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Introduction: False-negative sentinel lymph node biopsy (SLNB) rates following neoadjuvant chemotherapy
(NACT) in initially node-positive (cN1/2) breast cancer patients are high, but decrease when lymph nodes are
clipped, >3 sentinel lymph nodes (SLN) are removed or dual-tracer localization (radioisotope and blue dye) is
used. Radiotracer, however, is often unavailable and outcomes with blue dye alone are unknown.

Materials and methods: Initially c¢T1-4, cN1/2 patients treated with NACT in 2013-2023 who underwent SLNB
using blue dye alone were evaluated regarding SLN identification, axillary recurrence, disease-free and overall
survival rates.

Results: Of 119 patients included, 19 remained cN1/2 after NACT. SLNB was performed using blue dye alone in
100 ycNO cases (84%), with an identification rate of 96%. The SLN was negative in 70/119 cases (i.e. 59%
avoided axillary dissection). The number of SLN detected was >3 in 55/70 cases (78%) (median 3.1; 1-6).
Median age was 49 years (25-84). Most were T2 (n = 40, 57.1%), N1 (n = 64, 91.4%). Predominant subtypes
were ERBB2 (52.9%) and triple-negative (20%). No axillary recurrence occurred over a median 36-month period.
Five-year disease-free and overall survival were, respectively, 85.9% (95%CI: 74-99.8) and 96.3% (95%CI:
89.4-100). The ERBB2 subtype (1.99, 95%CI: 1.02-3.85, p = 0.04) and N1 lymph node status (2.58, 95%CL:
1.54-9.10, p = 0.03) were associated with a greater likelihood of undergoing SLNB alone without axillary
dissection.

Conclusions: SLNB with blue dye alone following NACT in initially ¢tN1/2 patients avoided axillary dissection in
almost 60% of cases, with no recurrences during the period evaluated. Longer follow-up studies are necessary.

1. Introduction had initially negative axilla (cNO), the false-negative rate is similar to

that found with upfront surgery [4-6]. Conversely, in patients with

Sentinel lymph node biopsy (SLNB) is the gold standard for the
evaluation of the axilla in upfront surgery for non-metastatic breast
cancer, with a similar recurrence rate and lower morbidity compared to
axillary dissection despite a false-negative rate of around 10% [1-3]. In
patients who underwent neoadjuvant chemotherapy (NACT) and who

non-metastatic breast cancer and initially positive axilla at first pre-
sentation (cN1/2) and who achieved complete clinical and imaging
response, false-negative rates have traditionally tended to be higher [5].

Recently, studies have indeed shown that the false-negative rate of
SLNB following NACT is high (>10%) in cases of cN1/2 at first
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presentation. However, rates would decrease when certain strategies
were used such as clipping the lymph node prior to NACT and then
resecting the clipped node; identifying and removing three or more
sentinel lymph nodes (SLN); and using a dual tracer of technetium-99
and blue dye to facilitate identification of the lymph nodes [7-10].
Those studies changed clinical practice, with international guidelines
now recommending the use of these strategies to minimize
false-negative rates. The oncological safety of these techniques has yet to
be validated in randomized clinical trials, although retrospective ana-
lyses have shown a low rate of axillary recurrence [11-13]. Neverthe-
less, the use of clips to mark lymph nodes and indeed the availability of
nuclear medicine services are limited in many countries including
Brazil, with blue dye often being the only tracer available for SLNB in
many centres [14]. Moreover, since data on the use of blue dye alone in
SLNB following NACT in initially ctN1/2 patients are sparse, and expe-
rience with a single agent for this purpose is restricted to the use of a
radioactive tracer, the effectiveness and the oncological safety of per-
forming SLNB using this method could be questioned [7,8].

The primary objective of this study was to calculate the rate of SLN
identification and axillary recurrence, as well as disease-free and overall
survival rates when SLNB is performed using blue dye alone in patients
with non-metastatic breast cancer who were cN1/2 at first presentation
and who achieved complete clinical and imaging response in the axilla
following NACT. The secondary objective was to assess whether the
initial clinical stage of the tumour, the initial clinical nodal stage and the
subtypes as defined by immunohistochemistry are factors that influence
SLNB in this scenario.

2. Materials and Methods

This retrospective, observational cohort study was conducted with
cT1-4 cN1/2 patients with non-metastatic breast cancer. All patients
underwent NACT at a public healthcare facility in Brazil between 2013
and 2023. Patients with inflammatory breast cancer, those with cNO or
cN3 at first presentation, and cases for which data in the hospital records
were incomplete were excluded from the study. All the patients who
achieved complete clinical response following NACT (ycNO) underwent
SLNB using a single tracer (blue dye) without axillary dissection if the
SLN was negative (ypNO) at frozen section and confirmed at final pa-
thology. For evaluation of the principal objective, patients who
remained cN1/2 following NACT were also excluded from the analysis,
as were those who underwent SLNB and in whom the SLN remained
positive (ypN+) at final histopathology.

The internal review board of the Fortaleza General Hospital, an
institute that provides healthcare within the public healthcare network,
approved the study protocol prior to its initiation under reference CAAE
42697221.8.0000.5040.

2.1. Clinical evaluation and treatment

The patients with clinically positive axilla were diagnosed through
ultrasound-guided percutaneous axillary lymph node biopsy. In cases in
which there was a strong clinical suspicion in addition to abnormal
axillary findings at ultrasound, diagnosis was made without biopsy.
Mammography and ultrasound of the axilla were performed prior to and
following NACT in all cases, while magnetic resonance imaging of the
breasts could be performed or not. Neoadjuvant and adjuvant treatment
of non-metastatic breast cancer (either systemic treatment or radio-
therapy) was conducted according to international guidelines. None of
the patients in the study used trastuzumab emtansine as adjuvant
treatment, since this was not available within Brazil’s public healthcare
system up to the cut-off date for this study. The use of dual anti-ERBB2
therapy (receptor Erb-B2, tyrosine kinase 2 [formerly HER-2], human
epidermal growth factor receptor 2) as neoadjuvant therapy is also not
universally available within the public sector; however, trastuzumab
can be recommended as routine. The decision regarding whether to
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perform breast-conserving surgery or mastectomy was made at the
discretion of the surgical team. The histological subtypes of non-
metastatic breast cancer were also recorded, together with the pa-
tient’s age, initial tumour stage (T1, T2, T3 or T4), initial clinical lymph
node status (N1 or N2) and immunohistochemical subtypes: hormone
receptor-positive/ERBB2-negative, hormone receptor positive/ERBB2-
positive, hormone receptor-negative/ERBB2-positive and triple-
negative (absence of hormone receptors and ERBB2).

2.2. Description of the SLNB technique

The tracer, blue dye alone (Patent Blue V sodium 2.5%), was applied
by intradermal injection (1-4 points) into the breast (1-2 ml), in the
periareolar region or in the upper lateral quadrant, following general
anaesthesia. Massage was performed at the site of the injection for at
least 1-2 min. The occurrence of side effects associated with blue dye,
particularly severe allergic reactions (grade IIl and IV), was evaluated. A
separate incision was made into the axilla to identify the SLN except in
cases of simple mastectomy without reconstruction. No minimum
number of SLN to be identified and resected was pre-established.

Briefly, a negative SLN at frozen section analysis, confirmed at final
histopathology, was sufficient to avoid axillary dissection. The median
number of SLN resected was analysed. Palpable lymph nodes other than
the SLN were only resected if metastasis was suspected. Immunohisto-
chemistry of the SLN was not routinely performed except when required
to confirm indeterminate results. All patients with residual disease in the
SLN underwent axillary dissection, including those whose diagnosis was
made at final histopathology, irrespective of the extent of the metastasis
(isolated tumour cells, micro- and macro-metastases).

2.3. Outcome evaluation

The principal oncologic outcomes evaluated were: axillary recur-
rence, defined as any recurrence in the ipsilateral axilla; lymph node
recurrence, which includes recurrence in the axilla and supraclavicular
fossa or internal breast; ipsilateral breast recurrence; new primary contra-
lateral; distant recurrence; and death. Follow-up was measured from the
time of SLNB surgery. The likelihood of undergoing SLNB alone or
axillary dissection was evaluated according to immunohistochemical
subtype, initial tumour stage (cT3/T4 versus cT1/2) and axillary lymph
node status (cN2 versus cN1).

2.4. Statistical analysis

Categorical data were described as absolute and relative frequencies,
while medians and interquartiles range were used to describe patients’
age and the number of SLN removed. Disease-free and overall survival
rates were calculated using the Kaplan-Meier method. To evaluate fac-
tors associated with undergoing SLNB alone, Poisson models with robust
estimation of variance were used to calculate relative risk. Factors with
p-values <0.20 in the univariate analysis were included in the multi-
variate analysis. Only factors with p-values <0.05 remained in the final
model. Analysis was performed using the R software, version 4.2.2 [15].

3. Results

Of a total of 209 patients with non-metastatic breast cancer who
underwent NACT between 2013 and 2023, 119 initially cT1-4, cN1/2
patients were included in the analysis. Of these, 19 (15.9%) remained
cN1/N2 after NACT and underwent axillary dissection without SLNB.

3.1. Analysis of the patients who underwent SLNB
The 100 patients who obtained clinical and imaging complete

response following NACT underwent SLNB using blue dye alone. The
identification rate was 96%. No case of severe allergic reaction (grade III
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or IV) was recorded; however, one patient had a mild skin allergy. Thirty
of these patients (30%) had a positive lymph node at final histopathol-
ogy, including the four patients in whom the SLN was not identified, all
of whom underwent axillary dissection. Five patients with a negative
frozen section (5/26; 19%) had residual SLN disease identified in the
final pathology and returned to the operating room for axillary dissec-
tion: 1 with isolated tumour cells diagnosed by immunohistochemistry,
2 with micro-metastases and 2 with macro-metastases. Regarding re-
sidual disease identified at axillary dissection after positive SLN, 14
patients (53.8%) presented with additional residual disease: 11/17 cases
(64.7%) with macro-metastasis and 3/7 cases (42.8%) with micro-
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metastasis. In 70 cases, the SLN was successfully identified and found
to be negative at final histopathology (no axillary dissection). The rate of
cT1-4, cN1/2 patients with non-metastatic breast cancer who did not
require axillary dissection was estimated at 58.8% (95%CI: 49.4-67.8)
(Fig. 1).

3.2. Analysis of cases of SLNB alone

The mean age of patients undergoing only SLNB, performed using
blue dye alone, was 49 years (interquartiles range [IQR] 25-84). The
median number of SLN identified was 3.1 (1-6), with >3 SLN being

209 breast cancer patients who underwent NACT 2013-2023

Exclusion criteria
Inflammatory breast cancer
cNO or cN3 at initial presentation

Incomplete data in the hospital records

119 patients initially ¢T1-4, cN1/2

19 patients remained cN1/2 after NACT

100 patients cNO after NACT

30 patients with positive sentinel lymph node

biopsy who underwent axillary dissection

alone without axillary dissection

70 patients who underwent sentinel lymph node biopsy

Fig. 1. Flowchart of the patients retrospectively included in the study.
cN: nodal stage; NACT: neoadjuvant chemotherapy.
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identified and resected in 55 cases (78%) (Table 1). Clinical staging was
T2 in most cases (n = 40, 57.1%) followed by T3 (n = 18, 25.7%), T4 (n
= 6, 8.6%) and T1 (n = 6, 8.6%). The most common initial axillary
lymph node status was cN1 (n = 64, 91.4%), with only 6 patients (8.6%)
being cN2. Regarding immunohistochemical subtypes, 19 (27.1%) were
hormone receptor-positive/ERBB2-negative, 16 (22.9%) were hormone
receptor-negative/ERBB2-positive, 21 (30%) were hormone receptor-
positive/ERBB2-positive and 14 (20%) were triple-negative. Breast-
conserving surgery was performed in 40 cases (57%) and total mastec-
tomy in 30 (43%) (Table 1). Fifty-five patients (79%) received regimens
containing adriamycin, cyclophosphamide and paclitaxel (AC-T), while
docetaxel and cyclophosphamide (TC) were used in 15 patients (21%).
Anti-ERBB2 therapy was used in all cases; however, pertuzumab asso-
ciated with trastuzumab was only used in 8 patients (8/37, 21.6%).
Patients with hormone-positive non-metastatic breast cancer received
adjuvant endocrine therapy (n = 40, 100%). Adjuvant radiotherapy was
given in all cases except for one patient who underwent mastectomy (n
=69, 99%) (Table 2).

3.3. Analysis of the outcomes with SLNB alone

After a median of 36 months of follow-up, no axillary recurrence was
recorded. One patient developed a new primary breast cancer in the
contralateral breast. Three patients had distant disease and two died.
The 5-year disease-free and overall survival rates with SLNB alone were,
respectively, 85.9% (95%CIL: 74-99.8) and 96.3% (95%CI: 89.4-100)
(Fig. 2). In the univariate analysis, the only factors associated with un-
dergoing SLNB alone were N1 lymph node status (RR = 2.56; 95%CIL:
1.11-5.90; p < 0.001) and immunohistochemical subtype hormone
receptor-negative/ERBB2-positive (76.19%; 16/21) compared to hor-
mone receptor-positive/ERBB2-negative (Table 3).

4. Discussion

In this final cohort of 70 initially cN1/2 patients who received NACT

Table 1
Characteristics of 70 patients who underwent sentinel lymph node biopsy
(SLNB) alone following SLN identification using blue dye alone.

Characteristics
Median (IQR)
Age, years 49 (25-84)
Number of sentinel nodes 3.1(1-6)
N (%)

Identification/Resection of >3 sentinel nodes 55 (78)
Clinical tumour stage

T1 6 (8.6)

T2 40 (57.1)

T3 18 (25.7)

T4 6 (8.6)
Clinical node stage

N1 64 (91.4)

N2 6 (8.6)
Histological type

Ductal 68 (97)

Lobular 2(3)
Immunohistochemical subtype

Hormone receptor-positive/ERBB2-negative 19 (27.1)

Hormone receptor-positive/ERBB2-positive 21 (30)

Hormone receptor-negative/ERBB2-positive 16 (22.9)

Triple-negative 14 (20)
Type of breast surgery

Breast-conserving surgery 40 (57)

Mastectomy 30 (43)

IQR: Interquartiles range; ERBB2: Erb-B2 receptor tyrosine kinase 2 (formerly
HER2, human epidermal growth factor 2).
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Table 2
Treatment characteristics of 70 patients who underwent sentinel lymph node
biopsy (SLNB) alone following SLN identification using blue dye alone.

Treatment Characteristics N (%)

Anti-ERBB2 therapy (n = 37)

Trastuzumab 37 (100)
Trastuzumab + Pertuzumab 8 (22)
Neoadjuvant chemotherapy (n = 70)

Adriamycin, cyclophosphamide and paclitaxel (AC-T) 55 (79)
Docetaxel and cyclophosphamide (TC) 15 (21)
Adjuvant endocrine therapy (n = 40) 40 (100)
Radiotherapy (n = 70) 69 (99)

ERBB2 - Erb-B2 receptor tyrosine kinase 2 (formerly HER2, human epidermal
growth factor 2).

and were surgically treated with SLNB using blue dye alone without the
use of lymph node markers such as clips or activated charcoal, no axil-
lary recurrence was recorded after 36 months of follow-up. With a me-
dian number of SLN of three, together with no recurrences, these results
corroborate data obtained with the standard dual tracer lymph node
marking. In the present study, axillary dissection was avoided in 58% of
patients who were initially ¢cN1/2 prior to NACT. To the best of our
knowledge, this is the first study to evaluate SLNB after NACT using blue
dye alone in initially positive axillae.

Historically used in cases of locally advanced breast cancer, the more
recent use of NACT in non-metastatic operable breast cancer had a
positive effect on the rate of breast conservation and became an
important strategy for cases with adverse tumour characteristics,
particularly following the advent of new drugs that increased the rate of
pathological complete response (pCR) in the breast and axilla, also
enabling the axilla to be preserved through the use of SLNB in patients
with initially node-positive axilla. The Z1071, SENTINA and SN-FNAC
studies found overall false-negative rates of 12.6%, 14.2% and 13.3%,
respectively, higher than those found with upfront surgery. Neverthe-
less, analysis of subgroups in those studies showed that clipping
abnormal lymph nodes prior to NACT, identifying and resecting three or
more SLN, using immunohistochemistry to assess the SLN and using a
dual tracer of blue dye and radioisotope reduced the false-negative rate
to <10% [7-9,15]. Those studies did not evaluate the oncological out-
comes of the technique; however, minimizing false-negative rates using
these strategies has been widely recommended with the aim of safely
avoiding axillary dissection [16]. Nonetheless, many institutions around
the world, particularly in low- and middle-income countries, may not
have access to lymph node clipping, and services of nuclear medicine
may even be unavailable, as is the case in Brazil, leaving the inexpensive
and widely available blue dye as the only option of tracer for SLNB. This
may limit the possibility of avoiding axillary dissection in patients who
respond to treatment [14]. However, data on the use of blue dye in this
setting are limited. Information on single tracers following NACT is
practically restricted to the use of radiotracer. In the Z1071 study, only
25 cN1 patients (3.8%) used blue dye alone compared to 109 cases
(16.7%) of radioisotope alone and 517 cases (79.4%) in which the
dual-tracer method was used. In the SENTINA study, in the arm in which
SLNB was performed following NACT in previously node-positive
axillae, only 7 patients (1%) used blue dye alone compared to 388
(66%) who used radiocolloid alone and 164 (28%) using the dual-tracer
technique [7,8,17,18]. The present analysis showed that SLNB using
blue dye alone following NACT in cN1/2 patients with complete
response is not only viable but also results in excellent locoregional
control, avoiding axillary dissection in almost 60% of patients.

The present results corroborate those of previous real-world evi-
dence studies on dual tracers. In a retrospective analysis of 288 cases of
stage II and III breast cancer that underwent NACT at the Memorial
Sloan Kettering Cancer Center, 70% of the patients were eligible for
dual-tracer SLNB and in 48% of cases axillary dissection was avoided,
with 110 patients (86%) having >3 sentinel lymph nodes identified and
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Fig. 2. Kaplan-Meier curves for disease-free and overall survival with sentinel lymph node biopsy alone without axillary dissection.

Table 3

Factors associated with the patients who underwent sentinel lymph node biopsy
(SLNB) alone without axillary dissection following sentinel lymph node identi-
fication using blue dye alone (total N = 119).

Factors SLNB Univariate Multivariate
N =70/ RR (95%CI) p-value AOR (95%CI) p-
119 (%)
value
Tumour stage
T1 or T2 46/76 1.08 0.75
(60.53) (0.66-1.78)
T3 or T4 24/43 1.00
(55.81)
Nodal stage
N1 64/96 2.56 2.58 0.03
(66.67) (1.11-5.90) (1.54-9.10)
N2 6/23 1.00 <0.001 1.00
(26.09)
Immunohistochemical subtype
HER2 16/21 1.88 0.06 1.99 0.04
(76.19) (0.97-6.66) (1.02-3.87)
Luminal 21/30 1.73 0.08 1.68 0.10
HER2 (70.00) (0.93-3.22) (0.90-3.12)
Triple- 14/21 1.65 0.15 1.52 0.23
negative (66.67) (0.83-3.29) (0.76-3.04)
Luminal 19/47 1.00 1.00
(40.43)

RR: risk ratio; AOR: adjusted odds ratio.

resected [19]. The present study identified >3 sentinel lymph nodes in
78% of cases. Conversely, the Z1071 and SENTINA studies found >3
sentinel lymph nodes in only 57% and 34% of cases, respectively [7,8].

In fact, reducing the false-negative rate to mirror the rates found with
upfront surgery has been a strategy used to compensate for the lack of
randomized data on oncological outcomes. A US retrospective study, in
which this strategy was applied to 234 patients who were cT1-T3, cN1 at
first presentation and who had >3 sentinel lymph nodes identified at
dual-tracer SLNB without axillary dissection, reported a very low rate of
axillary recurrence after a mean follow-up time of 40 months, with only
one patient having axillary recurrence [12]. Nevertheless, minimizing
the false-negative rate may not be so important here. A retrospective
Italian study with a mean follow-up time of 9.2 years analysed 123
cT1-3, cN1/2 patients who did not undergo lymph node clipping prior to
NACT. The objective was not to resect at least 3 SLN (indeed <3 were
resected in 77% of cases) and radiotracer alone was used. Results
showed a very low rate of axillary recurrence (1.8%) following SLNB

without axillary dissection [11]. These results corroborate the findings
of the present study in which there were no cases of axillary recurrence
over a mean follow-up time of 36 months.

Most of the patients in the present study had tumours with adverse
biological features (ERBB2-positive or triple-negative), hence with a
greater likelihood of pCR in the breast and axilla. A recent systematic
review and meta-analysis of 33 studies involving over 57,000 patients
with initially positive axilla evaluated the rate of pCR in the axilla in the
different breast cancer subtypes following NACT. Results showed that
pCR was lowest in the case of hormone receptor-positive/ERBB2-
negative tumours (luminal A 13% and luminal B 35%) compared to
60% in hormone receptor-negative/ERBB2-positive tumours, 48% in
triple-negative tumours and 45% in hormone receptor-positive/ERBB2-
positive tumours [20]. Comparatively, in the present study the lowest
rate for SLNB resection without axillary dissection was for the hormone
receptor-positive/ERBB2-negative tumours, while the greatest benefit of
SLNB alone was in cases of hormone receptor-negative/ERBB2-positive,
triple-negative and hormone receptor-positive/ERBB2-positive tu-
mours. In this study, most of the patients did not receive combination
therapy with anti-ERBB2 antibodies, which is known to be associated
with a higher rate of pCR in the breast and axilla, nor did they receive
pembrolizumab, which would also affect the pCR in triple-negative tu-
mours [21-23]. Another on-going debate following the advent of new
drugs refers to the selection of patients for additional adjuvant therapies
in cases in which pCR is not achieved, particularly those involving tu-
mours with adverse biological features [24-26]. In this case, the
false-negative rate of SLNB could hypothetically have a negative effect
on this decision [27]. In this institute, only capecitabine is currently
available; therefore, this potential effect would be restricted to
triple-negative disease. Conversely, even in cases for which these new
drugs are available, identifying residual disease in the axilla should not,
in our view, affect this decision, since it is unusual to have pCR in the
breast together with residual axillary disease. A retrospective analysis of
7457 triple-negative and ERBB2-positive c¢T1-2, cN1 patients treated
with NACT, conducted using the US National Cancer Database, showed
that of those who achieved pCR in the breast, only 12.4% and 14.1% had
residual disease in the axilla with ERBB2-positive and triple-negative
tumours, respectively [28].

There is an interconnected discussion on the need to perform
dissection in cases with positive SLNB following NACT. In recent years,
the tendency has been to omit axillary dissection in these cases based on
the hypothesis that radiotherapy could replace surgery, particularly in
situations with limited residual disease in the lymph node [29,30].
Recent studies, however, have shown a high burden of residual disease
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even in cases of micro-metastasis (>60%) [31]. In the present study,
residual disease was identified in 42.8% of these cases. Routine practice
here is to continue to perform axillary dissection while we await the
results of the Alliance A11202 trial [15]. On the other hand, with these
results, together with data from the NSABP B-51/RTOG 1304 study, the
debate on the false-negative rate could be less critical.

The present study involves certain limitations, notably the retro-
spective nature of the analysis, the fact that the study refers to a single
institute, and the relatively short follow-up period. Nevertheless, to the
best of our knowledge, this is the first study on the use of blue dye alone
for SLNB in initially ¢N1/2 patients who obtained axillary response
following NACT without axillary dissection. Data are provided on the
initial relevant oncological outcomes, particularly lymph node recur-
rence, and the findings are compatible with previous real-world evi-
dence studies on dual-tracer SLNB. Moreover, it is unlikely that a longer
follow-up period would have any great effect on nodal recurrence in
view of the outcomes described and since most of the population (73%)
had tumours with adverse biological features. Although these data
cannot be generalized, they suggest that this technique is a feasible
option for performing SLNB in patients who respond to NACT at sites
with limited resources, minimizing the effects of unnecessary axillary
dissection while awaiting the results of randomized clinical trials.

5. Conclusion

Performing SLNB using blue dye alone following NACT in patients
with initial ctN1/2 who achieved complete clinical and imaging response
proved feasible according to this analysis, with no axillary recurrence. It
would therefore appear to represent a suitable option in institutes with
limited access to resources. Results from studies with longer follow-up
times, particularly randomized clinical trials, are required to validate
these findings.

Funding
No funding was received for this study.
CRediT authorship contribution statement

Francisco Pimentel Cavalcante: Conceptualization, Data curation,
Investigation, Methodology, Project administration, Resources, Super-
vision, Validation, Visualization, Roles, Writing — original draft, and,
Writing — review & editing. Felipe Pereira Zerwes: Conceptualization,
Methodology, Visualization, Roles, Writing — original draft, and, Writing
- review & editing. Alessandra Borba Anton Souza: Conceptualiza-
tion, Methodology, Visualization, Roles, Writing — original draft, and,
Writing — review & editing. Patricia Klarmann Ziegelmann: Formal
analysis, Investigation, Methodology, Validation, Visualization, Roles,
Writing — original draft, and, Writing — review & editing. Ryane
Alcantara: Data curation, Visualization, Roles, Writing — original draft,
and, Writing — review & editing. Amanda Cardoso: Data curation,
Visualization, Roles, Writing — original draft, and, Writing — review &
editing. André Mattar: Conceptualization, Methodology, Visualization,
Roles, Writing — original draft, and, Writing — review & editing. Eduardo
Camargo Millen: Conceptualization, Methodology, Visualization,
Roles, Writing — original draft, and, Writing — review & editing. Antonio
Luiz Frasson: Conceptualization, Methodology, Visualization, Roles,
Writing — original draft, and, Writing — review & editing.

Declaration of competing interest
The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.

European Journal of Surgical Oncology 50 (2024) 107967

Acknowledgments

The authors would like to thank the patients at the Fortaleza General
Hospital and all the staff at that institute who were in any way involved
in this study.

Abbreviations

IQR Interquartiles range

NACT  Neoadjuvant chemotherapy
pCR Pathological complete response
SLN Sentinel lymph node

SLNB Sentinel lymph node biopsy

References

[1] Krag DN, Anderson SJ, Julian TB, Brown AM, Harlow SP, Costantino JP, et al.
Sentinel-lymph-node resection compared with conventional axillary-lymph-node
dissection in clinically node-negative patients with breast cancer: overall survival
findings from the NSABP B-32 randomised phase 3 trial. Lancet Oncol 2010;11
(10):927-33. https://doi.org/10.1016/51470-2045(10)70207-2.

[2] Veronesi U, Paganelli G, Viale G, Luini A, Zurrida S, Galimberti V, et al. A
randomized comparison of sentinel-node biopsy with routine axillary dissection in
breast cancer. N Engl J Med 2003;349(6):546-53. https://doi.org/10.1056/
NEJMoa012782.

[3] Mansel RE, Fallowfield L, Kissin M, Goyal A, Newcombe RG, Dixon JM, et al.
Randomized multicenter trial of sentinel node biopsy versus standard axillary
treatment in operable breast cancer: the ALMANAC Trial. J Natl Cancer Inst 2006;
98(9):599-609. https://doi.org/10.1093/jnci/djj158.

[4] van Deurzen CH, Vriens BE, Tjan-Heijnen VC, van der Wall E, Albregts M, van
Hilligersberg R, et al. Accuracy of sentinel node biopsy after neoadjuvant
chemotherapy in breast cancer patients: a systematic review. Eur J Cancer 2009;45
(18):3124-30. https://doi.org/10.1016/j.ejca.2009.08.001.

[5] Shirzadi A, Mahmoodzadeh H, Qorbani M. Assessment of sentinel lymph node
biopsy after neoadjuvant chemotherapy for breast cancer in two subgroups:
initially node negative and node positive converted to node negative. A systemic
review and meta-analysis. J Res Med Sci 2019;24:18. https://doi.org/10.4103/
jrms.JRMS_127_18.

[6] Kelly AM, Dwamena B, Cronin P, Carlos RC. Breast cancer sentinel node
identification and classification after neoadjuvant chemotherapy: systematic
review and meta-analysis. Acad Radiol 2009;16(5):551-63. https://doi.org/
10.1016/j.acra.2009.01.026.

[7] Boughey JC, Suman VJ, Mittendorf EA, Ahrendt GM, Wilke LG, Taback B, et al.
Alliance for Clinical Trials in Oncology. Sentinel lymph node surgery after
neoadjuvant chemotherapy in patients with node-positive breast cancer: the
ACOSOG Z1071 (Alliance) clinical trial. JAMA 2013;310(14):1455-61. https://
doi.org/10.1001/jama.2013.278932.

[8] Kuehn T, Bauerfeind I, Fehm T, Fleige B, Hausschild M, Helms G, et al. Sentinel-
lymph-node biopsy in patients with breast cancer before and after neoadjuvant
chemotherapy (SENTINA): a prospective, multicentre cohort study. Lancet Oncol
2013;14(7):609-18. https://doi.org/10.1016/51470-2045(13)70166-9.

[9] Boileau JF, Poirier B, Basik M, Holloway CM, Gaboury L, Sideris L, et al. Sentinel
node biopsy after neoadjuvant chemotherapy in biopsy-proven node-positive
breast cancer: the SN FNAC study. J Clin Oncol 2015;33(3):258-64. https://doi.
org/10.1200/JCO.2014.55.7827.

[10] Caudle AS, Yang WT, Krishnamurthy S, Mittendorf EA, Black DM, Gilcrease MZ,
et al. Improved axillary evaluation following neoadjuvant therapy for patients with
node-positive breast cancer using selective evaluation of clipped nodes:
implementation of targeted axillary dissection. J Clin Oncol 2016;34(10):1072-8.
https://doi.org/10.1200/JC0.2015.64.0094.

[11] Kahler-Ribeiro-Fontana S, Pagan E, Magnoni F, Vicini E, Morigi C, Corso G, et al.
Long-term standard sentinel node biopsy after neoadjuvant treatment in breast
cancer: a single institution ten-year follow-up. Eur J Surg Oncol 2021;47(4):
804-12. https://doi.org/10.1016/j.ej50.2020.10.014.

[12] Barrio AV, Montagna G, Mamtani A, Sevilimedu V, Edelweiss M, Capko D, et al.
Nodal recurrence in patients with node-positive breast cancer treated with sentinel
node biopsy alone after neoadjuvant chemotherapy: a rare event. JAMA Oncol
2021;7(12):1851-5. https://doi.org/10.1001/jamaoncol.2021.4394.

[13] Piltin MA, Hoskin TL, Day CN, Davis Jr J, Boughey JC. Oncologic outcomes of
sentinel lymph node surgery after neoadjuvant chemotherapy for node-positive
breast cancer. Ann Surg Oncol 2020;27(12):4795-801. https://doi.org/10.1245/
$10434-020-08900-0.

[14] Buzaid AC, Achatz MI, Amorim GL, Barrios CH, Carvalho FM, Cavalcante FP, et al.
Challenges in the journey of breast cancer patients in Brazil. Brazilian Journal of
Oncology 2020;16. https://doi.org/10.5935/2526-8732.20200021. e-20200021.

[15] Cavalcante FP, Millen EC, Novita GG, Zerwes FP, Mattar A, Machado RHS, et al.
Sentinel lymph node biopsy following neoadjuvant chemotherapy: an evidence-
based review and recommendations for current practice. Chin Clin Oncol 2023;12
(1):6. https://doi.org/10.21037 /cco-22-110.


https://doi.org/10.1016/S1470-2045(10)70207-2
https://doi.org/10.1056/NEJMoa012782
https://doi.org/10.1056/NEJMoa012782
https://doi.org/10.1093/jnci/djj158
https://doi.org/10.1016/j.ejca.2009.08.001
https://doi.org/10.4103/jrms.JRMS_127_18
https://doi.org/10.4103/jrms.JRMS_127_18
https://doi.org/10.1016/j.acra.2009.01.026
https://doi.org/10.1016/j.acra.2009.01.026
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/10.1200/JCO.2014.55.7827
https://doi.org/10.1200/JCO.2014.55.7827
https://doi.org/10.1200/JCO.2015.64.0094
https://doi.org/10.1016/j.ejso.2020.10.014
https://doi.org/10.1001/jamaoncol.2021.4394
https://doi.org/10.1245/s10434-020-08900-0
https://doi.org/10.1245/s10434-020-08900-0
https://doi.org/10.5935/2526-8732.20200021
https://doi.org/10.21037/cco-22-110

F.P. Cavalcante et al.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Gradishar WJ, Moran MS, Abraham J, Abramson V, Aft R, Agnese D, et al. NCCN
guidelines® insights: breast cancer, version 4.2023. J Natl Compr Cancer Netw
2023;21(6):594-608. https://doi.org/10.6004/jncen.2023.0031.

Boughey JC, Suman VJ, Mittendorf EA, Ahrendt GM, Wilke LG, Taback B, et al.
Alliance for Clinical Trials in Oncology. Factors affecting sentinel lymph node
identification rate after neoadjuvant chemotherapy for breast cancer patients
enrolled in ACOSOG Z1071 (Alliance). Ann Surg 2015;261(3):547-52. https://doi.
0rg/10.1097/SLA.0000000000000551.

Boughey JC, Yu H, Dugan CL, Piltin MA, Postlewait L, Son JD, et al. Changes in
surgical management of the axilla over 11 years: report on more than 1500 breast
cancer patients treated with neoadjuvant chemotherapy on the prospective I-SPY2
trial. Ann Surg Oncol 2023 Jun 28. https://doi.org/10.1245/510434-023-13759-y.
Mamtani A, Barrio AV, King TA, Van Zee KJ, Plitas G, Pilewskie M, et al. How often
does neoadjuvant chemotherapy avoid axillary dissection in patients with
histologically confirmed nodal metastases? Results of a prospective study. Ann
Surg Oncol 2016;23(11):3467-74. https://doi.org/10.1245/510434-016-5246-8.
Gianni L, Pienkowski T, Im YH, Roman L, Tseng LM, Liu MC, et al. Efficacy and
safety of neoadjuvant pertuzumab and trastuzumab in women with locally
advanced, inflammatory, or early HER2-positive breast cancer (NeoSphere): a
randomised multicentre, open-label, phase 2 trial. Lancet Oncol 2012;13(1):25-32.
https://doi.org/10.1016/5S1470-2045(11)70336-9.

Schneeweiss A, Chia S, Hickish T, Harvey V, Eniu A, Hegg R, et al. Pertuzumab plus
trastuzumab in combination with standard neoadjuvant anthracycline-containing
and anthracycline-free chemotherapy regimens in patients with HER2-positive
early breast cancer: a randomized phase II cardiac safety study (TRYPHAENA). Ann
Oncol 2013;24(9):2278-84. https://doi.org/10.1093/annonc/mdt182.

Schmid P, Cortes J, Pusztai L, McArthur H, Kiimmel S, Bergh J, et al. KEYNOTE-
522 Investigators. Pembrolizumab for early triple-negative breast cancer. N Engl J
Med 2020;382(9):810-21. https://doi.org/10.1056/NEJMoal910549.

Samiei S, Simons JM, Engelen SME, Beets-Tan RGH, Classe JM, Smidt ML,
EUBREAST Group. Axillary pathologic complete response after neoadjuvant
systemic therapy by breast cancer subtype in patients with initially clinically node-
positive disease: a systematic review and meta-analysis. JAMA Surg 2021;156(6):
€210891. https://doi.org/10.1001/jamasurg.2021.0891.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

European Journal of Surgical Oncology 50 (2024) 107967

Tutt ANJ, Garber JE, Kaufman B, Viale G, Fumagalli D, Rastogi P, et al. OlympiA
clinical trial Steering Committee and Investigators. Adjuvant olaparib for patients
with BRCA1- or BRCA2-mutated breast cancer. N Engl J Med 2021;384(25):
2394-405. https://doi.org/10.1056/NEJMoa2105215.

von Minckwitz G, Huang CS, Mano MS, Loibl S, Mamounas EP, Untch M, et al.
KATHERINE Investigators. Trastuzumab emtansine for residual invasive HER2-
positive breast cancer. N Engl J Med 2019;380(7):617-28. https://doi.org/
10.1056/NEJMoal814017.

Masuda N, Lee SJ, Ohtani S, Im YH, Lee ES, Yokota I, et al. Adjuvant capecitabine
for breast cancer after preoperative chemotherapy. N Engl J Med 2017;376(22):
2147-59. https://doi.org/10.1056/NEJMoal612645.

Cavalcante FP, Millen EC, Zerwes FP, Novita GG. Role of axillary surgery after
neoadjuvant chemotherapy. JCO Glob Oncol 2020;6:238-41. https://doi.org/
10.1200/JG0.19.00351.

Barron AU, Hoskin TL, Day CN, Hwang ES, Kuerer HM, Boughey JC. Association of
low nodal positivity rate among patients with ERBB2-positive or triple-negative
breast cancer and breast pathologic complete response to neoadjuvant
chemotherapy. JAMA Surg 2018;153(12):1120-6. https://doi.org/10.1001/

jamasurg.2018.2696.

Kantor O, Pesce C, Liederbach E, Wang CH, Winchester DJ, Yao K. Are the ACOSOG
Z0011 trial findings being applied to breast cancer patients undergoing
neoadjuvant chemotherapy? Breast J 2017;23(5):554-62. https://doi:10.1111/
thj.12793.

Cavalcante FP, Zerwes F, Millen EC, Novita G, de Souza ABA, Reis JHP, et al.
Management of the positive sentinel lymph node following neoadjuvant
chemotherapy: results of a survey conducted with breast surgeons.
Ecancermedicalscience 2022;16:1357. https://doi.org/10.3332/
ecancer.2022.1357.

Moo TA, Edelweiss M, Hajiyeva S, Stempel M, Raiss M, Zabor EC, et al. Is low-
volume disease in the sentinel node after neoadjuvant chemotherapy an indication
for axillary dissection? Ann Surg Oncol 2018;25(6):1488-94. https://doi.org/
10.1245/510434-018-6429-2.


https://doi.org/10.6004/jnccn.2023.0031
https://doi.org/10.1097/SLA.0000000000000551
https://doi.org/10.1097/SLA.0000000000000551
https://doi.org/10.1245/s10434-023-13759-y
https://doi.org/10.1245/s10434-016-5246-8
https://doi.org/10.1016/S1470-2045(11)70336-9
https://doi.org/10.1093/annonc/mdt182
https://doi.org/10.1056/NEJMoa1910549
https://doi.org/10.1001/jamasurg.2021.0891
https://doi.org/10.1056/NEJMoa2105215
https://doi.org/10.1056/NEJMoa1814017
https://doi.org/10.1056/NEJMoa1814017
https://doi.org/10.1056/NEJMoa1612645
https://doi.org/10.1200/JGO.19.00351
https://doi.org/10.1200/JGO.19.00351
https://doi.org/10.1001/jamasurg.2018.2696
https://doi.org/10.1001/jamasurg.2018.2696
https://doi:10.1111/tbj.12793
https://doi:10.1111/tbj.12793
https://doi.org/10.3332/ecancer.2022.1357
https://doi.org/10.3332/ecancer.2022.1357
https://doi.org/10.1245/s10434-018-6429-2
https://doi.org/10.1245/s10434-018-6429-2

	The use of blue dye alone for sentinel lymph node biopsy after neoadjuvant chemotherapy in patients with initially node-pos ...
	1 Introduction
	2 Materials and Methods
	2.1 Clinical evaluation and treatment
	2.2 Description of the SLNB technique
	2.3 Outcome evaluation
	2.4 Statistical analysis

	3 Results
	3.1 Analysis of the patients who underwent SLNB
	3.2 Analysis of cases of SLNB alone
	3.3 Analysis of the outcomes with SLNB alone

	4 Discussion
	5 Conclusion
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Abbreviations
	References


