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Abstract: To evaluate the omission of the axillary lymphadenectomy in patients with N1 breast cancer negative triple and
HER2-positive who showed an axillary response after neoadjuvant chemotherapy, and identify the axillary response in
relation to the molecular subtypes. It is a description of the technique and the presentation of our experience. Method: A
descriptive, retrospective study of 100 patients with cT1-T3/N1/MO0 stage who received primary systemic therapy between
January 2020 and January 2024; 72 of them received chemotherapy and/or anti-HER2 therapy and 28 hormonal therapies;
biopsy and marking of the suspicious lymph node with nitinolO clips (maximum 3) was performed. In the surgery, a
harpoon was placed in the axillary node + BSGC with 99mTc and methylene blue. Results: An axillary response was
achieved in 52/100 cases (52 %), in 34/52 (65.3 %) it was a complete pathological response pCR and in 18/52 isolated
tumor cells or micro metastases. Macrometastasis was observed in 48/100 (48 %) and therefore axillar lymphadenectomy
(33) or axillary radiation therapy (15) was performed. The axillary response occurred in: Luminal A: 26 %, Luminal B:
42 %, HER2-positive 87 % and triple negative 77 %. The mean lymph node was 3.05. Conclusions: The 52 % of the
cohort had an axillary response, thus avoiding the lymphadenectomy. Luminal A is scarce, the intention to negativize the
armpit is controversial. The target axillary dissection is an oncological safe procedure; not less than the axillar
lymphadenectomy.
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1 Introduction

Breast cancer (BC) is the most common malignancy worldwide, with more than 2,260,000 new cases annually [1]. If
approximately 10% of BC cases present with axillary involvement, it could be inferred that there are about 250,000 BC
cases with positive axillae, amenable to primary systemic therapy (PST) [2]. Over the last three decades, the management
of patients with BC has been characterized by a steady trend toward less invasive axillary surgery. Two main strategies
have contributed to this trend: the development of the sentinel lymph node biopsy (SLNB) procedure [3,4,5] and the
introduction of primary systemic therapy (PST), including neoadjuvant chemotherapy, anti-HER?2 therapies, and hormonal
or biological treatments, indicated according to each tumor immunophenotype [6].

The high negative predictive value of sentinel lymph node biopsy (SLNB), exceeding 90%, implies that patients with
negative SLNB (pNO0) are unlikely to have additional affected lymph nodes. In fact, these patients can avoid axillary lymph
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node dissection (ALND), with the consequent benefit of reduced morbidity and improved quality of life. Randomized
clinical trials have demonstrated that SLNB is indeed equivalent to ALND in terms of locoregional disease control and
survival in patients with early breast cancer [7,8,9, 10, 11]. The IBCSG 23-01 trial reported that performing ALND
represents overtreatment in patients with early-stage CM whose GC has only isolated tumor cells (ITC) or mi (foci >0.2
mm - <2 mm, pN1lmi) and has no benefit in terms of disease-free survival (DFS) or overall survival (OS), these same
results could be extrapolated to patients with ITC/mi after PST [12].

PST is currently used in patients with locally advanced breast cancer to convert inoperable tumors into resectable ones
or to reduce tumors to a size compatible with breast-conserving surgery. It is also used to assess tumor response in vivo and,
more recently, to achieve axillary lymph node biopsy (ALND) to avoid non-invasive lymph node biopsy [13,14]. N+
patients benefit most from PST by evaluating the response in both the breast and axilla, especially in TN and HER2-
positive tumors [15]. Obtaining a positive PCR test after PST is strongly correlated with a more favorable prognosis in
both disease-free survival (DFS) and overall survival (OS) [16]. Because PST can induce axillary fibrosis and alter
lymphatic drainage, the main problems associated with sentinel lymph node biopsy (SLNB) are the low SCL identification
rate and the high false-negative (FN) rate. Starting in 2005, the NSABP-27 trial initiated sentinel lymph node biopsy
(SLNB) following neoadjuvant chemotherapy (NEO-CT), but it already indicated the use of two detection techniques, blue
and 99mTec, to achieve a false negative rate (FN) below 10% [17]. In 2013, the results of the SENTINA trial delayed the
possibility of safely performing SLN after NEO-CT due to high FN rates and a low SLN identification rate, both before
and after NEO-CT [18]. Also in 2013, Boughey J, from MD Anderson, demonstrated the ability to reduce the false negative
rate by extracting at least two sentinel lymph nodes [19]. In 2015, the Dutch study (MARI) performed initial positive
lymph node labeling with a 1251 seed, lowering the FN rate to 7% [20]. In 2016, Caudle A et al., at MD Anderson, coined
the term TAD Target Axillary Dissection, combining the clip technique + SLNB, to identify positive lymph nodes in
patients after receiving PST, thus reducing the FN rate to 2% [21]. Our technique is based on a modification of the latter,
the main variant of which is the use of a nitinol® seed and not 1125.

The objectives of our work were:

1. Assess the omission of ALND in patients with CM cT1-T3 cN1MO, with axillary response after PST.

2. Identify the axillary response in relation to molecular subtypes and verify if it has any utility in luminal patients.

2 Method

A descriptive and retrospective study is presented. The cohort consists of 100 patients, selected between January 2020
and March 2024 (99 females and 1 female), with breast cancer, cT1-T3N1MO, who received PST. 72 received
chemotherapy and/or anti-HER2 therapy, and 28 patients received hormone therapy. 95 patients had invasive ductal
carcinoma (IDC) and 5 had invasive lobular carcinoma (ILC). Mean tumor size was 35 mm (range 6-90 mm). Mean age
was 53.5 years (range 28-81) (Table 1).

Table 1. Description of the study variables (n = 100)

Diagnosis (AP) n%
IDC 95 (95)
ILC 50
Immunohistochemistry

Luminal A 24 (24)
Luminal B 39 (39)
HER2 24 (24)
Triple Negative 13 (13)
Tumor Size at Diagnosis:

Tl 31 (31)




Diagnosis (AP) n%

T2 58 (58)
T3 11(11)
Histological Grade

Grade 1 22 (22)
Grade 2 58 (58)
Grade 3 20 (20)
Surgery

Breast-Conserving Surgery 81 (81)
Mastectomy 19 (19)
AP: anatomical pathology; n: sample size; IDC: Invasive Ductal Carcinoma; ILC: (Invasive Lobular
Carcinoma)

All biopsies underwent immunohistochemistry. The CM subtypes and their respective treatments were:

e Luminal A, 24 patients:

6 received neoadjuvant chemotherapy AC x 4 + Taxol x 12 cycles.
18 patients with NEO HT, premenopausal patients,

7 were blocked with goserelin + Letrozole x 6 months.

11 postmenopausal patients received Letrozole/Anastrazole x 6 months.

¢ Luminal B, 39 patients:

20 received neoadjuvant chemotherapy AC x 4 + Taxol x 12.

13 patients with NEO HT were treated with letrozole + ribociclib x 6 months. (Ribolaris trial).

4 patients received letrozole x 6 months.

2 patients received goserelin + letrozole.

HER2-positive, 24 patients: treated with trastuzumab + pertuzumab + taxol + or - AC x 4.

TN, 13 patients: treated with AC x 4 + Taxol x 12 + or -carboplatin.

A core needle biopsy (CNB) is always performed on the suspicious lymph node (FNA is NOT performed). Initially,
up to two lymph nodes were marked, but now only one lymph node is marked. The most caudal of a maximum of three
suspicious lymph nodes (cortical thickness > 3 mm) is marked with a metallic nitinol® (titanium + nickel) clip, preferably
in a "U" shape, as this shape is easier for pathologists to locate during extemporaneous biopsy. The clip is usually placed at
the time of the biopsy. All patients underwent mammography, ultrasound, and MRI before and after PST. Only patients
with complete or greater than partial radiological response were included.

3 Circuit and technique

The day before surgery, between 10 and 11 a.m., external lymphography is performed in nuclear medicine to detect
the SLN marked with a radioactive isotope. Approximately 4 mCi of 99mTc is injected subareolarly, and after 30-40
minutes, images are acquired to check the location of the sentinel lymph node(s). Then, on the day of surgery, at 8§ a.m.,
before entering the hospitalization area, the patient goes to the breast radiology unit, where, under local anesthesia, a
harpoon is placed in the node and, if necessary, also in the breast. They are then admitted to the hospital and, in the
operating room, 2 ¢cm?® of subareolar methylene blue is injected 20 minutes before the start of surgery. One of the surgeons
massages the breast for 5-10 minutes to facilitate the migration of the blue dye to the armpit (Figures 1 and 2). An X-ray of
the removed lymph node(s) is performed to confirm the presence of the clip (Figure 3). The nodes, both the marked ones
and the sentinel nodes, are then taken to the pathology laboratory. At our center, they are processed intraoperatively using
the OSNA (one-step acid nucleic amplification) technique to determine the number of copies of cytokeratin 19 mRNA (CK
19) in the SLN. The process takes approximately 20 minutes. If the result is 0 to 250 mRNA copies, these are isolated
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tumor cells; 250 to 5,000 copies are micrometastases; and more than 5,000 are macrometastases. Given the low probability
of finding other affected nodes with OSNA < 25,000 [24], we have raised our cutoff for VAX. Therefore, in our series,
where all nodes are evaluated by OSNA, except for clinical trials that do not include it, the sum of the copies reported in

the nodes studied should not exceed 25,000 copies in order to avoid performing ALND.

Figure 1. Conservative surgery with double marking in breast and marking in armpit.

Figure 2. TAD. Ganglion with harpoon, methylene blue and hot (99mTc).

The wounds are closed with continuous absorbable sutures. Drains are not placed in the axilla or breast, except if a
mastectomy and/or axillary lymph node dissection is performed. The patient is usually discharged first thing the following
morning. Final biopsy results are available in an average of 7 days.

Adjuvant therapies, systemic treatment, and radiotherapy were discussed in the multidisciplinary tumor board.
Treatments were planned according to standard clinical practice.

Inclusion criteria
e Patients with cT1-T3 N1 CM at diagnosis.
* Be over 18 years of age.

* Patients with N1 CM who have received primary systemic treatment, either hormone therapy, anti-HER2 treatment,

or chemotherapy.
¢ Pre-PST positive lymph node marking.
e Patients who have undergone IVO surgery with informed consent.

* Patients with complete or greater than partial radiological response.

Exclusion criteria




e Patients with cN2 MC at diagnosis.

e Patients without clinical-radiological response to PST.

Figure 3. X-ray of lymph node: axillary lymphadenopathy with clip and harpoon

4 Results

100 patients with breast cancer received PST, achieving an axillary response in 52/100 cases (52%), with 34/52 (65%)
achieving a complete pathological response (CPR) and 18/52 (34.6%) of these being 14 ypN1mi(sn) and 4 ITC ypNO (i+)
sn. Macrometastases were observed in 48 patients. ALND was performed in 33 patients and axillary RT in 15, most of
which were included in the ADARNAT trial (Table 2). During 50 months of follow-up (mean 20 months, range 3-50), there
were no axillary or distant relapses. In 14/33 (42%) lymphadenectomies, more metastatic nodes were found. Eighty-one
conservative surgeries and 19 mastectomies were performed (Table 1).

Analyzing by molecular subtypes, the axillary pathological response occurred in:

* Luminal A: 6/24 (26%): 4ypNO and 2ypmi(sn).

* Luminal B: 15/39 (42%): 8ypNO, 5 ypNImi(sn), and 2 ITCypNO(i+) sn.

* HER2-positive: 21/24 (87%): 16ypNO, 4ypN1mi(sn), and 1 ITCypNO(it+) sn.

* Triple Negative: 10/13 (77%): 6ypNO, 3 ypN1mi(sn), and 1 ITCypNO(it+) sn.

Table 2. Descriptive analysis of directed axillary dissection. (n=100)

TAD n%
N° SLN
1 5(5)
2 23 (23)
3 42 (42)
4 22 (22)
5 or more 8(8)
PR (Pathological Response) result of the lymph node
Pathological axillary response 52 (52)
Complete 34
ITC isolated tumor cells 4
Micrometastases 14
Macrometastases 48 (48)
No° of ALND 33
PR result in patients with ALND
Only SLN positive 19 (57)
More tumor burden besides SLN 14 (42)
Coincidence of SLN with seed marking 88 (8)

It is worth noting that 45% of the ypN1mi(sn) lymph nodes analyzed by the OSNA technique had a low tumor burden,
between 250 and 500 mRNA copies. 80% of patients had histological grade 2 or 3 (Table 2).

There were no serious complications during hookwire placement, nor any significant bleeding to report.
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No migration of the lymph node clip was observed, despite this being one of our initial concerns. A 99% detection rate
of the clipped axillary lymph node was achieved; only in one patient was the hookwire not successfully placed in the
marked node. The mean number of lymph nodes in the TAD was 3.05 (Range 1-7). The concordance rate between the
sentinel lymph node and the marked lymph node was 88% (88/100) (Table 2).

Among the patients who underwent ALND, in 20 of 33 cases (60.6%), no other metastatic lymph nodes were found;
in the remaining 13, 5 had only 1 positive lymph node, and 6 patients had between 2 and 4 lymph nodes. It is noteworthy
that 2 patients with complete radiological response and invasive lobular carcinoma had 10 and 17 additional lymph nodes,
respectively, on ALND.

5 Discussion

The TAD, validated in the literature [19,20,21], minimizes the possibility of FN. In our case, we make a modification
in the use of the seed, using a nitinol clip in the shape of a "u" preferably and not a 1251 seed. In this way, we do not have
the difficulty of handling a radioactive seed; our radiologists have had practically no problems in the location of the seed,
especially when there is a complete radiological response.

At the IVO, the technique is feasible thanks to the collaborative work of the surgery, medical oncology, radiation
oncology, radiology, nuclear medicine, and pathology departments. More than 50% of the cohort had a lymph node
response, either complete or as an ITC or MI, thus avoiding axillary lymph node dissection and its associated morbidity.

Moo et al. argued that axillary lymphadenectomy should be omitted only in cases where the axillary pCR lymph node
is completely negative, but not when ITC or micrometastases remain due to the high risk of other positive lymph nodes
[22]. However, this study could be criticized because the axilla was almost always evaluated clinically only, positive lymph
nodes were not labeled, and the tracer was used at the discretion of the surgical team.

It seems obvious that patients with residual axillary disease after Primary Systemic Therapy (PST) would have a
worse prognosis compared to patients who achieve a pathological complete response (pCR). However, it is not entirely
clear whether a low residual tumor burden influences prognosis in the same way. In particular, the clinical importance of
axillary micrometastasis following PST has not yet been determined.

Analyzing the pathological status of lymph nodes after Primary Systemic Therapy (PST) in a pilot cohort of patients
diagnosed cN+, converted to ypN-, Tinterri et al, in Milan, had preliminary evidence that patients with SLN
micrometastatic ypN1mi(sn) have OS and DFS similar to those of pCR, ypNO(sn) patients. Conversely, these results were
significantly worse in ypN1/3(sn) patients [23]. These findings are in line with the recent Dutch study by Van Nijnatten et
al., who evaluated prognosis according to axillary residual disease in N+ patients and showed that patients with ypNO and
ypN1mi have similar long-term DFS and OS, while patients with ypN1-3 have a significantly less favorable prognosis [25].
It is also possible that in the vast majority of patients with micrometastases after PST, ALND is unnecessary, as
demonstrated by the IBCSG 23-01 study in initial cNO surgery. As in the NEONOD 2 study [23], we intend to verify
whether it is oncologically safe not to perform axillary lymphadenectomy in those patients with axillary response, either
complete or with little residual burden.

These clinical trials [12,23,24,25], in conjunction with the experience of MD Anderson (21), are what led us to
propose this new surgical approach for managing the axilla after primary systemic therapy (PST), with very good results
both in lymph node detection and, so far, in local recurrence, overall survival (OS), and disease-free survival (DFS).

Comparing our results with three large series in the literature [26,27,28], we see that the local recurrence rates are
very low, even in those studies that did not use marking clips on the affected lymph nodes, not exceeding 2%. In fact, in the

IEO study, published in 2023 with 222 cNI1 cases and a negative conversion rate of 55%, similar to ours, the local
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recurrence rate does not exceed 1.6% [26].

In response to the primary objective, we have been able to omit axillary lymphadenectomy in 51% of N1 breast
cancer patients with axillary pathological response (RPA) after primary systemic therapy (PST). Our lymph node detection
rate is 99%, and our mean number of extracted lymph nodes (3.05) leads us, once again, to affirm the performance of
targeted axillary dissection (TAD) after neoadjuvant chemotherapy (NAC), as described in the literature [26,28].

Regarding the question of the most responsive subtypes, HER2-positive and triple-negative (TN) are by far the ones
that achieve the highest rates of axillary conversion to negative. In our case, the rates were 86% and 66% respectively,
which is consistent with the work of Barrio et al. [27], which included only TN and HER2-positive patients and reported
axillary response rates of 90%, with only a single patient experiencing regional recurrence at three years. Therefore, we
believe that these molecular subtypes are the ones for which we can truly avoid ALND. The problem, as always, lies with
Luminal B tumors, which have a response rate of about 40% and often remain somewhat in a gray area, requiring case-by-
case analysis; when they do not respond, ALND should be performed. In the case of Luminal A tumors, with such a low
response rate of 25%, we believe that if the axilla has one or two positive nodes at diagnosis, it makes little sense to wait
for its conversion to negative. Instead, the decision should be based on the response of the tumor in the breast, and axillary
treatment should be considered according to the Giuliano criteria.

Responding to the primary objective, we have been able to omit axillary lymphadenectomy in 51% of N1 breast
cancer patients with RPA after PST. Our lymph node detection rate is 99%, and our mean number of extracted lymph nodes
(3.05) leads us, once again, to affirm the performance of TAD after QT, as described in the literature [26,28].

Regarding the question of the most responsive subtypes, HER2-positive and triple-negative (TN) are by far the ones
that achieve the highest rates of axillary conversion to negative. In our case, the rates were 86% and 66% respectively,
consistent with the work of Barrio et al. [27], which included only TN and HER2-positive patients and reported axillary
response rates of 90%, with only a single patient experiencing regional recurrence at three years. Therefore, we believe that
these molecular subtypes are the ones for which we can truly avoid ALND. The problem, as always, lies with Luminal B
tumors, which have a response rate of about 40% and often remain somewhat in a gray area, requiring case-by-case
analysis; when they do not respond, ALND should be performed. In the case of Luminal A tumors, with such a low
response rate of 25%, we believe that if the axilla has one or two positive nodes at diagnosis, it makes little sense to wait
for its conversion to negative. Instead, the decision should be based on the response of the tumor in the breast, and axillary
treatment should be considered according to the Giuliano criteria.

Regarding not performing ALND in cases of isolated tumor cells or micrometastases, perhaps the most critical point:
the probability of finding additional nodes in this scenario does not exceed 10%, as we see in the series by Moral P et al.,
[28]. Therefore, these patients, who will also receive radiotherapy, would not have a higher risk of regional recurrence. In
our experience, in the case of Macrometastasis, we have found 40% of additional nodes, but so far we have not had any
axillary or distant recurrences.

Definitely, as we see in a 2020 review by Piltin et al., there has been a gradual increase since 2009 in the use of SLNB
in patients with N+ disease after PST, leading to a reduction of ALND by more than 50% during the period 2015-2019 [29].

While some major hospitals do not mark the positive node at the outset and perform only SLNB, the main scientific
societies (NCCN, SESPM, St. Gallen Consensus) recommend, as in our practice, targeted axillary dissection, extracting the
previously marked node and also performing the sentinel node technique with dual tracers; thus obtaining at least 3 lymph
nodes [30]. In conclusion, 52% of the cohort had an axillary response, thus avoiding ALND. The HER2-positive and TN

subtypes definitively have the highest response rates, between 60% and 80%. The benefit in Luminal A is minimal; the




intention to negate the axilla is controversial. TAD is an oncologically safe procedure; not inferior to ALND.
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