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Abstract

Sentinel lymph node biopsy (SLNB) is an appropriate method for the evaluation of axillary status in cases of early breast cancer. 
We report our experience in treating cases evaluated using SLNB. We analyzed a total of 1192 cases assessed by means of 
SLNB from July 1999 to December 2007. SLNB processing was successfully completed in 1154 cases with the use of blue 
dye or radiolabeled 99mTc-Dextran-500, or both. Of these 1154 patients, 857 were N0(i-) (no regional lymph node metastasis, 
negative immunohistochemistry, IHC), 96 were N0(i+) (no regional lymph node metastasis histologically, positive IHC, no IHC 
cluster greater than 0.2 mm) and 201 were N1mi (greater than 0.2 mm, none greater than 2.0 mm). Most of the tumors (70%) 
were invasive ductal carcinomas and tumors were staged as T1 in 770 patients (65%). A total of 274 patients underwent SLNB 
and axillary dissections up to April 2003. The inclusion criteria were tumor size equal to or less than 3 cm in diameter, no clini-
cally palpable axillary lymph nodes, no neoadjuvant therapy. In 19 cases, the SLN could not be identified intraoperatively. A 
false-negative rate of 11% and a negative predictive value of 88.2% were obtained for the 255 assessable patients. The overall 
concordance between SLNB and axillary lymph node status was 92%. SLNB sensitivity for nodes was 81% and specificity was 
100%. The higher sensitivity, specificity, accuracy, and lower false-negative rates of SLNB suggest that this method may be an 
appropriate alternative to total axillary dissection in early breast cancer patients.
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Introduction

The disease status of axillary lymph nodes is the most 
important prognostic factor for patients with breast cancer. 
The sentinel lymph node biopsy (SLNB) was introduced 
into clinical practice in the 1990s (1-3). It is an extremely 
sensitive and specific method for predicting whether malig-
nant neoplasms such as breast cancer have metastasized 
to regional lymph nodes (4,5). According to the American 
Society of Clinical Oncology (ASCO), SLNB is a safe and 
accurate method for identifying early breast cancer without 
the involvement of axillary lymph nodes (6). 

The histopathological analytical methods for excised 
sentinel lymph nodes (SLN) have been improved in order 
to increase staging accuracy and reduce false-negative 
rates (7,8). The relevant SLN pathology must include 
multisection staining with hematoxylin and eosin (H&E). 
Immunohistochemical analysis (IHC) is also commonly used 
for H&E-negative cases and may facilitate the detection of 
small deposits, thereby enhancing the screening of SLN 

sections (7). The majority of SLN cases can be classified 
as positive or negative based on the presence or absence 
of macrometastasis. The 2003 edition of the TNM clas-
sification uses 2.0 mm as the cutoff size that distinguishes 
between micro- and macrometastasis (9). The cutoff value 
for isolated tumor cells or so-called submicrometastasis 
is 0.2 mm (10). The significance and practical relevance 
of micrometastases, isolated tumor cells and the value of 
IHC also require further definition. Furthermore, the use of 
nomograms enhances the prediction of non-SLN status in 
SLN-positive patients (11,12). 

Certain questions persist regarding the use of this tech-
nique in breast cancer. Specifically, we need to know more 
about axillary recurrence cases, overall survival rates and 
local morbidity reduction. Answers to these questions might 
be addressed in an oncology institution where protocols for 
patient treatment are strictly followed and full records can 
be retrospectively analyzed. In this paper, we report our 
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experience with SLNB in patients with breast cancer treated 
at our hospital. We analyzed the clinical and pathological 
features and the treatment methods used in order to de-
termine whether the SLNB and the type of axillary surgery 
may impact local recurrence.

Patients and Methods

Between July 1999 and December 2007, a total of 1192 
patients were treated at the Department of Breast Surgery 
at the Hospital do Câncer A.C. Camargo (HC-ACC, São 
Paulo, SP, Brazil) and underwent the SLNB procedure. 
Inclusion criteria were: 1) tumor size histologically equal 
to or less than 3 cm in diameter, 2) absence of clinically 
palpable axillary lymph nodes, 3) no neoadjuvant therapy, 4) 
no pregnancy, and 5) no previous ipsilateral breast cancer 
or axillary surgery other than benign excision biopsy.

The clinical pathology characteristics were: 1) patient 
characteristics, age, hormonal status; 2) breast tumor his-
tologic type, size, Scarff Bloom Richardson grade (SBR), 
lymph vascular invasion (LVI), hormonal receptors; 3) SLN 
characteristics, number of SLN removed, intraoperative 
biopsy, analytical methods for SLN, IHC, and micrometas-
tasis size; 4) number of lymph nodes analyzed after axillary 
lymph node dissection (ALND) and number of metastatic 
non-sentinel nodes, and 5) identification procedures for 
SLN using blue dye and/or isotope.

Tumors were classified histologically according to 
the American Joint Cancer Commission staging system 
(10,13). 

SLNB was performed using an isotope alone, blue 
dye alone or a combination of the two agents. One day 
before surgery or on the morning of the procedure, the 
patient received a 0.1-0.2-mL injection containing 0.2-0.4 
mCi (74-148 MBq) 99mTc-Dextran-500 at four peritumoral 
sites, or as close as possible to the biopsy site in cases of 
a preexisting biopsy. In multifocal breast cancer, patients 
were injected in the periareolar area. 

After injection, the patient was instructed to perform 
gentle circular and axillary-directed massage at the injection 
site and on the whole breast during the subsequent 30 to 
45 min in order to facilitate lymphatic drainage. 

Images of the thoracic region at anterior and oblique 
projections, including the involved breast and axillary area, 
were acquired using a gamma camera with a low-energy 
high-resolution collimator and an energy peak at 140 KeV 
at least 90 min after the injection.

An ink dot was marked on the skin, located immediately 
above the projection of the first node that became radioactive 
and was visible on the gamma camera monitor; this node 
was usually the only one detected by the gamma-camera 
or otherwise it exhibited the greatest activity when more 
than one node was detected.

Just after the induction of anesthesia, 3 to 5 mL of a 
1% solution of patent blue V (bleu patenté V, Guerbet, 

France) was subdermally injected above the tumor, followed 
by breast massage for 5 min. Approximately 15 min after 
patent blue injection, axillary exploration for blue-stained 
or radioactive nodes was performed. 

A gamma detecting probe (Navigator USSC, USA) was 
used first on the skin over the previously marked sentinel 
projection to confirm the presence of radioactivity (a hot 
spot). Cumulative radioactive counts were obtained for 10 
s and the sentinel node was defined as any node showing 
radioactive counts with or without blue-stain. The presence 
of less than 10% of the initial counts at axilla was used as 
a parameter to consider it as a sentinel node-free area. 
Dissection continued until radioactive and/or blue-stained 
nodes had been removed and the background count of 
the axilla was less than 10% that of the most radioactive 
lymph node ex vivo.

The excised lymph nodes were submitted to histological 
examination. All SLN were bisected or sectioned at 2-3 mm 
for the preparation of imprint cytology. The other half was 
fixed with 10% formalin buffer for 6 to 10 h and embed-
ded in paraffin for postoperative investigation using H&E 
staining. Lymph nodes less than 3 mm in diameter were 
embedded uncut.

Three pairs of paraffin-embedded sections, 4-µm thick, 
were cut at 30-50-µm intervals. One section of each pair was 
stained with H&E. If no carcinoma cells were detected, we 
performed IHC with a cytokeratin AE1/AE3 antibody using 
a standard immunoperoxidase method. This antibody is 
directed against low- and high-molecular weight cytokeratin 
filaments. Before 2004, we did not perform intraoperative 
imprint cytology (IIC).

The size of the metastasis was determined by the largest 
cohesive or contiguous sheet of tumor cells, and microme-
tastases were measured using an ocular micrometer. Tumor 
cells were identified on either H&E-stained paraffin sections 
or by IHC. Individual or isolated cytokeratin-positive tumor 
cells were <0.2 mm in diameter.

When no axillary SLN was identified by either means, 
an axillary LN dissection was performed. Non-sentinel 
lymph nodes were all examined by standard histopathol-
ogy. In general, an immediate ALND was performed for all 
patients whose SLN tested positive when using IIC. If the 
SLN tested negative in intraoperative sections, but was 
found to contain macrometastases in the final histopathol-
ogy, patients underwent delayed completion level I and II 
ALND. Between July 1999 and April 2003, 255 patients who 
underwent SLNB had their axillary lymph node dissected 
immediately thereafter. After 2003, if SLN tested negative 
according to both IIC and paraffin analysis, the patients 
underwent SLNB without ALND.

Between July 1999 and December 2007, 1192 patients 
underwent the SLNB procedure. In 38 cases (19 cases be-
fore and 19 cases after April 2003), the SLN was identified 
weakly or not at all, both preoperatively and intraoperatively 
with the blue dye and/or the probe. 
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The mean age of the study population was 54.3 years 
(range: 22 to 92 years) and approximately 41% of the pa-
tients were premenopausal. The tumor was staged as T1 
in 770 patients (65%) and as T2 in 259 patients (21.8%). 
Most of the tumors (72.2%) were invasive ductal carcinomas, 
7.9% were invasive lobular carcinomas, 6.5% were clas-
sified as different types of carcinomas (atypical medullary, 
medullary, adenoid cystic, tubular, mucinous, apocrine, and 
metaplastic) and 13% were ductal carcinomas in situ (DCIS). 
Fifty-one percent of the tumors were grade II of SBR and 
82% had no LVI. Detailed patient and tumor characteristics 
are shown in Table 1.

The descriptive statistics are reported as distribution 
of frequencies for categorical data and central trend and 
dispersion measures for numerical variables. Diagnostic 
tests were used to determine the specificity and sensitivity 
of SLNB. Statistical analyses were performed using the 
STATA software release 7.0.

Results

The SLN procedure was successfully completed in 
96.8% of the cases (1154/1192) with the use of blue dye, 
radio labeled 99mTc-Dextran-500 or a combination of both. 
Initially, we used a combination of the two techniques, and 
with this approach SLN were identified by blue dye in 89% 
(502/564) and by radioisotope in 95% (1092/1154) of all 
cases. In 62 cases, the SLN were not identified by the isotope 
(5%; Table 2). This is because the scintigraphy revealed 
very faint or no radioactivity at the axilla and the SLN could 
not be identified with the gamma probe the next day. 

The number of SLN identified at the time of surgery is 
reported in Table 2. Five hundred and seventy-four patients 
(49%) had only one SLN removed, while 68 (6%) had four 
or more SLN removed.

A total of 766 cases were sent for IIC analysis. The SLN 
were positive in 12%, negative in 88%, and inconclusive 
in 1.8% (N = 14) of cases. The final histological examina-
tion revealed absence of cancer in 578 (85.7%) of the 674 
(88%) cases with a negative SLN at the time of IIC, whereas 
micrometastases were found in 58 cases (8.6%) and mac-
rometastases in 38 cases (5.6%). The IIC false-negative 
rate was 14.2%. All positive cases were confirmed at final 
histological examination. Of the 14 inconclusive cases, 2 
tested positive for macrometastases, 6 were positive for 
micrometastases, and 6 confirmed the absence of cancer 
cells (Table 3).

In 14.2% of the cases, there was just one positive SLN 
(164/1154). Axillary lymph nodes were the most common 
site of SLN localization (96%; Table 3).

Two hundred and seventy-four patients underwent axil-
lary dissection prior to April 2003. In 19 cases, the SLN was 
not identified intraoperatively. Among the 255 assessable 
patients, the SLNB was positive for macrometastasis in 63 
cases and positive for micrometastasis in 22 cases (Table 4). 

Table 1. Descriptive characteristics of 1192 patients and tumors.

Variable Frequency 

Age (years)
Range 22-92
Median 53
Mean 54.3

Hormonal status
Pre 487 (40.9%)
Post 705 (59.1%)

Histologic subtype
IDC 861 (72.2%) 
ILC 94 (7.9%)
DCIS 156 (13.1%)
OHT 78 (6.5%)
LCIS 3 (0.3%)

Tumor size
Tis 159 (13.0%) 
T1mic 30 (2.5%)
T1a 63 (5.3%)
T1b 215 (18.1%)
T1c 462 (38.9%)
T2 (up to 3.0 cm) 259 (21.8%)
Unknown 4 (0.4%)

Histologic grade
1 243 (26.9%) 
2 462 (51.2%)
3 198 (21.9%)

Nuclear grade
1 96 (9.6%) 
2 447 (44.7%)
3 457 (45.7%)

Lymphovascular invasion
No 829 (81.8%)
Yes 184 (18.2%)

Perineural invasion
No 894 (88.3%)
Yes 118 (11.7%)

Estrogen receptor
No 202 (17.3%)
Yes 962 (82.7%)

Progesterone receptor
No 348 (30.0%)
Yes 813 (70.0%)

IDC = invasive ductal carcinoma; ILC = invasive lobular carci-
noma; DCIS = ductal carcinoma in situ; OHT = other histologic 
types such as tubular, colloid, medullary types; LCIS = lobular 
carcinoma in situ; Tis = ductal carcinoma in situ; T1mic = micro-
invasion of 0.1 cm or less in greatest dimension; T1a = tumor 
greater than 0.1 cm but not greater than 0.5 cm in dimension; T1b 
= tumor greater than 0.5 cm but not greater than 1 cm in dimen-
sion; T1c = tumor greater than 1 cm but not greater than 2 cm in 
dimension; T2 = tumor greater than 2 cm but not greater than 3 
cm in dimension.
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All 22 patients who underwent level I and II ALND showed 
a non-SLN that was completely tumor free. One hundred 
and seventy patients exhibited negative findings after SLNB; 
in 20 of these patients, we identified metastases in other 
axillary lymph nodes after the immediate completion of level 
I and II ALND (Table 5). Within this subset of patients, 3 
cases had four or more non-SLN metastases and 17 had 
one to three non-SLN metastases. The tumor was a T1c 
in 9/20 cases and a T2 in 11/20 cases. Eighty-one percent 
(206/255) of the patients who underwent ALND had no 

other positive lymph nodes. Consequently, they would have 
derived no benefit from complete axillary dissection.

Twenty-six patients died of the disease and only three of 
these exhibited micrometastasis in SLN, while 11 presented 
a positive SLN. Nineteen patients are still alive with the dis-
ease at the time of this writing, and only 2 of them exhibited 

Table 2. Distribution of clinical variables. 

Variable Frequency 

SLN identified with blue dye
No 62 (11%)
Yes 502 (89%)

SLN identified with technetium
No 62 (5.4%)
Yes 1092 (94.6%)

Number of lymph nodes
1 574 (49.7%) 
2 376 (32.6%)
3 136 (11.8%)
4 or more 68 (5.9%)

Positive cytology imprint
No 674 (88.0%)
Yes 92 (12.0%)

Inconclusive cytology imprint
No 752 (98.2%)
Yes 14 (1.8%)

H&E-positive SLN
No 901 (78.1%)
Yes 253 (21.9%)

Immunohistochemically positive SLN
No 780 (91.4%)
Yes 73 (8.6%)

SLN = sentinel lymph node; H&E = hematoxylin and eosin.

Table 3. Descriptive characteristics of sentinel lymph nodes.

Variable Frequency 

Micrometastasis size
Negative 857 (72.8%) 
<0.2 31 (2.8%)
0.2-1.0 40 (3.7%)
1.1-2.0 25 (2.3%)
Macro 201 (18.4%)

No. of positive SLN
0 954 (82.7%)
1 164 (14.2%)
2 36 (3.1%)

Localization
Axilla 1114 (96.5%) 
Internal mammary chain 3 (0.3%)
Axilla and internal mammary chain 37 (3.2%)

Axillary dissection
No 649 (54.4%)
Yes 543 (45.6%)

No. of dissected SLN
1 574 (49.7%)
2 376 (32.6%)
3 136 (11.8%)
4 or more 68 (5.9%)

No. of positive SLN
0 414 (76.2%) 
1-3 83 (15.3%)
4-9 30 (5.5%)
>9 16 (3.0%)

SLN = sentinel lymph node.

Table 4. Axillary status of patients submitted to axillary lymph 
node dissection after the sentinel lymph node biopsy.

Sentinel lymph node No. of cases No. of axillas with 
positive non-SLN

Positive micrometastases  22  -
Positive macrometastases  63  29
Negative  170  20
Total  255  49

SLN = sentinel lymph node.

Table 5. Sentinel lymph node evaluation and definitive status of 
all axillary lymph nodes in 255 patients with breast cancer.

Sentinel lymph node Axillary lymph 
nodes

Total number of 
patients 

Positive Positive 85 (33%)
Negative Negative 150 (59%)
Negative Positive 20 (8%)
Total 255
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micrometastasis in SLN. We note that a total of 11 patients 
who died of the disease were T2 (11/26) and 10 patients were 
T1, while 9 individuals who are still living with the disease 
are T2 (9/19) and 8 are T1c (8/19; Table 6). We identified 
only 4 axillary recurrences across patients studied (0.45%) 
and 3 of these underwent intraoperative radiotherapy. We 
excluded all 274 patients who underwent SLNB and axillary 
dissection during our initial training phase. 

The false-negative rate was 11% and the negative 
predictive value was 88.2%. The overall concordance be-
tween SLNB and axillary lymph node status was 92%. The 
sensitivity of SLNB for nodes was 81% and the specificity 
was 100% (see Table 7).

Of our 1154 patients, 857 were N0(i-) (no regional lymph 
node metastasis, negative IHC), 96 were N0(i+) (no regional 
lymph node metastasis histologically, positive IHC, no IHC 
cluster greater than 0.2 mm) and 201 were N1mi (greater 
than 0.2 mm, none greater than 2.0 mm). The size of the 
micrometastases of the 96 patients who exhibited a positive 
SLN is shown in Table 3. 

Discussion

This was a study with a non-randomized retrospective 
design. Our goal was to determine if the SLNB is an ac-
curate procedure that can provide the physician and the 
patient with important information concerning staging and 
prognosis, and to guide postoperative treatment. 

We were able to identify the SLN in 96.8% of the 
individuals by using blue dye and/or a radioactive tracer. 
Our results also show that the SLNB in early stage breast 
cancer is an effective and useful procedure. The method 
correctly predicted the state of the axilla in a high percent-
age of patients (92% accuracy) and this value is sufficiently 
high for us to conclude that axillary dissection is probably 
unnecessary for patients in whom the sentinel node tests 
negative. We observed that the use of radiocolloid and 
the gamma probe improved the identification of the SLN. 
However, the use of intraoperative blue dye injections is 
relatively inexpensive and accurate and can be performed 
even when the colloid is not available.

Our false-negative rate was 11.7%. As we gained 
experience, and as we reduced our false-negative rate, 
the use of combined methods yielded the highest iden-
tification rates and are consistent with ASCO guidelines 
(6). There was a notable learning curve and the surgeon’s 
rate of SLN detection increased with experience. Although 
our false-negative rate is higher than that reported in the 
literature (the false-negative rate averaged 8.4%, ranging 
from 0 to 29% in the literature) (6), we note that our axillary 
recurrence rate after a negative SLNB finding is very low 
(0.45%), with a follow-up of 24-60 months. We observed 
axillary recurrence after 32, 21, 14, and 8 months from 
surgery. Our results agree with the literature findings that 
range from 0 to 1.4% at 14-46 months of follow-up (14). All 

suspicious palpable nodes (other than SLN, in the axillar 
content) were submitted to intraoperative analysis. 

In 54% of our cases with a positive axilla, the SLN 
was the only node involved with no other positive node in 
the axillary content. As described by Veronesi et al. (15), 
this finding indicates that the sentinel concept is biologi-
cally valid. If we could preselect this group of positive SLN 
patients, ALND may not be required. It has been noted 
in the literature (16) that nodal spread is a stepwise phe-
nomenon involving the SLN - this is the first and also the 
most likely site of regional metastases. A nomogram has 
been published to predict non-SLN metastasis in patients 
with positive SLN using nuclear grade, LVI, multifocality, 
estrogen receptor status, number of positive SLN, patho-
logical tumor size, and method of detection (IHC, serial 
H&E sections, routine, and frozen) (11,12). However, this 
model was not reliably predictive for positive non-SLN in 
cases with micrometastatic positive SLN.

Several studies have reported that the average number 
of SLN removed at the time of SLNB is three (17). In our 
study, almost 80% of patients had one or two SLN removed. 
The detection of multiple SLN may reflect a migration of dye 

Table 6. Unfavorable events and deaths in the study group of 
1154 patients.

Event Study group 
(N)

Frequency 

Events other than death 30 2.5%
Axillary recurrence* 4 0.45%
Recurrence in the ipsilateral breast 10 0.86%
Distant metastases 16 1.38%
Death due to breast cancer 26 2.25%
Death from other causes 15 1.2%
Lost to follow-up 12 1.03%

*In this group, we excluded the initial 274 patients who under-
went SLNB and axillary dissection.

Table 7. Agreement between sentinel lymph node evaluation 
and definitive axillary lymph node status after complete axillary 
lymph node dissection in 255 patients.

Measure Frequency 

False-negative 11.7%
Sensitivity 81%
Specificity  100%
Positive predictive value 100%
Negative predictive value 88.2%
Overall accuracy 92.1%
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or isotope from the true SLN to secondary lymph nodes or 
simply a normal anatomic variation in which the lymphatics 
of a given site in the breast drain simultaneously (17). 

Another important consideration concerns IIC as an 
intraoperative method for examining the SLN. IIC can 
provide clear cytological detail and lead to a rapid diag-
nosis, preserving the tissue for permanent section, but 
has disadvantages in that the number of cells examined 
is small and the chance of an indeterminate result is high 
(18,19). The use of H&E staining and IHC analysis with 
antibodies to cytokeratin has improved the identification 
of metastasis in SLN. IHC evaluation can upstage disease 
for approximately 10% of patients who have a negative 
SLN (6). Lymph node metastases have traditionally been 
divided into those measuring >2 mm, and those measur-
ing ≤2 mm, the latter being called micrometastases. The 
extensive pathology examination of SLN has resulted in a 
frequent observation of micrometastases.

In the TNM classification of breast carcinomas, the 
micrometastases at SLN represent a subset of the node-
positive group (pN1mi) (9). We found micrometastasis in 
96 of the SLN and we failed to observe differences in the 
overall survival and axillary recurrence, independent of mi-
crometastasis size. We also know that our sample must be 
extended in the future to account for further considerations 
and to answer questions that remain unresolved. Specifi-
cally, what is the clinical significance of micrometastases? 
Also, should we perform axillary dissection or just attentive 
follow-up when micrometastases are found? 

We observed a low rate of axillary metastasis (under 
0.5%) during follow-up of patients with clinically negative 
nodes that were not dissected at surgery, consistent with 
other studies (20). The lower incidences of axillary failure 
were likely due to systemic therapy and/or radiotherapy of 

the breast, which includes the lower axilla where most SLN 
were found. We note that 3 of the 4 cases that relapsed un-
derwent intraoperative radiotherapy. Locoregional therapy 
has been demonstrated to improve not only disease-free 
survival, but also overall survival rates (21,22). A short-term 
follow-up study suggested that the rate of regional recur-
rence may be very low (0.12%) for patients considered to 
be SLN-negative on the basis of H&E and IHC sections 
and for those who do not undergo axillary dissection (14). 
In contrast, we note that 38.2% of SLN that test positive 
for macrometastasis contain another positive lymph node 
that is identified following paraffin analysis. The literature 
shows a high incidence of non-sentinel node involvement 
in cases of sentinel node macrometastasis, i.e., 39 to 79% 
of all cases, most of which depend on tumor size (23). 

DCIS of the breast, by definition, cannot metastasize, 
unless there is an invasive component. In our study, SLNB 
in DCIS revealed isolated tumor cells ≤0.2 mm in two cases 
(1.2%) and that the SLN was the only metastatic node 
found in the axillary dissection product. This is consistent 
with other literature reports (24). Thus, the real value of 
axillary dissection in DCIS is still questionable, especially 
when micrometastases or isolated tumor cells ≤0.2 mm are 
present. Intra et al. (25) reported a series of 854 patients 
with DCIS, of whom 1.4% had SLN metastasis. The ASCO 
guidelines recommend SLNB for patients with large or high-
grade DCIS. The SLNB is still recommended for patients 
who subsequently undergo mastectomy for treatment of 
DCIS, because it becomes impossible to perform SLNB 
after removal of the breast (6). 

In the future, we expect to attempt the use of SLNB for 
patients treated with neoadjuvant chemotherapy. In so do-
ing, we plan to follow the consensus guidelines to improve 
the quality of life of early breast cancer patients.
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