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Abstract

Sentinel lymph node biopsy (SLNB) is a new surgical technique for local axillary lymph nodes (ALNSs) of

breast cancer. Large-scale clinical trials have confirmed that undergoing SLNB and ALN dissection (ALND)

showed no significant difference for sentinel lymph node (SLN)-negative patients in terms of disease-free

survival, overall survival and recurrence-free survival. However, false-negative results are still the main

concern of physicians as well as patients who undergo SLNB instead of ALND. The American Society of

Breast Surgeons established a task force to suggest acceptable standards for SLNB. In 2000, the task force

recommended that the identification rate for SLNB be 85% or higher and the false-negative rate be 5% or

lower. This review focuses on clinical factors (tumor volume, multifocal/multi-center cancers, neoadjuvant

chemotherapy and skip metastasis), tracer techniques and pathological factors affecting SLNB and explores

methods for reducing the false-negative rate.
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Introduction

The sentinel lymph node (SLN) is the first lymph node to
receive lymphatic drainage from a tumor, and also theoretically
the first site of lymphatic metastasis. In the 1990s, SLN biopsy
(SLNB) was developed as a surgical technique for local axillary
lymph nodes (ALN) of breast cancer. This technique was a
landmark in the development of breast surgery and has become
an important part of the standard treatment for early breast
cancer. Large-scale clinical trials have confirmed that SLNB
and ALN dissection (ALND) show no significant difference
in SLN-negative patients in terms of disease-free survival,
overall survival and recurrence-free survival (1-3), and SLNB
can accurately predict the metastasis of ALNSs. In principle,
SLN-negative patients can be free from ALND, however, the
issue of false-negatives remains the main obstacle for doctors
and patients who receive SLNB instead of ALND, and to a
certain extent hinders the clinical promotion of SLNB. In
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2014, the American Society of Clinical Oncology reported 6
trials of SLNB, in which the false-negative rate (FNR) was
between 4.6% and 16.7% (4). Kim ez al. (5) performed a meta-
analysis and concluded that the average FNR of SLNB was
8.4% (0-29%). The issue of FNR has hindered the wide-
scale application of SLNB in clinical practice. Therefore, the
investigation of factors associated with FNR and strategies
effectively reducing the FNR, has become a research focus in
breast surgery.

Clinical factors and countermeasures
Effects of clinical factors on FNR of SLNB

Tumor volume

It is commonly believed that the FNR of SLNB is relatively
low in small tumors. Pecha ez 4l. (6) reported an FNR of 5% in
patients with an original tumor smaller than 2 cm in size, 9%
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for tumors between 2 and 4 cm in size, and 13.8% for tumors
greater than 4 cm in size. Gimbergues ez 4l. (7) detected an
FNR of 5.7% in T1-T2 patients, but 28.5% in T3 patients
(P=0.045), confirming the close correlation between the FINR
of SLNB and tumor volume. It is therefore widely known that
SLNB is mostly suitable for T1-T2 patients. In large tumors
with an increased rate of lymphatic metastasis, the metastatic
cancer cells often clog the lymphatic channels, which change
the original lymphatic circulation, and thus hinder the normal
transfer of the imaging agent or radionuclide in the lymphatic
vessels. As a result, the bypassed agent is transferred to the
lymph nodes without metastasis, leading to a higher FNR.
Borgstein et al. (8) suggested that the higher FNR of SLNB
in patients with massive tumors is associated with impaired
lymphatic integrity. During early metastasis, the ability of
lymph nodes to absorb the tracer is strong due to the high
levels of activity of macrophages. When most or all of the
lymph nodes are affected by the tumor, their ability to absorb
the tracer is markedly reduced, and the tracer is drained along
the lymphatic vessels to other lymph nodes, leading to an
increased FNR. During surgery, swollen hard non-staining
lymph nodes with pathologically confirmed metastases are
frequently detected near the blue-stained SLNs, whereas blue-
stained lymph nodes often have no metastases, which further
supports the findings in the literature.

Multifocal cancer

Veronesi er al. (9) suggested that SLNB is not suitable for
patients with multifocal/multi-center breast cancer. They
proposed that each lesion may have an individual lymphatic
drainage pathway, and that these pathways may sometimes
be connected. An SLN-negative result for one lesion cannot
assure negative results for other lesions. Several studies have
recognized the breast as a whole organ, and SLNs are the
lymph nodes of not only the tumor but also the whole organ.
"The anatomic position of SLNs is constant in multifocal breast
tumors and some other types of tumors (10,11). Although the
metastasis rate of SLNs and the rate of non-SLN biopsies in
multifocal breast cancer are higher compared with unifocal
breast cancer patients, the overall FNRs of SLNB in these two
groups of patients are comparable (9,10). In a retrospective
analysis of 932 multifocal/multi-center breast cancer patients
who had undergone SLNB, the rate of accuracy and the FNR
were 96.0% and 7.7%, respectively (12). A meta-analysis on
996 cases of multifocal/multi-center breast cancer revealed a
success rate of 92.0%-100.0% and an FNR of 0-25.0% (13),
which is close to that of unifocal breast cancer. Currently, the
Chinese Anti-Cancer Association Committee of the Breast
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Cancer Society (CACA-CBCS) still considers multi-center
breast cancer as one of the indications of SLNB.

Neoadjuvant chemotherapy

Neoadjuvant chemotherapy (NAC) is mainly used for locally
advanced breast cancer patients, in which it can reduce the
tumor stage and the number of positive ALNs before surgical
treatment. It has been shown that about one third of ALN-
positive patients may become negative after NAC. This
therapy was also shown to reduce the lymph node stage in
approximately 55% of patients (14,15). However, there are
some controversies over whether the FNR of SLNB is changed
after NAC. Most scholars believe that the FNR of SLNB
after NAC is much higher compared with the pre-treatment
FNR, and thus it cannot be used to accurately evaluate the
conditions of ALNs (6,16). Pecha ez 4/. (6) found that the post-
NAC SLNB cannot accurately detect the conditions of ALNS,
yielding an FNR of up to 19.5%. The higher FNR has been a
major issue of SLNB in advanced patients who have undergone
NAC compared with early breast cancer patients without
NAC. These scholars claim that NAC may change the drainage
of ALNs and even destroy the lymphatic vessels connecting
to SLNs. Consequently, the identified lymph node is not
actually a real SLN. Moreover, NAC may cause the clogging
of lymphatic vessels due to necrosis, fibrosis, inflammation and
tumor emboli during the therapy, which prevents the dye and
radioactive markers from reaching the SLNs. However, in
recent years, an increasing number of studies have shown that
the FNR is not affected by NAC, although the success rate of
SLNB may be slightly reduced after therapy. The mean SLNB
success rate and the FNR after NAC were 89% and 10%,
respectively, which were close to previously reported rates for
SLNB (17-19). Moreover, the conditions of SLN can reflect
those of ALN. In addition, numerous reports have suggested
that pre-NAC ALN; staging as an important factor, affect the
FNR of SLNB after therapy (20,21). A study by Takahashi
et al. (20) showed that the FNR was significantly lower in
clinically node-negative patients than in node-positive patients
before NAC (5.5% wvs. 35.5%, P=0.001). Gimbergues et al.
(7) conducted a study on 129 breast cancer patients who had
undergone NAC before surgery, and found that the post-NAC
FNR of SLNB in N, padents (29.3%) was significantly higher
than that of N, patients (0%, P=0.003). In another study of 3,746
T’ 5N, breast cancer patients, including 575 (15.3%) who had
undergone SLNB after chemotherapy and 3,171 (84.7%) who
had undergone surgery first, the SLN identification rates were
97.4% in the neoadjuvant group and 98.7% in the surgery first
group (P=0.017). The FNRs of the neoadjuvant group and the
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surgery first group were 5.9% and 4.1%, respectively (P=0.39).
The study also suggested that the post-NAC SLNB does
not increase the local recurrence rate, and SLNB is a reliable
alternative to ALND in cN, patients after NAC (21). However,
an NSABP B-27 study with a large sample size did not detect
a significant difference in the FNR among cases with different
ALNSs conditions (P=0.51) (22). When patients undergo
SLNB after NAC, they do not have to undergo surgery before
and after NAC, which avoids the delay in chemotherapy.
Furthermore, such a treatment strategy can allow the clinician
to learn how the ALNs respond to chemotherapy. Clinical
practice data have demonstrated the safety of SLNB after NAC
in cN, patients (18,19). Although ALN-positive patients who
become negative after NAC are considered to be indicative of
SLNB, there are some controversies over this in the literature
and further validation is needed in future studies.

Skip metastases

Skip metastases refer to the phenomenon in which high-level
(Level II, III) lymph nodes are involved in cancer metastases
without the involvement of low-level (Level I) lymph nodes.
The incidence of skip metastases is between about 1.5% and
19.2% (23,24). SLNB can only detect Level I lymph nodes, and
thus will yield FNRs in cases of skip metastases. Gaglia ez 4.
(24) reported that Level I lymph node metastasis did not occur
in 14.9% of ALN-positive patients, and approximately 1/7 of
these patients could not be detected by SLNB or Level I lymph
node clearance. The internal mammary lymph node is also the
first lymph node affected by breast cancer metastasis. Metastatic
cancer cells may skip Level I lymph nodes and directly affect
Level II and III lymph nodes through the internal mammary
lymph node chain. Conventional SLNB will yield false-negative
results in these cases. Therefore, false-negative results from
SLNB cannot be completely eliminated due to the occurrence
of skip metastases and the limitations of current diagnostic
technologies. The American Society of Breast Surgeons has
recommended that SLNB, with a detection rate of above
85% and an FNR below 5%, can only be considered as a safe
alternative to ALND (25). The development of strategies to
reduce the FNR to an acceptable level is an area of current
research focus.

Measures to reduce FNR

Strictly following indications

In 2015, the CACA-CBCS noted that the absolute
contraindications of SLNB were inflammatory breast cancer
and N, breast cancer only. Patients with clinically suspicious
ALN enlargement who were cytologically or pathologically
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negative after fine-needle aspiration or core needle biopsy could
undergo the SLNB procedure. Although breast and axillary
surgery, radiotherapy and NAC may change the original
condition of the lymphatic circulation and affect the lymphatic
metastasis pathway leading to FINRs in SLNB, their effect on
the FNR is small. Therefore, surgery, radiotherapy and NAC
are relative contraindications of SLNB. However, SLNB is
not recommended to patients with non-tumor factors such as a
prior history of breast reduction surgery, breast augmentation
and breast reconstruction due to the risk of high FNR. With
advances in research on SLNB, an increasing number of
relative contraindications have become indications. Clinicians
should make flexible, appropriate choices regarding SLNB after
thoroughly reviewing each patient’s case.

Learning curve

SLNB is a technology requiring strong operational skills.
The FNR of SLNB is associated with the experience level of
clinicians. The FNR is lower when SLNB is performed by
clinicians with more experience of this technique, and the FNR
should become consistent when a clinicians’ experience reaches
a certain level. This process is usually called “the learning
curve”. Cox et al. (26) believed that a clinician can only master
the technology after the completion of 20 independent cases
of SLNB, whereas Snider et a/. (27) claimed that experience
of 45 cases of SLNB is required. If the identified SLNs are
not actually SLNs or if only some of the SLNs are detected,
the FNR will be increased. Therefore, false-negative cases of
SLNB often occur in the early learning stages. The CACA-
CBCS has recommended that ALND should not be replaced
by SLNB untl a clinician has independently performed more
than 40 cases of SLNB followed by ALND and reached an
SLNB success rate of 90% and an FNR of less than 10%.

Increase number of detected lymph nodes

In addition to strictly following the indications and completing
the learning curve, appropriately increasing the number of
detected SLNSs is undoubtedly the most effective measure to
reduce the FNR of SLNB. The NSABP B-32 wrial showed that
the FNR is significantly reduced as the number of detected
SLNs increases. The FINRs associated with the detection of 1,
2 and 3 SLNs were 18%, 10% and 7%, respectively (18,28).
In another clinical trial, ACOSOG Z1071, the FNRs of 2 and
=3 SLNs were 21.1% and 9.1%, respectively (P=0.007). In
addition, in patients where a radiopaque clip had been placed
in the positive node at the time of biopsy, when this node was
identified and removed as part of the sentinel node procedure,
the FNR was <7% (18,19). The SLNs of 596 patients with

WWW.CjCren.org

Chin J Cancer Res 2016;28(3):370-376



Chinese Journal of Cancer Research, Vol 28, No 3 June 2016

breast cancer were examined using radiocolloids with a blue
dye tracer in Shandong Cancer Hospital affiliated to Shandong
University between March 1, 2012 and June 30, 2015. First,
the SLNs were removed, and then, the area surrounding the
original SLNs was selected, and the lymph nodes visible in
a field 3-5 c¢m in diameter around the center were removed.
Finally, ALND was performed. For patients with <3 detected
SLNs, peripheral lymph node sampling has been reported to
reduce the FNR of SLNB to an acceptable level of less than
5% (29). Therefore, for patients with few detected SLNSs,
the anatomical area around the SLNs should be expanded
to allow detection of more lymph nodes, which may be an
effective approach to enhance the detection rate and reduce the
incidence of local treatment failures.

Factors relating to tracer techniques and countermeasures

Effect of tracer techniques on FNR of SLNB

The CACA-CBCS has noted a similar FNR for SLNB when
three of the most common blue dye tracers are used: isosulfan
blue, patent blue and methylene blue. Radionuclide tracers
include *"Tc-labeled sulfur colloid, antimony colloid and
protein colloid. Studies have shown that the use of small-
molecule radioactive colloids can increase the number of
detected SLNs, but do not affect the success rate and FNR
of SLNB (30). Wong et al. reported FNRs of 11.9%, 11.8%
and 7.3% for the dye, radionuclide and combined method,
respectively. There was no significant difference in the FNR
between the combined method and each individual tracer
(P=0.058) (31). It was conventionally believed that the SLNs
related to a primary tumor could only be detected by injection
of tracers around the tumor. However, anatomical studies have
found that the density of the lymphatic vessels in the breast skin
is higher than that of the parenchyma, and therefore the success
rate and FNR of SLNB with intradermally or subcutaneously
injected tracers are theoretically superior to the glandular
injection approach. Recent studies have shown that the SLNs
are the lymph nodes of not only the tumor but also the whole
breast. The detection rate and FNR of SLNB for different
injection sites were found to be almost identical (10,11). In a
prospective, multi-center study on 3,961 breast cancer patients
by Chagpar er al., no significant difference was detected in
the success rate and FNR among SLNB with tracers injected
at a variety of sites including the gland, intradermal and
subcutaneous sites, and the areola area (32). Regarding the
injection time of the tracer, it is recommended that the blue dye
be injected 10-15 min before the surgery and the radionuclide
3-18 h before surgery. The CACA-CBCS indicated that the
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use of 220 nm filtered sulfur colloid does not affect the FINR
of SLNB. In clinical practice, the time from tracer injecdon to
detection is usually 2—4 h in cases where filtered sulfur colloid
is used, whereas the time interval between the injection of
unfiltered sulfur colloid and SLNB is longer. The unfiltered
sulfur colloid is sometimes injected a day prior to biopsy.

An ideal tracer should be stable. In other words, the tracer
should rapidly accumulate at the first lymph node station
instead of the second and third stations. Recently, carbon
nanoparticles and fluorescent dyes, the third generation tracers,
have emerged in the clinical tracing field. Nanocarbon particles
are not easily taken up by capillary vessels due to their size (about
150 nm), and instead they have strong lymphatic tropism and
can enter the capillary lymphatic vessels. These particles are
then drained into the SLNs where they become stained black
due to phagocytosis by macrophages. Studies have suggested
that carbon nanoparticles are superior to blue dye in terms
of reducing the FNR in SLNB (33). Localization techniques
using non-radioactive tracers warrant investigation and there is
increasing evidence to support the efficacy of indocyanine green
(ICQG) fluorescence as part of a dualtechnique, either combined
with blue dye or radioisotope, for SLN identification. The
illuminated subcutaneous lymphatic channels can be seen on
a photodynamic eye (PDE) camera display and ICG can be
tracked as it passes towards the axilla. The PDE method is not
perfect because mechanical obstruction due to tumor embolism
in the lymphatic channel or inflammation cannot allow ICG
fluorescence in SLNs. In contrast, the ICG fluorescence-
guided method only increases the detection rate of SLNB, but
does not significantly reduce the FNR when compared with
conventional tracers (34,35). Lymphoscintigraphy is a common
method for the preoperative imaging of SLNGs in the axillary
and internal mammary area, which can illustrate the number
and location of SLNSs and is especially useful in the detection
of non-axillary SLNs. The technique has provided a reliable
reference for intraoperative detection of SLIN.

Countermeasures

Once the learning curve is completed, the SLNB is accurate
regardless of the tracer used. It has been widely accepted that
the FNR in SLNBs using combined tracers is much lower than
that in SLNBs using a single tracer (36). A multi-center study
showed that the FNR in SLNBs using combined tracers was
reduced by 2.5% compared with the single tracer group, and
the success rate of the former approach was increased by 1.3%
(37). Wong et al. reported that the single tracer approach was
more efficient in the detection of one SLN (P<0.0001), whereas
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the combined tracer was more useful in the identification of
multiple SLNs (31). Since increasing the number of detected
SLNs is undoubtedly the most effective method to reduce the
FNR of SLNBEs, it highly recommended that the combined
tracer of dye and radionuclide should be used in the procedure.
A single tracer may be used under conditions whereby the
combined tracer is not available. In the radionuclide-guided
SLNB, the detector is placed close to the target and moved
slowly during the procedure. In the SLNB using blue dyes,
it is recommended that the site should be massaged for 3-5
min after the injection, and each blue-stained lymphatic vessel
should be dissected to increase the detecton rate. The results
of Wang et al. (38) revealed three types of sentinel lymphatic
channels (SLCs), including superficial SLC (SSLC), deep
SLC (DSLC) and penetrating SLC (PSLC), and six lymphatic
drainage patterns based on the three types of SLCs, including
SSLC, DSLC, PSLC, SSLC+DSLC, SSLC+PSLC, and
DSLC+PSLC. The proportions of the drainage patterns were
43.0%, 0.9%, 15.9%, 33.6%, 3.7% and 2.8%, respectively.
If only one or two SLNs instead of all blue-stained lymphatic
vessels were pathologically examined, some or all metastatic
SLNs may be missed, resulting in an increased FNR.
Therefore, a successful SLNB requires extensive experience,
commitment and patience by clinicians. The axillary region
should be palpated after SLNs are detected, and enlarged
hard lymph nodes can be considered as the lymph nodes
surrounding the SLNs and should be individually examined.
Moreover, different strategies should be adopted in patients
showing different characteristics. For instance, when the tumor
is located in the upper outer quadrant of the breast, especially
close to the axilla, the tracer should be injected beneath
the areola instead of by the peritumoral method to prevent
interference of the vy -ray emitted by the injection point on
the detection of SLNs. For older patients, the failure rate of
gland tracer injection is relatively high compared with other
patients due to atrophy of the gland and increased levels of fat,
leading to a higher FNR. In these cases, superficial injection or
the combination of superficial and glandular injection may be
superior to glandular injection.

Pathological factors and countermeasures

The SLN metastases include macro-metastases (1>2.0 mm),
micro-metastases (0.2 mm<T<2.0 mm) and isolated tumor
cells. Typically, the target lymph nodes are divided into
two parts, and the middle one or two layers are stained with
hematoxylin and eosin. It is therefore difficult to find potential
micro-metastases and isolated tumor cells, leading to high
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rates of false-negative results and misdiagnoses. The accurate
identification of micro-metastases is critical during SLNB.
Serial section (SS) technology can more effectively identify
micro-metastases or nest-distributed isolated tumor cells in
lymph nodes by providing substantially more layers. Studies
have reported that micro-metastases are detected by SS in
5%-10% of lymph nodes that are negative by conventional
pathological examination (39). Osako et al. (40) reported that
almost all macro-metastases can be identified by SS at 1 mm
intervals, and micro-metastases can be detected by SS at 200
pm intervals. Currently, reverse transcription polymerase
chain reaction is the major, sensitive molecular method for
the detection of micro-metastases, which can identify one
metastatic cancer cell among 1x10° normal cells. However,
this method is not suitable for wide clinical application due to
possible non-specific false-positive results and high cost.

Conclusions

Research into false-negative SLNBs of breast cancer has
facilitated more evidence-based medicine and enabled the
development of new methods to reduce the FNR of SLNB.
However, recently the medical model has changed from
“evidence-based medicine” into “precision medicine”. Future
studies should focus on ways to maximally reduce the FNR of
SLNB based on the specific characteristics of patients. With
the increasing number of indications of SLNB, the demands on
the technology are increasing to assure a high success rate and
a low FNR, which will benefit patients. Refinements of SLNBs
require not only the efforts of surgeons but also the cooperation
of clinicians in radiology, nuclear medicine and pathology,
which makes the SLNB the most reliable measure in axilla-
conserving treatment.

Acknowledgements

"The authors thank Prof. Min Li for his assistance in writing this

manuscript.

Footnote

Conflicts of Interest: The authors have no conflicts of interest to
declare.

References

1. Andersson Y, de Boniface J, Jonsson PE, et al. Axillary
recurrence rate 5 years after negative sentinel node biopsy

Chin J Cancer Res 2016;28(3):370-376

WWW.CjCIren.org



Chinese Journal of Cancer Research, Vol 28, No 3 June 2016

10.

11.

12.

13.

14.

for breast cancer. Br J Surg 2012;99:226-31.

Kootstra JJ, Hoekstra-Weebers JE, Rietman JS, et al. A
longitudinal comparison of arm morbidity in stage I-1I
breast cancer patients treated with sentinel lymph node
biopsy, sentinel lymph node biopsy followed by completion
lymph node dissection, or axillary lymph node dissection.
Ann Surg Oncol 2010;17:2384-94.

Takei H, Kurosumi M, Yoshida T, et al. Axillary lymph
node dissection can be avoided in women with breast
cancer with intraoperative, false-negative sentinel lymph
node biopsies. Breast Cancer 2010;17:9-16.

Lyman GH, Temin S, Edge SB, et al. Sentinel lymph node
biopsy for patients with early-stage breast cancer: American
Society of Clinical Oncology clinical practice guideline
update. J Clin Oncol 2014;32:1365-83.

Kim T, Giuliano AE, Lyman GH. Lymphatic mapping
and sentinel lymph node biopsy in early-stage breast
carcinoma: a metaanalysis. Cancer 2006;106:4-16.

Pecha V, Kolarik D, Kozevnikova R, et al. Sentinel
lymph node biopsy in breast cancer patients treated with
neoadjuvant chemotherapy. Cancer 2011;117:4606-16.
Gimbergues P, Abrial C, Durando X, et al. Sentinel
lymph node biopsy after neoadjuvant chemotherapy is
accurate in breast cancer patients with a clinically negative
axillary nodal status at presentation. Ann Surg Oncol
2008;15:1316-21.

Borgstein PJ, Pijpers R, Comans EF, et al. Sentinel lymph
node biopsy in breast cancer: guidelines and pitfalls of
lymphoscintigraphy and gamma probe detection. ] Am
Coll Surg 1998;186:275-83.

Veronesi U, Paganelli G, Viale G, et al. Sentinel lymph
node biopsy and axillary dissection in breast cancer: results
in a large series. ] Nat Cancer Inst 1999;91:368-73.

Goyal A, Newcombe RG, Mansel RE, et al. Sentinel lymph
node biopsy in patients with multifocal breast cancer. Eur J
Surg Oncol 2004;30:475-9.

Borgstein PJ, Meijer S, Pijpers R], et al. Functional
lymphatic anatomy for sentinel node biopsy in breast
cancer: echoes from the past and the periareolar blue
method. Ann Surg 2000;232:81-9.

Moody LC, Wen X, McKnight T, et al. Indications for
sentinel lymph node biopsy in multifocal and multicentric
breast cancer. Surgery 2012;152:389-96.

Spillane AJ, Brennan ME. Accuracy of sentinel lymph
node biopsy in large and multifocal/multicentric breast
carcinoma--a systematic review. Eur J Surg Oncol
2011;37:371-85.

Diego EJ, McAuliffe PF, Soran A, et al. Axillary staging

© Chinese Journal of Cancer Research. All rights reserved.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

WWW.CjCIren.org

375

after neoadjuvant chemotherapy for breast cancer: a
pilot study combining sentinel lymph node biopsy with
radioactive seed localization of pre-treatment positive
axillary lymph nodes. Ann Surg Oncol 2016;23:1549-53.
Hicks M, Macrae ER, Abdel-Rasoul M, et al. Neoadjuvant
dual HER2-targeted therapy with lapatinib and
trastuzumab improves pathologic complete response in
patients with early stage HER2-positive breast cancer: a
meta-analysis of randomized prospective clinical trials.
Oncologist 2015;20:337-43.

Kuehn T, Bauerfeind I, Fehm T, 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;14:609-18.
Zhang GC, Liao N, Guo ZB, et al. Accuracy and axilla
sparing potentials of sentinel lymph node biopsy with
methylene blue alone performed before versus after
neoadjuvant chemotherapy in breast cancer: a single
institution experience. Clin Transl Oncol 2013;15:79-84.
Boughey JC, Suman VJ, Mittendorf EA, et al. Sentinel
lymph node surgery after neoadjuvant chemotherapy in
patients with node-positive breast cancer: the ACOSOG
71071 (Alliance) clinical trial. JAMA 2013;310:1455-61.
Boughey JC, Suman V], Mittendorf EA, et al. Factors
affecting sentinel lymph node identification rate after
neoadjuvant chemotherapy for breast cancer patients
enrolled in ACOSOG Z1071 (Alliance). Ann Surg
2015;261:547-52.

Takahashi M, Jinno H, Hayashida T, et al. Correlation
between clinical nodal status and sentinel lymph node
biopsy false negative rate after neoadjuvant chemotherapy.
World J Surg 2012;36:2847-52.

Hunt KK, Yi M, Mittendorf EA, et al. Sentinel lymph
node surgery after neoadjuvant chemotherapy is accurate
and reduces the need for axillary dissection in breast cancer
patients. Ann Surg 2009;250:558-66.

Mamounas EP, Brown A, Anderson S, et al. Sentinel node
biopsy after neoadjuvant chemotherapy in breast cancer:
results from National Surgical Adjuvant Breast and Bowel
Project Protocol B-27. J Clin Oncol 2005;23:2694-702.
Sun J, Yin J, Ning L, et al. Clinicopathological
characteristics of breast cancers with axillary skip
metastases. ] Invest Surg 2012;25:33-6.

Gaglia P, Bussone R, Caldarola B, et al. The correlation
between the spread of metastases by level in the axillary
nodes and disease-free survival in breast cancer. A
multifactorial analysis. Eur J Cancer Clin Oncol
1987;23:849-54.

Chin J Cancer Res 2016;28(3):370-376



376

25.

26.

27.

28.

29.

30.

31

32.

33.

Han et al. Factors associated with false-negative SLNB in breast cancer

Simmons RM. Review of sentinel lymph node
credentdaling: how many cases are enough? ] Am Coll Surg
2001;193:206-9.

Cox CE, Pendas S, Cox JM, et al. Guidelines for sentinel
node biopsy and lymphatic mapping of patients with breast
cancer. Ann Surg 1998;227:645-51.

Snider H, Dowlatshahi K, Fan M, et al. Sentinel node
biopsy in the staging of breast cancer. Am J Surg
1998;176:305-10.

Krag DN, Anderson SJ, Julian TB, et al. Technical
outcomes of sentinel-lymph-node resection and
conventional axillary-lymph-node dissection in patients
with clinically node-negative breast cancer: results from
the NSABP B-32 randomised phase III trial. Lancet Oncol
2007;8:881-8.

Han C, Yang B, Zuo WS, et al. Prospective study found
that peripheral lymph node sampling reduced the false-
negative rate of sentinel lymph node biopsy for breast
cancer. Chin J Cancer 2016;35:35.

Zengel B, Yararbas U, Sirinocak A, et al. Sentinel
lymph node biopsy in breast cancer: review on various
methodological approaches. Tumori 2013;99:149-53.
Wong SL, Edwards MJ, Chao C, et al. Sentinel lymph
node biopsy for breast cancer: impact of the number of
sentinel nodes removed on the false-negative rate. ] Am
Coll Surg 2001;192:684-9.

Chagpar A, Martin RC 3rd, Chao C, et al. Validation of
subareolar and periareolar injection techniques for breast
sentinel lymph node biopsy. Arch Surg 2004;139:614-8.
Wu X, Lin Q, Chen G, et al. Sentinel lymph node

detection using carbon nanoparticles in patients with early

Cite this article as: Han C, Yang L, Zuo W. A mini-
review on factors and countermeasures associated with false-
negative sentinel lymph node biopsies in breast cancer. Chin
J Cancer Res 2016;28(3):370-376. doi: 10.21147/j.issn.1000-~
9604.2016.03.12

© Chinese Journal of Cancer Research. All rights reserved.

34.

35.

36.

37.

38.

39.

WWW.cjcren.org

breast cancer. PLoS One 2015;10:e0135714.

Xiong L, Gazyakan E, Yang W, et al. Indocyanine green
fluorescence-guided sentinel node biopsy: a meta-analysis
on detection rate and diagnostic performance. Eur ] Surg
Oncol 2014;40:843-9.

Sugie T, Sawada T, Tagaya N, et al. Comparison of the
indocyanine green fluorescence and blue dye methods in
detection of sentinel lymph nodes in early-stage breast
cancer. Ann Surg Oncol 2013;20:2213-8.

Meads C, Sutton A, Malysiak S, et al. Sentinel lymph node
status in vulval cancer: systematic reviews of test accuracy
and decision-analytic model-based economic evaluation.
Health Technol Assess 2013;17:1-216.

Martin RC 2nd, Chagpar A, Scoggins CR, et al.
Clinicopathologic factors associated with false-negative
sentinel lymph-node biopsy in breast cancer. Ann Surg
2005;241:1005-12.

Wang M, Zhou W, Zhao Y, et al. A novel finding of
sentinel lymphatic channels in early stage breast cancer
patients: which may influence detection rate and false-
negative rate of sentinel lymph node biopsy. PLoS One
2012;7:e51226.

Noguchi M. Avoidance of axillary lymph node dissection
in selected patients with node-positive breast cancer. Eur ]
Surg Oncol 2008;34:129-34.

. Osako T, Iwase T, Kimura K, et al. Intraoperative molecular

assay for sentinel lymph node metastases in early stage breast
cancer: a comparative analysis between one-step nucleic acid
amplification whole node assay and routine frozen section

histology. Cancer 2011;117:4365-74.

Chin J Cancer Res 2016;28(3):370-376



