. Mamounas, H. Bandos, J. R. White, et al., “NRG Oncology/
NSABP B-51/RTOG 1304: 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 Inter-
val (IBCR-FI) in Patients (PTS) With Pathologically Positive Axillary
(PPAx) Nodes Who Are ypNO After Neoadjuvant Chemotherapy (NC),”
Journal of Clinical Oncology 37, no. 15 (2019): TPS600, https://doi.org/
10.1200/JC0.2019.37.15_suppl. TPS600.

15. A. Goyal, S. Cramp, A. Marshall, et al., “ATNEC: A Multicenter,
Randomized Trial Investigating Whether Axillary Treatment Can Be
Avoided in Patients With T1-3N1MO Breast Cancer With No Residual
Cancer in the Lymph Glands After Neoadjuvant Chemotherapy,”
Journal of Clinical Oncology 4, no. 6 (2022): TPS615, https://doi.org/10.
1200/JC0.2022.40.16_suppl. TPS615.

16. S. Cao, X. Liu, J. Cui, et al., “Feasibility and Reliability of Sentinel
Lymph Node Biopsy After Neoadjuvant Chemotherapy in Breast Cancer
Patients With Positive Axillary Nodes at Initial Diagnosis: An Up-to
Date Meta-Analysis of 3,578 Patients,” Breast 59 (2021): 256-269,
https://doi.org/10.1016/j.breast.2021.07.015.

17. G. Montagna, M. K. Lee, V. Sevilimedu, A. V. Barrio, and
M. Morrow, “Is Nodal Clipping Beneficial for Node-Positive Breast
Cancer Patients Receiving Neoadjuvant Chemotherapy?,” Annals of
Surgical Oncology 29, no. 10 (2022): 6133-6139, https://doi.org/10.1245/
$10434-022-12240-6.

18.J. Lucocq, H. Baig, E. McNeill, and J. M. Dixon, “The Efficacy and
Oncological Safety of Minimally Invasive Axillary Procedures in Pa-
tients With Node-Positive Breast Cancer Receiving Neoadjuvant
Chemotherapy: A Network Meta-Regression and Trial Sequential
Analysis,” European Journal of Surgical Oncology 51, no. 7 (2025):
109689, https://doi.org/10.1016/j.€j50.2025.109689.

19. H. A. Abdulla, J. McGarry, R. Kaczorowska, et al., “Oncologic Outcomes
of Sentinel Lymph Node Biopsy Versus Targeted Axillary Dissection for
Node-Positive Breast Cancer Patients After Neoadjuvant Chemotherapy: A
Systematic Review and Meta-Analysis,” Annals of Surgical Oncology 33,
no. 5: 4453-4462, https://doi.org/10.1245/s10434-025-19070-2.

20. S. Kahler-Ribeiro-Fontana, E. Pagan, F. Magnoni, et al., “Long-Term
Standard Sentinel Node Biopsy After Neoadjuvant Treatment in Breast
Cancer: A Single Institution Ten-Year Follow-Up,” European Journal of
Surgical Oncology 47, no. 4 (2021): 804-812, https://doi.org/10.1016/j.
€js0.2020.10.014.

21. A. V. Barrio, G. Montagna, A. Mamtani, et al., “Nodal Recurrence in
Patients With Node-Positive Breast Cancer Treated With Sentinel Node
Biopsy Alone After Neoadjuvant Chemotherapy—A Rare Event,” JAMA
Oncology 7, no. 12 (2021): 1851-1855, https://doi.org/10.1001/
jamaoncol.2021.4394.

22. A. S. Brown, K. K. Hunt, J. Shen, et al., “Histologic Changes Asso-
ciated With False-Negative Sentinel Lymph Nodes After Preoperative
Chemotherapy in Patients With Confirmed Lymph Node-Positive Breast
Cancer Before Treatment,” Cancer 116, no. 12 (2010): 2878-2883, https://
doi.org/10.1002/cncr.25066.

23. A. Glaeser, H. P. Sinn, C. Garcia-Etienne, et al., “Heterogeneous
Responses of Axillary Lymph Node Metastases to Neoadjuvant
Chemotherapy Are Common and Depend on Breast Cancer Subtype,”
Annals of Surgical Oncology 26, no. 13 (2019): 4381-4389, https://doi.
0rg/10.1245/s10434-019-07915-6.

24. N. D'Alessandris, A. Santoro, D. Arciuolo, et al., “What Can Trigger
Spontaneous Regression of Breast Cancer?,” Diagnostics 13, no. 7
(2023): 1224, https://doi.org/10.3390/diagnostics13071224.

25. V. Bossuyt, E. Provenzano, W. F. Symmans, et al., “A Dedicated
Structured Data Set for Reporting of Invasive Carcinoma of the Breast in
the Setting of Neoadjuvant Therapy: Recommendations From the Inter-
national Collaboration on Cancer Reporting (ICCR),” Histopathology 84,
no. 7 (2024): 1111-1129, https://doi.org/10.1111/his.15165.

26. N. Cabioglu, H. B. Kocer, H. Karanlik, et al., “De-Escalation of
Nodal Surgery in Clinically Node-Positive Breast Cancer,” JAMA
Surgery 160, no. 3 (2025): 257-266, https://doi.org/10.1001/jamasurg.
2024.5913.

27. E. P. Mamounas, H. Bandos, J. R. White, et al., “Omitting Regional
Nodal Irradiation After Response to Neoadjuvant Chemotherapy,” New
England Journal of Medicine 392, no. 21 (2025): 2113-2124, https://doi.
0rg/10.1056/NEJMo0a2414859.

28. T. M. Khan, A. J. Rossi, V. Suman, B. Haffty, J. M. Hernandez, and
J. C. Boughey, “Is Axillary Radiation Not Inferior to Axillary Dissection
for Sentinel Lymph Node-Positive Breast Cancer After Neoadjuvant
Chemotherapy?,” Annals of Surgical Oncology 29, no. 3 (2022):
1526-1527, https://doi.org/10.1245/s10434-021-10830-4.

29. G. Henke, M. Knauer, K. Ribi, et al., “Tailored Axillary Surgery With
or Without Axillary Lymph Node Dissection Followed by Radiotherapy
in Patients With Clinically Node-Positive Breast Cancer (TAXIS): Study
Protocol for a Multicenter, Randomized Phase-III Trial,” Trials 19, no. 1
(2018): 667, https://doi.org/10.1186/s13063-018-3021-9.

30.Y.J. Lee, S. P. Jung, J. W. Bae, S. M. Yang, J. Y. You, and S. Y. Bae,
“Prognosis According to the Timing of Recurrence in Breast Cancer,”
Annals of Surgical Treatment and Research 104, no. 1 (2023): 1-9,
https://doi.org/10.4174/astr.2023.104.1.1.

31. N. Masuda, S. J. Lee, S. Ohtani, et al., “Adjuvant Capecitabine for
Breast Cancer After Preoperative Chemotherapy,” New England Journal
of Medicine 376, no. 22 (2017): 2147-2159, https://doi.org/10.1056/
NEJMoal612645.

32. G. von Minckwitz, C. S. Huang, M. S. Mano, et al., “Trastuzumab
Emtansine for Residual Invasive HER2-Positive Breast Cancer,” New
England Journal of Medicine 380, no. 7 (2019): 617-628, https://doi.org/
10.1056/NEJMoal1814017.

33. P. Schmid, J. Cortes, L. Pusztai, et al., “Pembrolizumab for Early
Triple-Negative Breast Cancer,” New England Journal of Medicine 382,
no. 9 (2020): 810-821, https://doi.org/10.1056/NEJM0a1910549.

Journal of Surgical Oncology, 2026

85UB017 SUOLUWIOD BAIERID) B(qed!jdde a3 Aq paueA0b 318 S0 WO 88N JO SBINI 10§ ARR1G 1T BUIIUO ABJIM UIO (SUORIPUOD-PUR-SWLBILI0D "B 1M ARe1q 1 jeul|uo//Scil) SUORIPUOD PU SW L U} 88 *[9202/60/90] U0 AigIT8UIIUO ABIIM ‘NIFLSNIZ 14381V TV.LIISOH V.LITAVAES| VI3 1S VA8 3ava3100S Ad 69€02 0S(/200T 0T/I0pAL00"A8 1M AReid 1 puIUO//SARY W1 papeojumoq ‘0 ‘8606960T


https://doi.org/10.1200/JCO.2019.37.15_suppl.TPS600
https://doi.org/10.1200/JCO.2019.37.15_suppl.TPS600
https://doi.org/10.1200/JCO.2022.40.16_suppl.TPS615
https://doi.org/10.1200/JCO.2022.40.16_suppl.TPS615
https://doi.org/10.1016/j.breast.2021.07.015
https://doi.org/10.1245/s10434-022-12240-6
https://doi.org/10.1245/s10434-022-12240-6
https://doi.org/10.1016/j.ejso.2025.109689
https://doi.org/10.1245/s10434-025-19070-2
https://doi.org/10.1016/j.ejso.2020.10.014
https://doi.org/10.1016/j.ejso.2020.10.014
https://doi.org/10.1001/jamaoncol.2021.4394
https://doi.org/10.1001/jamaoncol.2021.4394
https://doi.org/10.1002/cncr.25066
https://doi.org/10.1002/cncr.25066
https://doi.org/10.1245/s10434-019-07915-6
https://doi.org/10.1245/s10434-019-07915-6
https://doi.org/10.3390/diagnostics13071224
https://doi.org/10.1111/his.15165
https://doi.org/10.1001/jamasurg.2024.5913
https://doi.org/10.1001/jamasurg.2024.5913
https://doi.org/10.1056/NEJMoa2414859
https://doi.org/10.1056/NEJMoa2414859
https://doi.org/10.1245/s10434-021-10830-4
https://doi.org/10.1186/s13063-018-3021-9
https://doi.org/10.4174/astr.2023.104.1.1
https://doi.org/10.1056/NEJMoa1612645
https://doi.org/10.1056/NEJMoa1612645
https://doi.org/10.1056/NEJMoa1814017
https://doi.org/10.1056/NEJMoa1814017
https://doi.org/10.1056/NEJMoa1910549

	Assessment of the Impact of Chemotherapeutic 'Treatment Effect' on Oncological Outcomes in Initially Node-Positive Breast Cancer Patients Undergoing Sentinel Lymph Node Biopsy Only After Neoadjuvant Chemotherapy
	1 Introduction
	2 Materials and Methods
	2.1 Patient Inclusion and Treatment Pathway
	2.2 Surgical Technique
	2.3 Pathological Assessment
	2.4 Data Collection and Outcomes
	2.5 Statistical Analysis

	3 Results
	3.1 Baseline Demographics and Clinical Characteristics
	3.2 Pathological Characteristics
	3.3 Predictive Factors of TE
	3.4 Clinical Outcomes

	4 Discussion
	5 Conclusion
	Data Availability Statement
	References




