
 

 

 University of Groningen

Evolution in sentinel lymph node biopsy in breast cancer
Qiu, Si-Qi; Zhang, Guo-Jun; Jansen, Liesbeth; de Vries, Jakob; Schröder, Carolien P; de
Vries, Elisabeth G E; van Dam, Gooitzen M
Published in:
Critical Reviews in Oncology/Hematology

DOI:
10.1016/j.critrevonc.2017.09.010

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2018

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Qiu, S-Q., Zhang, G-J., Jansen, L., de Vries, J., Schröder, C. P., de Vries, E. G. E., & van Dam, G. M.
(2018). Evolution in sentinel lymph node biopsy in breast cancer. Critical Reviews in Oncology/Hematology,
123, 83-94. https://doi.org/10.1016/j.critrevonc.2017.09.010

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.1016/j.critrevonc.2017.09.010
https://research.rug.nl/en/publications/ca5838f1-344f-45e0-8160-c436ec794db8
https://doi.org/10.1016/j.critrevonc.2017.09.010


Contents lists available at ScienceDirect

Critical Reviews in Oncology / Hematology

journal homepage: www.elsevier.com/locate/critrevonc

Review

Evolution in sentinel lymph node biopsy in breast cancer

Si-Qi Qiua,b,c, Guo-Jun Zhangc,d, Liesbeth Jansenb, Jakob de Vriesb, Carolien P. Schrödera,
Elisabeth G.E. de Vriesa, Gooitzen M. van Damb,e,⁎

a Department of Medical Oncology, University Medical Center Groningen, Groningen, The Netherlands
bDepartment of Surgery, University Medical Center Groningen, Groningen, The Netherlands
c The Breast Center, Cancer Hospital of Shantou University Medical College, Guangdong, China
d Changjiang Scholar’s Laboratory of Shantou University Medical College, Guangdong, China
e Department of Nuclear Medicine and Molecular Imaging, University Medical Center Groningen, Groningen, The Netherlands

A R T I C L E I N F O

Keywords:
Sentinel lymph node biopsy
Breast cancer
Indocyanine green
Optical imaging
Superparamagnetic iron oxide

A B S T R A C T

Sentinel lymph node biopsy (SLNB) is the standard of care for axillary staging in clinically node-negative (cN0)
breast cancer patients without neoadjuvant chemotherapy (NAC). The application of SLNB in patients receiving
NAC has also been explored. Evidence supports its use after NAC in pretreatment cN0 patients. Nonetheless, its
routine use in all the pretreatment node-positive patients who become cN0 after NAC is unjustified due to the
unacceptably high false-negative rate, which can be improved in a subset of patients. Axillary surgery omission
in selected patients with a low risk of ALN metastasis has gained more and more research interest because the
SLNs are tumor-free in more than 70% of all patients. To avoid drawbacks of conventional mapping methods,
novel techniques for SLN detection have been developed and shown to be highly accurate in patients with early
breast cancer. This article reviews the progress in SLNB in patients with breast cancer.

1. Introduction

Axillary staging is an important component of the surgical proce-
dure performed in patients with breast cancer. This was initially per-
formed as axillary lymph node dissection (ALND). This procedure has
changed since randomized trials showed that sentinel lymph node
biopsy (SLNB) reflects the overall axillary lymph node (ALN) status. No
difference in regional control, disease free survival (DFS) and overall
survival (OS) was found between SLNB and ALND in patients with
clinically negative nodes (Veronesi et al., 2006a; Krag et al., 2010).
Moreover the SLNB group experienced an improved quality of life
(QoL) and upper extremity function (Mansel et al., 2006; Ashikaga
et al., 2010). These results made SLNB the standard of care for ALN
staging in patients with early breast cancer and clinically negative ALNs
(Lyman et al., 2005). In about 75% of the patients who undergo SLNB,
this biopsy does not contain tumor cells (Krag et al., 2007). There is
now increasing interest, based on “Primum non nocere”, in properly
selecting patients with a low probability of ALN metastasis and there-
fore might not even require a SLNB (Gentilini and Veronesi, 2012).

Neoadjuvant chemotherapy (NAC) is offered to patients with locally
advanced diseases in order to downstage the tumor and is increasingly
being used for large operable tumors for decreasing the extent of

surgery needed (Senkus et al., 2015). ALND has been standard treat-
ment of the axilla after NAC for many years (Lyman et al., 2005).
However, around 40% of those patients with a clinically or biopsy-
proven positive lymph node get a histopathologically complete re-
sponse (pCR) after NAC (Fisher et al., 1997) and rates increased to more
than 70% with using of anti-HER2 therapy (Dominici et al., 2010).
Moreover, axillary staging after NAC has been reported to be more
meaningful in predicting locoregional recurrence than the axillary
staging before NAC, and therefore can be used to guide adjuvant lo-
coregional treatment (Mamounas et al., 2012). These data supports the
application of SLNB after NAC in order to reduce the extent of axillary
surgery without compromising the prognostic and predictive value of
axillary staging. Argument against the application of SLNB after NAC is
that the lymphatic drainage alteration after NAC could decrease the
SLN identification rate and increase the false-negative rate (FNR) (Jatoi
et al., 2016). However, increasing data showed that the SLN identifi-
cation rate and FNR were comparable between SLNB before and after
NAC in patients with pretreatment clinically negative nodes. In general,
the SLN identification rate and FNR of SLNB after NAC are less sa-
tisfactory in patients with pretreatment positive nodes. However, in
subset of patients the accuracy of SLNB in this setting has been reported
to be similar with that in patients without NAC (Boughey et al., 2013;
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Kuehn et al., 2013; Boileau et al., 2015).
For optimal SLN detection, tracers are applied. The current standard

tracers have limitations. For example, the logistic and legislative issues
of using a radioisotope limit the application of radioactive tracer
method in many countries/regions in the world. In several developing
countries, including China (Li et al., 2015), only blue dye is available
for SLNB. Blue dye carries a risk of allergic reactions in around 1% of
the patients (Cady, 2002) for the whole spectrum and 0.2% (Krag et al.,
2007) for severe reactions. Besides, the performance of SLNB using a
blue dye is highly dependent on a surgeons’ experience (Ang et al.,
2014), lacking the guidance of devices such as a gamma probe used in
radioisotope guided SLNB, and relies, obviously, on visual detection of
the SLN (Fig. 1). The above-mentioned potential limitations of both
standard tracers have led to the development of alternative methods for
SLNB. Data from studies on indocyanine green (ICG) optical imaging or
superparamagnetic iron oxide (SPIO) guided SLNB in early breast
cancer is encouraging.

This review therefore focuses on SLNB in early breast cancer pa-
tients, feasibility of SLNB in patients receiving NAC, novel techniques
for SLNB, and ongoing clinical trials about SLNB in breast cancer.

2. Search strategy and quality assessment of studies

We searched English language literature/abstracts in PubMed and
San Antonio Breast Cancer Symposium and ongoing trials in the
ClinicalTrials.gov database. The American Society of Clinical Oncology
(ASCO), National Comprehensive Cancer Network (NCCN) and
European Society of Medical Oncology (ESMO) guidelines for breast
cancer were also referred. The search strategy focused on SLNB in
breast cancer. Reference lists of articles were manually searched for
relevant articles. The details of search terms are showed in
Supplementary Table S1.

For studies on indocyanine green (ICG) guided SLNB, we included
studies which reported SLN identification rate and/or FNR of SLNB and
number of SLN removed. The Cochrane Collaboration’s tool for asses-
sing risk of bias (Higgins et al., 2011) was used to evaluate the quality
of randomized studies. The Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) statement (von Elm et al.,
2007) was used to assess the quality of cohort studies. We judged six

items of the STROBE statement relevant to quality assessment. Studies
with overall quality score of 4 out of 6 or higher were included in this
review (Ahmed et al., 2014). The quality assessment of studies was
showed in Supplementary Tables S2 and S3.

3. SLNB in patients with early breast cancer

3.1. Clinical trials comparing SLNB and ALND

Since late 20th century, five randomized clinical trials have been
performed to evaluate the efficacy and safety of SLNB in early breast
cancer patients (Mansel et al., 2006; Krag et al., 2007; Zavagno et al.,
2008; Veronesi et al., 2010; Gill, 2009). The primary and secondary
outcome measures of those trials mainly focused on arm morbidity and
QoL, with the National Surgical Adjuvant Breast and Bowel Project
(NSABP) B32 trial (Krag et al., 2007), Milan trial (Veronesi et al., 2010)
and Gruppo Interdisciplinare Veneto di Oncologia Mammaria (GIVOM)
trial (Zavagno et al., 2008) also assessed DFS and OS. The NSABP B32
trial, which had the largest patient population, randomized 2807 pa-
tients into the ALND group and 2804 patients into the SLNB group. The
study showed that the SLN identification rate was 97.2%, and the FNR
was 9.8% (Krag et al., 2007). The SLN identification rates and FNRs
reported by the Milan trial (Veronesi et al., 2006b), Sentinel Node
Biopsy versus Axillary Clearance (SNAC) trial (Gill, 2009), GIVOM trial
(Zavagno et al., 2008) and Axillary Lymphatic Mapping Against Nodal
Axillary Clearance (ALMANAC) trial (Goyal et al., 2006) were 99%,
94%, 95%, 96.1% and 8.8%, 5.5%, 16.7%, 6.7%, respectively. The
ALMANAC trials demonstrated that combination of blue dye and
radioisotope (dual mapping method) permitted an improved SLN
identification (combined 96% versus blue dye 85.6% versus radio-
isotope 85.6%) and positive SLN identification (combined 93.5% versus
blue dye 90.9% versus radioisotope 89.1%) (Goyal et al., 2006). A
systematic review by the American Society of Clinical Oncology (ASCO)
confirmed a lower FNR using dual mapping method, compared with use
of only one (7% versus 9.9%) (Lyman et al., 2005).

The NSABP B32 trial, the only trial with sufficient power to answer
the impact of SLNB on survival, showed that DFS, regional control and
OS were equivalent between SLNB and ALND groups in breast cancer
patients with clinically negative ALN at a median follow-up 95.6

Fig. 1. Four sentinel lymph node (SLN) detecting methods. (A & B)
current standard of care for SLN detection: A) the blue dye method
relies on the visual detection of the blue stained SLNs; B) the radio-
isotope method locates the SLNs by using a gamma probe for detecting
the radiation emitted from the radioactive tracer accumulated in the
SLNs. (C & D) novel methods for SLN detection: C) optical imaging
guided SLN detection provides a real-time map for locating the SLNs;
D) magnetic tracer guided SLN detection locates the SLNs by using a
hand-held magnetometer to magnetize the magnetic tracer and detect
the particles’ magnetic response.
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months (range 70.1-126.7) (Krag et al., 2010). A similar result was
reported from the Milan trial in 516 patients at a follow-up of 10 years
(Veronesi et al., 2010). Compared with patients underwent SLNB, pa-
tients underwent ALND had substantially more arm swelling, arm
movement restrictions, paresthesias and pain on the operated side
(Ashikaga et al., 2010; Zavagno et al., 2008; Wetzig et al., 2015;
Veronesi et al., 2003; Fleissig et al., 2006). Importantly, those differ-
ence in mobidities persisted 2–3 years after surgery, which significantly
impaired patients’ QoL in ALND group (Fleissig et al., 2006). In 2005,
for the first time, the ASCO guideline recommended SLNB as the
standard of care for ALN staging in early breast cancer patients with
clinically negative ALN. According to the above-mentioned ASCO
guideline, full ALND should be performed for patients with a SLN
containing metastases (Lyman et al., 2005).

In order to evaluate the effects of ALND on survival in patients with
pathologically positive SLN, three important randomized trials have
been performed. The International Breast Cancer Study Group (IBCSG)
23-01 trial was designed to determine whether ALND was warranted in
patients with one or more micrometastatic (≤ 2mm) SLNs and
tumor≤ 5 cm. In this trial, 934 patients were randomly allocated to
receive either ALND (N=465) or no ALND (N=469). Patients re-
ceiving either mastectomy or breast conserving surgery were eligible in
this study. At a median follow-up of five (Interquartile range [IQR]
3.6–7.3) years, the 5-year DFS (ALND 84.4% versus no ALND 87.8%,
log-rank P=0.16) and 5-year OS (ALND 97.6% versus no ALND 97.5%,
log-rank P=0.73) were comparable between two groups (Galimberti
et al., 2013). The American College of Surgeons Oncology Group
(ACOSOG) Z0011 trial was designed to determine whether no ALND is
non-inferior to ALND in patients with clinical T1-T2 N0 invasive breast
cancer, and 1–2 SLNs containing micrometastases (≤2mm) or macro-
metastases (> 2mm). All patients underwent lumpectomy to obtain
negative margins (no ink on tumor) and whole-breast opposing tan-
gential-field radiation therapy. This trial initially planned to enrol 1900
patients with a minimum follow-up period of five years. Because of the
extremely low mortality rate than expected, even though the trial had
enrolled 1900 patients, the investigators estimated it would take more
than 20 years of follow-up to observe the initially estimated death. The
trial was then closed early and ended up with 891 enrolled patients,
who were randomly assigned to receive ALND (ALND group, N= 445)
and no further axillary treatment (SLNB group, N=446) (Giuliano
et al., 2011). In the ALND group, 27.3% of patients had metastatic
disease in the non-SLNs, and the same proportion of patients in the
SLNB group was assumed to have metastatic non-SLNs. At a median
follow-up of 9.25 years, the 10-year cumulative locoregional recurrence
incidence was not significantly different between two groups (ALND
6.2% versus SLNB 5.3%, P=0.36) (Giuliano et al., 2016). In an earlier
report of data at a median follow-up of 6.3 years, non-inferiority for
DFS (ALND 82.2% versus SLNB 83.9%) and OS (ALND 91.8% versus
SLNB 92.5%) in the SLNB group was observed (Giuliano et al., 2011).
The 10-year DFS and OS data of this study will be reported in the short
future. Critics have argued that patients enrolled in Z0011 trial were
highly selected population with favorable outcome (e.g. hormonal re-
ceptor positive rate 83% in SLNB group) and considered that the Z0011
findings may not be applicable to all patients undergoing breast con-
serving surgery. The Memorial Sloan-Kettering Cancer Center (MSKCC)
performed a prospective study to assess how often an ALND could be
avoided in a consecutive, unselected patient cohort meeting Z0011
eligibility criteria. At a median follow-up of 33 months in 430 patients
with SLNB only, only five recurrent events were observed and no ax-
illary recurrence as first failure, generating a 5-year nodal recurrence-
free rate of 98% (95% confidence interval [CI] 96%-99%) (Morrow,
2016). It is very important to know that the majority of patients in
Z0011 trial (ALND 96% and SLNB 97%) and MSKCC (99%) study re-
ceived systemic therapies, which could eliminate the residual disease in
ALNs. These results demonstrated that omission of ALND had no ap-
parent negative effect on locoregional recurrence and survival in

patients with limited SLN involvement who are treated with breast-
conserving surgery, whole-breast radiation therapy and adjuvant sys-
temic therapy. The recently published After Mapping of the Axilla
Radiotherapy or Surgery (AMAROS) trial also supported the feasibility
of ALND omission in patients with a positive SLN. In this non-inferiority
trial, patients with clinical T1-T2 breast cancer and a positive SLN
(initially defined as SLN with any size of metastases, and isolated tumor
cells [ITCs] only was not considered as positive after a protocol
amendment later) were randomly assigned to receive either ALND
(N=744) or axillary radiotherapy (N=681). All patients underwent
either mastectomy or breast-conserving surgery. In the ALND group,
33% of patients had additional lymph nodes with metastases, and the
same proportion of patients who underwent axillary radiotherapy was
assumed to have metastatic non-SLNs. At a median follow-up of 6.1
(IQR 4.1-8.0) years in the intention-to-treat population, the 5-year ax-
illary recurrence was non-inferior (Hazard ratio [HR] 0.00-5.27 with a
non-inferiority margin of 2) in the axillary radiotherapy group to the
ALND group (Axillary radiotherapy 1.19% versus ALND 0.43%). Five-
year DFS (Axillary radiotherapy 82.7% versus ALND 86.9%, P=0.18)
and 5-year OS (Axillary radiotherapy 92.5% versus ALND 93.3%,
P=0.34) between two groups were also comparable (Donker et al.,
2014). Lymphedema was assessed by recording any sign of lymphe-
dema in theipsilateral arm, which included lymphedema of any se-
verity. Clinically significant lymphedema was judged as an increase in
arm circumference of at least 10% in the upper or lower arm, or both.
The rates of both lymphedema of any severity and clinically significant
lymphedema were comparable with data reported from the NSABP B32
trial (Ashikaga et al., 2010; Donker et al., 2014). In the AMAROS trial,
lymphedema rates were numerically lower in the axillary radiotherapy
group compared with the ALND group at every measured time point.
However, there was no difference in QoL between the two groups
(Donker et al., 2014). An early report on this trial showed that ALND
omission in the radiotherapy group had no major impact on the ad-
ministration of adjuvant systemic therapy (Straver et al., 2010).
Moreover, the type of systemic therapy is increasingly being de-
termined by tumor biology, while the predictive value of axillary status
with respect to systemic therapy has diminished. Thus, the AMAROS
trial investigators suggest that axillary radiotherapy could be an alter-
native to ALND for patients who are at high risk of axillary recurrence
and who need additional axillary treatment (Donker et al., 2014).

Several limitations of this trial hamper the extrapolation of its re-
sults to clinical practice. First, due to fewer axillary recurrence events
than anticipated, the study was under powered to address the primary
endpoint, which was non-inferiority of 5-year axillary recurrence.
Second, 82% of the patients enrolled in the AMAROS trial received
breast-conserving surgery, 95% had one or two positive SLN and 40%
had only micrometastatic disease or ITCs. According to the results from
Z0011 and IBCSG 23-01 trials, most of the patients enrolled in the
AMAROS trial would not have needed ALND or axillary radiotherapy. It
is inappropriate to extrapolate the AMAROS results to patients with
three or more positive SLNs, since there were only 5% of the patients
with three or more positive SLNs in the trial (Boughey, 2014). For a
small proportion of patients who do not meet the criteria of the Z0011
trial, e.g. patients with clinical T1-T2 N0 invasive breast cancer, and
1–2 SLNs containing macrometastases who are scheduled for mas-
tectomy, the results from AMAROS trial suggest that axillary radio-
therapy could be an alternative to ALND. It should be noted that the
extensive radiotherapy used in the AMAROS trial, which includes level
1, 2 and 3 nodes, and the supraclavicular nodes, might be viewed as
overtreatment by current standards. It might have been sufficient to
treat only the level 1 and level 2 nodes. The results of the IBCSG 23-01,
Z0011, MSKCC and AMAROS studies suggest that the aggressive ALND
can be safely omitted in a proportion of patients to avoid morbidities
and improve patients’ QoL. Thus, omission of axillary surgery in pa-
tients with a low risk of ALN metastasis has gained more research in-
terest.
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3.2. Omission of axillary surgery in patients with low risk of ALN metastasis

Three randomized clinical trials (“Sentinel Node Vs Observation
after Axillary Ultra-souND [SOUND; NCT02167490]”, “Axillary
Ultrasound With or Without Sentinel Lymph Node Biopsy in Detecting
the Spread of Breast Cancer in Patients Receiving Breast Conservation
Therapy [NCT01821768]” and “Comparison of Axillary Sentinel Lymph
Node Biopsy Versus no Axillary Surgery [INSEMA; NCT02466737]”)
and one single arm clinical trials (IIT2015-06-Chung: Safety and
Efficacy of Omission of Sentinel Node Biopsy in Patients With Clinical
T1-2 Estrogen-Positive Breast Cancer Over Age 70 [SNBO>70;
NCT02564848]) are ongoing to evaluate the safety and efficacy of SLNB
omission in patients with a low risk of ALN metastasis (Table 1). In the
three randomized trials, patients with small primary tumor burden and
clinically and sonographically tumor-free axilla are randomly assigned
to receive no axillary surgery or SLNB. In the SOUND and
NCT01821768 trials, patients in the SLNB group undergo ALND ac-
cording to standard of care. However, in the INSEMA trial, patients
with 1–3 metastatic SLNs are secondly randomized to either SLNB alone
or ALND and patients with four or more metastatic SLNs should receive
ALND. In the SOUND and INSEMA trials, a needle biopsy is performed
to exclude node positive patients in case suspected lymph node is found
on sonography. However, in NCT01821768 trial, ALN status is eval-
uated based on lymph node morphologic features only. Patients with
ALNs with absent hilum or cortical thickness greater than 4mm are
considered to have positive ALNs and are not eligible for the study. The
primary end points of SOUND, INSEMA and NCT01821768 trials are
distant DFS, invasive DFS and regional recurrence, respectively. The
single arm prospective trial (SNBO>70) will determine whether
omission of SLNB results in an acceptable regional recurrence rate over
a four year period in elderly patients (≥70 years). The results of these
trials will influence our perceptions about the role of SLNB in early
breast cancer patients with a low risk of ALN metastasis.

Generally speaking, the surgical management of the axilla in early
breast cancer patients has evolved from aggressive surgery towards less
invasive surgery during the last two decades, and may even no surgery
at all in some selected patients with a low risk of ALN metastasis in the
future.

4. SLNB in patients with neoadjuvant chemotherapy

4.1. Timing of SLNB in patients with clinically negative lymph nodes
planned to receive NAC

A number of studies (Kuehn et al., 2013; Hunt et al., 2009; Classe
et al., 2009; Agarwal et al., 2016; Kida et al., 2015) have established
that the SLN identification rate and FNR are comparable before and
after NAC in patients with clinically node-negative disease. The SEN-
Tinel NeoAdjuvant (SENTINA) trial analysed 1737 patients in four

arms. SLNB was applied for ALN staging before NAC in patients with
clinically negative nodes (cN0) (Arm A and arm B). For patients with
clinically positive nodes (cN+ ), NAC was administrated and followed
by SLNB+ALND (Arm C) or ALND (Arm D) depending on whether the
ALNs were downstaged to clinically negative nodes or not after NAC.
The majority ofthe 1022 patients in arm A and B were T2-T3 (T1: 3%;
T2-T3: 79%; unknown: 18%). The SLN identification rate before NAC
was 99.1% (Kuehn et al., 2013). This study demonstrated that SLNB
before NAC is feasible for patients with large tumors also. The pro-
spective multicentre ganglion Sentinelle et Chimiotherapie Neoadju-
vante (GANEA) trial enrolled 195 patients with pretreatment cN0 or
clinical N1 nodes (movable, palpable nodes that are not fixed together)
to receive SLNB after NAC using dual mapping method (unfiltered
99mTc labeled sulfide colloids+ patent blue). The SLN identification
rate and FNR for patients with pretreatment cN0 were 94.6% and 9.4%,
respectively (Classe et al., 2009). Systematic review and meta-analysis
data reaffirmed the GANEA results. In a systematic review by Fontein
et al., including 1738 patients with cN0 prior to NAC from 17 studies,
the mean SLN identification rate and mean FNR for SLNB after NAC
were 95.0% and 11.4%, respectively (Fontein et al., 2013). In another
recent meta-analysis including 1456 patients with pretreatment cN0
from 16 studies, the pooled identification rate for SLNB after NAC was
96% (95%CI 95%-97%), and the FNR was 6% (95%CI 3%-8%). In the
subgroup analysis, no significant difference was found in either SLN
identification rates among different mapping methods (combined 97%
versus blue dye alone 96% versus radioisotope alone 96%, P=0.18) or
FNRs between studies using and not using immunohistochemistry (IHC)
for SLN examination (H&E staining only 11% versus H&E staining
combined IHC 4%, P=0.24) (Geng et al., 2016).

In order to evaluate the influence of SLNB timing (before or after
NAC) on axillary treatment in patients with cN0 prior to NAC, van der
Heiden-van der Loo et al. performed a population based study including
980 patients undergoing SLNB before NAC (SLNB before group) and
203 patients undergoing SLNB after NAC (SLNB after group). The SLN
identification rate was higher in the SLNB before group than in the
SLNB after group (98% versus 95%, P=0.032). However, a sig-
nificantly lower proportion of patients had a negative SLN when as-
sessed before NAC compared to after (54% versus 67%, P=0.001),
although a higher proportion of patients had smaller tumor (T1 and T2)
in the SLNB before group compared with SLNB after group (81% versus
68%). Consequently, the additional axillary treatment (ALND and
radiotherapy) rate was significantly higher in the SLNB before group
(45% versus 33%, P=0.006) (Van Der Heiden-Van Der Loo et al.,
2015). Since no morbidity data, locoregional recurrence data or sur-
vival data was reported in this study, it was not clear if the treatment
difference would eventually affect patients’ prognosis. In a MD An-
derson Cancer Center (MDACC) retrospective study, SLN identification
rates, FNRs as well as regional recurrence rates were compared between
SLNB after NAC group (N=575) and SLNB before group (N=3171).

Table 1
Clinical trials ongoing in ClinicalTrials.gov evaluating safety and efficacy of SLNB omission in patients with early breast cancer.

Study identifier Study design Patients No. Inclusion criteria Primary endpoint Secondary endpoint

NCT02167490 Randomized 1560 T < 2 cm; clinically negative axilla; DDFS a, b
(SOUND) BCS+ radiotherapy; any age DFS, OS
NCT01821768 Randomized 460 T1-2 cN0; Regional recurrence DFS, OS

negative AUS;
> 18 years

NCT02466737 Randomized 7095 T1-2 cN0/iN0; negative AUS; Invasive DFS –
(INSEMA) BCS+whole breast radiotherapy;

> 35 years
NCT02564848 Singlearm 200 T1-2 cN0 ER+; Regional recurrence DFS, OS

BCS+ radiotherapy+hormonal therapy
(SNBO > 70) > 70 years

a: cumulative incidence of distant recurrences; b: cumulative incidence of axillary recurrences; T: tumor size; cN: clinical lymph node status; ER: estrogen receptor; BCS: breast conserving
surgery; AUS: axillary ultrasound; DDFS: distant-disease free survival; DFS: disease free survival; OS: overall survival.
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The SLN identification rates between the two groups showed small
differences (before 98.7% versus after 97.4%, P=0.017). The FNRs
were similar between two groups (before 4.1% versus after 5.9%,
P=0.39). With a median follow-up duration of 47 months, there was
no difference in locoregional recurrences (before 2.1% versus after
3.3%), DFS or OS between the two groups after adjusting for clinical
stage (Hunt et al., 2009). However, this study has some limitations,
such as its retrospective nature, a short follow-up time, disbalance of
patient characteristics between the groups and no full treatment in-
formation was provided. The ongoing prospective multricentre
GANEA2 trial (NCT01221688) enrolled patients with clinical T1-T3
tumor and fine-needle aspiration cytology-proven ALN status to receive
NAC. Patients without proven axillary involved nodes (N=590) un-
derwent SLNB +ALND after NAC only in case of SLN detection failure
or involved SLN and SLNB alone for other cases. A 5-year follow-up was
planned in order to evaluate the risk of axillary relapse without ALND.
The SLN identification rate was 97.3% (574/590). At a median follow
up of 36 months, among the 418 patients receiving SLNB alone, only 1
patient had axillary relapse (0.2%). The 3-year DFS and OS were 94.8%
(95%CI 91%-97.1%) and 97.8% (95%CI 94.9%-99.1%), respectively
(Classe, 2016). The most important measure of outcome for SLNB in
patients receiving NAC is axillary local recurrence rate (Lyman et al.,
2014). Although no randomized studies to date reported axillary local
recurrence rate of SLNB before NAC, compared with SLNB after NAC in
those patients with clinically negative ALN, based on available evi-
dence, the ASCO Clinical Practice Guideline for SLNB (2016) re-
commends that SLNB may be offered for patients who have operable
breast cancer and receive NAC (Lyman et al., 2016). Nowadays, SLNB
after NAC for patients with pretreatment cN0 has became more and
more doctors’ priority (Jatoi et al., 2016).

4.2. SLNB after NAC in patients with pretreatment positive ALNs

The patients most likely to benefit with respect to reducing surgical
extent and resulted morbidities from a SLNB after NAC are those with
pretreatment positive ALNs which convert to negative nodes after NAC.
However, the application of SLNB after NAC in patients with pretreat-
ment positive nodes has been a topic with a lot of controversy. Three
prospective trials were designed almost at the same time to evaluate the
accuracy of SLNB in this clinical scenario (Table 2). The first trial,
ACOSOG Z1071, was a prospective multicentre phase II study enrolled
756 women with clinical T0-4 N1-2 M0 breast cancer who received
NAC. All patients had cytologically or histologically proven ALN me-
tastasis before initiation of NAC. At least two SLNs were required to be
resected. The overall SLN identification rate was 92.7%. In 651 patients
with cN1 disease, the SLN identification rate was 92.9%, compared
with 89.5% in 38 patients with cN2 disease. IHC was not mandatory for
SLN examination and SLNs with metastasis larger than 0.2 mm were
defined as positive SLNs. The FNR of SLNB in patients with cN1 disease
who had at least two SLNs removed was 12.6%, which was higher than
their preset threshold of 10% (Boughey et al., 2013). The second trial
was the SENTINA trial, in which the arm C evaluated SLNB in 592
patients with cN+ converting to clinically negative ALN (examined by
physical examination and axillary ultrasound) after NAC. Similar with
Z1071, IHC was not required for SLN examination in this study. The
overall identification rate and FNR of this group were less favorable,
being 80.1% and 14.2%, respectively, compared with SLNB performed
before NAC in patients with cN0 (Arm A and B) in the same trial (Kuehn
et al., 2013). The study design of the third trial, Sentinel Node Biopsy
Following Neoadjuvant Chemotherapy (SN FNAC), was similar with the
Z1071 trial. Biopsy-proven ALN metastasis before initiation of NAC was
required whereas converting to clinically negative nodes after NAC was
not required. The difference between two trials was that IHC was
mandatory for SLN examination and SLNs with metastasis of any size
were considered as positive SLNs in the SN FNAC trial. In the enrolled
153 patients, the SLN identification rate was 87.6%and FNR of SLNB Ta
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was 8.4% (Boileau et al., 2015). In a systematic review and meta-ana-
lysis including 1395 patients with pathologically confirmed pretreat-
ment node-positive breast cancer from eight studies, the pooled SLN
identification rate and FNR of SLNB after NAC were 92.3% (95%CI
90.8%-93.7%) and 15.1% (95%CI 12.7%-17.6%), respectively (Table 2)
(van Nijnatten et al., 2015). In another recently published systematic
review and meta-analysis involving 3398 patients with positive ALNs
(assessed by either physical examination or ultrasound, with or without
needle biopsy) prior to NAC from 19 studies, the pooled estimate of SLN
identification rate and FNR of SLNB after NAC were similar, being
90.9% (95%CI 87.6%-93.4%) and 13% (95%CI 10.8%-15.6%), re-
spectively (Table 2) (El Hage Chehade et al., 2016). A conclusion from
the above-mentioned studies is that the FNR of SLNB after NAC in pa-
tients with pretreatment node-positive breast cancer is higher than
10%, which is the generally accepted FNR cut-off point to avoid ALND
in clinically node-negative early breast cancer patients undergoing
upfront surgery (Krag et al., 2010).

Several factors can affect the FNR of SLNB after NAC in patients
with pretreatment positive nodes (Table 2). Data from the three pro-
spective trials (Z1071, SENTINA and SN FNAC) showed that FNR im-
proved with using of the dual mapping method (Boughey et al., 2013;
Kuehn et al., 2013; Boileau et al., 2015). In addition, the number of
SLNs removed can also affect the FNR of SLNB. According to the Z1071
and SENTINA trials, the FNR of SLNB dramatically decreased when
three or more SLNs were removed (Boughey et al., 2013; Kuehn et al.,
2013). Data from the SN FNAC trial showed a similar trend but different
results. The FNR of SLNB was 18.2% when only one SLN removed, and
decreased to 4.9% when two or more SLNs removed (Boileau et al.,
2015), which is much lower than the data reported by the Z1071 trial
(12.6% for≥ 2 SLNs removed) (Boughey et al., 2013). However, the SN
FNAC trial was a small trial enrolling only 153 patients. What’s more,
the definitions of a positive SLN were different between the two trials
(Boughey et al., 2013; Boileau et al., 2015). In a systematic review and
meta-analysis involving 1395 patients, the pooled FNRs were 23.9%
and 10.4% for only one and≥ 2 SLNs removed, respectively (van
Nijnatten et al., 2015). Post-NAC axillary ultrasound (AUS) has been
reported to be valuable in axilla restaging after NAC in patients with
pretreatment positive ALNs. With use of post-NAC AUS, patients in the
Z1071 trial were grouped into AUS-suspicious patients (N=181) and
AUS-normal patients (N=430) before surgery. Investigators observed
that AUS-suspicious patients had a significantly higher number of po-
sitive nodes and greater metastasis size (P < 0.001) compared with
AUS-normal patients. Moreover, the FNR of SLNB reduced from 12.6%
in the general patient population to 9.8% in the AUS-normal patients.
This result suggests that post-NAC AUS allows selection of patients with
highest probability of complete nodal response and may offer them the
opportunity of ALND omission in cases with negative SLNs (Boughey
et al., 2015). The method of SLNs examination has also been reported to
have an impact on FNR. In the SN FNAC trial, the mandatory use of IHC
detected 63% of micrometastases and 100% of ITCs in SLNs and con-
tributed to the reduction of FNR. If SLNs with ITCs had been considered
negative, the FNR would have increased from 8.4% to 13.3% (Boileau
et al., 2015). The Z1071 trial also assessed the contribution of IHC to
decrease the FNR of SLNB. In the 470 patients with H&E and IHC
staining available, IHC detected additional positive SLNs in 17 patients
and improved the FNR from 11.3% to 8.7% (Boughey et al., 2014). In a
meta-analysis of 15 studies including 2471 patients with pretreatment
positive ALNs who received SLNB after NAC, IHC was identified as an
independent factor for the heterogeneity of FNR among studies. The
additional use of IHC for SLN examination significantly reduced the
FNR from 16.0% to 8.7% (Fu et al., 2014). Mark the positive nodes at
initial diagnosis and remove the marked nodes during SLNB surgery has
also been proposed as a method to reduce FNR. In the Z1071 trial, a clip
was placed in 170 patients with cN1 disease and at least 2 SLNs re-
moved. The clip was found during surgery in 141 (82.9%) patients,
with 107 patients the clip within the SLN specimen and 34 patients the

clip within the ALND specimen. The FNRs were 6.8%, 19.0%, 14.3%
and 13.4% for patients with the clipped node within SLN specimen,
clipped node within ALND specimen, clipped node not found and
without a clip placed, respectively (Boughey et al., 2016). Lessons
learned from this trial were: 1. not all clipped nodes could be found
during surgery; 2.not all identified clipped nodes during surgery were
SLNs; 3. it was crucial to resect the clipped nodes during the SLNB
procedure. In order to improve localization and resection of marked
nodes during SLNB surgery, the MDACC researchers developed the
“Targeted Axillary Dissection” (TAD) procedure. In the TAD procedure,
a clip was placed in the biopsy-proven positive node at diagnosis, and
after NAC, a 125I was placed in the clipped node under ultrasound
guidance 1–5 days before surgery. In the TAD surgery, the 125I-con-
taining node was removed in addition to removing the SLNs. The
clipped node was not found in the surgical specimen in 5 out of 208
patients. Intriguingly, in 23% (31 of 134) patients the clipped node was
not identified as the SLN. The FNR was 10.1% for SLNB alone, and
reduced to 1.4% when the clipped node was also evaluated (Table 2).
When the clipped node was evaluated alone, the FNR was 4.2% (95%CI
1.4%-9.5%) (Caudle et al., 2016). A similar technique was developed in
the Netherlands Cancer Institute, the “Marking Axillary Lymph Nodes
With Radioactive Iodine 125I Seeds” (MARI) procedure. In the MARI
procedure, a 125I was placed in the biopsy-proven positive ALNs (MARI-
node) prior to NAC. After NAC, the MARI-node was selectively removed
using a ɣ-detection probe without SLNB. The procedure identified the
MARI-node in 97% (97 of 100) of patients and correctly identified 65 of
70 patients with residual positive ALNs, generating a FNR of 7% (5 of
70) (Table 2). Based on these results, the authors concluded that the
tumor response in the marked pretreatment positive node may be useful
in tailoring axillary surgery after NAC (Donker et al., 2015).

Based on the above-mentioned evidence, the FNR of SLNB after NAC
in patients with pretreatment positive ALNs in general is too high to
justify its application in all the patients in this setting. However, it has
been shown that the FNR could be lower than10%, which was the ac-
ceptable threshold set in the Z1071, SENTINA and SN FNAC trials in the
following circumstances: three or more SLNs had been removed, pre-
treatment-positive nodes had been marked and removed combined with
SLNB, and IHC had been used for SLN examination. However, the preset
10% threshold was based on data from early breast cancer without
NAC, which does not account for potential differences in patients
treated with NAC. First, the potentially chemo-resistant residual disease
in ALNs after NAC may behave differently from that in the non-NAC
setting. Second, most of the early breast cancer patients who undergo
upfront SLNB receive chemotherapy afterwards, which might eradicate
the residual metastasis. As a result, two aspects are unclear: can the
FNRs of SLNB before and after chemotherapy be compared directly and
what FNR is acceptable without increasing locoregional recurrence in
the NAC setting? Nowadays, ALND is still recommended as standard
axillary surgical management in most patients with initially positive
ALNs who receive NAC (National Comprehensive Cancer Network,
2016). Any attempt to omit ALND in patients with pretreatment-posi-
tive ALNs should be carefully discussed in a multidisciplinary team. The
most important questions are whether and under which circumstances
can SLNB replace ALND after NAC and whether radiation therapy is
needed after NAC. Two ongoing clinical trials have been designed to
answer these questions. The NSABP B51 trial (NCT01872975) (Fig. 2)
plans to enroll 1636 patients who have biopsy-proven pretreatment
positive ALNs and convert to be histologically free from cancer as as-
sessed by either SLNB+/− ALND or ALND. Patients undergoing
lumpectomy will be randomized into two groups: whole breast radia-
tion therapy with or without regional nodal radiation therapy. Patients
undergoing mastectomy will be randomized into two groups: regional
nodal and chest wall radiation therapy or no radiotherapy at all. The
primary outcome measure of this trial is invasive breast cancer recur-
rence-free interval (IBC-RFI). This trial will test whether radiation
therapy is required for patients with nodal pCR after NAC. The safety of
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ALND omission in this setting will also be assessed. For those patients
with biopsy-proven pretreatment-positive ALNs who do not achieve
nodal pCR with NAC, the efficacy of ALND in the context of radiation
therapy will be evaluated by the ongoing Alliance A011202 trial
(NCT01901094) (Fig. 3). This trial is enrolling 2918 patients who have
at least one SLN with a metastasis larger than 0.2 mm (largest dimen-
sion) at diagnosis and convert to clinically node negative as assessed by
physical examination. The enrolled patients will be randomly assigned
to receive ALND plus radiotherapy or radiotherapy alone when at least
one lymph node with a metastasis larger than 0.2 mm is found upon
SLNB. The primary outcome measure of this trial is IBC-RFI.

5. New techniques for SLNB

5.1. Indocyaninegreen optical imaging guided SLNB

In the past decade, fluorescent optical intraoperative image-guided
SLNB has become more widely used. With this technique, SLNs are
identified by fluorescence emitted from dyes that accumulate in the
SLNs. This fluorescence can be seen in real-time on a monitor even
through the skin, providing a map for SLNs detection. This is an im-
provement over the blue dye method, which requires the underlying
tissue to be exposed and relies more on the surgeons’ experience. For
fluorescent optical intraoperative image-guided SLNB, an optical

imaging camera system and a near-infrared (NIR) fluorescent lympho-
tropic or tumor-seeking tracer are required (Fig. 1). Several in-
traoperative imaging camera systems have been tested in clinical stu-
dies. Some have been approved by the Food and Drug Administration
(FDA) and are commercially available and others are made in-house
(Chi et al., 2014). Basically, an intraoperative imaging camera system
contains two different light sources, several optical lenses and filters
and detectors. First, a white-light source is used for color registration of
the tissue, providing the surgeon with the normal color texture while
performing the surgery. Second, an excitation light source produced by
lasers or light emitting diodes is used to excite the fluorescent tracers;
the white-light image and fluorescent image can be projected simulta-
neously. The optical lenses and filters are used to select a specific ex-
citation and emission wavelength for the fluorescent signal and block
the scattered excitation light emanating from the tissue surface. Charge
coupled detectors (CCDs) are used to collect white light and fluorescent
light. Besides the camera system, a fluorescent tracer that can be safely
administered and accumulated in the SLNs is required. Various fluor-
escent dyes are available, but NIR tracers provide optimal properties for
surgical navigation because NIR excitation wavelengths (i.e.
750–900 nm) have the lowest tissue absorption and scattering proper-
ties and generate minimal autofluorescence. This leads to tissue pene-
tration up to 2 cm and a strong signal-to-background ratio (de Boer
et al., 2015).

ICG, a low molecular weight organic molecule that has been ap-
proved by US FDA and European Medicines Agency (EMA), can be used
for SLNs detection because it fluoresces in the NIR spectrum (absorption
765 nm, emission 840 nm (Kitai et al., 2005)), thus providing a very
high signal-to-background ratio. Multiple studies (Ahmed et al., 2014;
Chi et al., 2013; Hirano et al., 2012; Jung et al., 2014; Inoue et al.,
2016; Tong et al., 2014; Verbeek et al., 2014; Guo et al., 2014a; Guo
et al., 2014b; Samorani et al., 2015; Toh et al., 2015; Sugie et al., 2016),
including a systematic review (Ahmed et al., 2014), reported on the use
of ICG fluorescence in SLNB in breast cancer during the past 10 years.
The studies included in this review indicated that the ICG fluorescence
technique is comparable to the standard techniques (Table 3). In the
majority of these studies (21 out of 23), the SLNs identification rate for
ICG alone was higher than 95%, with the remaining two being 93% and
94%, respectively. Eight studies compared the SLN identification rates
between ICG and blue dye. All of these studies reported a higher SLN
identification rate for ICG than for the blue dye method. Seven studies
compared the SLN identification rates between ICG and radiocolloid. In
three of these studies, ICG showed a higher SLN identification rate than
the radiocolloid method. In another three studies, the SLN

Fig. 2. Study flow for the National Surgical Adjuvant Breast and
Bowel Project (NSABP) B51 trial. SLNB: sentinel lymph node biopsy;
ALND: axillary lymph node dissection; WBI: whole breast irradiation;
XRT: radiotherapy.

Fig. 3. Study flow for the Alliance A011202 trial. SLNB: sentinel lymph node biopsy;
ALND: axillary lymph node dissection.
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identification rates were the same for the two methods. For the re-
maining one study, the SLN identification rate for ICG was slightly
lower than the radiocolloid method (99.3% versus 100%) (Table 3).
Eight studies reported FNRs, and six of them reported a FNR being less
than 10% for ICG alone (Table 3). One study showed a FNR of 12% for
ICG alone, which improved to 4% when combined with a blue dye (Guo
et al., 2014a). The result was confirmed by another study, demon-
strating a FNR of 3.4% for ICG combined with patent blue (Tong et al.,
2014). Four studies compared the FNRs between ICG and blue dye or
between ICG and radiocolloid. In all of these studies, the FNRs for ICG
were lower than that for blue dye or radiocolloid, which may be due to
the higher number of SLN removed for ICG in these studies (Table 3). In
all of the included studies, the average SLN removed per patient for ICG
ranged from 1.5 to 5.4 (Table 3). In five studies in which the mean

number of removed SLN for ICG was compared with that for blue dye,
the mean number excised for ICG ranged from 1.9 to 5.4. For blue dye,
this ranged from 1.0 to 2.3 (Table 3). These findings were comparable
in regards to radiocolloid; the mean number of SLN excised for ICG was
higher or equal to that for radiocolloid (Table 3). The higher SLN re-
trieval number and lower FNR for ICG compared with conventional
methods in the early breast cancer setting indicate that ICG may be an
optimal tracer for SLNB after NAC; multiple studies have shown that the
FNR of SLNB after NAC was lower if more SLNs were removed
(Boughey et al., 2013; Kuehn et al., 2013; Boileau et al., 2015; Park
et al., 2013). Only one study reported on ICG-guided SLNB after NAC
(Tsuyuki et al., 2015). That study enrolled 36 patients with breast
cancer (with 38 affected breasts), 22 patients with clinically negative
nodes and 16 patients with clinically positive nodes. ICG-guided SLNB

Table 3
Characteristics of studies using ICG for SLNB.

Patients No. Method SLN IR% SLNB FNR% Mean SLN removed Ref.

18 ICG 94 – 2.8 Ahmed et al. (2014)
25 ICG+ Indigo carmine 100 (ICG) 0 (ICG) 5.4 (ICG) Ahmed et al. (2014)

92 (BD) 25 (BD) 2.3 (BD)
10 (Group 1) Group 1: ICG; 97 (ICG) 10 (ICG) 1.8 (ICG) Ahmed et al. (2014)
20 (Group 2) Group 2: ICG+ 99mTc-labeled sulphurradiocolloid 100 (Combined) 23 (RI) 1.4 (RI)
113 (Group 1) Group 1: ICG+Patent blue; 99.3 (ICG) – 3.8 (ICG) Ahmed et al. (2014)
29 (Group 2) Group 2: ICG+ 99mTc-labeled phytateradiocolloid 100 (RI) 2.0 (RI)

92.9(BD) 1.9 (BD)
43 ICG 97.7 5.6 2.0 Ahmed et al. (2014)
50 ICG+ indigo carmine 100 (ICG) – 3.7 (ICG) Ahmed et al. (2014)

No percentage for BD stated
312 ICG 100 – 3.4 Ahmed et al. (2014)
128 ICG+ indigo carmine 100 (ICG) 0 (ICG) 3.1 (ICG) Ahmed et al. (2014)

66 (BD) 42 (BD) 1.0 (BD)
47 ICG 98 5.3 2.0 Ahmed et al. (2014)
28 (Group 1) Group 1: ICG+ 99mTc-labeled radiocolloid; 96 (ICG) – – Ahmed et al. (2014)
21 (Group 2) Group 2: ICG:HSA+ 99mTc-labeled radiocolloid No percentage for RI stated
12 (Group 1) Group 1: ICG+ 99mTc-labeled radiocolloid+ patent

blue;
96 (ICG) – 1.6 (ICG) Ahmed et al. (2014)

12 (Group 2) Group 2: ICG:HSA+ 99mTc-labeled radiocolloid 96 (RI) 1.6 (RI)
No percentage for BD stated No percentage for BD stated

100 ICG +99mTc-labeled radiocolloid+ Patent blue 100 (ICG) – 1.9 (ICG) Ahmed et al. (2014)
91.3 (RI) 1.5 (RI)
99 (BD) 1.84 (BD)

32 ICG-99mTc-labeled radiocolloid+ Patent blue 100 (ICG) – 1.5 (ICG) Ahmed et al. (2014)
100 (RI) 1.5 (RI)
No percentage for BD stated No percentage for BD stated

99 ICG+ indigo carmine 99 (ICG) – 3.4 (ICG) Ahmed et al. (2014)
78 (BD) No percentage for BD stated

22 ICG 100 – 2.7 Chi et al. (2014)
393 (Group 1) Group 1: Sulfan blue; 99.1 (ICG) – 2.2 (ICG+BD) de Boer et al. (2015)
108 (Group 2) Group 2: ICG+ Sulfan blue 95.0 (BD) 1.6 (BD)
43 (Group 1) Group 1: ICG+ 99mTc-labeled radiocolloid+ Evans

blue;
100 (ICG) – – Kitai et al. (2005)

43 (Group 2) Group 2: 99mTc-labeled radiocolloid 100 (RI)
90.7 (BD)

714 ICG+Patent blue 99.6 (combined) – 2.4 (combined) Chi et al. (2013)
96 (Group 1) Group 1: ICG+patent blue; 96.9 (group 1) 3.4 (group 1) 3.8 (group 1) Hirano et al. (2012)
73 (Group 2) Group 2: patent blue 84.9 (group 2) 11.1 (group 2) 2.4 (group 2)
27 (Group 1) Group 1: ICG+ 99mTc-labeled radiocolloid+ patent

blue;
99 (ICG) – 1.9 (ICG) Jung et al. (2014)

68 (Group 2) Group 2: ICG+ 99mTc-labeled radiocolloid No percentage for BD and RI
stated

No percentage for BD and RI
stated

86 ICG+patent blue 93 (ICG) 12 (ICG) 2.4 (ICG) Inoue et al. (2016)
98.8 (combined) 4 (combined) 3.6 (combined)

36 (Group 1) Group 1: ICG; 97.2 (ICG) 5.3 (ICG) 3.6 (ICG) Tong et al. (2014)
32 (Group 2) Group 2: patent blue 81.3 (BD) 6.6 (BD) 2.1 (BD)
301 ICG+ 99mTc-labeled radiocolloid 98.7 (ICG) – 2.0 (ICG) Verbeek et al.

(2014)
95.4 (RI) 2.0 (RI)

168 ICG+ Indigo carmine 100 (ICG) – 3.0 (median) Guo et al. (2014a)
No percentage for BD stated

821 ICG+ 99mTc-labeled radiocolloid 97.2 (ICG) – >2.3 (ICG) Guo et al. (2014b)
97 (RI) 1.7 (RI)
99.8 (combined) 2.4 (combined)

IR: identification rate; FNR: false-negative rate; RI: radioisotope; BD: blue dye; ICG: indocyanine green; SLN: sentinel lymph node; SLNB: sentinel lymph node biopsy.
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was performed before NAC for clinically node-negative patients, and
after NAC for clinically node-positive patients, with SLN identification
rates of 100% and 93.8%, respectively. The ICG fluorescence method
was used before and after NAC for all the patients and revealed that
42.8% (16/38) of the sentinel lymphatic pathways were altered after
NAC. Nevertheless, the location of the SLNs remained the same in all
the SLN detectable cases because each case had at least one sentinel
lymphatic pathway that was not changed by NAC and was detected by
ICG. This means that the SLNs detected by ICG were the true SLNs. The
median number of SLNs removed was four for clinically node-negative
patients and three for clinically node-positive patients. In the 15 pa-
tients with clinically positive nodes and identified SLNs, the FNR of
SLNB was 25% (Tsuyuki et al., 2015). This result may indicate that the
SLN status no longer reflects the axillary status due to the hetero-
geneous response of metastatic disease to NAC. Of course, this is a small
study with only 16 cases, and it is difficult to draw hard conclusions
from such a small study. Larger prospective studies are needed to test
the feasibility of ICG for SLNB after NAC. Two ongoing phase 2 clinical
trials are addressing this issue (NCT02479997 and NCT02032498). The
randomized trial “Clinical Application of Dual Sentinel Lymph Node
Staining Method in Breast Cancer Patients” (NCT02479997) enrolls
patients with clinically positive ALN and receiving NAC. Patients who
have a clinically complete response on ALN are randomly allocated to
receive a SLNB either by ICG+ radiocolloid or by radiocolloid alone.
The primary outcome measure of this study is the SLN identification
rate. The “Evaluation of Two Techniques for the SLN Detection in BC
Patients” (NCT02032498) trial is a prospective single-arm study, which
will include at least 100 patients to receive SLNB after NAC. ICG in
combination with radiocolloid will be used for SLN mapping. Im-
mediate ALND will be performed after SLNB. The primary outcome
measure of the study is FNR for each technique (ICG and radiocolloid).

SLNB has been the standard for ALN staging in patients with clini-
cally negative lymph nodes for many years. About 60% of breast cancer
patients living in developed countries (Rescigno et al., 2009) receive
the technique, but it still not widely used elsewhere, mainly due to the
unavailability of radiocolloid in many developing countries. Only 5% of
breast cancer patients in China receive the technique (Leong et al.,
2010) and even fewer in other developing countries. ICG may be a
useful alternative to radiocolloid because it is widely available at low
cost. Moreover it results in a high SLN identification rate and low FNR,
especially when combined with a blue dye (Inoue et al., 2016; Tong
et al., 2014; Guo et al., 2014a). A recent single-arm prospective study in
821 patients with clinically node-negative disease also showed a 99.8%
identification rate of SLN for ICG when combined with 99mTc-radio-
colloid (Sugie et al., 2016). This study suggests that ICG optical imaging
technique could be a replacement for blue dye in the standard dual
mapping method, avoiding its potential drawbacks such as the need for
considerable surgeon experience with the procedure and occurrence of
allergic reactions (Benson, 2016). Allergic reactions have been reported
for intravenous injection of ICG, with overall rate of 0.34% and 0.05%
for severe reaction (Obana et al., 1994). Very few studies have been
published on the side effects of non-intravenous administration of ICG.
The adverse effects of ICG are dose dependent, with a much higher
incidence of allergic reactions when the dose exceeds 0.5 mg/kg body
weight (Speich et al., 1988). However the dose of ICG used for SLNB is
much lower than 0.5mg/kg (total injection dose ranges from
0.0625mg to 25mg (Ahmed et al., 2014)). Although no large-scale
prospective randomized trials have been performed to compare this
new method with the standard SLN mapping method, results from
prospective cohort studies indicate that ICG can provide a good SLN
identification rate and FNR (Ahmed et al., 2014; Hirano et al., 2012;
Sugie et al., 2016). The ESMO breast cancer guidelines (2015) endorsed
ICG fluorescence technique for SLNB in early and clinically node-ne-
gative breast cancer (Senkus et al., 2015). One remaining problem with
this technique is the lack of standardization in the administration of
ICG, although this aspect seems to have no adverse effect on the

accuracy in SLN detection. The most commonly used concentration of
ICG in previous studies was 5mg/ml for periareolar or subareolar in-
jection. However, the total injection dose varied widely between studies
(0.0625mg–25mg) (Ahmed et al., 2014).

5.2. Superparamagnetic iron oxide guided SLNB

Superparamagnetic iron oxide (SPIO) has been used as a contrast
agent for magnetic resonance imaging (MRI) for more than 20 years
(Weissleder et al., 1990) and can respond to an external magnetic field,
but does not have magnetic properties in the absence of magnetic fields.
After subcutaneous injection, SPIO can accumulate in the lymph nodes,
which make it suitable for guiding SLNB (Johnson et al., 2013). Pre-
vious studies have evaluated the accuracy of SPIO-guided SLNB in early
breast cancer patients with clinically negative ALN. A recently pub-
lished systematic review and meta-analysis of 7 studies including 1118
patients reported that all studies used both a SPIO tracer and the con-
ventional methods (radioisotope and/or blue dye) for SLN mapping,
allowing comparison of the accuracy between two techniques. Except
for the administration of the radioactive tracer and/or blue dye, after
general anesthesia and a minimum of 5 or 20min before surgery, 5 mL
of SPIO tracer, consisting of 2mL of magnetic tracer (Sienna+ ) diluted
in 3mL saline, was injected subcutaneously in the periareolar or sub-
areolar areas. Then the breast was massaged to allow the tracer to drain
into the lymph nodes. A handheld magnetometer was used to magnetize
the SPIO and detect the particles’ magnetic response (Fig. 1). The
pooled data showed that SPIO was non-inferior to conventional detec-
tion methods. The pooled mean SLN identification rate for SPIO was
97.1% (range 94.4%–98.0%) and that for the standard method was
96.8% (range 94.2%–99.0%) (P=0.69). The FNRs were 8.4% (range
2.0%–22.0%) for SPIO and 10.9% (range 6.0%–22.0%) for the standard
method (P=0.55). The total number of SLNs retrieval for SPIO (2113;
1.9 per patient) was significantly higher compared with the standard
method (2000; 1.8 per patient) (P=0.003) (Zada et al., 2016).

The SPIO technique has several advantages that may facilitate its
application in early breast cancer patients with clinically negative ALN.
The SPIO tracer is not radioactive and is easy to obtain, which make it a
suitable alternative to radiocolloid in countries without access to the
radioactive tracer. The SPIO tracer injection dose and the operating
procedure were standardized in the published studies (Zada et al.,
2016), which makes it a technique easier to learn. The SLN detection by
the SPIO technique is guided by a magnetometer as well as by the vi-
sualization of the black or brown staining on the lymph nodes. This
would make SLN detection easier, which is reflected by the high SLN
identification rate reported (Zada et al., 2016). Several issues need to be
addressed before the SPIO technique can be used (Zada et al., 2016).
The residual magnetic tracer in the injection site, which can remain for
a long period in some patients, may cause artefacts in postoperative
MRI imaging. It is therefore important to select appropriate patients to
receive SPIO guided SLNB, e.g. exclude patients who need a post-
operative MRI test in the near future. The SPIO-guided SLNB procedure
would also be very time-consuming due to a need for frequent balan-
cing of the magnetic baseline level. Furthermore, only a small number
of studies have reported on the use of SPIO-guided SLNB in breast
cancer so far. Its performance needs to be evaluated in future studies,
preferably randomized control trials.

Similarly to the ICG fluorescence technique, the higher SLN re-
trieval number and lower FNR for SPIO technique compared with
conventional methods in the early breast cancer setting may make it a
potentially optimal tracer for SLNB after NAC. However, no SPIO-
guided SLNB after NAC has been reported so far. To explore the feasi-
bility of SPIO-guided SLNB after NAC in patients with biopsy-proven
pretreatment positive ALNs who become clinically negative nodes post
chemotherapy, a randomized trial has been initiated (NCT02249208).
Enrolled patients are randomly assigned into three groups with dif-
ferent SLN detection methods: radiocolloid+ blue dye,
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radiocolloid+ SPIO, and SPIO alone. The primary outcome measure of
this study is the FNR of each detection method. This is the first head-to-
head randomized trial to compare the FNR between a novel SLN de-
tection method and the currently standard dual detection method.

6. Conclusion and future perspective

The concept of surgical management of ALN in patients with breast
cancer has converted from a major invasive surgery to minimal invasive
and selective surgery. In the past two decades, the application of SLNB
in patients with early breast cancer has been well established, and thus
the indication of ALND narrowed. In the coming years, research will
focus on the omission of axillary surgery in selected patients who have a
low priori risk of ALN metastasis. SLNB after NAC achieves comparable
SLN identification and FNR compared with upfront SLNB in patients
with pretreatment clinically negative ALNs. Nevertheless, the upfront
NAC often reduces the SLN positive rate and subsequently the extent of
axillary surgery without increasing the locoregional recurrence rate.
Therefore, in patients with pretreatment clinically negative ALNs, SLNB
after NAC becomes doctors’ priority. SLNB after NAC in patients with
positive ALNs at diagnosis is not recommended as a routine for all the
patients due to the high FNR. Studies showed that SLNB was accurate if
≥3 SLNs removed, using IHC for SLN examination and combining re-
moval of the marked pretreatment positive node, but prognosis data for
patients treated with SLNB alone in this setting is unknown. New SLN
detection methods showed non-inferiority to the conventional methods
in SLN detection and FNR of SLNB in early breast cancer patients. It is
worth to explore their application in SLNB after NAC in patients with
positive ALNs at diagnosis.
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