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Abstract
Background Targeted axillary dissection (TAD) combines sentinel node biopsy (SNB) with the removal of the previously 
marked metastatic node. TAD is a promising concept for axillary restaging in node-positive breast cancer patients with 
pathological complete response (pCR) to neoadjuvant therapy (NAT). We aimed to evaluate TAD feasibility in this context.
Methods A prospective observational study was conducted in biopsy-confirmed cN1 patients. The removal of the clipped 
node (CN) was guided by intraoperative ultrasound. SNB used indocyanine green and patent blue V dye. If the CN or sen-
tinel lymph nodes (SLN) had any metastatic foci, or the TAD procedure was unsuccessful, the patient underwent axillary 
lymph node dissection (ALND).
Results Thirty-seven patients were included. TAD and SNB identification rates were 97.3%. Every retrieved CN was also a 
SLN. At the individual level, SNB identification rate was 89.2% with indocyanine green and 85.5% with patent blue V dye. 
The CN identification rate was 81.1%, being higher when the CN was localized on the intraoperative ultrasound (84.4% 
vs 60.0%). Nodal pCR was achieved by 54.1% of our patients and was more frequent in HER2-positive and triple-negative 
tumors (p = 0.039). Nineteen patients were spared from ALND.
Conclusion TAD with intraoperative ultrasound-guided excision of the CN and SNB with indocyanine green and patent blue 
V dye is a feasible concept to identify patients without axillary residual disease after NAT, that can be spared from ALND, 
although the need for marking the biopsied node should be further investigated.

Keywords Breast cancer · Neoadjuvant therapy · Targeted axillary dissection · Sentinel lymph node biopsy · Axillary 
lymph node dissection

Introduction

The presence of nodal metastasis in breast cancer is an 
important prognostic factor and axillary lymph node dissec-
tion (ALND) is the gold standard treatment for locoregional 
control in node-positive patients [1, 2]. However, ALND is 
associated with important morbidity [3]. In patients with 
locally advanced breast cancer and nodal metastasis, neo-
adjuvant therapy (NAT) is used to downstage the tumor and 
increase the likelihood of breast-conserving surgery (BCS). 
Nevertheless, persistent nodal disease after NAT increases 
the risk for locoregional recurrence [4–6]. Nodal pathologi-
cal complete response (pCR) rates up to 40–50% can be 
achieved, even more in HER2-positive and triple-negative 
tumors [7–10]. These cases do not benefit from ALND, 
which raised the possibility of a more conservative surgi-
cal approach, with similar oncological outcomes [1, 5, 11].
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Sentinel node biopsy (SNB) is an alternative with less 
morbidity and provides reliable nodal staging information 
in node-negative patients [3, 12]. However, its application 
after NAT in initially node-positive patients is controver-
sial due to historically higher false negative rates (FNR) 
and lower identification rates (IR) [4, 7], explained by the 
alterations on the lymphatic drainage caused by NAT and 
residual disease [13]. If this higher FNR translates into a 
clinically relevant risk of recurrence remains unclear [14]. 
The dual-mapping technique with technetium-99 m and 
blue dye improved the IR from 77.4 to 87.8% (p = 0.046) 
in SENTINA trial [4] and the FNR from 20.3 to 10.8% 
(p = 0.05) in ACOSOG Z1071 trial [7]. In GANEA 2 study 
[10], the removal of at least two sentinel lymph nodes 
(SLN) decreased the FNR from 19.3 to 7.8% (p = 0.041), 
while use of immunohistochemistry decreased the FNR 
from 13.3 to 8.4% in SN FNAC study [5].

An alternative to Technetium-99  m is indocyanine 
green (ICG) and the detection of its near-infrared fluo-
rescence. ICG allows high IR, good visualization of lym-
phatic pathways and its addition to patent blue V dye 
(PBD) has similar results to the Technetium-99 m/blue 
dye combination [6, 15]. The metastatic growth replaces 
the reticuloendothelial cells that retain the radioisotope 
and its transporter molecule inside the node, hampering 
radioisotope efficiency, while ICG is hypothetically unaf-
fected by this mechanism since its lymphatic drainage is 
passive [16, 17].

Targeted axillary dissection (TAD) concept may be a 
feasible alternative to SNB in this context. TAD is the sum 
of SNB with the removal of the previously marked lymph 
nodes (clipped node biopsy/CNB); the metastatic nodes are 
marked before NAT and later removed during SNB, since 
their pathological evaluation can improve the assessment of 
residual nodal disease after NAT [1, 11]. A positive clipped 
node (CN) represents disease resistant to systemic therapy, 
being more significant than in the setting of upfront SNB, 
where adjuvant therapy will eventually treat residual disease 
[18]. Caudle et al. [1] found a FNR of 2.0% for TAD, 4.2% 
for CNB, and 10.1% for SNB. Thus, TAD concept seems to 
be the most accurate for axillary restaging after NAT [2], 
particularly when the CN is also a SLN, although the con-
cordance rate is not always 100%. In ACOSOG Z1071 trial 
[11], the SNB FNR was 19.0% when the CN was within the 
ALND specimen, 14.3% if the clip was not found, 13.4% if 
a clip was not placed, but only 6.8% when the CN was also 
a SLN.

Our primary aim was to evaluate the feasibility of TAD—
CNB with intraoperative ultrasound (IOUS) and SNB with 
ICG and PBD—in the axillary restaging after NAT of ini-
tially node-positive patients. We also aimed to evaluate the 
concordance between the CN and the SLN, nodal pCR to 
NAT and the ALND avoidance rate.

Patients and methods

This prospective, phase 1–2, observational single-center study 
was conducted between November 2019 and September 2021 
in the Breast Center of Centro Hospitalar Universitário São 
João. The study was approved by the Hospital Ethics Com-
mittee and written informed consent was obtained from all 
patients. Data were collected during surgery and from clini-
cal records, radiology, and pathology reports. All medical and 
surgical treatments and the eligibility for NAT and TAD were 
decided by a multidisciplinary tumor board.

Eligibility criteria

Female patients with invasive breast cancer submitted to sys-
temic NAT, that were biopsy-proven cN1 before NAT and 
converted to ycN0 after NAT based on physical examination, 
were consecutively recruited. Patients with cN0, cN2 or cN3 
stage, distant metastasis at diagnosis, inflammatory carcinoma 
or previous axillary surgery were excluded. Patients with three 
or more suspicious nodes on the initial ultrasound directly 
underwent ALND after NAT and were also excluded.

Suspicious lymph nodes marking

All patients underwent ultrasonography for initial axillary 
staging and lymph node biopsy by fine-needle aspiration or 
core-needle biopsy. Suspicious nodes were marked with an 
echo-visible metal clip  (HydroMARK®) at the same time of 
lymph node biopsy, before NAT. A maximum of two clips 
were placed by patient. When only the most suspicious node 
was marked, the radiologist referenced the CN spatial rela-
tionships with other suspicious nodes, which would be given 
particular attention during surgery.

NAT and adjuvant therapy

NAT consisted of chemotherapy or endocrine therapy. In 
HER2-positive tumors, trastuzumab and pertuzumab were 
added. After completion of NAT, the clinical response of 
the tumor and axilla was evaluated by physical examination, 
ultrasound, mammography, and magnetic resonance imaging 
(MRI). Patients were then submitted to BCS or mastectomy 
and TAD. Based on tumor characteristics and residual disease, 
adjuvant breast radiotherapy, regional nodal irradiation (RNI), 
chemotherapy, anti-HER2 agents and endocrine therapy could 
be used.

Surgical procedure

Careful examination with axillary IOUS was performed 
immediately after anesthetic induction to visualize the clip. 
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The CN was selectively removed and radiographed to con-
firm the clip presence. SNB was done with a combined tech-
nique using a peritumoral injection of 1 cc of ICG (5 mg) 
and a sub-areolar injection (Sappey plexus) of 1 cc of PBD. 
ICG lymphatic drainage was traced by fluorescence naviga-
tion with a near-infrared camera and real-time screen visual-
ization. A node was considered a SLN if it was blue, fluores-
cent, or clinically suspicious on palpation. The pathological 
status of every node was determined intraoperatively with 
One Step Nucleic Acid Amplification or conventional hema-
toxylin–eosin assay. A node was considered positive if it had 
any metastatic focus, including micrometastasis and isolated 
tumor cells. If the CN or SLN was positive after NAT, or 
TAD surgery was unsuccessful, ALND was performed.

Statistical analysis

SNB was considered effective if it at least one SLN was 
removed and CNB was successful if the CN was recov-
ered. TAD was unsuccessful if both SNB and CNB could 
not recover any node, but effective if at least one lymph 
node, either SLN or CN, was retrieved. The concordance 
rate was defined as the proportion of surgically recovered 
CN that were SLN. Data are expressed as absolute and rela-
tive frequencies for categorical variables and median and 
range (minimum–maximum) for quantitative variables. 
Fisher’s exact test and Pearson's chi-squared test were used 

for categorical variables, and Mann–Whitney U test for 
quantitative variables. Statistical tests were two-sided and p 
values lower than 0.05 were considered statistically signifi-
cant. Statistical analysis was done with IBM SPSS Statistics 
26.0 software.

Results

Between April 1, 2019 and April 30, 2021, 645 patients were 
diagnosed with invasive breast cancer. Among 229 patients 
undergoing NAT, 37 patients matched our inclusion and 
exclusion criteria (Fig. 1). Patient demographics and tumor 
characteristics are listed on Table 1. One patient with three 
and one patient with four suspicious nodes were included 
because their most suspicious node was marked with a clip 
by the Radiology team, and both patients also underwent 
ALND. Two clips were placed in only one patient.

Thirty-six patients received neoadjuvant chemotherapy 
and one patient endocrine therapy. Fifteen patients also 
received trastuzumab and pertuzumab. The median NAT 
duration was four months (range 3–6). Thirteen patients had 
a complete and 22 patients a partial clinical response in the 
breast. Thirty-five patients showed nodal response on ultra-
sound: 17 patients had a complete and 18 patients a partial 
clinical response. SNB was done with ICG and PBD, except 
in one patient with an acute allergic reaction to PBD that was 

Fig. 1  Flowchart of patients 
diagnosed with invasive breast 
cancer between April 1, 2019 
and April 30, 2021. NAT neoad-
juvant therapy, ALND axillary 
lymph node dissection, TAD 
targeted axillary dissection. 
aOne patient died of unrelated 
diseases and two patients under 
neoadjuvant therapy were not 
submitted to surgery yet
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reoperated with radioisotope. A median of three SLN (range 
1–5) was removed. In all five patients with only one SLN, 
this was also the previously marked CN, and three of them 
underwent ALND since the CN was metastatic. Among 
seven patients with two SLN, there was only one patient 
without recovery of the CN, who was submitted to ALND 
since both SLN were metastatic. The CN was identified on 
the post-NAT ultrasound in 30 patients and with IOUS in 
32 patients. At the time of surgery, the CN location was 
unknown in four cases not undergoing ALND and in two 
patients with ALND (the ALND specimen was not radio-
graphed, and the clip was not mentioned on the pathology 
report). Nineteen patients were spared from ALND, and all 
of them underwent further breast radiotherapy and RNI. 
Among 18 patients undergoing ALND, the median number 
of retrieved nodes was ten (range 4–33), metastatic nodes 
were found on 11 patients and the median number of meta-
static nodes found on the ALND specimen was one (range 
0–33). Thirty patients underwent BCS and seven total mas-
tectomy (Table 2).

The IR of SNB and TAD was equal, 97.3% (95% CI 
91.9–100), because every retrieved CN was a SLN. The 
IR of CNB was 81.1% (95% CI 68.1–94.1), being higher 
when the CN was localized on the IOUS, 84.4% vs 60.0% 
(p = 0.233). Among 7 cases without retrieval of the CN, SNB 
was effective in six patients and a minimum of three SLN 
was removed, except in one patient with two metastatic SLN 
that underwent ALND. It was possible to recover both CN in 
the patient with two clips; thus, the CNB identification rate 
considering the total number of clips placed was 81.6%. At 
the individual level, SNB IR was 89.2% for ICG, 85.5% for 
PBD and 94.6% for the ICG-PBD combination. In healthy 
weight patients, ICG and PBD IR were both 92.9%; in over-
weight patients 91.7% for ICG and 83.3% for PBD; and in 
obese patients, both IR were 81.8%. At the lymph node level, 
SNB IR was 77.7% for ICG and 64.1% for PBD (p = 0.085), 
88.3% for the ICG-PBD combination and 96.1% when also 
considering clinically suspicious nodes. Among 103 SLN, 
24 were metastatic: six of 25 fluorescent nodes; five of 11 
blue nodes; nine of 55 fluorescent and blue nodes; one of 
four radioisotope-active nodes; and three of eight clinically 
suspicious nodes (Fig. 2). Besides one acute allergic reac-
tion to PBD, there were no complications during TAD or 
clip placement.

Among 18 cases undergoing ALND, the SLN and/or CN 
were the only positive nodes in six cases. The ALND speci-
men was also negative in the patient with unsuccessful TAD. 
Within 15 cases with positive retrieved SLN and effective 
CNB, two cases had a positive SLN not CN: in one patient, 
the CN had signs of previous metastasis (fibrosis); in the 
other, the ALND specimen was negative. Metastatic status 
of SNB, CNB, TAD and ALND specimens are listed on 
Table 3. Negative status of the recovered CN (p < 0.001), 

Table 1  Patient demographics and tumor characteristics

BMI body mass index, NST non-special type, HR hormone receptors, 
HER2 human epidermal growth factor receptor 2, MRI magnetic reso-
nance imaging, NAT neoadjuvant therapy, LN lymph nodes
a Clinical T stage was based on the tumor greatest dimension on ultra-
sound

Characteristic N (%)

Median age (years) 47 (range 35–78)
Caucasian 37 (100.0)
BMI
 < 25.0 kg/m2 14 (37.8)
 25.0–29.9 kg/m2 12 (32.4)
 ≥ 30.0 kg/m2 11 (29.7)

Smoking habits
 Yes 3 (8.1)
 No 32 (86.5)
 Unknown 2 (5.4)
 Previous breast surgery 2 (5.4)

Tumor histology
 NST 35 (94.6)
 Lobular 1 (2.7)
 Other 1 (2.7)

Histologic grade
 2 8 (21.6)
 3 29 (78.4)

Tumor subtype
 HR-positive, HER2-negative 15 (40.5)
 HR-positive, HER2-positive 12 (32.4)
 HER2 enriched (HR-negative) 3 (8.1)
 Triple-negative 7 (18.9)

Median tumor size (mm) on ultrasound at diag-
nosis

27 (range 9–60)

Median tumor size (mm) on MRI at diagnosis 40 (range 10–83)
Clinical T stage at  diagnosisa

 T1b 1 (2.7)
 T1c 11 (29.7)
 T2 24 (64.9)
 T3 1 (2.7)

Anatomic stage before NAT
 IIA 12 (32.4)
 IIB 24 (64.9)
 IIIA 1 (2.7)

Number of suspicious LN on ultrasound
 1 29 (78.4)
 2 6 (16.2)
 ≥ 3 2 (5.4)

Number of biopsied and marked LN
 1 36 (97.3)
 2 1 (2.7)
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breast pCR (p = 0.006), HER2-positive and triple-negative 
tumors (p = 0.039) were significantly associated with nodal 
pCR (Table 4).

Discussion

We present our initial results with TAD concept. More than 
half of our patients could be spared from ALND. TAD and 
SNB IR were high (36/37): the only patient with an inef-
fective TAD was the first patient included. Our CNB IR of 
81.1% was lower than some of the previously reported [19, 
20]. This may be explained by the procedure learning curve, 
which also affected results of previous series [21, 22], and 
must be considered when implementing a new technique.

Clip-based TAD is the technique with more data avail-
able. Like the ILINA trial [19], we used IOUS for localiz-
ing the CN. This process was sometimes difficult and slow. 
Occasionally, the clip and its mucoid coating were naked-eye 
visible during SLN dissection and could be lost inadvert-
ently; thus, the clip must be positioned inside the suspi-
cious node. Metal-hydrogel clips’ visibility on ultrasound 
may reduce with time [22] and accurate identification may 
be challenging, especially if the CN reverts to normal after 
NAT [23]. Still, IOUS has lower costs, is radiation-free, and 
facilitates surgical scheduling [19, 23].

It was not possible to localize the CN with IOUS in five 
patients. The CN was recovered in 84.4% of cases with visu-
alization on the IOUS, but only in 60.0% of cases without 

Table 2  NAT characteristics and outcomes, TAD surgery and adju-
vant therapy

Variable N (%)

Neoadjuvant chemotherapy regimen
 ACx4 + Tx4 18 (50.0)
 ACx4 + Tx12 5 (13.9)
 TCx4 + ACx4 8 (22.2)
 Other 5 (13.9)

Median tumor size (mm) on ultrasound after NAT 3 (range 0–47)
Median tumor size (mm) on MRI after NAT 18 (range 0–63)
Pathological T stage
 yp T0 14 (37.8)
 yp T1a 2 (5.4)
 yp T1b 5 (13.5)
 yp T1c 5 (13.5)
 yp T2 10 (27.0)
 yp T3 1 (2.7)

Pathological N stage
 yp N0 20 (54.1)
 yp N1 14 (37.8)
 yp N2 2 (5.4)
 yp N3 1 (2.7)

Anatomic stage after NAT
 0 12 (32.4)
 IA 8 (21.6)
 IB 2 (5.4)
 IIA 3 (8.1)
 IIB 8 (21.6)
 IIIA 3 (8.1)
 IIIC 1 (2.7)

Pathological response in the breast
 Complete 14 (37.8)
 Partial 21 (56.8)
 None 2 (5.4)

Pathological response in the axilla
 Complete 20 (54.1)
 Partial 10 (27.0)
 None 7 (18.9)

Presence of nodal pCR according to tumor subtype
 HR-positive, HER2-negative 5 (33.3)
 HR-positive, HER2-positive 9 (75.0)
 HER2 enriched (HR-negative) 3 (100.0)
 Triple-negative 3 (42.9)

Number of Sentinel Lymph  Nodesa

 1 5 (13.9)
 2 7 (19.4)
 3 16 (44.4)
 ≥ 4 8 (22.2)

Localization of the clipped node
 Sentinel node biopsy specimen 30 (81.1)
 Axillary lymph node dissection specimen 1 (2.7)b

 Unknown 6 (16.2)c

NAT neoadjuvant therapy, TAD targeted axillary dissection, ACx4 
adriamycin + cyclophosphamide 4 treatments every 3  weeks, Tx4 
docetaxel 4 treatments every 3  weeks, Tx12 paclitaxel 12 weekly 
treatments, TCx4 docetaxel + carboplatin 4 treatments every 3 weeks, 
MRI magnetic resonance imaging, pCR pathological complete 
response, HR hormone receptors, HER2 human epidermal growth 
factor receptor 2
a Number registered on the operative report, even if it was different 
from the number mentioned on the pathology report
b The CN was the only node with signs of previous metastasis
c In one patient without ALND, the clip was found inside a seroma on 
a post-surgery ultrasound

Table 2  (continued)

Variable N (%)

Adjuvant systemic treatment
 Chemotherapy 7 (18.9)
 Endocrine therapy 13 (35.1)
 Anti-HER2 therapy 4 (10.8)
 Endocrine therapy and anti-HER2 therapy 9 (24.3)
 Chemotherapy, endocrine therapy and anti-HER2 1 (2.7)
 None 3 (8.1)

Adjuvant radiotherapy
 Breast or chest wall + Regional nodal irradiation 37 (100.0)



714 Breast Cancer (2022) 29:709–719

1 3

this visualization, supporting that removal of the CN benefits 
from its ultrasound visibility and the team experience [2, 18, 
23]. In the ILINA trial [19], the CN predicted the axillary 
status after NAT in 97.1% of cases and the FNR was 4.1%. 
However, if the clip was not clearly visualized, an attempt 
was made to place another clip close to the first marker and 
patients in which the CN could not be localized by imaging 
studies were excluded, which did not happen in our study 
and may explain our lower CNB IR. Non-recovery of the CN 
may also have been due to clip dislodgement during SLN/
CN dissection [22, 24], since in one of our patients the clip 
was found inside a seroma on a post-surgery ultrasound.

Presurgical ultrasound-guided wire localization of the CN 
had high IR in some studies [9, 20, 24], but results are not 
always satisfactory [21], it requires an additional invasive 
procedure; displacement and discomfort are possible, and 
some radiologists are concerned with the proximity to axil-
lary vessels [22, 25]. Preoperative localization of the CN 
with seeds [13] or ink [26] may also improve removal of 
the CN. Other alternative is tattooing positive nodes with 
a carbon suspension at the time of diagnosis [27], a low-
cost technique without invasive localization procedures, but 
limitations include ink scattering to other nodes, difficult 
distinction between the blue dye and black ink, and the need 
for a wider surgical dissection [23, 27, 28]. Another option 

is the MARI (Marking Axillary lymph nodes with Radio-
active Iodine seeds) procedure, which uses 125I seeds that 
facilitate surgical scheduling and have a decreased risk of 
displacement and injury to vascular structures but are more 
expensive and limited by some country’s regulations [23, 28, 
29]. A non-radioactive option is ferromagnetic seed, which 
implies a higher cost and the possibility of MRI artifacts 
[23, 28, 30].

Markers can be placed at the same time of percutaneous 
node biopsy, as in our study, which avoids the need for an 
additional procedure and assures the marker has been placed 
into the biopsied node but has the risk of placement in nega-
tive nodes; or during a second invasive procedure after the 
biopsy results show metastasis, although the marker may not 
be placed into the previously biopsied node [23, 25]. In most 
studies, only one node is marked, although if it is the larg-
est, the most suspicious, or the most accessible is variable 
and other features besides size should be considered [31]. 
This option is less expensive, but the number of metastatic 
nodes at diagnosis is unknown and initial ultrasound may not 
detect all nodes needed to be marked [23]. Since different 
nodes may have heterogenous responses to NAT and other 
nodes beyond the CN may have residual disease, mark all 
metastatic nodes that can more accurately predict axillary 
status and reduce FNR [23, 32].

Fig. 2  Sentinel lymph node marking for each patient. PBD patent blue V dye, ICG indocyanine green
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The meta-analysis by Simons et al. [33] found a negative 
predictive value up to 97% for TAD: when nodal pCR is 
predicted, residual disease is missed in few patients. Several 
studies supported the combination of SNB with CNB [1, 
24, 33]. The added value of SNB in the TAD procedure was 
also proved by our results, since three cases with a positive 
ALND specimen were only detected by SNB; in six cases 
with ineffective CNB, SNB was successful in staging the 
axilla; and even if it is not possible to localize the CN, we 
may surgically recover it as a SLN [22]. In the study by Cau-
dle et al. [1], the only factor associated with the discordance 
between the CN and the SLN was the presence of at least 
four abnormal nodes on the initial ultrasound. However, we 
mostly included patients with one or two abnormal nodes, 
which can partly explain our concordance rate of 100%. 
Since every retrieved CN was also a SLN, this could mean 
that, when a SNB combined technique with ICG is used, 
CNB could be avoided.

We found a SNB IR higher than some of the previously 
reported [1, 4], which can be explained by the dual-mapping 
technique with ICG and PBD. After NAT, the axilla has 
more fibrosis and the lymphatic drainage from the breast 
can be impaired, thus a dual-mapping technique is highly 
recommended [4, 7]. Even though removal of more SLN 
is associated with lower FNR [34], it is also important to 
remove as few nodes as possible to accomplish the primary 
aim of reducing morbidity [33]. In our cohort, it was pos-
sible to remove at least three SLN in most cases; in five 
cases with a single retrieved SLN, this was the previously 
marked CN; among seven cases with two SLN, one of the 
SLN was the CN, except in one patient without CN recovery 
who underwent ALND. Thus, since at least three SLN or the 
CN were removed, we believe it was safe to omit ALND in 
those patients with non-metastatic TAD nodes.

Contrary to most studies, which used an association of 
Technetium-99 m and blue dye, we combined ICG with 
PBD. ICG has less cost, logistical challenges, and an easier 
real-time visualization [15, 25]. However, its efficiency 
may be limited by high BMI [35], which was also demon-
strated by our results. Chirappapha et al. [6] found higher 
IR and lower FNR for ICG comparing with isosulfan blue 
or radioisotope, in N + patients, after NAT. In their study, 
the combination of ICG and blue dye was associated with 
the highest IR and was significantly better than the blue 
dye-radioisotope combination (p = 0.014). In line with our 
results, this supports the feasibility of combining PBD with 
ICG after NAT.

Damin et al. [36] found that, among node-positive patients 
undergoing NAT, axillary recurrence was similar (p = 0.71) 
in patients only offered SNB with Technetium-99 m and 
PBD, and patients submitted to ALND. Overall survival, 
disease-free survival and distant recurrence were signifi-
cantly better in patients only submitted to SNB, since they 

Table 3  Metastatic status of SNB, CNB, TAD and ALND lymph 
nodes

SNB, CNB, TAD and ALND were considered positive if at least one 
metastatic node was retrieved with the respective technique
SNB sentinel node biopsy, CNB clipped node biopsy, TAD targeted 
axillary dissection (TAD = SNB + CNB), ALND axillary lymph node 
dissection, NA not applicable (technique was unsuccessful), SLN sen-
tinel lymph node
a The clipped node was found on the ALND specimen and was the 
only node with signs of previous metastasis (fibrosis)
b The clipped node was the only metastatic SLN
c Two lymph nodes on the ALND specimen had signs of previous 
metastasis (fibrosis)

Patient’s number SNB CNB TAD ALND

Patient 1 NA NA NA Negativea

Patient 2 Negative Negative Negative NA
Patient 3 Negative Negative Negative NA
Patient 4 Negative Negative Negative NA
Patient 5 Positiveb Positive Positive Positive
Patient 6 Positiveb Positive Positive Positive
Patient 7 Negative Negative Negative NA
Patient 8 Positive Negative Positive Positive
Patient 9 Negative NA (3 SLN) Negative NA
Patient 10 Positiveb Positive Positive Negative
Patient 11 Negative Negative Negative NA
Patient 12 Negative NA (3 SLN) Negative NA
Patient 13 Positive Positive Positive Positive
Patient 14 Negative Negative Negative NA
Patient 15 Negative Negative Negative NA
Patient 16 Positiveb Positive Positive Negative
Patient 17 Positiveb Positive Positive Negativec

Patient 18 Positiveb Positive Positive Positive
Patient 19 Negative Negative Negative NA
Patient 20 Positiveb Positive Positive Negative
Patient 21 Negative Negative Negative NA
Patient 22 Negative Negative Negative NA
Patient 23 Negative Negative Negative NA
Patient 24 Positive NA (3 SLN) Positive Positive
Patient 25 Negative NA (4 SLN) Negative NA
Patient 26 Positive Positive Positive Negative
Patient 27 Positiveb Positive Positive Positive
Patient 28 Positive Positive Positive Positive
Patient 29 Negative Negative Negative NA
Patient 30 Positive Negative Positive Negative
Patient 31 Positive Positive Positive Positive
Patient 32 Positive NA (2 SLN) Positive Positive
Patient 33 Positive Positive Positive Positive
Patient 34 Negative Negative Negative NA
Patient 35 Negative Negative Negative NA
Patient 36 Negative NA (4 SLN) Negative NA
Patient 37 Negative Negative Negative NA
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achieved nodal pCR. Axillary recurrence does not seem to 
depend on the type of axillary surgery [14], which supports 
the use of SNB or TAD in this context.

Although some studies developed predictive models 
of nodal pCR after NAT [37, 38], to select who may not 
require ALND is challenging, since clinical and imag-
ing exams are limited in distinguishing residual disease 

from nodal pCR [5, 19, 29]. In our study, axillary clinical 
response, based on imaging exams, did not significantly 
predict nodal pCR (p = 0.201). Our nodal pCR rate was 
54.1% and our findings support that, in addition to TAD 
results, breast pCR and tumor subtype can help us to 
decide which patients may be safely spared from ALND. 
Most of our patients received systemic adjuvant therapies 

Table 4  Tumor characteristics 
and nodal pCR

pCR pathological complete response, CN clipped node, NAT neoadjuvant therapy, US ultrasound, MRI 
magnetic resonance imaging, HR hormone receptors, HER2 human epidermal growth factor receptor 2, LN 
lymph nodes, PPV positive predictive value, NPV negative predictive value
a CN metastatic status was unknow in seven cases without its selective recovery (unsuccessful CNB)
b Based on imaging exams after neoadjuvant therapy
*Pearson’s chi-squared test
**Fisher’s exact test
***Mann–Whitney U test

Patients with nodal 
pCR (n = 20), n (%)

Patients without nodal 
pCR (n = 17), n (%)

p value

Metastatic CN after  NATa < 0.001*
 Yes 0 (0.0) 13 (86.7)
 No 15 (100.0) 2 (13.3)

Breast pCR 0.006*
 Yes 12 (60.0) 2 (11.8)
 No 8 (40.0) 15 (88.2)

Pathological T stage  < 0.001**
 yp T0 12 (60.0) 2 (11.8)
 yp T1a 2 (10.0) 0 (0.0)
 yp T1b 5 (25.0) 0 (0.0)
 yp T1c 1 (5.0) 4 (23.5)
 yp T2 0 (0.0) 10 (58.8)
 yp T3 0 (0.0) 1 (5.9)

Median tumor size (mm) on US after NAT 0 (range 0–29) 10 (range 0–47) 0.133***
Median tumor size (mm) on MRI after NAT 13 (range 0–37) 23.5 (range 0–63) 0.012***
Tumor subtype 0.039**
 HR-positive, HER2-negative 5 (25.0) 10 (58.8)
 HER2-positive (both HR ±) 12 (60.0) 3 (17.6)
 Triple-negative 3 (15.0) 4 (23.5)

Histological grade 1.000**
 2 4 (20.0) 4 (23.5)
 3 16 (80.0) 13 (76.5)

Number of suspicious LN on US 0.447**
 1 16 (80.0) 13 (76.5)
 2 4 (20.0) 2 (11.8)
 ≥ 3 0 (0.0) 2 (11.8)

Axillary clinical  responseb 0.201**
 Complete (PPV = 64.7%) 11 (55.0) 6 (35.3)
 Partial (PPV = 50.0%) 9 (45.0) 9 (52.9)
 None (NPV = 100.0%) 0 (0.0) 2 (11.8)

Breast clinical  responseb 0.150**
 Complete 9 (45.0) 4 (23.5)
 Partial 11 (55.0) 11 (64.7)
 None 0 (0.0) 2 (11.8)
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and all received RNI, that may eliminate residual disease. 
Since SNB with RNI has a lower risk of lymphedema than 
ALND [12], current trials will determine the oncological 
safety of exchanging ALND for RNI.

Our study has some limitations. The main one is the 
reduced size of our sample; nevertheless, it represents the 
practice of a general teaching hospital breast center that 
manages 350–400 new breast cancer cases per year and 
was deeply affected by the COVID-19 pandemic. It also 
represents the learning curve of both surgeons and radiolo-
gists in the TAD concept. This was particularly felt during 
clip placement, CN localization with IOUS and its surgical 
dissection. Since ALND was only done if the SLN and/
or CN were metastatic, or if TAD was unsuccessful, we 
were not able to evaluate FNR. Exact clip location, which 
is crucial to evaluate for residual disease in the CN, was 
unknown in six cases at the time of surgery. However, 
this study was done in our regular clinical practice, which 
reinforces its external validity.

Our study supports that TAD concept can detect patients 
without residual nodal disease after NAT, sparing them from 
unnecessary ALND. We used a simple, safe, highly effec-
tive, and reproducible technique to mark the biopsied node 
and to identify the CN and SLN. This technique uses pas-
sive vital dyes with high IR, implies less costs and logistical 
challenges. However, according to our results, the real need 
for marking the biopsied node should be further investigated 
since, in our cohort, the CN had no added value. Further 
studies with larger samples and longer follow-up periods 
should focus on survival, locoregional recurrence and qual-
ity of life when ALND is omitted.
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