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ABSTRACT

Background. Identification and resection of a clipped

node was shown to decrease the false-negative rate (FNR)

of sentinel lymph node biopsy (SLNB) after neoadjuvant

chemotherapy (NAC) for patients presenting with initially

node-positive breast cancer.

Methods. Between March 2014 and March 2016, a

prospective trial analyzed 98 patients with axilla-positive

locally advanced breast cancer (T1-4, N1-3) to assess the

feasibility and efficacy of placing clips into most suspi-

cious biopsy-proven node. The study considered blue,

radioisotope active, and suspiciously palpable nodes as

sentinel lymph nodes (SLNs).

Results. The SLN identification rate was 87.8%. The

median age of the patients with an SLNB (n = 86) was

44 years (range 28–66 years). Of these patients, 77

(88.4%) had cT1-3 disease, and 10 (11.6%) had cT4 dis-

ease. The majority of the patients (n = 66, 76.7%) had cN1,

whereas 21 patients (23.3%) had cN2 and cN3. A com-

bined method was used for 37 patients (43%), whereas blue

dye alone was used for the remaining patients (57%). The

clipped node was the SLN in 70 patients (81.4%). For the

patients with cN1 before NAC, the FNR was found to be

4.2% (1/24) when the clipped node was identified as an

SLN. However, the FNR was estimated to be as high as

16.7% (1/6) for the patients with cN1 before NAC when

the clipped node was found to be a non-SLN.

Conclusions. The study results also suggest that axillary

dissection could be omitted for patients presenting initially

with N1 disease and with a negative clipped node as the

SLN after NAC due to the low FNR.

The presence of axillary metastases is an important

prognostic factor that affects treatment decisions in breast

cancer. Neoadjuvant chemotherapy (NAC) has become the

standard of care for the treatment of patients with clinically

node-positive breast cancer and can eradicate axillary

metastasis in 40–75% of patients, depending on tumor

subtype.1–4 This causes interest in avoiding extensive sur-

gery when NAC eradicates metastasis in lymph nodes.

The therapeutic effect of an axillary lymph node dis-

section (ALND) is limited in the complete pathologic

response in the axilla. The American College of Surgeons

Oncology Group (ACOSOG) Z1071 trial and the European

SENTinel NeoAdjuvant (SENTINA) trial reshaped surgi-

cal management via considering axillary staging with

sentinel lymph node biopsy (SLNB) after NAC for node-

positive patients.5,6 These trials were designed to determine

whether SLNB is accurate in staging the axilla after NAC

for patients with known axillary metastasis. Although

SLNB after NAC is a less invasive method for restaging

axillary disease, it has been related to a higher false-neg-

ative rate (FNR).
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Placement of a clip in the cytopathologically proven

positive node before NAC is one method that can help to

remove an initially biopsy-proven positive node at the time

of surgery. The FNR is reduced as a result of removing the

clipped node as the sentinel lymph node (SLN).7

This study aimed to assess the feasibility and efficacy of

placing clips in the most suspicious biopsy-proven node to

reduce the FNR of SLNB after NAC at our institution.

MATERIALS AND METHODS

Between March 2014 and March 2016, a prospective

registry trial was performed with patients who had clinical

axilla-positive locally advanced breast cancer (cT1-4, cN1-

3) at the Department of Surgery, Istanbul Faculty of

Medicine, University of Istanbul. The study was approved

by the Istanbul University Ethics Commitee, and all the

participating patients gave informed consent.

Patients with any clinical positive axilla were included

in the study. The staging criteria of the American Joint

Committee on Cancer (AJCC) 7th edition8 were used in the

clinical and pathologic evaluation of the patients. Those

younger than 18 years and those 70 years of age or older

with inflammatory breast cancer, previous axillary surgery

or pregnancy, or symptomatic distant metastases were not

eligible for inclusion in the study.

Patient Evaluation

All the patients who had clinical locally advanced breast

cancer with ipsilateral suspicious axillary lymph nodes

underwent routine breast imaging including breast ultra-

sound, mammography, and magnetic resonance imaging

(MRI) at our institution. Diagnosis of the primary breast

tumors was performed with a core biopsy, and the patients

were evaluated with [18F]-fluorodeoxyglucose (18F-FDG)

positron emission tomography (PET)/computed tomogra-

phy (CT) for detection of distant metastases.

Axillary Ultrasound and Clip Placement Procedure

The clinically positive axillary lymph node or nodes at

diagnosis were confirmed by cytopathologic analysis of

ultrasound-guided fine-needle aspiration biopsy material

for all the patients. Before NAC was started, commercially

available titantium clips (766914100SST V Mark Breast

Biopsy Site Marker, 14 G; Argon Medical Devices,

Athens, TX, USA) were used to mark the most suspicious

axillary lymph node as the index node under ultrasound

guidance by two dedicated breast radiologists (D.K., G.E.)

at the Institute of Oncology, University of Istanbul. The

index node was found by using one or more of the

following criteria as described previously:9 asymmetric

cortical thickening (C 3 mm), loss of fatty hilum, abnor-

mal lymph node shape (round form), cortical abnormalities

including cortical heterogenous/multilobulations, and

increased peripheral blood flow.

Preoperative Chemotherapy

The patients received NAC as a regimen containing four

cycles of adriamycine with cyclophosphamide (AC) fol-

lowed by weekly taxan for 12 weeks. Trastuzumab was

added to weekly taxanes for patients with human epidermal

growth factor receptor 2 (HER2)-neu overexpression.

Surgical Procedure and SLNB Technique

In 2–3 weeks after completion of the NAC, the patients

were clinically evaluated by physical examination together

with repeat mammography and breast ultrasonography and

breast MRI to assess the NAC response. Biopsy of the SLN

was performed only for patients with a clinical negative

axilla determined by physical exam and radiologic imaging

including mainly ultrasound and MRI findings. Lymphatic

mapping was performed, followed by peritumoral and/or

subareoler injection of isosulphan blue dye alone or in

addition to a technetium Tc 99 m sulfur colloid as descri-

bed previously.10 All blue, radioisotope-active, and

suspicious palpable nodes were removed as SLNs, and the

patients subsequently underwent completion of ALND.

Specimen radiographs were obtained for the dissected

FIG. 1 Specimen radiograph of a sentinel lymph node (SLN) with a

clip inside
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SLNs and ALND for visualization of the clipped node

(Fig. 1).

Pathologic Evaluation

The sentinel lymph nodes were examined as described

previously.11 Briefly, at least four sections were obtained

from each block of a sentinel node at 250-lm intervals and

stained with hematoxylin and eosin (H&E). Sentinel lymph

nodes containing micrometastases or isolated tumor cells

detected by H&E or cytokeratin immunochemistry (IHC)

staining were considered positive according to the AJCC

7th edition. Non-SLNs were evaluated only by H&E

staining, and pathologic findings regarding chemotherapy

response also were recorded including regressional fibrosis,

fibrohyalinization, reactive changes, and metastases.

Pathologic complete response (pCR) was defined as the

complete eradication of all invasive and noninvasive

cancer.12

Statistical Analysis

Data were analyzed by using SPSS 17.0 (SPSS Inc.,

Chicago, IL, USA). Descriptive analyses were used to

calculate the SLN identification rate and the clipped node

identification rate among SLNs. Furthermore, 2 9 2 con-

tingency tables were constructed to determine the FNRs for

different parameters. A successfully mapped SLN was

described as a false-negative SLN when routine pathologic

analysis with H&E staining and IHC failed to detect tumor

cells in the SLN during detection of tumor cells in non-

SLNs obtained in ALND. The Mann-Whitney U test was

used for continuous variables to compare the ultrasound

findings of the index node associated with cN2 and cN3

disease with cN1 disease, and Fisher’s exact test was used

for categorical variables. A p value lower than 0.05 was

considered significant, and factors found to be significant in

univariate analyses were further analyzed via forward

logistic regression analysis.

RESULTS

Of the 105 patients, 6 (5.7%) were found to be axilla-

positive in the clinical evaluation, which included physical

exam and radiology in ultrasound and/or MRI imaging

after NAC, and were excluded from the study. In

3–5 weeks after completion of NAC, the patients were

scheduled for surgery and an SLNB was performed for the

remaining 99 patients, who were thought more likely to be

clinically axilla-negative. Of these patients, 87 had a suc-

cessful mapping, with an identification rate of 87.8%,

whereas one patient was further excluded from the study

because of an SLN found to be a mammaria interna lymph

node under gamma probe guidance without any axillary

SLN.

The patient and tumor characteristics are shown in

Table 1. Briefly, the median age was 44 years (range

28–66 years). Of those with an axillary SLNB, 77 had cT1-

3 disease (88.4%), and 10 had cT4 disease (11.6%). The

majority of the patients had cN1 disease (n = 66, 76.7%),

whereas 21 patients (23.3%) had cN2 or cN3 disease. The

combined method was used for 37 patients (43%), whereas

TABLE 1 Patient and tumor characteristics of patients with a

sentinel lymph node biopsy (SLNB) (n = 86) n (%)

Median age: years (range) 44 (28–66)

Clinical tumor stage before NACa

T1 2 (2.3)

T2 53 (61.6)

T3 21 (24.4)

T4 10 (11.6)

Clinical lymph node stage before NAC

N1 66 (76.7)

N2 16 (18.6)

N3 4 (4.7)

Breast surgery

Breast-conserving surgery 40 (46.5)

Mastectomy 46 (53.5)

Histopathology

Invasive ductal cancer 62 (72.1)

Invasive lobular cancer 7 (8.1)

Invasive ductal/lobular type 4 (4.6)

Other 13 (15.1)

Pathologic complete response 22 (26.2)

Pathologic partial response 62 (73.8)

Axillary pathologic complete response 29 (33.7)

Breast pathologic complete response 26 (31)

IHC-based subtype

Luminal A 17 (19.8)

Luminal B 51 (59.3)

HER2-neu 6 (7)

Triple-negative breast cancer 11 (12.8)

No. of excised SLNs

Median no. of SLNBs 2 (1–7)

1 28 (32.6)

2 28 (32.6)

C 3 30 (34.8)

SLNB method

Blue dye only (isosulphane blue) 49 (57)

Combined technique 37 (43)

NAC neoadjuvant chemotherapy; IHC immunohistochemistry; HER2

human epidermal growth factor receptor 2; SLN sentinel lymph node
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blue dye alone was used for the remaining patients (57%).

The median number of SLNs was two (range 1–7). The

majority of the patients (67.4%) had two or more SLNs

identified.

Interestingly, the clipped node could not be found

among the SLNs or in the axillary lymph node specimen of

three patients (3.5%). In one of these patients, clip

migration to the fatty tissue was detected postoperatively

by radiologic imaging (Fig. 2). In 70 (81.4%) of 86

patients, the clipped node was the SLN, whereas in the

remaining 16 patients (18.6%), the clipped node was the

non-SLN. In this study, ALND was omitted for five

patients with a clipped node as the SLN and a negative

intraoperative pathologic examination. The FNR estima-

tions were therefore performed for the remaining 81

patients with ALND.

In our study, the overall FNR was 11.4%. The FNRs

were analyzed according to the patient and SLN charac-

teristics as shown in Table 2. Briefly, among the patients

with cN1 before NAC, the FNR was found to be 4.2% (1/

24) when the clipped node was identified as the SLN.

However, the FNR was estimated to be as high as 16.7%

(1/6) among the patients with cN1 before NAC when the

clipped node was detected as the non-SLN. Furthermore,

the FNRs were found to be improved in patients with cT1-3

and cN1 disease, using combined technique, with excision

of two or more SLNs and with a breast pCR.

The pathologic examination showed pCR in the breast

and axilla of 22 patients (26.2%), whereas nodal pCR was

found in 29 patients (33.7%) together with a breast pCR

rate of 31% in our series. Notably, the patients with a breast

pCR had an FNR of 0% in the entire cohort.

Ultrasonographic abnormalities of the clipped index

lymph node (CILN) were analyzed by comparing the

patients who had cN1 with those who had cN2 (Table 3).

The median lymph node size was 21.5 mm (range

9–39 mm). The majority of the patients with cN1 (70%)

had three or fewer suspicious LNs detected by ultrasound.

The significant factors distinguishing CILN in cN2 and

cN3 from that in cN1 were found to be tumor size 2.5 cm

or larger, cortical thickness of 1 cm or more, and increased

peripheral blood flow. Multivariate logistic regression

analysis for predicting factors in ultrasound findings of the

CILN associated with cN2 and cN3 (vs. cN1) identified

lymph node size of 2.5 cm or larger (odds ratio [OR],

24.41; 95% confidence interval [CI], 3–199.8; p = 0.003)

and the presence of peripheric blood flow (OR 14.21; 95%

CI 1.05–193.3; p = 0.046).

DISCUSSION

The accuracy and oncologic safety of SLNB procedure

in patients with cN? locally advanced breast cancer is an

ongoing concern. Both the ACOSOG Z1071 and SEN-

TINA trials investigated the role of SLNB after

downstaging of the axilla with NAC. Both studies found

that as the number of sentinel nodes removed increases, the

FNR decreases, and at least two or three nodes should to be

taken as SLNs.5 The ACOSOG Z1071 trial evaluated the

FNR of SLN surgery for patients with clinical T0-4, N1-2

disease treated with NAC and found that the FNR was

12.6% for N1 patients with two or more SLNs resected.5

Furthermore, the FNR decreased to 9.1% when surgeons

identified three SLNs in addition to using radiolabeled

colloids with blue dye. The Z1071 trial showed that an

acceptable FNR could be obtained with SLNB after NAC

for biopsy-proven N1 or N2 patients. Similar results were

published in the SENTINA trial, corroborating these find-

ings showing an overall FNR of 14.2%.6

In the current study, we report an overall FNR of 11.4%

for the patients who presented with node-positive cT1-4/

cN1-3 disease and received NAC after placement of clips

into the metastatic node. This FNR seems to be better than

in the randomized trials, SENTINA and Z1071, with

patient accrual from more than 100 centers, but similar to

the FNR in single-institution series, with the MD Anderson

Cancer Center showing an FNR of 10.1%, as reported by

Caudle et al.13 In concordance with the SENTINA and

FIG. 2 Clip migration to the fatty tissue detected in a patient by

mammogram
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Z1071 trials, use of combined technique or excision of two

or more SLNs reduced the FNR to 0% for cN1 patients in

our series.

A subset analysis of the Z1071 trial remarkably showed

that FNR further decreased to 6.8% for those patients with

placement of a clip in metastatic nodes when the clipped

node was in the SLN specimen.7 In contrast, the FNR was

19% when the clipped node was in the ALND specimen.

After this study, Caudle et al.13 at the MD Anderson

Cancer Center initiated an approach called targeted axillary

dissection (TAD) by placing a clip into the metastatic

lymph node before starting chemotherapy and removing

those clipped nodes with wire or radioactive seed local-

ization after completion of NAC.14 They tested the

feasibility of this procedure and demonstrated that axillary

clipped lymph nodes could be localized and removed after

placement of radioactive iodine (I)-125-labeled seeds.15

Furthermore, Caudle et al.13 subsequently published

their experience with TAD, reporting an FNR of 4.2% with

removal the clipped node alone.13 İn their series, the

clipped node was not retrieved as an SLN in 23% of the

cases, and removal of the clipped node along with the

SLNs further reduced the FNR to 2%. Our goal in this trial

was to demonstrate the feasibility and efficacy of retrieving

the clipped node as an SLN compared with other factors

affecting FNR at our institution after NAC. In concordance

with the findings by Caudle et al.,13 the clipped node could

not be detected among SLNs in almost 19% of the patients,

and the FNR was similarly 4.2% for cases in which the

clipped node was found among SLNs in specimen

radiographs.

Our results demonstrate that marking suspicious nodes

with clips before NAC seems to be a feasible technique

because the clipped nodes could be retrieved as SLNs or

non-SLNs in almost all patients, in concordance with other

reports.16,17 The FNR also was found to be increased,

reaching 16.7% for those in whom the clipped node could

not be found among SLNs. This is comparable with the

Z1071 subset analysis, which reported an FNR of 19%

when the clipped node was found in the ALND specimen.

In this study, we also described the ultrasound findings

of the clipped index lymph node. The subject by which the

lymph node should be considered as the index node to be

marked if more than one suspicious lymph node exists is

under discussion, and the criteria may vary among radiol-

ogists because ultrasound is an operator-dependent

procedure. The following abnormal features were sug-

gested9: asymmetric cortical thickening/lobulations, loss or

compression of the hyperechoic medullary region, absence

of fatty hilum, abnormal lymph node shape, hypoechoic

cortex, admixture of normal- and abnormal-appearing

nodes, and increased peripheral blood flow. Loss or com-

pression of the hyperechoic medullary region, absence of

fatty hilum, abnormal lymph node shape, and increased

TABLE 2 False-negative rates (FNR) in the entire cohort according to the patient and sentinel lymph node (SLN) characteristics

Patient and SLN characteristics FNR % (n)

Overall FNR (including cN1 & cN2/N3) (n = 81) 11.4% (4/35)

FNR for patients with initial cN1 versus cN2 & cN3 6.7% (2/30) versus 40% (2/5)

FNR for patients with initial cT1–cT3 versus cT4 9.4% (3/32) versus 33.3% (1/

3)

FNR with combined technique versus blue dye only 7.1% (1/14) versus 15% (3/20)

FNR with FNR C 2 SLN versus 1 SLN 4% (1/25) versus 30% (3/10)

FNR for patients with a breast pathologic complete response versus a breast partial response (including residual

DCIS)

0% (0/20) versus 28.6% (4/14)

FNR with intraoperative finding of clipped node as SLN versus other 10.3% (3/29) versus 16.7% (1/

6)

FNR for patients with cN1 (n = 31) 6.7% (2/30)

FNR for patients with initial cT1–cT3 versus cT4 3.6% (1/28) versus 50% (1/2)

FNR with combined technique versus blue dye only 0% (0/10) versus 10.5% (2/19)

FNR with SLN C 2 SLN versus 1 SLN 0% (0/22) versus 25% (2/8)

FNR with blue dye alone and C 2 SLN 0% (0/11)

FNR for patients with a breast pathologic complete response versus a breast partial response (including residual

DCIS)

0% (0/18) versus 18.2% (2/11)

FNR with intraoperative finding of clipped node as SLN versus clipped node as non-SLN 4.2% (1/24) versus 16.7% (1/

6)

FNR false-negative rate; DCIS ductal carcinoma in situ
a5 Patients with SLNB only and no ALND were excluded for the FNR analyses
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peripheral blood flow were found to be predictors of N2-3

disease. Our results similarly show that the significant

factors distinguishing CILN in cN2 and cN3 from cN1

were lymph node size of 2.5 cm or larger and increased

peripheral blood flow. Therefore, other abnormal features

also should be taken into consideration together with the

size of the abnormal lymph node in determining the index

node. Furthermore, in trials regarding TAD, it is highly

recommended that patients with more than three suspicious

lymph nodes not be included.

Because the number of patients with cT4 or cN2/N3 was

limited in our series, it may be difficult to comment on the

unacceptable high rates of FNR in these subpopulations.

However, the patients with breast pCR were found to have

extremely low FNR, reaching 0%, regardless of cN status,

suggesting that those who have an excellent chemotherapy

response with cN2 could still be candidates for SLNB, thus

warranting more studies in patients with cN2-3. Tadros

et al.18 have shown an increased relative risk of nodal

metastases, reaching 7.4 (95% CI 3.7–14.8; p\0.001) for

patients with a partial breast response versus patients with

pCR among those who have triple-negative or HER2-neu

(?) disease with a high likelihood of pCR.

Based on the findings of this study, feasibility clinical

trials are ongoing around the world to determine whether a

nonoperative management can be considered for those

selected cT1-3/cN0-3 patients with triple negativity or

HER2-neu positivity who have a breast pCR as determined

by a negative vacuum biopsy from the tumor bed.19

In conclusion, our results suggest that axillary dissection

could be omitted for patients who present initially with N1

disease and a negative clipped node as the SLN after NAC

due to the low FNR. Targeted axillary dissection may be

required for patients with a clipped node as the non-SLN in

addition to SLNB.
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