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Abstract: (1) Introduction: Sentinel lymph node biopsy (SLNB) is widely used in breast cancer
patients who undergo neoadjuvant chemotherapy (NAC), replacing axillary lymph node dissection.
While commonly accepted for cN0 patients, its role in cN1/2 patients remains controversial. Our
study aims to investigate the role of SLNB in BC patients who underwent prior NAC and compare
our results to those of other studies presented in the literature. (2) Materials and methods: Our
retrospective study included 102 breast cancer patients who received NAC before 99mTc-albumin
Nanocolloid SLN mapping and SLNB was performed, completed or not with axillary dissection. A
review based on the PRISMA statement was also carried out, encompassing 20 studies. (3) Results:
The lymphoscintigraphy performed after the administration of NAC presented an identification rate
(IR) of 93.13%. IR for SLNB was 94.11%, with a false-negative rate (FNR) of 7.4%. After a median
follow-up of 31.3 months, we obtained a distant disease-free survival rate of 98%. The results obtained
by other groups were similar to those of our study, presenting IR in the range 80.8–96.8%, with FNR
varying from 0 to 22%. (4) Conclusions: on conclusion, SLNB can accurately determine the lymph
node status, with an acceptable FNR and maintain its expected prognostic role with low recurrence
rates, and our results are comparable to those obtained by other studies.

Keywords: lymphoscintigraphy; sentinel lymph node biopsy; breast cancer; neoadjuvant chemotherapy

1. Introduction

Breast cancer (BC) is the most frequently diagnosed cancer and the leading cause of
cancer-related death among women, with an estimated incidence of 11.7% and more than
500,000 deaths attributed to it worldwide [1]. The widespread and rapid development of
diagnostic methods and primary systemic therapy have revolutionised the management
of patients diagnosed with BC. Under the circumstances of the great therapeutic response
of these new treatments, the next major concern and future direction for BC patient man-
agement is to reduce the extent of the needed surgical procedures while improving the
patients’ quality of life [2,3]. Some recent studies even proposed chimeric antigen receptor
therapy for the treatment of BC [4]. The advancements in pre-operative chemotherapy
for the initial management of advanced-stage breast tumours presented the question of
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whether sentinel lymph node biopsy (SLNB) could represent a safer option, with fewer
side effects in this subset of patients.

Neoadjuvant chemotherapy (NAC) has been implemented to convert originally inop-
erable tumours into operable tumours while also offering the possibility to appraise the
degree of treatment response [5]. Moreover, NAC is frequently administered to patients
with operable but large BC in an attempt to shrink the tumour size, lower its clinical stage
and increase the rate of breast-conserving surgery [2,6,7].

The histopathological status of the axillar and locoregional lymph nodes is an im-
portant prognostic factor in breast cancer patients and plays a significant role in guiding
future treatment decisions [8,9]. NAC has been proven to successfully downstage up to
40% of pre-chemotherapy-documented axillary lymph node (ALN) metastases and even
eradicate biopsy-proven ALN metastases in 32% of BC patients [10]. In these patients, the
increasingly pivotal role played by NAC has had an important impact on the extent of
axillary surgical procedures, paving the way to a more “targeted” procedure in women
with node-positive BC who convert to negative lymph nodes after NAC [11]. The SLNB
technique is a minimally invasive approach, which provides the same staging information
that can be gathered through ALN dissection (ALND), but with minimal associated mor-
bidities, usually resulting in a better quality of life [12,13]. This approach offers several
advantages, such as reducing the psychological impact associated with radical treatments
and minimizing aesthetic and functional impairments.

Identifying the SLN for excision during SLNB is usually carried out through the
radioisotopic technique. Radioisotopic mapping is a nuclear medicine technique based on
the principle of lymphatic dissemination of the cancerous cells from the primary tumour
site to the lymph node stations via the lymphatic pathways [13]. Sentinel lymph nodes
(SLNs) are the regional nodes that directly drain lymph from the primary tumour, being
the first nodes to receive lymph-borne metastatic cells [14]. Although no imaging modality
is accurate enough to detect lymph node metastases in early-stage BC (stages I–II), SLN
biopsy is a highly reliable method of screening axillary nodes and identifying metastatic
and micrometastatic disease in regional lymphatic nodes, nowadays being considered “the
gold standard” for axillary staging in early BC patients with clinically negative lymph
nodes [15,16]. Histopathological and immunohistochemical tests are usually performed
on the excised SLN to determine the degree of infiltration with tumoral cells in order to
establish the further therapeutic procedures required [17–19].

There are some clinical circumstances where SLNB is recommended: if the primary
tumour is T1, T2 or ductal carcinoma in situ; when ductal carcinoma in situ management
includes mastectomy; if the patient is male; in case of obesity or older age; or when pre-
operative systemic therapy is planned [16]. Nevertheless, the role of SLNB after NAC
remains a subject of debate. Even if the NCCN (National Comprehensive Cancer Network)
guidelines recommend this procedure in patients who receive NAC, the correct indication
for SLNB after NAC in BC is still controversial, particularly in patients with clinically
involved axilla that shift to being clinically negative after treatment [20,21].

The efficacy of SLNB following NAC has not yet been firmly established due to the
impact of NAC on intramammary lymphatic vessels and axillary tissues. These effects,
including fibrosis, fat necrosis and the formation of granulation tissue, have the potential
to modify lymphatic drainage patterns, thereby affecting the identification rate (IR) and ac-
curacy of subsequent lymphatic mapping [22]. Moreover, histological changes in the breast
and draining lymphatics caused by chemotherapeutic agents can contribute to a low success
rate and a high false-negative rate in SLNB following neoadjuvant chemotherapy [22–24].

The aim of our study is to present the experience gathered by our tertiary centre
via radiosotopic mapping, followed by SLNB, in BC patients who received NAC prior to
the procedure, as well as giving an overview of this technique in other institutions that
followed the same conditions.
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2. Materials and Methods
2.1. Study
2.1.1. Patient Selection

We performed a retrospective study in which data were collected from 131 patients
diagnosed with breast cancer, who received neoadjuvant chemotherapy before undergoing
a lymphoscintigraphy treatment with [99mTc]-albumin nanocolloid, between January 2016
and May 2023 in the Department of Nuclear Medicine of the Institute of Oncology “Prof.
Dr. Alexandru Trestioreanu”, Bucharest, Romania.

The patient inclusion criteria were as follows: (1) histopathologically confirmed BC;
(2) the implementation of NAC before SLN mapping; (3) SLN mapping performed with
99mTc-albumin nanocolloid; (4) TNM staging before and after NAC.

Information on the histopathological type included the following immunohistochemi-
cal tumoural markers: estrogen receptor (ER), progesterone receptor (PR), human epidermal
growth factor receptor 2 (HER 2), proliferation index ki67 and tumour/node/metastasis
(TNM) staging before and after chemotherapy, and the chemotherapy protocols used were
collected from the medical records of the patients.

Considering the selection criteria, 102 patients fulfilled the requirements and were
enrolled in our study.

2.1.2. Nanocolloidal Albumin (Nanocoll®) Preparation

The preparation of 99mTc-albumin nanocolloid was performed according to the la-
belling instruction provided by the manufacturer (ROTOP Pharmaka GmbH, Dresden,
Germany), which will be further described.

The formation of the 99mTc-nano-sized albumin colloid depends on a sufficient content
of tin in the reduced state. Oxidation can affect the quality of the preparation; this issue is
why an air inlet has to be strictly avoided. The first step was to place the vial in a suitable
lead shield and add 1–5 mL of sodium pertechnetate solution (185 MBq to 5.5 GBq) into the
vial using a sterile syringe. The next step was to dissolve the dry substance via repeated
inverting, before allowing it to stand for 10 min at room temperature.

99mTc-labelled human serum albumin colloid can be stored at room temperature and
used within 6 h [25].

2.1.3. Imaging Acquisition Technique

No special preparation was necessary prior to the investigation.
For detection, SLN mapping was performed 18–20 h before surgery. Each patient was

administered a volume of 0.3–0.5 mL containing a dose of 18–37 MBq of 99mTc-albumin
nanocolloid via peritumoural injection under ultrasound guidance. In patients with com-
plete tumoural remission after NAC, the colloid was injected around the intratumourally
inserted clip at the time of the core biopsy.

The gamma camera used for exams was a dual-head Discovery 670 DR single-photon
emission-computed tomography-computed tomography (SPECT/CT) system (General
Electric Healthcare, Chicago, Illinois, United States of America) with low-energy high-
resolution (LEHR) collimators. The examination protocol included an acquisition of static
images in different incidents, most commonly the anterior, lateral and left/right–oblique–
anterior at 45◦. The planar scan was acquired 30 min after the injection of the radiophar-
maceutical and, as needed, at up to 2 h using the following parameters: the detectors
were placed in H position, with detector 1 covered with a flood phantom with an activity
of 1–1.5 mCi 99mTc-pertechnetate, the matrix size being 128 × 128, each image capturing
500,000 counts and the energy window centered on the 140-kiloelectronvolt photopeak
of 99mTc.

In cases where multiple or overlapping SLNs were visualised on the planar scan,
given the difficulties in correctly distinguishing and localising them, a SPECT/CT scan
was conducted to ensure the accurate mapping of these nodes. SPECT/CT imaging was
executed using a standard protocol: a 128 × 128 matrix size, a step-and-shoot rotation
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time of 30 s/view (for a total of 120 views) and a dual energy window (140 keV ± 10%
and 120 keV ± 5%). After the SPECT acquisition, a low-dose CT scan was performed,
maintaining the patient in the same position, at 120 keV and 40–340 mA. CT images were
acquired using a standard 3.75 slice thickness and reconstructed with reconstruction filter
provided by the vendor.

The acquired SPECT/CT data were analysed on the Q.Volumetrix software (Xeleris 4.0
workstation) provided by the manufacturer, using the ordered subset expectation max-
imisation (OSEM) iterative reconstruction algorithm (8 subsets and 10 iterations), with
attenuation correction, scatter correction and resolution recovery being performed.

After the scans, a mark on the skin surface was applied at the projection site of the
hottest nodes to roughly indicate their position for surgery.

2.1.4. Intraoperative SLN Identification

The identification of the SLN was performed during the surgery using a portable
gamma probe, which detects the radioactive tracer present in the SLN, also referred to as the
“hot node”. The nodes with the highest uptake were excised and sent for histopathological
examination. Following that step, it underwent analysis using paraffin-embedded sections
and immunohistochemistry techniques for a precise diagnosis [26].

2.1.5. Statistical Analysis

Data analysis was performed utilizing IBM SPSS Statistics Version 26 (IBM, SPSS,
Inc., Chicago, IL, USA, 2019). The data were presented as mean and standard deviation.
Statistical tests were performed to ascertain the success rate of lymph node identification
following lymphoscintigraphy, along with the subsequent identification and excision of
these nodes during the surgical procedure. To compare the results, a paired-samples T-test
was employed. Additionally, correlations between lymph node status before and after NAC
were established using Pearson’s correlation test. Statistical significance was considered for
p values < 0.05.

2.2. Literature Review
2.2.1. Aims of Review

Our literature review aims to give an overview of the studies investigating the role of
SLNB, using radioisotopic mapping for SLN detection in patients who underwent NAC for
BC before the investigation.

2.2.2. Search Algorithm

A comprehensive search algorithm in the PubMed, MEDLINE and Web of Science
databases was constructed based on the combination of the following terms: “breast
cancer”, “neoadjuvant chemotherapy”, “sentinel lymph node biopsy” and “radioisotopic
mapping” (Figure 1). No beginning date was applied, and the search was extended up to
May 2023. To expand our research, we manually evaluated references from the retrieved
articles to search for supplementary useful studies. We followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines to select the relevant
studies [27].

The inclusion criteria required the following aspects: (a) articles written in English and
(b) investigating patients with breast cancer who performed NAC (c) before the mapping
of the SLN with radiolabelled agents. Both prospective and retrospective studies were
considered eligible.

The exclusion criteria were as follows: (a) articles not within the field of interest;
(b) articles written in languages other than English; (c) case reports or small case series;
(d) the use of blue dye (BD), indocyanine green or other substances for SLN mapping
(e) in vitro or animal studies; (f) reviews and meta-analysis articles, letters, comments or
conference proceedings.
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Figure 1. Schematic representation of the process of literature selection for the qualitative review
according to the PRISMA statement.

2.2.3. Data Extraction and Synthesis

Among the 297 articles identified after the first search, 61 studies were assessed for
eligibility based on the stated inclusion criteria, and 20 studies were finally selected for this
qualitative synthesis. Data extracted from each publication included the authors, research
design, study reasons, imaging techniques, number of enrolled patients, status of lymph
nodes before and after treatment, results of SLN mapping, the rate of SLN identification and
study results. A descriptive overview was performed to provide key summary statistics of
the information obtained from the papers.

3. Results
3.1. Study

Between January 2016 and May 2023, 131 patients diagnosed with BC, who received
NAC before SLN detection, were treated in our tertiary centre. Being a retrospective study,
only 102 of the patients satisfied all of the necessary conditions and were included in our
study. The median age of the patients was 55 ± 11.9 years (range 24–77), with a median of
56 years old (range 31–75) in cN0 patients and 54 years old (range 24–77) in cN1/2 patients.
All patient characteristics prior to NAC, according to axillary clinical status before the
systemic treatment, the stage of the disease and the immunohistochemical characteristics,
are summarised in Tables 1–3.
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Table 1. Patients characteristics before NAC.

cN0 cN1/2

Number of patients 47 55

Age (years)
<35 2 2

35–49 17 15
50–64 13 20
>65 15 18

Clinical T
cT1 9 0
cT2 35 30
cT3 3 24
cT4 0 1

Abbreviations: cN—clinical lymph node status; cT—clinical tumoural status.

Table 2. Stage of disease distribution before NAC.

Number of Patients

Stage I 9

Stage II 65

Stage III 27

Stage IV 1

Table 3. Patients’ immunohistochemical characteristics.

cN0 cN1

Grading
G1 10 9
G2 26 33
G3 11 13

Immunohistochemical markers
ER+ 41 42
ER− 6 13
PR+ 37 41
PR− 10 14

HER2+ 11 20
HER2− 36 35

Triple negative 3 2
Abbreviations: ER—estrogen receptor; PR—progesterone receptor; HER2—human epidermal growth factor
2 receptor.

At the time of diagnosis, 47 patients had no lymph node involvement (cN0), while
55 individuals were considered as lymph node positive (cN1/2). Different types of NAC,
such as anthracyclines, taxanes, anti-HER2 therapies and hormonal therapy in different
combinations, were administered according to specific therapeutic protocols. The mean
number of chemotherapy cycles in our patient cohort was 7.43, with an average of 7.12 for
cN0 patients and 7.70 for those classified as cN1/2 (p < 0.05). All patients had their axillary
status evaluated through ultrasound after the completion of their NAC regimens.

After NAC completion, 40 patients who were initially classified as cN0 remained ycN0,
42 cN1/2 patients were downstaged to ycN0 status, 10 patients were cN1/2 both before and
after treatment and 10 patients presented disease progression (Table 4). Table 5 presents the
data regarding the pathological response. In our patients, an axillary pathologic complete
response (pCR) rate of 77.36% was discovered.
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Table 4. Changes in tumoural staging after NAC in relation to the initial stage.

After NAC

Before NAC

Stage 0 I II III

I 2 5 2 3
II 13 30 22 1
III 5 13 4 4
IV 0 1 0 0

Abbreviations: NAC—neoadjuvant chemotherapy.

Table 5. Pathological response to NAC based on initial axillary stage.

N0 N1/2 Total

Complete response 8 (17%) 12 (21.8%) 20 (19.6%)

Partial response 20 (42.5%) 29 (55.72%) 49 (48.03%)

Stable disease 17 (36.17%) 13 (23.63%) 30 (29.41%)

Progression 2 (4.25%) 1 (1.81%) 3 (2.94)

Total 47 55 102
Abbreviations: N0—no lymph node involvement; N1/2—lymph node involvement.

The best response to NAC was found in patients initially classified as stage II and III,
with downstaging observed in 65.15% and 84.61% of cases, respectively. Regarding the
patients initially diagnosed as stage I, the percentage of those with downstaging and disease
progression was the same, i.e., 22.22%, for each category. However, the majority of patients
presented stable disease (55.55%).

In 95 patients, the visualisation of at least one SLN within the initial timeframe of
2 h post-radiotracer administration for lymphoscintigraphy was successful. Among those
individuals, 16 patients presented a positive histopathological result after intraoperative
identification and excision.

During the lymphoscintigraphy performed after NAC, an average of 1.56 SLNs were
identified (with a range of 0–4) within an average time interval of 49.7 min. For patients
who had cN0 status at the time of diagnosis, the average number of identified lymph nodes
was 1.59 within an average time of 48.9 min. In contrast, for those who had cN1/2 status at
the time of diagnosis, the average number of identified SLNs was 1.54 within an average
time of 53.6 min. By analysing the data derived from the lymphoscintigraphy results, we
found that the rate of SLN identification via lymphoscintigraphy was 93.13%.

Considering the 102 patients included in this study, SLNs were detected using the
gamma probe during the surgery and subsequently excised in 96 patients, resulting in a
successful IR of 94.11%. A mean of 3.52 SLNs identified during surgery were removed.
The average number of lymph nodes found in the group of cN0 patients was 2.97, while
for cN1/2 patients, it was 3.92. Five patients required the completion of the planar lym-
phoscintigraphy scan with a SPECT/CT examination (Figures 2 and 3) to accurately iden-
tify the number and location of SLNs, as the distribution of the SLN on the planar image
was unclear.
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Figure 3. Female patient aged 45 years old diagnosed with Stage II invasive ductal carcinoma of the
breast. (A) Planar lymphoscintigraphy showed multiple SLNs (red arrows) localised in different
lymph node levels and overlapping the injection site (blue arrow). (B) For more precise localisation
of the SLNs, the patients underwent SPECT/CT examination that revealed lymphatic drainage
originating from the peritumoural region into the right axillary region (involving 1 SLN) and the
bilateral internal mammary regions (involving two nodes on the right side and one on the left side).
Figure (C) shows a 3D rendering of the SLNs positions.

In the case of the seven patients with negative lymphoscintigraphy results, SLNB
successfully identified the presence of SLNs, with three of them showing tumour invasion.

After analysing the histopathological examinations of SLNs, it was observed that no
presence of metastases was found in 81.37% of patients. Moreov34, 18.62% (n = 19) patients
had evidence of tumour invasion at the lymph node levels, with the majority of these
patients having been diagnosed with stage II disease and classified as having stable disease
following NAC. Regarding the SLN positive patients, seven individuals had initially been
diagnosed with cN0 status (Table 6).
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Table 6. Histopathological results after SLNB based on initial axillary stage.

N0 N1

Micrometastasis (<2 mm) 6 5

Macrometastasis (>2 mm) 1 4

Micro- and macro-metastasis 0 3

No metastases 40 43

In 27 patients, ALND was also performed after SLNB at the surgeon’s consideration
following the intraoperative assessment of the axilla. By analysing the histopathological
results of these patients, we discovered that in two cases, the SLNB was negative, but
tumoural infiltration was present in the other excised lymph nodes, thus resulting in a
false-negative rate (FNR) of 7.4% (2/27).

After a median follow-up of 31.3 months (range 5–87 months), recurrence was ob-
served in four patients, two of whom developed hepatic metastases at an average of
66 months after surgery, resulting in a distant disease-free survival of 98%. These two
patients had lymph node involvement both before and after NAC. Another patient was
diagnosed with residual breast carcinoma 20 months after surgery, despite having N0 status
both before and after NAC, while another patient presented with lymph node metastasis
48 months after surgery, resulting in an axillary recurrence rate of 2.1%. In the case of
axillary recurrence, regional disease-free survival was also 98%.

3.2. Literature Review

Numerous scientific papers have focused on the utility of SLNB in BC patients who
received prior NAC for disease downstaging. In our review, we only included the studies
using radioisotopes as SLN mapping technique, in agreement with the protocol used in
our research. The main characteristics of the studies focused on regarding this matter are
summarised in Table 7.

One of the first studies published on the use of SLNB after radioisotope SLN mapping
in BC patients priorly treated with NAC was published by Tafra et al. [28] in 2001. Their
group investigated the effect of NAC in 29 patients undergoing SLNB for breast cancer
compared to those who did not receive NAC. Their results stated an SLN IR of 93% and
FNR of 0% in the NAC group, while in the group without prior NAC, the values for the
two rates were of 88% and 13%, respectively, showing that prior NAC did not adversely
impact the SLNB’s performance.

Shimazu et al. [29], in 2004, enrolled 47 patients diagnosed with BC, who received
different protocols of NAC prior to SLNB. They used 99mTc-tin colloid and BD for SLN
mapping. Their results showed a successful IR for SLNB of 94% and an FNR of 12.1%,
which tended to be higher, although not to a statistically significant extent, among patients
with clinically positive axillary lymph nodes before and/or after NAC.

Later, Kinoshita et al. [30] evaluated the feasibility and accuracy of SLNB following
NAC in patients with operable BC, enrolling a total of 104 patients with stage II and III
BC. SLN could be identified in 97 of 104 patients, resulting in an IR of 93.3%, with an FNR
of 10.0%. They also concluded that SLN IR tended to be lower among patients with T4
primary tumours prior to NAC (62.5%).
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Table 7. Characteristics of studies that have researched the role of lymphoscintigraphy after NAC in BC patients.

No. Study Year No. Patients Stage of Disease Lymph Node Involvement
Prior to NAC

SLN Mapping
Technique RPh Surgery

Technique
IR
(%)

FNR
(%)

1 Tafra et al. [28] 2001 29 NA cN0–N1/2 RI + BD 99mTc sulphur colloid
SLNB +
ALND 93 0

2 Shimazu et al. [29] 2004 47 T2–T4 cN0–N1/2 RI + BD 99mTc-tin colloid
SLNB +
ALND 94 12.1

3 Kinoshita et al. [30] 2007 104 T2–T4 cN0–N1/2 RI + BD
99mTc-phytate

colloid
SLNB +
ALND 93.4 10

4 Newman et al. [31] 2007 54 NA NA RI + BD 99mTc sulphur colloid
SLNB +
ALND 98 8.6

5 Ozmen et al. [32] 2009 77 T1–T4 cN0–N1/2 RI + BD 99mTc sulphur colloid
SLNB +
ALND 92 13.7

6 Pecha et al. [33] 2011 343 T1–T4 cN0–N1/2 RI
99mTc-labelled

nanocolloid albumin
SLNB +
ALND 80.8 19.5

7 Canavese et al. [34] 2011 64 T1–T4 cN0–N1/2/3 RI
99mTc-labelled

nanocolloid albumin
SLNB +
ALND 93.8 5.1

8 Park et al. [35] 2013 178 T1–T3 cN0–N1/2 RI
99mTc-phytate

colloid
SLNB +
ALND 94.9 22

9 Lee et al. [36] 2013 96 T1–T3 cN0–N1/2/3 RI 99mTc tin colloid
SLNB +
ALND 84.3 18.4

10 Kuehn et al. [19] 2013 592 (arm C) NA cN+ RI + BD NA SLNB +
ALND 80.1 14.2

11 Yagata et al. [37] 2013 95 T1–T4 cN0–N1/2 RI + BD
99mTc-phytate

colloid
SLNB +
ALND 85.3 15.7

12 Kim et al. [38] 2015 199 T0/is–T3 NA RI + BD NA SLNB +
ALND 95.8 10

13 Boughey et al. [23] 2015 756 T0–T4 N1/2 BD + RI NA SLNB +
ALND 92.7 6.2
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Table 7. Cont.

No. Study Year No. Patients Stage of Disease Lymph Node Involvement
Prior to NAC

SLN Mapping
Technique RPh Surgery

Technique
IR
(%)

FNR
(%)

14 Andreis et al. [9] 2016 170 T2–T4 cN0–N1 RI
99mTc-labelled

nanocolloid albumin
SLNB +
ALND 92.9 14

15 Classe et al. [39] 2018 957 T1–T4 cN0–N1 RI + BD NA SLNB +
ALND

cN0: 97.6
pN1: 79.5 11.9

16 Berberoglu et al. [40] 2019 91 T0–T4 cN1/2 RI + BD
99mTc-labelled

nanocolloid albumin
SLNB +
ALND 92.6 10.3

17 Damin et al. [41] 2020 59 T1–T3 cN1/2/3 RI + BD 99mTc-labelled colloid
SLNB +
ALND 93.2 NA

18 Bordea et al. [26] 2021 47 T1–T3 cN0–N1 RI
99mTc-labelled

nanocolloid albumin
SLNB +
ALND 97.8 4

19 Dalus et al. [24] 2021 61 T1–T4 cN0–N1/2/3 RI + BD
99mTc-labelled

nanocolloid albumin
SLNB +
ALND 86 9.3

20 Aragon-Sanchez
et al. [42] 2022 85 T1–T3 cN1 RI

99mTc-labelled
nanocolloid albumin

SLNB +
ALND 92.9 19.1

Abbreviations: RPh—radiopharmaceutical; IR—identification rate; FNR—false-negative rate; RI—radioisotope; BD—blue dye; SLNB—sentinel lymph node biopsy; ALND—axillary
lymph node dissection.
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In 2007, Newman et al. [31] tried to establish the optimal strategy for incorporating
lymphatic mapping and SLNB into the management of BC patients receiving NAC. They
evaluated 54 consecutive BC patients with biopsy-proven axillary nodal metastases at
the time of diagnosis who underwent lymphatic mapping with nodal biopsy, as well as
concomitant ALND, after receiving NAC. The authors obtained an IR after delivery of
neoadjuvant chemotherapy of 98%, with an FNR of 8.6%.

Ozmen et al. [32], in 2009, aimed to determine the feasibility and accuracy of SLNB after
NAC in patients with locally advanced BC, who initially had confirmed positive ALN that
became clinically negative after NAC. They investigated 77 patients with locally advanced
BC, who underwent SLNB via both BD and radioisotope injection. Their results showed a
successful IR for SLNB of 92%, accurately predicting axillary status in 90% of cases, with a
false-negative rate of 13.7%. They also found that positive non-SLN involvement was more
common in patients with multifocal/multicentric tumours and positive lymphovascular
invasion, especially in patients with a larger pathologic tumour size (>2 cm) and positive
extra SLN extension.

One of the largest studies investigating patients with BC who underwent NAC ra-
dioisotope SLN mapping and SLNB was performed by Pecha et al. [33] in 2011. The study
included 343 patients with BC who underwent lymphatic mapping to identify the SLNs.
The researchers discovered that at least one SLN was successfully identified and excised
in 277 patients, resulting in an overall success rate of 80.8%, influenced by the clinical
lymph node status. The FNR obtained by their group was, however, relatively high, i.e.,
19.5%, showing that this result occurred when neither lymphatic nor vascular invasion was
detected in the tumour. The authors stated a sensitivity of 80.5% and an accuracy of 91.5%
for the method.

Another study that researched the feasibility and accuracy of SLNB after the delivery
of NAC was conducted by Canavese et al. [34]. The authors evaluated 64 consecutive
BC patients with infiltrating BC and clinically positive ALN, who received NAC and
subsequent lymphatic mapping through lymphoscintigraphy, SLNB and complete ALND.
By evaluating the 106 excised SLNs, they obtained an FNR of 5.1% for SLNB, an SIR of
93.8% and a negative predictive value of 91.3%. The method presented a sensibility of
88.1%, a specificity of 100% and an overall accuracy of 96.7%, making SLNB a suitable
technique for assessing the axilla in BC patients after NAC.

Park et al. [35], in a study published in 2013, investigated the diagnostic performance
of SLNB after NAC in patients with locally advanced BC with cytology-proven node metas-
tasis at diagnosis. The authors performed SLN mapping through radioisotope technique
alone using 99mTc-phytate, identifying a total of 352 SLNs in 169 patients. The successful IR
of their technique was 94.9%. They also obtained a sensitivity, an FNR, a negative predictive
value and an accuracy for this technique of 78%, 22%, 75.8% and 87%, respectively. The
authors stated that SLNB performance was the worst among patients with a single retrieved
SLN and best when more than three SLNs were evaluated.

In the same year, another study that studied node-positive breast cancer patients with
negative axillary conversion after NAC was conducted by Lee et al. [36]. Their primary
goal was to evaluate the feasibility of SLNB in node-positive BC patients with negative ax-
illary conversion after NAC in a prospective clinical trial. The patients were screened
using 18F-fluorodeoxyglucose positron emission tomography/computed tomography
(18F-FDG PET/CT), and ultrasonography, and lymphatic mapping was carried out us-
ing 99mTc tin colloid. Their results showed a good IR for SLNB (84.3%), with an FNR, a
negative predictive value and an accuracy rate of 18.4%, 78% and 87.9%, respectively.

The best study to analyze a specific algorithm for the timing of a standardised SLNB
procedure in patients who underwent NAC was the SENTINA study, a four-arm, prospec-
tive and multicentre cohort study conducted under the supervision of Kuehn et al. [19].
They included 1737 patients grouped into four arms, depending on the timepoints of the
NAC administration and SLNB procedure. ARM C was composed of 592 patients with
clinically positive lymph nodes, which underwent NAC before SLNB. They discovered an
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overall SLNB IR of 80.1%, with a higher IR in patients who received dual-tracer (RI + BD)
SLN mapping (87.8%) than in those with RI mapping alone (77.4%). Of 474 patients in arm
C who were converted from clinically positive to negative axillary status after neo adjuvant
chemotherapy and had a successful sentinel-lymph-node procedure, 248 (52.3%) had ypN0
status and 226 (47.7%) were ypN1. The overall FNR in this arm was 14.2%.

Yagata et al. [37] aimed to evaluate the accuracy of SLNB in detecting ALN metastases
in a prospective study. They investigated 95 patients with BC who had confirmed positive
lymph nodes prior to NAC and exhibited partial or complete responses to it. Their results
revealed an IR of 85.3% for SLN, along with a false-negative rate of 15.7%. Additionally, the
study found that the FNR was significantly lower in the HER2-negative group compared
to the HER2-positive group.

The study of Kim et al. [38] aimed to assess the feasibility and precision of SLNB while
determining whether choosing SLNB alone or SLNB combined with ALND affects axillary
recurrence or survival in node-positive BC patients. Data derived from 199 BC patients
with positive lymph node, who underwent NAC before lymphoscintigraphy, were used.
SLN mapping was performed using both BD and radioisotope injection, resulting a high IR
for SLNB of 95.8%, with an FNR of 10%.

Another study that included a large population was carried out by Boughey et al. [23]
in their ACOSOG Z1071 (Alliance) trial. They evaluated SLNB effectiveness according to
the SLN mapping technique in 756 patients who received NAC for BC prior to the surgical
procedure, stating that the use of radiolabelled colloid in combination with BD offers the
best IR, i.e., 92.7%, compared to BD or radioisotopes alone.

Andreis et al. [9] aimed to compare the effectiveness of pre-treatment lymphoscintig-
raphy and post-NAC scan in order to reduce false-negative rates for SLNB in BC patients.
The study included 170 consecutive T2-4 cN0-1 M0 BC patients, who underwent sentinel
lymphatic mapping at the time of incisional biopsy and then repeated the lymphoscintigra-
phy stage after NAC. The results showed an IR of 92.9% for SLNs with an FNR of 14.0%.
SLNB demonstrated a sensitivity of 86.0%, an accuracy of 94.9% and a negative predictive
value of 92.7%.

One of the largest patient populations was examined in the GANEA2 study conducted
by Classe et al. [39]. The authors aimed to evaluate the accuracy and safety of SLNB after
NAC in 957 patients diagnosed with early BC. Before NAC, patients with cytologically
proven node involvement were allocated to the pN1 group, consisting of 589 individuals,
while the other patients were allocated into the cN0 group (307 individuals). The authors
separately calculated the IR for each group, obtaining an IR of 97.6% for the cN0 group
and an IR of 79.5% in the pN1 group. The overall FNR obtained by the authorial group
was 11.9%.

In their study, Berberoglu et al. [40] examined the value of gamma probe-assisted
intraoperative SLN evaluation in patients who received NAC for BC and underwent
surgical treatment. They obtained an SLN IR of 92.6% in the 87 analysed tumours, with
an FNR of 10.3%. The sensitivity, specificity, positive predictive value, negative predictive
value and accuracy rates were 80.4%, 100%, 100%, 82% and 90%, respectively. The authors
concluded that the method yielded a high diagnostic performance in terms of predicting
axillary breast cancer metastasis, particularly macro-metastasis.

Another study that aimed to explore the role of sentinel lymph node biopsy (SLNB) in
breast cancer patients who become cN0 after neoadjuvant chemotherapy was conducted by
Damin et al. [41]. They investigated if ALND can be safely omitted after a negative SLNB
in patients who shift from clinically positive to negative nodes after NAC. Their SLNB IR
was 93.2%. The results also showed that after a follow-up of 55.8 months, 2.6% of patients
subjected to SLNB without additional ALND experienced axillary recurrence, compared to
3.2% in the ALND group. Also, in this group, the distant recurrence was more prevalent.
Patients not undergoing ALND demonstrated notably enhanced overall survival and
disease-free survival.
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In their prospective study, Bordea et al. [26] aimed to evaluate the accuracy of SLNB
after NAC and identify clinical and pathological factors that correlated with SLN invasion.
The analysis included 47 consecutive breast cancer patients at stages II B-III A who under-
went NAC and achieved a complete axillary response. Their results were highly promising,
with a sensitivity of 91%, a specificity of 100%, a positive predictive value of 100%, a
negative predictive value of 93% and an overall method accuracy of 96%. Furthermore, the
FNR obtained in their population was just 4%.

The primary aim of the research conducted by Dalus et al. [24] was to assess the
diagnostic value of lymphatic mapping through lymphoscintigraphy in BC patients who
underwent NAC. The nuclear medicine procedure successfully identified at least one SLN
in 55 patients, achieving an impressive IR of 90%. The SLNB IR in patients who underwent
NAC was 86%, with FNR being 9.3%. The obtained overall accuracy of SLNB was 94%.
In the subset of clinically node-negative patients, pathological examination revealed SLN
metastases in 29% of cases.

In their study, Aragon-Sanchez et al. [42] retrospectively analysed the accuracy of
SLNB after neoadjuvant chemotherapy in 85 patients who were initially cN1 and con-
verted to cN0 following treatment. Their research revealed that SLNB demonstrated an
adequate IR of 92.9%, but with a relatively high FNR of 19.1%. The authors stated that
when excising more than three lymph nodes, the FNR diminished to 8.7%, improving the
diagnostic accuracy.

The inclusion criteria were met by 20 papers, which were finally included in this
qualitative review. Most researcher groups (n = 11) used a combination of 99mTc-labelled ra-
dioisotopes and BD for their SLN mapping [24,28–32,37–41], while nine studies performed
SLN identification through radioisotopic mapping alone [9,18,26,33–36,42]. In all papers,
SLNB was followed by ALND to ensure the accurate assessment of the axilla.

The lowest IR for SLNB of just 79.5% was discovered by Classe et al. [39], with the
highest IR (98%) appraised by Newman et al. [31]. Regarding the FNR, the lowest value was
discovered by Tafra et al. [28], i.e., 0%, with Park et al. [35] revealing the highest FNR, i.e.,
22%. The rates obtained by the other authorial groups ranged between these two values.

4. Discussion

NAC has become a standard treatment for locally advanced BC patients in the past
few years. The protocol has been increasingly utilised for those with operable earlier-stage
disease [43], with one of the most important benefits of it being its ability to downstage the
disease, allowing a less extensive surgical procedure [44–47]. However, this practice has
raised challenges in clinical decision-making, particularly concerning the identification and
biopsy of the sentinel node, as false-negative results have been observed [18].

SLNB has been named as “the gold standard” for axillary staging in early BC pa-
tients with clinically negative lymph nodes, resulting in significant morbidity decrease, as
well as life quality improvement without the loss of diagnostic accuracy and prognostic
information [48,49]. With the increasing use of NAC, questions have arisen about the
accuracy of SLNB in this particular context, especially in patients with larger tumours, but
several trials have demonstrated that SLNB can be safely performed after NAC in these
patients [15,50,51].

There are several performance parameters that need to be considered when analyzing
the potential use of SLNB in patients with advanced-stage BC, with the most important
being the identification rate and false-negative rate. In our patient population, we obtained
an identification rate of 94.11%, which is in agreement with the IR obtained by the other
authors. In the studies included in our review, the IR ranged between 79.5 and 98% [31,39].

Technical factors have been shown to impact SLN identification rates in multiple
studies. Dual-agent mapping has been demonstrated to significantly improve SLN iden-
tification rates. In the ACOSOG Z1071 the IR using dual agents was 93.8%, and it was
only 88.9% when a single radiolabelled agent was involved, with the use of BD alone
being the technique with the lowest SLN IR (78.6%) [23]. The same statement was made
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by Kuehn et al. [19] in their SENTINA study, who discovered that the additional use of
BD was associated with a significant increase in the detection rate (87.8% vs. 77.4% with
radioisotope alone) in arm C, resulting in a higher number of nodes being detected. In
a meta-analysis performed by Mok et al. [52] in 2019, the pooled IR for dual-tracer SLN
mapping (RI + BD) was 96.7%, a value extremely close to their obtained pooled IR for
radioisotope mapping alone, i.e., 96.5%. Furthermore, they reiterated that the lowest de-
tection rate for a SLN mapping method was for the use of BD alone, with the pooled IR
for this technique being 86.8% [50]. In the research groups included in our review that
only performed SLN mapping through radioisotopic method, the IR varied between 80.8%,
obtained by Pecha et al. [33], and 97.8%, attained by Bordea et al. [26], which is once again
in concordance with our results.

Regarding the FNR, the same meta-analysis by Mok et al. [52] states a pooled FNR
value for RI method alone of 2.6%, which, surprisingly, increases to 5.5% when dual-
tracer method is used, but this result is probably due to the smaller number of studies
that analysed the RI technique included in their pooled analysis compared to the ones
performed using RI + BD. The studies including the largest patient populations obtained
higher values for the RI method compared to RI + BD. The SENTINA study described an
overall FNR value for arm C of 14.2%, with an FNR for 99mTc-based mapping of 16%, which
decreased to 8.6% when dual mapping was involved [19]. ACOSOG Z1071 reiterates these
findings, describing FNRs for BD, RI and RI + BD of 21.4%, 8.6% and 6.2%, respectively [23].
When performing SLNB + ALND, the FNR that we obtained in our patient cohort was
7.9%, which is close to that observed in the ACOSOG Z1071 study and in agreement with
those obtained by the other authorial groups and the generally accepted FNR of 10% [19].
The range of FNR in the reviewed studies varied between 0%, observed by Tafra et al. [28],
and 22%, in the study performed by Park et al. [35].

Radioisotope-based SLN mapping offers good detection prospects with low FNR,
whether as a solitary method or in combination with BD, but other mapping techniques,
such as indocyanine green, superparamagnetic iron oxide and contrast-enhanced ultra-
sound imaging, have lately gained widespread recognition. Of these three methods,
indocyanine green is considered to be as the most reliable, with a pooled IR of 97.9% and
an FNR of 0.6%, according to the meta-analyses performed by Mok et al. [52]. In a recent
phase II trial, Jung et al. [53] described using a dual method, combining indocyanine green
and 99mTc-lebelled radiotracers, for SLN mapping in BC patients who underwent NAC
prior to SLNB and compared this method to RI alone. They observed that the IR in the
group mapped with the aforementioned dual method was 98.3%, being higher than the one
obtained in the RI-alone group, where IR was 93.8% [53]. However, when comparing the
two SLN mapping agents alone, the IRs for both of them were relatively similar, with an RI
for indocyanine green of 94.7% and for 99mTc-lebelled radiotracers of 93%; their results
highlighted the superiority of dual-tracer methods without diminishing the value of RI
technique [53].

The safety and accuracy of SLNB in clinically node-positive patients are still being
evaluated through ongoing research. Traditionally, axillary lymph node dissection has been
the standard treatment for cN1/2 patients, but new studies show promising results in these
patients, encouraging this approach. In these cases, SLNB alone emerges as an appealing
alternative, as it can help to avoid the morbidity associated with ALND, such as seroma
formation, arm lymphedema and shoulder dysfunction, which have been reported in up to
44% of cases [54–56].

Considering the treatment response in patients who received NAC, several studies
indicated that positive lymph node axilla can be converted to pathologically negative status
with the use of NAC in about 32–74% of patients [9,19,30,42,51,57]. Newman et al. [31]
described a ycN0 conversion rate of 32%, while Dominici et al. [58] reported a pathologic
complete response rate of 74%, observed in the 109 women included in their study. In
our research, we discovered a pathologically complete response rate of 77.36%, which was
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higher than those presented in the other papers, but probably correlated to the various
therapeutic schemes that our patient population underwent.

The results of trials such as ACOSOG Z0010 and Z0011 indicate that SLNB for axillary
lymph node staging exhibits similar outcomes to ALND in terms of relapse rates [59–61].
In a tumour-free SLN after SLNB, the likelihood of cancer cells having spread to the
remaining axillary nodes is considered to be less than 10% [61]. Furthermore, the long
term-results of the ACOSOG Z0011 randomised trial describe a cumulative incidence
of nodal recurrences at 10 years of 0.5% for ALND and 1.5% for SLNB alone, with a
ten-year cumulative locoregional recurrence of 6.2% with ALND and 5.3% with SLNB
alone [61]. These findings suggest that performing SLNB alone is safe, allowing the
omission of completion ALND, which can be beneficial for patients. Furthermore, the
studies performed by Galimberti et al. [18] and Tinterri et al. [57] regarding the follow-up
of patients who became or remained cN0 after NAC and underwent SLNB-alone confirm
that the status of SLN remains a significant prognostic factor in these patients. In our
patients, after a median follow-up of 31.3 months, recurrence was observed in four patients,
resulting in a distant disease-free survival rate of 98%.

There are, however, several limitations to our study. Firstly, due to the retrospective
nature of our research, data collection was challenging, resulting in a relatively limited
number of enrolled patients. Secondly, another limitation of our study might be that not
all patients received ALND, which was reserved for patients with suspected lymphatic
tumoural invasion during intraoperative assessment of the axilla or who presented no
SLN identification via lymphoscintigraphy or during surgery, which may represent an
impediment when calculating the FNR. Nevertheless, FNR was only appraised in the group
of patients who underwent both SLNB and ALND, and its result was in agreement with
those obtained by the other authors.

5. Conclusions

In conclusion, the results of our study encourage the use of SLNB in breast cancer
patients who undergo neoadjuvant chemotherapy, followed by radioisotopic mapping, for
sentinel lymph node identification. SLNB accurately determines the lymph node status,
with low FNR, and maintains its expected prognostic role with low recurrence rates in
cN0-ycN0 patients. Our findings were, furthermore, supported by the results obtained
in the studies included in our review. Overall, SLNB proves to be a valuable and reliable
procedure in breast cancer patients treated with neoadjuvant chemotherapy, with a low
recurrence rate in our study population.
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3. Kucnerowicz, K.; Pietrzak, A.; Cholewiński, W.; Martenka, P.; Marszałek, A.; Burchardt, E.; Strzesak, E. The Quality-Adjusted
Life-Years in the Oncological Patients’ Health-Related Quality of Life. Sci. Rep. 2022, 12, 13562. [CrossRef]

4. Valiullina, A.K.; Zmievskaya, E.A.; Ganeeva, I.A.; Zhuravleva, M.N.; Garanina, E.E.; Rizvanov, A.A.; Petukhov, A.V.; Bulatov, E.R.
Evaluation of CAR-T Cells’ Cytotoxicity against Modified Solid Tumor Cell Lines. Biomedicines 2023, 11, 626. [CrossRef] [PubMed]

5. Cavalcante, F.P.; Millen, E.C.; Novita, G.G.; Zerwes, F.P.; Mattar, A.; Machado, R.H.S.; Frasson, A.L. Sentinel Lymph Node Biopsy
Following Neoadjuvant Chemotherapy: An Evidence-Based Review and Recommendations for Current Practice. Chin. Clin.
Oncol. 2023, 12, 6. [CrossRef]

6. Gianni, L.; Valagussa, P.; Zambetti, M.; Moliterni, A.; Capri, G.; Bonadonna, G. Adjuvant and Neoadjuvant Treatment of Breast
Cancer. Semin. Oncol 2001, 28, 13–29. [CrossRef]

7. Meattini, I.; Desideri, I.; Saieva, C.; Francolini, G.; Scotti, V.; Bonomo, P.; Greto, D.; Mangoni, M.; Nori, J.; Orzalesi, L.; et al.
Impact of Sentinel Node Tumor Burden on Outcome of Invasive Breast Cancer Patients. Eur. J. Surg. Oncol. 2014, 40, 1195–1202.
[CrossRef]

8. Rahman, R.L.; Marshall, A.J. Evidence Basis for Sentinel Node Biopsy Post Neoadjuvant Chemotherapy—Bias Is a 4-Letter Word.
Eur. J. Surg. Oncol. 2018, 44, 541–542. [CrossRef]

9. Andreis, D.; Bonardi, S.; Allevi, G.; Aguggini, S.; Gussago, F.; Milani, M.; Strina, C.; Spada, D.; Ferrero, G.; Ungari, M.; et al.
Sentinel Lymph Node Surgery after Neoadjuvant Chemotherapy in Patients with T2 to T4, N0 and N1 Breast Cancer. Breast 2016,
29, 55–61. [CrossRef]

10. Kang, E.; Chung, I.Y.; Han, S.-A.; Kim, S.M.; Jang, M.; Lyou, C.Y.; Park, S.Y.; Kim, J.H.; Kim, Y.J.; Kim, S.-W. Feasibility of Sentinel
Lymph Node Biopsy in Breast Cancer Patients with Initial Axillary Lymph Node Metastasis after Primary Systemic Therapy.
J. Breast Cancer 2011, 14, 147–152. [CrossRef]

11. Magnoni, F.; Galimberti, V.; Corso, G.; Intra, M.; Sacchini, V.; Veronesi, P. Axillary Surgery in Breast Cancer: An Updated Historical
Perspective. Semin. Oncol. 2020, 47, 341–352. [CrossRef]

12. Veronesi, U.; Paganelli, G.; Viale, G.; Luini, A.; Zurrida, S.; Galimberti, V.; Intra, M.; Veronesi, P.; Robertson, C.; Maisonneuve, P.;
et al. A Randomized Comparison of Sentinel-Node Biopsy with Routine Axillary Dissection in Breast Cancer. N. Engl. J. Med.
2003, 349, 546–553. [CrossRef]

13. Moncayo, V.M.; Aarsvold, J.N.; Alazraki, N.P. Lymphoscintigraphy and Sentinel Nodes. J. Nucl. Med. 2015, 56, 901–907. [CrossRef]
14. Keshtgar, M.R.S.; Ell, P.J. Sentinel Lymph Node Detection and Imaging. Eur. J. Nucl. Med. 1999, 26, 57–67. [CrossRef] [PubMed]
15. Currey, A.; Patten, C.R.; Bergom, C.; Wilson, J.F.; Kong, A.L. Management of the Axilla after Neo-Adjuvant Chemotherapy for

Breast Cancer: Sentinel Node Biopsy and Radiotherapy Considerations. Breast J. 2018, 24, 902–910. [CrossRef] [PubMed]
16. Giammarile, F.; Alazraki, N.; Aarsvold, J.N.; Audisio, R.A.; Glass, E.; Grant, S.F.; Kunikowska, J.; Leidenius, M.; Moncayo, V.M.;

Uren, R.F.; et al. The EANM and SNMMI Practice Guideline for Lymphoscintigraphy and Sentinel Node Localization in Breast
Cancer. Eur. J. Nucl. Med. Mol. Imaging 2013, 40, 1932–1947. [CrossRef]

17. van Deurzen, C.H.M.; Vriens, B.E.P.J.; Tjan-Heijnen, V.C.G.; van der Wall, E.; Albregts, M.; van Hilligersberg, R.; Monninkhof, E.M.;
van Diest, P.J. Accuracy of Sentinel Node Biopsy after Neoadjuvant Chemotherapy in Breast Cancer Patients: A Systematic
Review. Eur. J. Cancer 2009, 45, 3124–3130. [CrossRef]

18. Galimberti, V.; Fontana, S.K.R.; Maisonneuve, P.; Steccanella, F.; Vento, A.R.; Intra, M.; Naninato, P.; Caldarella, P.; Iorfida, M.;
Colleoni, M.; et al. Sentinel Node Biopsy after Neoadjuvant Treatment in Breast Cancer: Five-Year Follow-up of Patients with
Clinically Node-Negative or Node-Positive Disease before Treatment. Eur. J. Surg. Oncol. 2016, 42, 361–368. [CrossRef]

19. Kuehn, T.; Bauerfeind, I.; Fehm, T.; Fleige, B.; Hausschild, M.; Helms, G.; Lebeau, A.; Liedtke, C.; von Minckwitz, G.; Nekljudova,
V.; 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, 609–618. [CrossRef] [PubMed]

20. Moncayo, V.M.; Aarsvold, J.N.; Grant, S.F.; Bartley, S.C.; Alazraki, N.P. Status of Sentinel Lymph Node for Breast Cancer. Semin.
Nucl. Med. 2013, 43, 281–293. [CrossRef]

21. Corso, G.; De Scalzi, A.M.; Vicini, E.; Morigi, C.; Veronesi, P.; Galimberti, V. Sentinel Lymph Node Biopsy Management after
Neoadjuvant Treatment for Breast Cancer Care. Future Oncol. 2018, 14, 1423–1426. [CrossRef] [PubMed]

22. Vigário, A.; Sapienza, M.T.; Sampaio, A.P.; Piato, J.R.; Barros, N.; Barros, A.; Pinotti, J.A.; Buchpiguel, C.A. Primary Chemotherapy
Effect in Sentinel Node Detection in Breast Cancer. Clin. Nucl. Med. 2003, 28, 553. [CrossRef] [PubMed]

23. Boughey, J.C.; Suman, V.J.; Mittendorf, E.A.; Ahrendt, G.M.; Wilke, L.G.; Taback, B.; Leitch, A.M.; Kuerer, H.M.; Bowling, M.;
Flippo-Morton, T.S.; et al. Sentinel Lymph Node Surgery After Neoadjuvant Chemotherapy in Patients With Node-Positive Breast
Cancer: The ACOSOG Z1071 (Alliance) Clinical Trial. JAMA 2013, 310, 1455–1461. [CrossRef] [PubMed]

24. Dalus, K.; Reitsamer, R.; Holzmannhofer, J.; Rendl, G.; Pirich, C.; Kronberger, C.; Rettenbacher, L. Lymphoscintigraphy in Breast
Cancer Patients after Neoadjuvant Chemotherapy. Nuklearmedizin 2011, 50, 33–38. [CrossRef] [PubMed]

https://doi.org/10.3390/cancers14020273
https://doi.org/10.1016/j.breast.2021.07.015
https://www.ncbi.nlm.nih.gov/pubmed/34325383
https://doi.org/10.1038/s41598-022-17942-1
https://doi.org/10.3390/biomedicines11020626
https://www.ncbi.nlm.nih.gov/pubmed/36831162
https://doi.org/10.21037/cco-22-110
https://doi.org/10.1016/S0093-7754(01)90042-9
https://doi.org/10.1016/j.ejso.2014.08.471
https://doi.org/10.1016/j.ejso.2017.12.011
https://doi.org/10.1016/j.breast.2016.07.003
https://doi.org/10.4048/jbc.2011.14.2.147
https://doi.org/10.1053/j.seminoncol.2020.09.001
https://doi.org/10.1056/NEJMoa012782
https://doi.org/10.2967/jnumed.114.141432
https://doi.org/10.1007/s002590050360
https://www.ncbi.nlm.nih.gov/pubmed/9933663
https://doi.org/10.1111/tbj.13116
https://www.ncbi.nlm.nih.gov/pubmed/30255534
https://doi.org/10.1007/s00259-013-2544-2
https://doi.org/10.1016/j.ejca.2009.08.001
https://doi.org/10.1016/j.ejso.2015.11.019
https://doi.org/10.1016/S1470-2045(13)70166-9
https://www.ncbi.nlm.nih.gov/pubmed/23683750
https://doi.org/10.1053/j.semnuclmed.2013.02.004
https://doi.org/10.2217/fon-2018-0132
https://www.ncbi.nlm.nih.gov/pubmed/29714081
https://doi.org/10.1097/00003072-200307000-00004
https://www.ncbi.nlm.nih.gov/pubmed/12819407
https://doi.org/10.1001/jama.2013.278932
https://www.ncbi.nlm.nih.gov/pubmed/24101169
https://doi.org/10.3413/nukmed-0320-10-05
https://www.ncbi.nlm.nih.gov/pubmed/21336417


Diagnostics 2023, 13, 3000 18 of 19

25. Flyer-nanoHSA(MRP)-INT-ENG-02, ROTOP Pharmaka GmbH Bautzner Landstraße 400 01328 Dresden, Germany. Available
online: www.rotop-pharmaka.de (accessed on 10 August 2023).

26. Bordea, C.; Gherghe, M.; Capsa, C.; Noditi, A.; Ianovici, C.; Caragheorghe, G.; Blidaru, A. Sentinel Lymph Node Biopsy after
Neoadjuvant Treatment for Breast Cancer. The Validation Protocol. Chir. Bucur 2021, 116, 178–185. [CrossRef]

27. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews. BMJ 2021, 372, n71.
[CrossRef]

28. Tafra, L.; Verbanac, K.M.; Lannin, D.R. Preoperative Chemotherapy and Sentinel Lymphadenectomy for Breast Cancer. Am. J.
Surg. 2001, 182, 312–315. [CrossRef]

29. Shimazu, K.; Tamaki, Y.; Taguchi, T.; Akazawa, K.; Inoue, T.; Noguchi, S. Sentinel Lymph Node Biopsy Using Periareolar Injection
of Radiocolloid for Patients with Neoadjuvant Chemotherapy–Treated Breast Carcinoma. Cancer 2004, 100, 2555–2561. [CrossRef]

30. Kinoshita, T. Sentinel Lymph Node Biopsy Is Feasible for Breast Cancer Patients after Neoadjuvant Chemotherapy. Breast Cancer
2007, 14, 10–15. [CrossRef]

31. Newman, E.A.; Sabel, M.S.; Nees, A.V.; Schott, A.; Diehl, K.M.; Cimmino, V.M.; Chang, A.E.; Kleer, C.; Hayes, D.F.; Newman, L.A.
Sentinel Lymph Node Biopsy Performed After Neoadjuvant Chemotherapy Is Accurate in Patients with Documented Node-
Positive Breast Cancer at Presentation. Ann. Surg. Oncol. 2007, 14, 2946–2952. [CrossRef]

32. Ozmen, V.; Unal, E.S.; Muslumanoglu, M.E.; Igci, A.; Canbay, E.; Ozcinar, B.; Mudun, A.; Tunaci, M.; Tuzlali, S.; Kecer, M. Axillary
Sentinel Node Biopsy after Neoadjuvant Chemotherapy. Eur. J. Surg. Oncol. EJSO 2010, 36, 23–29. [CrossRef]

33. Pecha, V.; Kolarik, D.; Kozevnikova, R.; Hovorkova, K.; Hrabetova, P.; Halaska, M.; Sottner, O.; Trnkova, M.; Petruzelka, L.;
Kolarova, H. Sentinel Lymph Node Biopsy in Breast Cancer Patients Treated with Neoadjuvant Chemotherapy. Cancer 2011, 117,
4606–4616. [CrossRef]

34. Canavese, G.; Dozin, B.; Vecchio, C.; Tomei, D.; Villa, G.; Carli, F.; Mastro, L.D.; Levaggi, A.; Rossello, C.; Spinaci, S.; et al.
Accuracy of Sentinel Lymph Node Biopsy after Neo-Adjuvant Chemotherapy in Patients with Locally Advanced Breast Cancer
and Clinically Positive Axillary Nodes. Eur. J. Surg. Oncol. 2011, 37, 688–694. [CrossRef]

35. Park, S.; Park, J.M.; Cho, J.H.; Park, H.S.; Kim, S.I.; Park, B.-W. Sentinel Lymph Node Biopsy After Neoadjuvant Chemotherapy in
Patients with Cytologically Proven Node-Positive Breast Cancer at Diagnosis. Ann. Surg. Oncol. 2013, 20, 2858–2865. [CrossRef]

36. Lee, H.-D.; Ahn, S.G.; Lee, S.A.; Lee, H.M.; Jeong, J. Prospective Evaluation of the Feasibility of Sentinel Lymph Node Biopsy in
Breast Cancer Patients with Negative Axillary Conversion after Neoadjuvant Chemotherapy. Cancer Res. Treat. 2014, 47, 26–33.
[CrossRef] [PubMed]

37. Yagata, H.; Yamauchi, H.; Tsugawa, K.; Hayashi, N.; Yoshida, A.; Kajiura, Y.; In, R.; Matsuda, N.; Nakamura, S. Sentinel Node
Biopsy After Neoadjuvant Chemotherapy in Cytologically Proven Node-Positive Breast Cancer. Clin. Breast Cancer 2013, 13,
471–477. [CrossRef] [PubMed]

38. Kim, J.Y.; Kim, M.K.; Lee, J.E.; Jung, Y.; Bae, S.Y.; Lee, S.K.; Kil, W.H.; Kim, S.W.; Kim, K.S.; Nam, S.J.; et al. Sentinel Lymph Node
Biopsy Alone after Neoadjuvant Chemotherapy in Patients with Initial Cytology-Proven Axillary Node Metastasis. J. Breast
Cancer 2015, 18, 22–28. [CrossRef] [PubMed]

39. Classe, J.-M.; Loaec, C.; Gimbergues, P.; Alran, S.; de Lara, C.T.; Dupre, P.F.; Rouzier, R.; Faure, C.; Paillocher, N.; Chauvet, M.P.;
et al. Sentinel Lymph Node Biopsy without Axillary Lymphadenectomy after Neoadjuvant Chemotherapy Is Accurate and Safe
for Selected Patients: The GANEA 2 Study. Breast Cancer Res. Treat. 2019, 173, 343–352. [CrossRef]

40. Berberoglu, K.; Erdemir, A.; Rasa, K.; Baloglu, H.; Cakmakci, M. Role of Gamma Probe-Assisted Intraoperative Sentinel Lymph
Node Evaluation in Predicting Axillary Breast Cancer Metastasis after Neoadjuvant Chemotherapy. Nucl. Med. Commun. 2020,
41, 120. [CrossRef]

41. Damin, A.P.; Zancan, M.; Melo, M.P.; Biazus, J.V. Sentinel Lymph Node Biopsy after Neoadjuvant Chemotherapy in Patients with
Node-Positive Breast Cancer: Guiding a More Selective Axillary Approach. Breast Cancer Res. Treat. 2021, 186, 527–534. [CrossRef]

42. Aragon-Sanchez, S.; Oliver-Perez, M.R.; Madariaga, A.; Tabuenca, M.J.; Martinez, M.; Galindo, A.; Arroyo, M.L.; Gallego, M.;
Blanco, M.; Ciruelos-Gil, E.M. Accuracy and Limitations of Sentinel Lymph Node Biopsy after Neoadjuvant Chemotherapy in
Breast Cancer Patients with Positive Nodes. Breast J. 2022, 2022, e1507881. [CrossRef] [PubMed]

43. Rastogi, P.; Anderson, S.J.; Bear, H.D.; Geyer, C.E.; Kahlenberg, M.S.; Robidoux, A.; Margolese, R.G.; Hoehn, J.L.; Vogel, V.G.;
Dakhil, S.R.; et al. Preoperative Chemotherapy: Updates of National Surgical Adjuvant Breast and Bowel Project Protocols B-18
and B-27. JCO 2008, 26, 778–785. [CrossRef] [PubMed]

44. Mamounas, E.P.; Brown, A.; Anderson, S.; Smith, R.; Julian, T.; Miller, B.; Bear, H.D.; Caldwell, C.B.; Walker, A.P.; Mikkelson, W.M.;
et al. Sentinel Node Biopsy After Neoadjuvant Chemotherapy in Breast Cancer: Results From National Surgical Adjuvant Breast
and Bowel Project Protocol B-27. JCO 2005, 23, 2694–2702. [CrossRef] [PubMed]

45. Xing, Y.; Foy, M.; Cox, D.D.; Kuerer, H.M.; Hunt, K.K.; Cormier, J.N. Meta-Analysis of Sentinel Lymph Node Biopsy after
Preoperative Chemotherapy in Patients with Breast Cancer. Br. J. Surg. 2006, 93, 539–546. [CrossRef]

46. Gherghe, M.; Lazar, A.M.; Mutuleanu, M.-D.; Bordea, C.I.; Ionescu, S.; Mihaila, R.I.; Petroiu, C.; Stanciu, A.E. Evaluating
Cardiotoxicity in Breast Cancer Patients Treated with HER2 Inhibitors: Could a Combination of Radionuclide Ventriculography
and Cardiac Biomarkers Predict the Cardiac Impact? Cancers 2023, 15, 207. [CrossRef]

47. Kelly, A.M.; Dwamena, B.; Cronin, P.; Carlos, R.C. Breast Cancer: Sentinel Node Identification and Classification after Neoadjuvant
Chemotherapy—Systematic Review and Meta Analysis. Acad. Radiol. 2009, 16, 551–563. [CrossRef]

www.rotop-pharmaka.de
https://doi.org/10.21614/chirurgia.116.2.178
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/S0002-9610(01)00718-8
https://doi.org/10.1002/cncr.20242
https://doi.org/10.2325/jbcs.14.10
https://doi.org/10.1245/s10434-007-9403-y
https://doi.org/10.1016/j.ejso.2009.10.015
https://doi.org/10.1002/cncr.26102
https://doi.org/10.1016/j.ejso.2011.05.012
https://doi.org/10.1245/s10434-013-2992-8
https://doi.org/10.4143/crt.2013.208
https://www.ncbi.nlm.nih.gov/pubmed/25327493
https://doi.org/10.1016/j.clbc.2013.08.014
https://www.ncbi.nlm.nih.gov/pubmed/24267732
https://doi.org/10.4048/jbc.2015.18.1.22
https://www.ncbi.nlm.nih.gov/pubmed/25834607
https://doi.org/10.1007/s10549-018-5004-7
https://doi.org/10.1097/MNM.0000000000001111
https://doi.org/10.1007/s10549-020-06011-8
https://doi.org/10.1155/2022/1507881
https://www.ncbi.nlm.nih.gov/pubmed/36051467
https://doi.org/10.1200/JCO.2007.15.0235
https://www.ncbi.nlm.nih.gov/pubmed/18258986
https://doi.org/10.1200/JCO.2005.05.188
https://www.ncbi.nlm.nih.gov/pubmed/15837984
https://doi.org/10.1002/bjs.5209
https://doi.org/10.3390/cancers15010207
https://doi.org/10.1016/j.acra.2009.01.026


Diagnostics 2023, 13, 3000 19 of 19

48. Cykowska, A.; Marano, L.; D’Ignazio, A.; Marrelli, D.; Swierblewski, M.; Jaskiewicz, J.; Roviello, F.; Polom, K. New Technologies
in Breast Cancer Sentinel Lymph Node Biopsy; from the Current Gold Standard to Artificial Intelligence. Surg. Oncol. 2020, 34,
324–335. [CrossRef]

49. Bordea, C.; Plesca, M.; Condrea, I.; Gherghe, M.; Gociman, A.; Blidaru, A. Occult Breast Lesion Localization and Concomitant
Sentinel Lymph Node Biopsy in Early Breast Cancer (SNOLL). Chir. Bucur 2012, 107, 722–729. [CrossRef]

50. Hunt, K.K.; Yi, M.; Mittendorf, E.A.; Guerrero, C.; Babiera, G.V.; Bedrosian, I.; Hwang, R.F.; Kuerer, H.M.; Ross, M.I.;
Meric-Bernstam, F. Sentinel Lymph Node Surgery after Neoadjuvant Chemotherapy Is Accurate and Reduces the Need for
Axillary Dissection in Breast Cancer Patients. Ann. Surg. 2009, 250, 558–566. [CrossRef]

51. van der Ploeg, I.M.C.; Nieweg, O.E.; van Rijk, M.C.; Olmos, R.A.V.; Kroon, B.B.R. Axillary Recurrence after a Tumour-Negative
Sentinel Node Biopsy in Breast Cancer Patients: A Systematic Review and Meta-Analysis of the Literature. Eur. J. Surg. Oncol.
2008, 34, 1277–1284. [CrossRef]

52. Mok, C.W.; Tan, S.-M.; Zheng, Q.; Shi, L. Network Meta-Analysis of Novel and Conventional Sentinel Lymph Node Biopsy
Techniques in Breast Cancer. BJS Open 2019, 3, 445–452. [CrossRef] [PubMed]

53. Jung, S.-Y.; Han, J.H.; Park, S.J.; Lee, E.-G.; Kwak, J.; Kim, S.H.; Lee, M.H.; Lee, E.S.; Kang, H.-S.; Lee, K.S.; et al. The Sentinel
Lymph Node Biopsy Using Indocyanine Green Fluorescence Plus Radioisotope Method Compared With the Radioisotope-Only
Method for Breast Cancer Patients After Neoadjuvant Chemotherapy: A Prospective, Randomized, Open-Label, Single-Center
Phase 2 Trial. Ann. Surg. Oncol. 2019, 26, 2409–2416. [CrossRef]

54. Mazeron, J.J.; Otmezguine, Y.; Huart, J.; Pierquin, B. Conservative Treatment of Breast Cancer: Results of Management of Axillary
Lymph Node Area In 3353 Patients. Lancet 1985, 325, 1387. [CrossRef] [PubMed]

55. Rotaru, V.; Chitoran, E.; Cirimbei, C.; Cirimbei, S.; Simion, L. Preservation of Sensory Nerves During Axillary Lymphadenectomy.
In Proceedings of the 35th Balkan Medical Week, Athens, Greece, 25–27 September 2018; Available online: https://www.
webofscience.com/wos/woscc/fullrecord/WOS:000471903700045 (accessed on 20 July 2023).

56. Borup Christensen, S.; Lundgren, E. Sequelae of Axillary Dissection vs. Axillary Sampling with or without Irradiation for Breast
Cancer. A Randomized Trial. Acta Chir. Scand. 1989, 155, 515–519. [PubMed]

57. Tinterri, C.; Sagona, A.; Barbieri, E.; Di Maria Grimaldi, S.; Caraceni, G.; Ambrogi, G.; Jacobs, F.; Biondi, E.; Scardina, L.; Gentile, D.
Sentinel Lymph Node Biopsy in Breast Cancer Patients Undergoing Neo-Adjuvant Chemotherapy: Clinical Experience with
Node-Negative and Node-Positive Disease Prior to Systemic Therapy. Cancers 2023, 15, 1719. [CrossRef]

58. Dominici, L.S.; Negron Gonzalez, V.M.; Buzdar, A.U.; Lucci, A.; Mittendorf, E.A.; Le-Petross, H.T.; Babiera, G.V.; Meric-Bernstam, F.;
Hunt, K.K.; Kuerer, H.M. Cytologically Proven Axillary Lymph Node Metastases Are Eradicated in Patients Receiving Preoperative
Chemotherapy with Concurrent Trastuzumab for HER2-Positive Breast Cancer. Cancer 2010, 116, 2884–2889. [CrossRef]

59. Hunt, K.K.; Ballman, K.V.; McCall, L.M.; Boughey, J.C.; Mittendorf, E.A.; Cox, C.E.; Whitworth, P.W.; Beitsch, P.D.; Leitch, A.M.;
Buchholz, T.A.; et al. Factors Associated With Local-Regional Recurrence After a Negative Sentinel Node Dissection: Results of
the ACOSOG Z0010 Trial. Ann. Surg. 2012, 256, 428. [CrossRef]

60. Giuliano, A.E.; McCall, L.; Beitsch, P.; Whitworth, P.W.; Blumencranz, P.; Leitch, A.M.; Saha, S.; Hunt, K.K.; Morrow, M.;
Ballman, K. Locoregional Recurrence After Sentinel Lymph Node Dissection With or Without Axillary Dissection in Patients
With Sentinel Lymph Node Metastases: The American College of Surgeons Oncology Group Z0011 Randomized Trial. Ann. Surg.
2010, 252, 426. [CrossRef]

61. Giuliano, A.E.; Ballman, K.; McCall, L.; Beitsch, P.; Whitworth, P.W.; Blumencranz, P.; Leitch, A.M.; Saha, S.; Morrow, M.;
Hunt, K.K. Locoregional Recurrence After Sentinel Lymph Node Dissection with or without Axillary Dissection in Patients with
Sentinel Lymph Node Metastases: Long-Term Follow-up From the American College of Surgeons Oncology Group (Alliance)
ACOSOG Z0011 Randomized Trial. Ann. Surg. 2016, 264, 413. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.suronc.2020.06.005
https://doi.org/10.1016/j.ejso.2014.08.136
https://doi.org/10.1097/SLA.0b013e3181b8fd5e
https://doi.org/10.1016/j.ejso.2008.01.034
https://doi.org/10.1002/bjs5.50157
https://www.ncbi.nlm.nih.gov/pubmed/31388636
https://doi.org/10.1245/s10434-019-07400-0
https://doi.org/10.1016/S0140-6736(85)91807-0
https://www.ncbi.nlm.nih.gov/pubmed/2861330
https://www.webofscience.com/wos/woscc/fullrecord/WOS:000471903700045
https://www.webofscience.com/wos/woscc/fullrecord/WOS:000471903700045
https://www.ncbi.nlm.nih.gov/pubmed/2603606
https://doi.org/10.3390/cancers15061719
https://doi.org/10.1002/cncr.25152
https://doi.org/10.1097/SLA.0b013e3182654494
https://doi.org/10.1097/SLA.0b013e3181f08f32
https://doi.org/10.1097/SLA.0000000000001863

	Introduction 
	Materials and Methods 
	Study 
	Patient Selection 
	Nanocolloidal Albumin (Nanocoll®) Preparation 
	Imaging Acquisition Technique 
	Intraoperative SLN Identification 
	Statistical Analysis 

	Literature Review 
	Aims of Review 
	Search Algorithm 
	Data Extraction and Synthesis 


	Results 
	Study 
	Literature Review 

	Discussion 
	Conclusions 
	References

