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The increased use of neoadjuvant chemotherapy (NACT) has changed the approach to breast surgery. NACT
allows de-escalation of surgery by both increasing breast conservation rates (up to 40%), the initial goal of this
chemotherapy, and in particular it permits reduces axillary surgery. Furthermore, in relation to the molecular

Sentinel node biopsy
Target axillary dissection

characteristics of the tumor we can have a pathological complete response (pCR) ranging from 20 to 80%.
In clinically node positive (cN+) patients who converted to clinically node-negative (cNO) various prospective

studies have demonstrated that the false negative rate (FNR) of the sentinel node biopsy (SNB) were higher than
the acceptable 10% and strategies to reduce the FNR in cN + patients are being investigated.

But all the effort to reduce the FNR does not have clinical prognostic significance. This has already been
demonstrated in the literature in different randomized trials with long term follow up.

The 10-year follow-up of our study confirmed our preliminary data that the use of standard SNB without the
use of clip is acceptable in cN1/2 patients who become cNO after NAT and will not translate into a worse

outcome.

In fact, the axillary recurrences were less than 2%. Similar positive data with different follow up were also
confirmed by other studies that used SNB alone without TAD. All these studies, with encouraging results on the
follow up, confirm that SN surgery alone for selected patients who have an excellent response to NACT is
rationale and not oncologically inferior to AD during a short- and long-term follow-up.

1. Introduction

Since 2000 sentinel node biopsy (SNB) has become standard practice
in breast surgery, particularly for clinically negative axilla cases [1-3].
Subsequently, thanks to randomized studies such as IBCSG 23-01,
70011 and Amaros, axillary dissection (AD) was abandoned also for
patients with a positive sentinel node. But clinically positive axillary
nodes were widely considered a contraindication to SNB in breast cancer
in upfront surgery [2,4,5].

Only if image-guided fine needle aspiration (FNAC) or fine needle
ago-biopsy (FNAB) are negative, then SNB deserves wider consideration
as an alternative to routine AD, but what about the axilla with a positive
FNAC or FNAB? Increased rationale for neoadjuvant chemotherapy
(NACT) has changed the approach to breast surgery (BS) in recent years.

NACT allows de-escalation of surgery with a relative increase of
breast conserving treatment (BCT) by up to 40% which was the initial

goal of this chemotherapy, and in particular it permits a reduction in
axillary surgery [6-10]. Furthermore, NACT have the power to achieve a
pathological complete response (pCR) ranging from 20 to 80% accord-
ing to the molecular characteristics of the tumors [7,11-14]. The axil-
lary pCR rates reach more than 50% in triple-negative breast cancer
tumors (TNBC) and 80% in Human Epidermal Growth Factor Receptor
Type 2 Positive (HER-2 positive) patients receiving trastuzumab plus
pertuzumab [13-15]. Therefore, those who may reach axillary pCR are
unlikely to benefit from AD.

Another important element in de-escalation of axillary surgery is the
reduced arm morbidity which has always been a major objective to
improve quality of life in all axillary upfront surgery trials.

The role of SNB and the data supporting its use is different for those
with clinically negative and clinically positive nodes prior to chemo-
therapy. For clinically node-negative patients, SNB after NACT may be
suitable if the identification rate of SNB and the FNR is similar to those in
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upfront surgery and a clinically negative axilla [16-19].

However, for those node-positive patients who converted to c¢NO,
small retrospective studies reported FNR approaching 10% [10,20,21].

In 2015, the accuracy of SNB in cN + patients was evaluated in a
systematic review of the literature with different studies that included
cN + patients prior to neoadjuvant therapy. The authors found SN
identification rates of 92.3% and FNR of 15.1% [22]. In a recent
meta-analysis by Simons et al., 2217 patients were analyzed and simi-
larly, identification rates of SN and FNR were respectively 89% and 17%
[23].

Different prospective studies such ACOSOG Z1071, SENTINA, SN
FNAC and GANEA 2 demonstrated that the FNR of the SNB was higher
than the acceptable 10% [7-10]. Among the studies that demonstrated
the feasibility of SNB in positive initial axillary disease there is a vari-
ation in the techniques used to minimize the FNR. One of these strate-
gies, as suggested by the San Gallen 2021 Consensus, is to remove more
than three negative axillary lymph nodes [24]. The 2022 NCCN guide-
lines are similarly cautious and suggest marking of positive axillary
nodes with a tattoo or clip, the so-called target axillary dissection (TAD)
as an alternative to reducing FNR using dual tracer and by removing
more than 2 negative sentinel nodes [25]. Therefore, TAD was certainly
a very clever idea with a well-defined purpose and with these two
procedures we can surely achieve an acceptable FNR.

There are several different methods for labeling the positive lymph
node for TAD and also different ways of recovering them during surgery.
Localization methods include placement of titanium clips, radioactive or
magnetic seeds, or carbon particles, which are usually inserted or
injected into the biopsy-proven positive lymph node prior to therapy.
However, these methods have advantages and disadvantages. radioac-
tive seeds, for example, cannot be used in all countries due to radiation
regulations, and as for clips, these may move and thus may not be
detected after therapy [26-28].

The oncological consequences of different axillary staging methods
are still unclear. Of note, none of these procedures refers to the analysis
of the outcome, which is our fundamental goal [29].

Although all of these techniques have been shown to reduce the FNR
[30,31], we have seen, since SNB was introduced, that we have false
negative rates which didn’t correspond to an increase in axillary re-
currences or a worsening of disease-free survival (DFS) or overall sur-
vival (OS) [3,32].

Based on this, we thought that even in the case of surgery after
neoadjuvant therapy it would be possible to use the same technique of
SNB, which, in house, consisted in identifying the lymph node only with
a radioactive tracer.

1.1. Studies using SNB alone

Our first study, published in 2016 with a follow up of only 5 years,
was criticized precisely in the light of the results of the prospective
studies which showed an unacceptable FNR. However, these studies
focused only on this data without survival results [33].

After a median follow up of 61 months, we analyzed 396 patients, of
which 249 started as ¢cNO and 147 cN+. We found that axillary failure
occurred in only 1 case (0.7%) in a cN + patient who became cNO. The 5-
year distant disease-free survival (DDFS) was 81.1% in initially ¢cNO and
73.4% in initially ¢cN1/2 (p = 0.33) and the 5-year OS was 93.3% in
initially cNO and 86,3% in initially cN1/2 (p = 0.12).

Our first conclusion was that the data despite the limited follow-up,
were reassuring. Also, as we presumed, the FNR was not to be consid-
ered as an impossibility to perform the SNB even with a single tracer
with an identification rate of 99% [33]. In the other 1% we could
identify the SN by re-injecting the radiotracer.

Thanks to these results, we continued our policy and were able to
analyze the data after 10 years of follow-up with more patients [34]. In
this last retrospective single-institution study we recruited 688 patients:
466 started cNO and 222 patients started as cN1/2 (Table 1).
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Table 1
Clinic-pathologic characteristics and treatment according to cN status prior
NAT.

cNO (N = cN1/2 (N = P-value
466) 222)
N % N %
Age 0.033
<40 years 119 25.5 74 33.3
>40 years 347 74.5 148 66.7
Median (IQR) 47 (40-55) 45 (38-53)
Menopausal status 0.311
Premenopausal 258 55.4 132 59.5
Postmenopausal 208 446 90 40.5
cT <0.001
cT1 42 9.0 11 5.0
cT2 367 788 136 613
cT3 57 122 75 33.8
Grade at biopsy 0.015°
Low 22 4.7 4 1.8
Intermediate 176  37.8 69 31.1
High 187 40.1 110 495
Unknown 80 17.2 39 17.6
Not performed 1 0.2 0 -
Subtype at biopsy <0.001"
Luminal A 113 242 20 9.0
Luminal B (Ki67 > 20%) 136 29.2 79 35.6
Luminal B (HER2 positive) 53 11.4 31 14.0
HER2 positive (non-luminal) 33 7.1 37 16.7
Triple negative 87 187 41 185
Unknown 44 9.4 14 6.3
Systemic neoadjuvant treatment <0.001
Endocrine therapy alone 84 180 18 8.1
Anthracycline 65 139 26 11.7
Anthracycline + endocrine therapy 23 4.9 14 6.3
Anthracycline + taxane 116 249 61 27.5
Anthracycline + taxane + endocrine 29 6.2 14 6.3
therapy
Trastuzumab + chemotherapy 54 11.6 55 24.8
Trastuzumab + chemotherapy + 24 5.2 13 5.9
endocrine therapy
Other chemotherapy 20 4.3 4 1.8
Other chemotherapy + endocrine 51 109 17 7.7
therapy
Number of SN removed 0.117
1 213 45.7 111 50.0
2 149 320 54 24.3
3+ 104 223 57 25.7
Median (min-max range) 2 (1-8) 2 (1-6)
Local treatment <0.001
Quadrantectomy 278 59.7 119 53.6
Breast radiotherapy 267 96.0 106 89.1
Loco-regional radiotherapy 11 4.0 13 10.9
Mastectomy 188  40.3 103 46.4
No radiotherapy 154 819 64 62.1
Loco-regional radiotherapy 34 181 39 37.9
Systemic adjuvant treatment <0.001"
No adjuvant therapy 19 4.1 15 6.8
Endocrine therapy alone 249 534 81 36.5
Trastuzumab 24 5.2 31 14.0
Trastuzumab + endocrine therapy 45 9.7 32 14.4
Trastuzumab + chemotherapy 13 2.8 3 1.4
Trastuzumab + chemotherapy + 5 1.1 6 2.7
endocrine therapy
Other chemotherapy 64 13.7 36 16.2
Other chemotherapy + endocrine 34 7.3 14 6.3
therapy
Unknown 13 2.8 4 1.8
ypT <0.001
ypTx/is 40 8.6 34 15.3
ypTO 55 11.8 46 20.7
ypT1 165 354 75 33.8
ypT2 171 36.7 50 22.5
ypT3 35 7.5 17 7.7
ypN <0.001
ypNO 305 65.5 123 55.4
ypNO (+itc) 9 1.9 2 0.9
ypN1 76 16.3 41 18.5

(continued on next page)
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Table 1 (continued)

c¢NO (N = cN1/2 (N = P-value
466) 222)
N % N %

ypN1 (mic) 44 9.4 16 7.2

ypN2 23 4.9 25 11.3

ypN3 9 1.9 15 6.8

" Unknown category was not considered in the p-value calculation.

The results obtained met our expectations, in fact the axillary re-
currences found were less than 2% in particular in the group that started
from a positive axilla were 1.8%, if we considered that 2 of them had a
micrometastatic SN and refused the AD. If we considered only those with
a negative SN the percentage drops to 1.6%. What characterized the
uniqueness of this study is that there were no requirements for number
of SNs retrieved, in fact 74% had <2 SNs removed. Not only that, but
what we wanted to show was that the 10-year cumulative incidence of
distant events was slightly higher for cN1/2 patients (16.6%) compared
to cNO (13.1%), although this difference was not statistically significant
(p =0.148) [34]. So, our data confirm that the use of SNB, even with our
only standard procedure, is acceptable in ¢cN1/2 patients who become
cNO after NACT and will not translate into a particularly worse outcome
in those with high pCR seen in patients with HER2 positive disease and
TNBC who are those women who most deserve from de-escalation of
axillary surgery [34].

Similar positive data with different follow up were also confirmed by
other studies that used SNB alone without TAD (Table 2). One of these is
the Barrio’s study at Memorial Sloan Kettering Cancer Center which
enrolled 234 patients with positive axilla before chemotherapy who had
3 or more negative SNs and had SNB alone [35]. After a median
follow-up of 40 months, they found only 1 axillary nodal recurrence
synchronous with local recurrence in a patient who refused RT, while
among patients who received RT (n = 205), there were no nodal re-
currences [35].

Also, Pitlin et al. found that during the median 34-month follow-up
period 159 (52.5%) of these patients were spared AD. This included
139 with a negative SN and 20 SN + patients who did not undergo AD
[36]. Only 1 patient (of 159 patients) who was treated with SNB only
and had two negative SNs at the time of the initial surgery developed
axillary recurrence after 2 yrs of follow-up. Patients with ypNO who
underwent SN surgery only did not have worse oncologic outcomes from
omission of AD and importantly sentinel node surgery for node-positive
patients after neoadjuvant chemotherapy was not oncologically inferior
to axillary lymph node dissection with respect to locoregional recur-
rence [36].

The Wong et al. retrospectively identified 244 consecutive patients
with ¢T1-3cNO-2 breast cancer who underwent NAT followed by SNB:
112 were cNO at presentation, whereas 132 had biopsy-proven cN1-2
disease and converted to cNO after treatment [37]. Overall, 211 patients
were treated with SNB alone and had a median follow-up period of 36
months. For 58 cN1-2/ypNO patients who underwent SNB alone, the
5-year local and regional recurrence rates were respectively 4.1% and
0%, with no axillary recurrences noted. For the cNO/ypNO group, the
5-year axillary recurrence rate was 1.0% similar to the ¢N1-2/ypNO
group, for which no axillary recurrences were reported (p = 0.44) [37].

Table 2

Retrospective studies that used SNB alone without TAD.
Author N. of pts Axillary recurrence Follow up
Kahler Ribeiro Fontana S 123 1.6% 10 yrs
Martelli G 81 0% 7 yrs
Wong SM 58 0% 5yrs
Barrio A 234 1.6% 3yrs
Piltin MA 139 0.7% 2 yrs
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The last study by Martelli et al. who prospectively recruited 353
consecutive cT2 cNO/1 breast cancer patients, who underwent primary
chemotherapy followed by surgery at the National Cancer Institute of
Milan. If the SNs were pNO, patients generally received no further
axillary treatment (SNB only); if the SNs were pN1, completion axillary
dissection (AD) (SNB + AD) was usually performed. 10-year OS 89%
[95% confidence interval (CI): 81%-99%] in SNB only patients versus
86% (95%CI: 78%-95%) in SNB + AD patients; 10-year DFS 79% (95%
CIL: 68%-92%) versus 69% (95%CI: 58%-81%) [38].

Of the 216 patients who were cN1 before chemotherapy, the axilla
was disease-free in 121 on histological examination: 81 of these received
SNB only, and 40 received SNB + AD (with no positive nodes found on
pathological examination). After a median follow-up of 87 months in the
group SNB only no patient developed axillary failure [38].

2. Discussion

The role of the SNB and the data that support its practice are very
consistent, also in the scenario involving neoadjuvant therapy. Currently
it’s uses in ¢N + patients who converted to cNO patients after NACT is
being widely debated. However, the reassuring results at follow-up,
confirm that SN surgery alone for selected patients who have an excel-
lent response to NACT is not oncologically lower than the AD during
short-term and long-term follow-up.

There are ongoing studies that aim to demonstrate which is the best
method of axillary surgery after NAT in cases that start with a positive
axilla. One of these, AXSANA, initiated by EUBREAST, is a large, pro-
spective, non-interventional cohort study evaluating the best axillary
strategy in the cN + that down-staged to cNO after NACT. This study
intends to collect all the staging methods adopted by the various indi-
vidual institutions with primary endpoints invasive disease-free survival
(IDFS), axillary recurrence rate and quality of life and arm morbidity
[28].

Studies with different methods of TAD localization and in particular
studies with the SN alone biopsy, all aim to reduce axillary surgery and
therefore de-escalate to improve women’s quality of life.

We must consider the drawbacks of both methods. The costs of TAD,
depending on the method used, can be more or less high and certainly
higher than the SN alone, in particular if we consider the use of the
single tracer.

The procedure before and after TAD surgery requires more time and
additional costs, and there are several doubts about how many lymph
nodes to tag. Another problem is the inability to find the clip, that occurs
in up to 30% of cases [39,40]. In this case the question arises whether to
proceed directly to the AD. On the other hand, the biopsy of the SN alone
does not affect the costs which are the same as the upfront surgery, it is
not time consuming and above all what is reassuring is that the
follow-up data show that it is a safe procedure.

A possible criticism of SNB alone with respect to the FNR may relate
to the lack of information on residual disease that is important for
adjuvant therapy, but it is true that residual disease can also be assessed
on the complete lack of response in the tumor.

The critical issue that both methods have is the role of regional node
irradiation (RNI), which was not standardized in different studies. The
administration of adjuvant locoregional radiotherapy (RT) after NACT,
either to the chest wall after mastectomy or to the breast after breast-
conserving surgery, is generally based on the initial clinical stage and
the final pathological stage. However, the need for RT in patients with
cN1/2 axillary status, who became negative ¢cNO after therapy is still
being discussed, especially including cases with pCR [41].

We also expect a de-escalation of radiotherapy for those patients who
have a nodal pCR, but we probably have wait for the results of the
randomized clinical trial NSABP B-51/RTOG1304 [42]. This trial aims
to determine whether RNI in lymph node-positive patients that
down-staged to ypNO after NACT could reduce the recurrence-free in-
terval rate. However, until we have convincing data, we cannot abstain
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from radiotherapy in these cases [42].

Even the randomized Alliance trial will provide appropriate data on
the elimination of the axillary surgery in cases with positive SN after
NACT that are randomized to AD plus RNI versus RNI with no additional
axillary surgery. Effectively, RT has been studied as an alternative to AD,
especially in the group of patients undergoing NACT, in which the
clinically positive axilla (cN1/2) became negative (cNO) following
therapy [43].

We are definitely moving towards a de-escalation of axillary surgery,
which is considered a staging procedure that does not seem to influence
breast cancer mortality, since the risk of developing metastasis mainly
depends on the biological characteristics of the tumor. However, sur-
gical management remains uncertain in cases of low residual volume
disease, such as isolated tumor cells (ypNOi+; <0.2 mm) and micro-
metastatic disease (ypN1mi; 0.2-2.0 mm) after NACT because there is
a probability of not finding more disease after AD and further studies
should be considered [44,45].

The developments in NACT and research towards a more personal-
ized therapy will be able to identify those patients who really do not
need overtreatment. In the future, post-surgical therapy should be
considered based on the biological characteristics of the tumor and not
on nodal status. Furthermore, the exceptional pathological response
after NACT in breast and axillary surgery may decrease or even elimi-
nate the need for surgery in selected cases of breast cancer, however
additional prospective clinical trials evaluating this approach are
needed [46].

3. Conclusion

Certainly, TAD brought excellent results in reduction terms of FNR,
but SNB alone, even it is not necessarily the lymph node biopsied before
chemotherapy, it demonstrates that does not appear to affect survival
rate.
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