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Aim
To determine the validity of sentinel lymph node (SLN) biopsy after neoadjuvant
chemotherapy (NAC) in case of complete pathological response of axillary lymph
node.
Patients and methods
This is a prospective study that included female patients with cancer breast who
became clinically and radiologically node negative (cN0) after receiving NAC during
the period of March 2016 to October 2018 in Alexandria Medical Research Institute,
Alexandria, Egypt. Dual technique was used to identify the SLN followed by
standard axillary lymph node dissection (ALND). Analysis of the pathological
reports was used to determine the false-negative rate (FNR) of SLN.
Results
Of the 86 patients who completed the NAC and showed cN0, SLN could be
identified in 76 (88.4%) patients. ALND was completed for the 76 patients, and
SLNs showed false-negative results in nine (11.8%) patients. Patients in whom
three or more (10.3%) SLNs could be identified showed better FNR compared with
patients with two SLNs or less (16.7%).
Conclusions
SLN biopsy after NAC for patients with cN0 seems to be a reliable technique to
replace ALND if certain precautions are applied. The use of a dual technique for
SLN identification and determination of at least three SLNs to be the minimum
number accepted is an essential requirement to be applied in this selective
approach to ensure FNR within accepted range. In addition, patients should be
counseled regarding benefits of the SLN biopsy technique and the possibility of
failure to identify the SLN or being false negative.
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Introduction
Breast cancer remains the most common malignancy
among women and accounts for ∼32% of all cancers in
women [1]. Over the past decade, there has been an
evolution in the surgical management of breast cancer,
with a paradigm shift toward less invasive surgery [2].

Although there are several histopathological features of
breast cancer that are important to determine patient
prognosis, the presence of axillary lymph node (LN)
metastases remains the most important predictor of
overall survival and recurrence [3,4]. It has been used to
guide locoregional and systemic treatment decisions.
Surgical removal of the axillary nodes facilitates staging
and provides regional control in those with axillary
metastasis [5].

In the past, axillary staging was accomplished through
axillary lymph node dissection (ALND) [5]. However,
ALND was associated with postoperative morbidity,
Wolters Kluwer - Medknow
including increased risk of infection, wound problems,
pain, and lymphedema, without any therapeutic benefit
in patients who are node negative [6]. Secondary
lymphedema affects the quality of life of a patient
and consequently leads to a considerable economic
burden to the health care systems [7,8]. To avoid
the complications associated with ALND, it is
preferable to identify nodal disease with the less
invasive sentinel lymph node (SLN) surgical
procedure, which results in less morbidity [5,9].

In women with clinically node-negative (cN0) disease,
SLN surgery has replaced ALND as the initial
approach. Randomized trials have demonstrated that
SLN surgery is technically feasible in women
DOI: 10.4103/ejs.ejs_178_19
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presenting with cN0 disease, with identification rates
exceeding 97% and false-negative rates (FNR) of less
than 10% [10].

Neoadjuvant chemotherapy (NAC) is a popular
sequencing strategy in the multimodality treatment
of breast carcinoma [11]. The aim of NAC is to
approach complete pathological response (CPR).
NAC in recent studies leads to up to 40% of CPR
even in the pre-NAC positive axillary LNs [12].
According to guidelines, ALND of patients with
CPR is the current option, although the pathological
analysis of the axillary LNs reveals pN0 in 52%
[13–15]. To avoid ALND in these patients, the
principle of SLN surgery (NAC) is not approved
yet [5].

The aim of this study is to determine the validity of
SLN biopsy after NAC in case of CPR of axillary LNs.
Patients and methods
This is a prospective study that included female
patients with cancer breast who became clinically
and radiologically node-negative (cN0) after
receiving NAC. All patients were admitted to
Alexandria Medical Research Institute, Alexandria,
Egypt. The minimal sample size needed for the
study was calculated to be 66 patients, using the ‘G
Power’ program, version 3.1.3 [16], based on α of 0.05,
power of 0.90, with an assumed FNR of 12% [17].
Inclusion criteria
The study included female patients who are more than
18 years old with histologically proven diagnosis of
primary invasive breast cancer: clinical stage T0–T4,
N0–N2, and M0 invasive according to the American
Joint Committee on Cancer (AJCC) Cancer Staging
Manual [18]. All patients completed or were planning
to undergo NAC. Axillary nodal disease, whether
positive or not, was confirmed by fine-needle
aspiration or core-needle biopsy before NAC.
Exclusion criteria
The following were excluded from the study: patients
with advanced metastatic disease cN3 or M1, patients
who did not complete the NAC, patients with
incomplete response of axillary LNs after NAC,
patients with failed intraoperative detection of the
SLNs, and patients with a history of prior ipsilateral
axillary surgery, prior SLN surgery, or excisional lymph
node biopsy for pathologic confirmation of axillary
status. Patients with inflammatory cancer breast
were also excluded from the study.
All patients were subjected to thorough history taking
and physical examination. All required laboratory and
radiologic investigations were performed, and
preoperative clinical staging was determined.

An informed consent was obtained from all patients
regarding the surgical procedure and their participation
in the study.
Surgical procedure and sentinel lymph node detection
After finishing NAC, all patients were scheduled for
physical examination and axillary ultrasonography
before surgery. The surgical procedure included
appropriate treatment of the primary tumor, SLN
detection surgery, and then ALND.

SLN detection was performed through combined
injection of a radio-labeled colloid (Tc99) in the
subareolar region 2 h before the surgery and blue dye
(isosulfan blue or methylene blue) in the peritumor area
just before the surgery, followed by massaging of the
injected area. A gamma probe was used to identify
radioactivity in axillary LNs. The blue-stained
lymphatic channels visualized during surgery were
followed to the lymph nodes where the blue dye
accumulates (Figs 1 and 2). Any abnormal axillary
LN(s) that were both stained blue and emitted
radioactivity were identified and labeled as SLNs.
ALND was then performed in the standard way,
and both SLN and ALND specimens were
submitted for pathological analysis.

Hematoxylin and eosin staining was used for both SLN
and nodes removed at ALND. SLNs were considered
positive when metastases larger than 0.2mm (per the
American Joint Committee on Cancer staging system)
were detected. Nodes removed at ALND were
evaluated according to the standard protocol in our
institution. Numbers of identified SLNs, positive and
negative SLNs, number of detected LNs at ALND,
and numbers of positive and negative LNs at ALND
were detected and described in the pathology report.
Statistical analysis
The statistical analysis of data was done using the
Statistical Package for Social Sciences (SPSS version
25; SPSS Inc., Chicago, Illinois, USA). Descriptive
statistics were applied (frequency and percentage for
categorical variables, and mean and SD for quantitative
variables). A statistically significant difference was
considered at P values less than 0.05.

The research was approved by the Institutional
Research Board of College of Medicine, Alexandria



Figure 2

(a) Intraoperative dissection of SLN(s) and (b) SLN(s) after dissection. SLN, sentinel lymph node.

Figure 1

Dual technique for detection of SLN(s): (a) axillary lymph node(s) that are both stained blue and emitted radioactivity are identified and labeled as
SLNs and (b) high reading in the Neoprobe indicating radioactivity. SLN, sentinel lymph node.
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University (IRB 00007555), and precautions were
taken to conceal the identity of patients.
Outcomes

Primary end points

The following were the primary end points:
(1)
 Identification rate of SLNs detected by the
surgeon intraoperatively and studied and
counted by the pathologist.
(2)
 FNR by detection of cases in which SLNs were
negative but there was a residual tumor tissue in
the lymph nodes of ALND specimen detected by
revising the pathologic report.
Results
The study included all female patients having breast
cancer (221 patients) with clinical staging T1–T4,
N0–N2, and M0 who were admitted to Alexandria
Medical Research Institute during the period of March
2016 to October 2018 (Fig. 3). Twenty-two patients
were excluded from the study as they did not complete
the NAC. Another 113 patients were excluded owing



Figure 3

Flow of patients through the study.

Validity of SLN after chemotherapy Ahmed and Abd El Maksoud 223
to incomplete response of the axillary LNs after NAC.
Ten patients were also excluded owing to
intraoperative failure to identify the SLNs. Seventy-
six patients fulfilled all inclusion criteria and were
included in our study. The characteristics of the
patients and their tumors before NAC are shown in
Table 1.

Chemotherapy regimens varied, but most patients
(74.6%) received anthracycline and a taxane
(Table 2). The mean duration of chemotherapy was
4.3 months (1–8 months). Twenty-two patients
discontinued chemotherapy and were excluded from
the study: two patients owing to the progression of the
disease, two patients refused to continue, whereas the
other 18 patients owing to intolerance to adverse effects
of the chemotherapy. They were offered an alternative
treatment.

Patients who completed chemotherapy, with complete
response to axillary LNs, were subjected to surgical
treatment, whether partial or total mastectomy,
according to the patients’ condition. Details of the
chemotherapy regimen, type of surgery, and the
molecular subtype of the tumor are shown in Table 2.

SLNs were identified and dissected, followed by
ALND in all patients. The mean number of SLNs
was 3.11±1.24 LNs. However, the mean number of
LNs in ALND was 13.28±2.27. FNR of the SLNs
compared with the ALND was found in nine (11.8%)
patients. Several factors were studied to detect their
influence on the FNR. However, they did not show
statistical significance. The details of true-negative and
FNR among different studied variables are shown in
Table 3.
Discussion
Nowadays, breast surgery has moved toward the least
invasive techniques [5]. After the success of SLN
technique in avoiding ALND in many patients with
clinical negative node status, it became the standard
care for this group of patients [19]. This led to great
reduction in morbidity and improvement in the quality
of life of these patients [20].



Table 1 The characteristics of the patients and the tumor
before neoadjuvant chemotherapy

Characteristics n (%)

Age groups (in years)

<40 15 (19.7)

40–60 45 (59.2)

>60 16 (21.1)

BMI grades (kg/m2)

<25 17 (22.4)

25–30 51 (67.1)

>30 8 (10.5)

Clinical T at diagnosis

T1 8 (10.5)

T2 42 (55.3)

T3 22 (28.9)

T4 4 (5.3)

Clinical N at diagnosis

N0 5 (6.6)

N1 7 (9.2)

N2 64 (84.2)

Tumor site

Upper outer quadrant 37 (48.7)

Upper inner quadrant 8 (10.5)

Lower outer quadrant 8 (10.5)

Lower inner quadrant 4 (5.3)

Central 11 (14.5)

Multicentric 8 (10.5)

Histological type

Infiltrative ductal carcinoma (IDC) 69 (90.8)

Infiltrative lobular carcinoma (ILC) 4 (5.3)

Mixed IDC and ILC 1 (1.3)

Other types 2 (2.6)

Table 2 The chemotherapy regimens, types of surgical
management, and the molecular subtypes of the tumor

Characteristics n (%)

Neoadjuvant chemotherapy regimen

Anthracycline and taxane 57 (75.0)

Anthracycline 5 (6.6)

Taxane 13 (17.1)

Other, no anthracycline and no taxane 1 (1.3)

Pathological response of the primary mass after chemotherapy

Complete response 31 (40.8)

Partial response 45 (59.2)

Type of breast surgery after chemotherapy

Partial mastectomy 45 (59.2)

Complete mastectomy 31 (40.8)

Molecular subtype of the tumor

Luminal A 14 (18.4)

Luminal B 13 (17.1)

Triple-negative/basal-like 32 (42.1)

HER2-enriched 17 (22.4)
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Application of the same principle of SLN technique to
preserve the axilla for some patients who received NAC
and became cN0 is a developing idea aiming at
allowing these patients to get benefit from avoiding
ALND with its consequences. However, the
controversies regarding the FNR associated with the
application of SNL technique after NAC are still not
yet justifying it as standard care for this group of
patients [5,21–23].

In our study, to improve the identification percentage
of SLNs, we used the dual technique for detection of
SLN(s). Boughey et al. [5] reported that the only factor
associated with failure to identify a SLNwas the type of
mapping agent used, with the best results obtained
using the radio-colloid with the blue dye compared
with blue dye or radio-colloid alone. The better results
of the dual technique were also achieved in the
SENITA study [22].

In the current study, we could identify the SLN(s) in
76 patients out of 86 patients who had complete cN0
after NAC, with a success rate of 88.4%. This rate is
higher than that reported in the SENITA study
(80.1%) [22]. However, it is lower than what was
reported in both ACOSOG Z1071 trial (92.7%)
[21] and SLN identification rate reported by Krag
et al. [24] (93%) in the 1998 publication of a
multicenter validation trial of SLN surgery
without NAC.

The slightly lower SLN(s) identification rate in our
study could be attributed to the fact that only patients
with CPR were included in our study compared with
other studies that included patients with complete and
incomplete pathological response. So, the rate of
identification of SLN(s) in our study may be
affected by the fibrosis effect of NAC that was
effective and led to the CPR. We agree with
Moreno et al. [25], who reported that tumor tissue
response to NAC by its replacement by loose fibrosis is
the most common pathologic event. In addition, the
intensity of fibrotic change is proportional to the
degree of reduction of the tumor mass.

FNR of SLN after NAC in our study was 11.8% which
is comparable to FNRs in other studies [20,21].
Furthermore, it is comparable to those accepted for
use of SLN biopsy in early stage breast cancer where
identification rates range from 88 to 97% and FNRs of
5–12% were reported [10,26]. On the contrary, Shen
et al. [23] reported a FNR of SLN after NAC to be as
high as 25%, and accordingly, they questioned the
reliability of SLN as an indicator of the presence or
absence of residual disease in the axilla. We think that
high FNR in their series may be attributed to the lack
of a predetermined protocol dictating the method of
lymphatic mapping and inaccuracy of their techniques
of SLN biopsy.



Table 3 True and false-negative rates of the sentinel lymph nodes among the different studied variables

Variables True negative [n (%)] False negative [n (%)] P value

Age groups (in years)

<40 13 (86.7) 2 (13.3) 0.970

40–60 40 (88.9) 5 (11.1)

>60 14 (87.5) 2 (12.5)

BMI (kg/m2)

<25 14 (82.4) 3 (17.6) 0.686

25–30 46 (90.2) 5 (9.8)

>30 7 (87.5) 1 (12.5)

Clinical T at diagnosis

T1 7 (87.5) 1 (12.5) 0.844

T2 38 (90.5) 4 (9.5)

T3 19 (86.4) 3 (13.6)

T4 12 (92.3) 1 (7.7)

Clinical N

N0 4 (100.0) 1 (0.0) 0.526

N1 7 (100.0) 0

N2 56 (87.0) 8 (13.0)

Histological type

Infiltrative ductal carcinoma (IDC) 60 (87.0) 9 (13.0) 0.793

Infiltrative lobular carcinoma (ILC) 4 (100.0) 0

Mixed IDC and ILC 1 (100.0) 0

Other types 2 (100.0) 0

Tumor site

Upper outer quadrant 32 (86.5) 5 (13.5) 0.157

Upper inner quadrant 8 (100.0) 0

Lower outer quadrant 6 (75.0) 2 (25.0)

Lower inner quadrant 4 (100.0) 0

Central 11 (100.0) 0

Multicentric 6 (75.0) 2 (25.0)

Neoadjuvant chemotherapy regimen

Anthracycline and taxane 50 (87.7) 7 (12.3) 0.644

Anthracycline 5 (100.0) 0

Taxane 11 (84.6) 2 (15.4)

Other, no anthracycline and no taxane 1 (100.0) 0

Pathological response of the primary mass

Complete response 26 (83.9) 5 (16.1) 0.272

Partial response 41 (91.1) 4 (8.9)

Molecular subtypes

Luminal A 12 (85.7) 2 (14.3) 0.170

Luminal B 10 (76.9) 3 (23.1)

Triple-negative/basal-like 31 (96.9) 1 (3.1)

HER2-enriched 14 (82.4) 3 (17.6)

Number of isolated sentinel lymph nodes

1–2 15 (83.3) 3 (16.7) 0.360

3+ 52 (89.7) 6 (10.3)
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Many factors were evaluated for their possible
influence on FNR in our study. However, no
significant differences in the FNR could be
observed regarding age, BMI, clinical tumor size,
tumor location, histopathologic type, molecular
subtype, or pathological response of the primary
mass. Similar results were reported by many
authors [5,21,22]. Although some older studies
[24,27] reported significant relation to tumor
location, BMI, and old age to the identification
rate of SLN and the FNR, this was not supported
in our results.

In this study, it was found that the FNR was 10.3%
when three or more SLNs were identified compared
with 16.7% when two or less SLNs were identified.
Similar results were observed in the NSABP B-32 trial
[10], in which SLN surgery was performed before any
chemotherapy. They reported that there was a
significant decrease in the FNR as more SLNs were
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resected. Furthermore, Hunt et al. [28] showed that the
removal of fewer than 2 SLNs was associated with a
higher FNR in patients with cN0 disease undergoing
SLN surgery after chemotherapy. We think that these
results are matching with the fact that the accuracy of
any sampling test is dependent on the amount of
material sampled, and consequently, the incidence of
FNR decreases with identification of more SLNs.

Based on prior studies of SLN surgery reporting a
10–12% FNR following chemotherapy in patients with
cN0 disease, some studies determined the 10% as a
threshold of FNR for safe application of SLN biopsy
techniques after NAC [17,21]. Shen et al. [23]
concluded that SLN biopsy is technically feasible
and reliable for representing the other LNs in
ALND for patients who are clinically node-negative
after NAC. Their justification was based on the fact
that FNR for this group of patients is comparable to
those accepted for use of SLN biopsy in early stage
breast (5–12%).

In conclusion, we think that SLNs biopsy after NAC
in case of CPR of axillary LNs is a reliable technique
to replace ALND if certain precautions are applied.
The use of a dual technique for SLN identification
and determination of at least three SLNs to be the
minimum number accepted is an essential
requirement to be applied in this selective
approach to ensure FNR within accepted range. In
addition, patients should be counseled regarding
benefits of the SLN biopsy technique and the
possibility of failure to identify the SLN or being
false negative and the surgical options suitable in
these different conditions.
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