Chapter 9
Lymphatic Mapping and Optimization
of Sentinel Lymph Node Dissection

Tomoharu Sugie and Takashi Inamoto

Abstract Sentinel lymph node (SLN) biopsy is a standard of care for axillary
staging in breast cancer. The modalities involving radioisotope (RI) and blue dye
are the most widely used for SLN mapping. Near-infrared fluorescence imaging
using indocyanine green (ICG) visualizes superficial lymphatic flow from tumor to
SLN transcutaneously and directs the surgeon to the tumor-draining SLN in the
axillary basin. This novel method achieves a high detection of SLN comparable
with the RI method, and the additional use of ICG fluorescence maximizes the
detection impact of RI. The ICG fluorescence method is reliable and safe and would
be an acceptable alternative to SLN mapping using radioactive tracers in early
breast cancer.

Keywords Lymphatic mapping * Near-infrared fluorescence * Indocyanine green *
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9.1 Introduction

The theory of the radical mastectomy with axillary lymph node dissection (ALND)
was that removal of breast cancer cells as far as they extended might have benefit of
not only local control of breast cancer but also survival. The alternative theory that
breast cancer was a systemic disease at inception induced total mastectomy to
partial mastectomy in early breast cancer treatment based upon results of random-
ized control trials. However, data from meta-analyses suggest that inadequate local
therapy can increase risk of local recurrence [1]. ALND has been used for the past
century as a means of preventing lymph node metastasis of breast cancer. Because
ALND confers a high probability of complications such as arm edema (lymph-
edema) and neuropathy (locomotors disorder, pain, etc.), reduction in patient QOL
is a major problem of ALND. In the 1990s, the concept of sentinel lymph nodes
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(SLNs) directly receiving lymphatic drainage from the tumor was proposed. As
SLNSs represent metastatic status of regional lymph nodes, removal of SLNs can be
alternative to completion of ALND for diagnosis of axillary status.

Since this concept was first applied in 1992 to melanoma patients by Morton
et al. [2], its application to various fields has been attempted. In the field of breast
cancer, the validity of the SLN biopsy was evaluated in 1993 by Krag et al. [3] using
a radioisotope (RI) and during approximately the same period by Giuliana et al. [4]
using blue dye. Thereafter, many reports supporting the validity of the SLN biopsy
using RI, blue dye, or the combination of both have been published. On the basis of
large multicenter clinical studies, the mapping involving RI and/or blue dye
becomes currently a standard method used worldwide.

9.2 SLN Mapping Using Near-infrared (NIR) Fluorescence
Imaging Technique

At present, the standard methods achieve a high detection rate of SLN with a low
false negative rate. In a meta-analysis by Kim et al., the median detection rate by the
standard methods was 96 %, with a false negative rate of 7.3 % [5]. The RI method
is advantageous with respect to a high SLN detection rate, but its applicability is
restricted in high-volume hospitals that have nuclear medicine departments and
radiation protection areas. The blue dye method is advantageous with respect to
cost-effectiveness but has some drawbacks, such as a low SLN detection rate and
the necessity of trained surgical skill [6].

To overcome the issues of the standard methods, Kitani et al. [7] reported in
2005 the application of indocyanine green (ICG) instead of RI and NIR fluores-
cence imaging system in breast cancer. The ICG fluorescence method utilizes the
optic fluorescent characteristics of ICG within the NIR optic window
(700-900 nm). The advantages of the NIR light include high tissue penetration
due to less absorbance by water and hemoglobin and low autofluorescence. The
ICG fluorescence method is currently adopted at the discretion of the physicians in
view of the following advantages: (1) no risk for exposure to radiation, (2) applica-
ble outside of large hospitals because this method does not requires nuclear
medicine or a radiation protection area, (3) optimal for intraoperative SLN local-
ization because it enables real-time imaging of lymphatic flow over the skin, and
(4) requiring little skill. The technical aspects of SLN mapping using each modality
are summarized in Table 9.1.
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Table 9.1 Technical aspects of SLN mapping using each modality

Tracers Advantage Disadvantages

RI High detection rate Expensive

No real-time guidance

Requirement of permitted facilities

Dye Cost-effective Low detection rate

Cannot be seen over the skin

Requires training

ICG fluorescence High detection rate More LNs removed
Real-time guidance Unable to detect SLNs over the skin
Visualizing lymphatic ducts The limit of detection is 1-2 cm

9.3 Current Perspective of ICG Fluorescence Method

9.3.1 Current Devices for ICG Fluorescence Method

For the detection device, the NIR fluorescence imager, photodynamic eye (PDE,
Hamamatsu Photonics, Hamamatsu Co., Japan) device, is widely used in the
majority of clinical studies. This handheld device is composed of a light-emitting
diode (LED) and a charge couple device (CCD) camera (Fig. 9.1a). The LED
produces light at a wavelength of 760 nm to activate ICG, the CCD converts
fluorescence light at a wavelength of 830 nm to digital imaging, and the filter of
the camera cuts off the region of light at a wavelength below 820 nm. This ICG
fluorescence method visualizes subcutaneous lymphatic flow in real-time
(Fig. 9.1b) and directs orderly and sequential dissection to harvest SLNs
(Fig. 9.1c, d). Another commercially available device is the Hyper Eye Medical
System (HEMSTM, Mizuho Co. Toyo Japan). The HEMES can acquire both ICG
fluorescence and color video imaging simultaneously, and this real-time imaging
can direct the surgeon to the SLNs in the axilla without switching on or off the
surgical light [8]. The FLARE and MIN-FLARE systems, which are not commer-
cially available, have two light sources for the visible (400—650 nm) and NIR
(760 nm) optic range and it can overlay the NIR signal on the color video image
of the operation field [9]. There is no report of a direct comparison among these
three devices. Each study, however, has reported highly successful detection rates,
demonstrating that the diagnostic performance of ICG fluorescence is reliable and
reproducible independent of the device.

9.3.2 Optimization of the ICG Fluorescence Signal

ICG is an amphiphilic molecule and quickly binds to plasma proteins in the
vascular compartment. The protein-bound ICG fluorescence exhibits increased
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Fig. 9.1 (a) Photodynamic Eye (PDE) system (Hamamatsu Photonics, Japan). (b) Subcutaneous
lymphatic mapping using ICG fluorescence. (¢) ICG fluorescence navigation to the sentinel lymph
nodes. (d) Removal of the SLN with a high ICG florescence signal
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hydrostatic diameter, and this hydrostatic diameter is important for retention in the
SLN. In general, there is a nonlinear association between ICG concentration and the
intensity of an ICG fluorescence signal, and a high ICG concentration leads to
decreased fluorescence intensity by fluorescence quenching. An optimal concen-
tration of ICG absorbed to human serum albumin (ICG: HSA) was investigated for
SLN biopsy in breast cancer patients. An ICG: HSA injection of 400-800 pM
achieved the highest signal-to-background ratio (SBR) for SLNs compared with
higher concentrations [10]. In melanoma, a dose of 600 pM ICG: HAS was optimal
to obtain high SBR [11]. An ICG concentration of 0.5 % (5 mg/ml; 6.4 mM) was
widely used following the original report in 2005 [7]. Although this dose is
approximately tenfold higher than the optimal dose reported, a high detection rate
was obtained in subsequent studies. For studies of lymphatic function or intracel-
lular optical imaging, several compounds containing ICG, such as liposomal
formulation of ICG or bovine serum albumin-coated polymeric nanocapsules
loaded with ICG, have been developed [12, 13]. These new technologies could
develop NIR fluorescence imaging for cancer detection and treatment.
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9.3.3 Technical Aspects of SLN Mapping Using ICG
Fluorescence

Several technical issues should be addressed to optimize lymphatic mapping for
axillary staging. For the site of ICG injection, the subareolar site is acceptable in the
case of intradermal or subcutaneous injection because these superficial injections
yield a favorable visualization of lymphatic drainage and high fluorescence signals
in the axillary basin compared with deep injection in the peritumoral site. It is still
unknown whether ICG should be injected in the subareolar and the peritumoral site
together or the subareolar site alone. Indeed, injection in the peritumoral site directs
ICG to deep lymphatic flow and sometimes reveals extra-axillary drainage in the
breast (i.e., inframammary chain). However, the main purpose of SLN biopsy is
axillary staging, and we believe that subareolar injection alone is acceptable for the
routine SLN mapping irrepective of tumor location [14].

After the induction of general or local anesthesia, 1 ml of ICG at a concentrate of
0.05-0.5 % is injected into the periareolar area, and a brief massage promotes the
movement of ICG toward the axilla. As it takes 1-5 min for ICG to reach the axilla,
NIR fluorescence imaging must be performed shortly after ICG administration.
Fluorescence streaming can be detected on the skin surface by directing PDE onto
the breast. During this process, blood vessels are sometimes visualized. The
distinction between blood vessels and lymph ducts is easy because the flow rate
of ICG through blood vessels is higher than through lymph ducts. ICG fluorescence
in blood stream is quickly washed out, whereas it persists in lymphatic stream and
visualizes lymphatic ducts longer.

As the fluorescence signal is attenuated by adipose tissue and cannot penetrate
more than 2 cm in depth, fluorescent afferent lymphatic channels are interrupted at
the site where they enter the axillary space. To press the skin over SLN using a
plastic hemisphere decreases the distance between the skin and SLNs and helps to
visualize fluorescent SLNs [15]. When SLNSs cannot be identified over the skin, the
skin incision made 2 cm distal to the site where the fluorescence signal disappears is
recommended. While taking care to avoid injury of lymph ducts otherwise spoiling
the operation field with spilled ICG, the anatomical and didactic dissection can be
achieved in the axillary basin, and the fluorescence-emitting SLNs are exposed
below the fascia [16].

Of the fluorescence-emitting lymph nodes, the lymph node to which the lymph
ducts enter first is removed as the first SLN. The next fluorescence-emitting lymph
nodes, if any, are removed as the second and subsequent SLNs. Furthermore, lymph
nodes palpable in the operative field are also resected as SLNs. The ICG fluores-
cence method leads to this sequential and orderly SLN removal.
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9.3.4 Definition of SLN Using ICG Fluorescence

SLN is defined as the first lymph node(s) to which cancer cells are most likely to
spread from a primary tumor. In clinical practice, however, tracer positivity is
commonly used as a surrogate for lymphatic drainage, and the identification of
SLNs depends heavily on the specificity of the agent(s) used for the mapping. Using
NIR fluorescence imaging system, SLNs can be categorized based on both the
positivity of the fluorescent signal and the anatomical site in conjunction with
lymphatic flow. For the RI method, the hottest SLN represents the definitive
SLN, whereas the brightest SLN for fluorescence is only a good candidate for the
definitive SLN; however, the quantification of the fluorescence signal has not yet
been established. For the ICG fluorescence method, the removed SLN can be
classified as follows:

1. Definitive SLN: This single node is the most proximal lymph node along the
subcutaneous lymphatic flow and uptakes ICG fluorescence. This node is usually
harvested first during the dissection procedure and sometimes exhibits the green
color when 0.5 % ICG is used. This first lymph node represents actual lymph
node status in the axilla.

2. Probable SLNs: These lymph nodes usually appeared adjacent to the first lymph
node with fluorescence signals. One to two nodes are often harvested in the
second and/or further tier.

3. Less probable SLNs: Palpable lymph nodes without any fluorescence signal may
be included in this category

9.3.5 Comparison Between ICG Fluorescence and Blue Dye

The cumulative results for the ICG fluorescence method demonstrate that the ICG
fluorescence method achieved a higher SLN detection rate (99-100 %) compared
with the use of blue dye [17-22]. A large prospective study [23] comparing the ICG
fluorescence method and the blue dye method in detection of SLNs reported that the
ICG fluorescence method detected a significantly larger number of SLNs than did
the blue dye method, and the median difference in the number of SLNs identified
between the two methods was one ( range 0-6, p < 0.001). The overall detection
rate and the false negative rates for the ICG fluorescence and the blue dye method
was 99 % and 78 % (p < 0.001) and 0 % and 30 %, respectively. A recent meta-
analysis [24] also confirmed that the ICG fluorescence method is significantly
superior to the blue dye method for SLN detection (OR 18.37, 95 % CI
8.63—-39.10). When ICG is used under visible light, the SLN detection rate is only
73.8 %, whereas ICG can achieve a high detection rate using NIR imaging system.
Van den Vorst and colleagues [25] reported that blue dye did not have any impact
on SLN detection when ICG fluorescence is used in combination with radioactivity.
On the basis of these results, blue dye can be spared when NIR imaging system
is used.
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9.3.6 Comparison Between ICG Fluorescence and RI

Several clinical trials have already demonstrated that the ICG fluorescence method
is safe and can achieve a high SLN detection rate comparable with or superior to the
RI method. Murawa et al. [26] analyzed the accuracy of SLN biopsy with the RI
method and the ICG fluorescence method in 20 patients with breast cancer. In that
study, the SLN detection rate for RI and ICG was 85 % and 100 %, the sensitivity in
13 lymph node metastasis-positive cases was 77 % and 92 %, and the false negative
rate was 23 % and 8 %, respectively. The prospective direct comparison between
the ICG fluorescence method and the RI method revealed that the SLN detection
rate with the ICG fluorescence method was higher than that with the RI method
(100 % v 91.3 %, p < 0.001) [27]. Other clinical trials [28, 29] also showed clinical
utility of the ICG fluorescence method compared with the RI method, although
these analyses do not have enough statistical power because of small cohort studies.
As summarized in Table 9.2, the recent prospective study [30], which recruited
821 early breast cancer patients with clinically node-negative disease, demonstrated
that there was no difference between the ICG fluorescence and the RI method for
overall SLN detection rate (97.2 % v 97.0 %, p = 0.88) and for tumor-positive SLN
detection rate (93.3 % v 90 %, p=0.18). However, the additional use of ICG
fluorescence with RI significantly improved the detection rate for overall and
tumor-positive SLN compared with RI alone (99.8 % v 97.0 %, p <0.001,
97.2 % v 90 %, p <0.001, respectively). On the basis of these results, the ICG
fluorescence method could be considered an alternative and additional method to
SLN detection using RI in breast cancer.

9.3.7 SLN Biopsy After Preoperative/Neoadjuvant Systemic
Therapy

SLN biopsy after preoperative/neoadjuvant systemic therapy (NACT) was previ-
ously not recommended because of a high false positive rate. However, several
clinical studies have revealed that the sensitivity of SLN biopsy after NACT is not

Table 9.2 Detection rate for "gI N detection ‘ % (n/N) | p

SLN Overall (N =821)
RI 97.0 (796/821)
ICG fluorescence 97.2 (798/821) 0.88
RI+ICG fluorescence 99.8 (819/821) <0.001
Positive node (N = 180)
RI 90.0 (162/180)
ICG fluorescence 93.3 (168/180) 0.18
RI+ICG fluorescence 97.2 (175/180) <0.001
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inferior to that before systemic therapy. Recent meta-analyses reported that the
conventional RI method provided a detection rate of 90-90.5 % and a false negative
rate of 10-12 % [31, 32] and that there is no significant difference in SLN detection
between the groups before and after NACT. Based on these findings, the 2014
ASCO guidelines reported that SLN biopsy may be offered after NACT [33]. Che-
motherapeutic agents, however, might cause fibrosis and obstruction of lymphatic
channels, which leads to a less accurate procedure using the conventional RI
method. As the hydrodynamic diameter of ICG (<1 nm) is smaller than that of
RI (>50 mm), ICG may potentially reach the first SLN or the further tier more
easily than RI. In the SENTIA trial [34], the false negative rate for SLN mapping
was 14.2 % for patients who converted from clinically node-positive to node-
negative disease after NACT. For the detection technique, the additional use of
blue dye tended to improve the false negative rate. This false negative rate was also
associated with the number of SLNs harvested, and the accuracy of SLN biopsy was
apparently improved when more than two SLNs were harvested. ICG fluorescence
yields the mean number of 2.3 SLNs removed [30] and has the potential to localize
SLNs even in narrow lymphatic channels after NACT. As ICG would be a suitable
method for SLN mapping after NACT, a large-scale clinical trial is required to
confirm the clinical utility of ICG after NACT in patients with axillary
involvement.

9.4 Conclusions

The cumulative results clearly demonstrate the advantage of NIR fluorescence
imaging using ICG for SLN mapping in breast cancer. The ICG fluorescence
method could be considered as an alternative and an accebtable additional method
to SLN mapping using RI in breast cancer. This nonradioactive imaging system has
the potential to be widely adopted in accordance with efforts to reduce radiation
exposure.
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