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Abstract. In the current study, the utility of sentinel node (SN)
identification using indocyanine green (ICG) was investigated
for oral cancers in the clinical NO stage. The current study
was a prospective, multicentre, phase II clinical trial that
was conducted in Japan. A total of 18 patients were included.
Before surgery, the patients underwent lymphoscintigraphy
to map the SNs. During surgery, radioactive isotope (RI)
mapping was used to detect the SNs, and ICG was subse-
quently injected. ICG mapping of the SNs was then performed
through the skin. The primary tumour was resected, and a
neck flap was elevated for neck dissection, followed by SN
biopsy (SNB) using RI or ICG mapping. With the RI method,
a total of 63 SNs were detected. Among these SN, 8 (12.7%)
were positive for metastasis, including those with isolated
tumour cells (ITCs). The median number of SNs per patient
identified by SNB was 4. With the ICG method, a total of 67
SNs were detected. Among these SNs, 7 (10.4%) were positive
for metastasis, including those with ITCs. The median number
of SN per patient identified by SNB was 4 (range, 1-6). The
5-year overall survival (OS) of all patients was 83.3%, and the
5-year disease-free survival (DFS) of all patients was 76.7%.
The neck compression technique is a simple method that can
be used to facilitate surgical procedures of ICG fluorescence
navigated SNB for head and neck cancer.
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Introduction

Occult lymph node (LN) metastases, which are clinically
negative nodes, are estimated to exist in 20-30% of oral cavity
cancers. For T1 and T2 oral cancers, there are two surgical treat-
ment strategies (1,2). In some patients in which the ‘wait and
see’ strategy is employed, unnecessary surgery can be avoided.
However, delayed neck metastases can occur and occasionally
develops into advanced stages. To avoid recurrence, selected
neck dissection (ND) is often performed for high risk cases.

A comparative examination of these two surgical treatment
strategies using a randomized trial (3) and meta-analysis (4)
revealed a prognostic advantage of selective ND.

Selective neck dissection at the time of primary surgery
revealed no metastases to the neck in approximately 70% of
patients and consequently, ND appears to be an unnecessary
surgical procedure for most patients. This possibility of patients
undergoing unnecessary surgery reaffirms the importance of
performing cervical LN staging before treatment. Therefore,
the development of a new staging system with high reliability
that extends beyond conventional diagnostic imaging is
necessary.

The effectiveness of SNB as an accurate staging tool has
been demonstrated (2,5). To date, sentinel node (SN) biopsies
have required radioactive isotopes (RIs). If an SN in the head
and neck region could be identified using the fluorescence
properties of indocyanine green (ICG), it would be possible
to overcome the issues of radiation exposure for medical
personnel and patients, institutional limitations, and the
complex procedures that arise from the conventional use of
RIs as tracers. This new method could be performed at any
institution without radiation exposure, and we expect that this
method would benefit patients.

We designed the present study to examine the usefulness
of the transcutaneous neck compression technique and the
diagnostic accuracy of ICG fluorescence navigated SNBs in
comparison to the RI method.
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The ICG method as a non-RI method is convenient and
widely applicable and may be useful for the diagnosis and
treatment of the early stages not only in oral cancer, but also
head and neck cancer.

Materials and methods

Patients. This study was a prospective, multicentre, phase II
clinical trial (UMINO0006509) conducted in Japan. Between
November 2011 and November 2012, 20 patients from
3 medical facilities were enrolled. Patients were included
if they had been diagnosed with cNO stage disease, had a
pathologically confirmed squamous cell carcinoma, and had a
tumour in the clinical ‘late-T2’ stage (i.e., a T2 tumour with a
diameter =3 cm or any T2 tumour with a tumour depth =5 mm)
or T3 stage. The clinical stage was determined by physical
examination and radiological computed tomography (CT).
The 7th UICC classification was adopted in this study. Tumour
depth was defined as the distance from the surrounding
normal tissue to the bottom of the tumour and was estimated
using CT or magnetic resonance imaging (MRI) in addition to
palpation. The procedures used in this study were approved by
the institutional review boards of each institution, and written
consent was obtained from all the patients.

Study procedures. A flow diagram of the procedures used in
this study is presented in Fig. 1. Before surgery, the enrolled
patients underwent lymphoscintigraphy to map the SNs. During
surgery, the SNs were initially detected via RI mapping, and
ICG was subsequently injected. Next, ICG mapping of the SNs
was performed through the skin. Skin marking was done by
ICG mapping method.

The primary tumour was resected, a neck flap was elevated
for neck dissection, and SN biopsy was performed using RI
and ICG mapping. Selective ND with SN basin dissection
was performed according to the SN status (6). In cases of
pull-through resection, the SN biopsy was performed before
the resection. The patients with positive LNs but no extranodal
extension (ENE) were carefully followed up after surgery.
However, if ENE was observed, radiotherapy with/without
chemotherapy was administered. Chemoradiotherapy was
applied to patients with multiple neck metastasis (N2b) and
ENE.

RI SN mapping. Preoperatively, the SNs were localized using
conventional lymphoscintigraphy. In some cases, single-photon
emission CT with CT (SPECT/CT) was performed to obtain
additional information. Technetium 99 m (°’"Tc) phytate
(FUJIFILM RI Pharma Co., Ltd. and Nihon Medi-Physics
Co., Ltd.), which was used as the radiotracer, was injected
submucosally (74 MBq in 1 ml) 24 h before surgery at 4 points
(one point in each quadrant) around the primary tumour.

During surgery, radioactive SNs were detected with
handheld gamma probes, a neo2000 probe (Neoprobe) or a
Navigator™ GPS probe (RMD Instruments).

ICGfluorescence SN mapping. Aninfrared fluorescence imaging
system (Photodynamic Eye, Hamamatsu Photonics, Japan) that
consisted of light-emitting diodes (LED) set at 760 nm was used
as the light source, and a charge-coupled device camera with

a cut filter set below 820 nm was used as a detector to obtain
near-infrared (NIR) fluorescence images. ICG (5 mg/2 ml) was
injected submucosally at 4 points around the primary tumour
intraoperatively. Several minutes were usually required after
ICG injection until adequate amounts of ICG accumulated in
the SNs. After 10 min, transcutaneous detection of the SNs was
initiated by performing the neck compression technique. When
the neck skin was compressed against the posterior neck or
oral floor with a transparent plastic cone device (Hamamatsu
Photonics) (Fig. 2), a fluorescence signal appeared at the bottom
of the device because the LN moved close to the surface (7). The
LNs appeared as round areas of intense signal.

The lymphatic vessels of the oral cavity and the laryngo-
pharynx drain directly into the deep nodes (i.e., the submental,
submandibular and jugular nodes). When the ICG was injected
submucosally, the subcutaneous lymphatic vessels did not
exhibit a fluorescent signal.

After neck flap elevation for neck dissection, most of the
ICG-mapped SNs were detected without the neck compression
technique. RI- and/or ICG-mapped SNs were biopsied using a
gamma probe or a fluorescence imaging system.

Because ICG is not a colloid, it spreads to the secondary
LNs over time. Therefore, at biopsy, LNs other than the SN also
emitted weak fluorescence. Numbers of SNs are maximally
limited to six. Skin marking was used to ensure the exact loca-
tions of the SNs to be extracted; these SNs exhibited strong
fluorescence intensities.

Histopathological evaluation. All the SNs were subjected
to intraoperative pathological evaluation. All the other LNs,
including the non-radioactive and non-fluorescent LNs, were
considered non-SNs. The non-SNs were divided longitudinally
into 2 specimens, and a single representative cross section was
stained with haematoxylin-eosin (HE) for a final postopera-
tive diagnosis. The SNs were cut into 2-mm blocks, and 4-ym
sections from each block were used for intraoperative frozen
section analysis. Additional sections were stained with HE
and the cytokeratinAE1/AE3 (Agilent Technologies) stain for
a final postoperative diagnosis.

Occult metastases were classified into 3 categories (8): Isolated
tumour cells (ITCs; <0.2 mm in diameter), micrometastases
(0.2-2 mm), and macrometastases (>2 mm). Macrometastasis
and micrometastasis were considered indicative of pathological
positivity for LN metastasis but ITCs were not.

Statistical analyses. The primary endpoint of this study was
the SN identification rate of the ICG fluorescence method
(cases with the ICG method/cases with the RI method). The
SN identification rates are evaluated by the concordance rates
between the RI and ICG methods.

The assumed SN identification rate of the ICG mapping
was 95%, the threshold identification rate was 70%, the a
error was 0.05, the detection power was 0.80, and the required
number of cases was 15.

Considering the possibility of some unevaluable cases, 18
was the target number of cases.

Kaplan-Meier survival curves were used to analyse the
survival outcomes. We defined overall survival (OS) as the
duration between the date of registration and the date of death
or last follow-up. Disease-free survival (DFS) was defined
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Figure 1. Flow diagram of the procedures used in this study. OSCC, oral squamous cell carcinoma; SPECT, single-photon emission computed tomography;
SN, sentinel node; SND, selective neck dissection; ENE, extranodal extension; MRND, modified radical neck dissection.

&

Figure 2. ICG fluorescence SN mapping. An infrared fluorescence imaging system, plastic cones, and the neck compression technique. The neck compression
technique using a (A) plastic cone can be applied to confirm (B) deep fluorescent SNs. After (C) skin elevation, the SNs were visualized (D) without neck

compression. SN, sentinel node; ICG, indocyanine green.

as the duration between the date of registration and the date
of relapse, second primary tumour, death, or last follow-up.
P<0.05 was considered to indicate a statistically significant
difference. All the statistical analyses were performed using
EZR (v1.32) (9) on R commander.

Results

Subject characteristics. From July 2011 to July 2012,
20 patients were enrolled in the study. Of these, 2 patients

were excluded because of final preoperative diagnoses of
positive nodes. SNs were identified in all 18 enrolled patients.
The median follow-up period was 62.1 months (range:
52.3-72.6 months). The patient characteristics are summa-
rized in Table I.

Primary endpoint. The SN identification concordance rates
between the RI and ICG methods are presented in Table II.
The concordance rate of the ICG and RI methods at the case
level was 94% (17/18,95% CI: 0.73-1.00), and the concordance
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rate for the overall RI and ICG methods was 72% (13/18,
95% CI: 0.47-0.90); thus, the agreement rates were high.

The SN identification concordance rates of the ICG and
RI methods and the RI and ICG methods at the LN level were
97% (61/63) and 91% (61/67), respectively. (Table II); thus,
the agreement rates were high. These results indicate that the
primary endpoint goal was achieved.

Distributions and metastatic statuses of the SNs. The detailed
distributions and metastatic statuses of the SNs are illustrated
in Figs. 3 and 4. With the RI method, a total of 63 SNs were
detected (18 level I, 26 level 11, 8 level 111, 3 level I'V, and 8 SNs
in the contralateral region of the neck). Among these SN, 8
(12.7%) were positive for metastasis, including ITCs (2 were
level 1, 4 were level 11, 1 was level 111, O were level V and 1
was in the contralateral region of the neck; Fig. 3). The median
number of SNs per patient identified by SNB was 4 (range: 2-6).

With the ICG method, a total of 67 SNs were detected (20
were level 1, 24 were level 11, 8 were level 111, 3 were level IV,
and 12 were in the contralateral region of the neck). Among
these SNs, 7 (10.4%) were positive for metastasis, including
ITCs (2 were level I, 3 were level 11, 1 was level III, O were
level V and 1 was in the contralateral region of the neck;
Fig. 4). The median number of SNs per patient identified by
SNB was 4 (range: 1-6).

Outcomes. There was 1 case of ENE, which was treated with
postoperative chemoradiotherapy. Five patients experienced
recurrences or second primary tumours during the follow-up
period, 3 of which occurred at the primary site, 1 of which
occurred in the neck, and 1 of which occurred at a second
primary site.

The cervical recurrence was a case of pN2b, which was
from the dissected area of the affected neck.

Of the 3 patients who experienced recurrence at the
primary site, 2 had suspicious multicentric cancer.

The 5-year OS of all the patients was 83.3% (95% CI:
0.57-0.88; Fig. 5), and the 5-year DFS of all the patients was
76.7% (95% CI: 0.49-0.91; Fig. 6).

Discussion

The results of a phase III study (3) in India demon-
strated a prognostic advantage of selective neck
dissection (SND) for early oral cancer in 2015. However, the
surgical indication for SND could be limited if the diagnosis of
NO cases or the regular follow-up of patients could be strictly
performed.

If SND is performed for all NO cases of early cancer,
unnecessary surgery will be performed for more than 70%
of patients, and surgery occasionally causes postoperative
dysfunction or complications. In this respect, SN biopsy has
been demonstrated to be less invasive than SND (10-12).
Moreover, avoiding unnecessary procedures is expected to
reduce medical expenses (13-15). Furthermore, potential
metastasis to level IV, which occurs outside the range of
supraomohyoid neck dissection (SOND), has been reported to
occur in 9-10% of cases (16-18). This missed metastasis is also
a problem for improving survival. SN biopsy is considered a
useful solution to these problems.

Table I. Patients characteristics.

Characteristics Number %
Age, median (range), years 54.5 (26-82)
Sex

Male 11 61

Female 7 39
Tumor location

Tongue 15 83

Gingiva 2 11
Clinical T stage®

Late T2 17 94

T3 1 6
Pathologic TN stage® (pT)

Tis 1 6

T1 11 61

T2 3 17

T3 1 6

T4a 2 11
Pathologic TN stage® (pN)

NO 12 67

N1 4 22

N2b 2 11
Positive sentinel nodes (cases) 6 33
Positive sentinel nodes (nodes) 8

ITC 1 13

0.2-2 mm 2 25

<2 mm 5 63
Tumor resection method

Trans-oral/cervical 14 78

Pull-through 4 22
Reconstruction method

Primary suture 14 78

Flap 4 22
Node dissection

Ipsilateral 11 61

Bilateral 6 33

Sentinel node biopsy 1 6
Adjuvant chemoradiotherapy 1 6

*According to the Union for International Cancer Control tumor node
metastasis staging system (7th edition); ITC, isolated tumour cells.

SND and SN biopsy have been studied in early-stage oral
cancer and also in early pharyngeal and laryngeal cancers
with the transoral approach.

In an investigation of 40 NO laryngopharyngeal carcinoma
patients who underwent transoral resection, the author indi-
cated that the indications for SND include a tumour depth
exceeding 1 mm and microvascular invasion. Because patients
with tumour depths of 0.5-1.0 mm require sufficient observa-
tion, the author also indicated that these cases should be good
candidates for SN biopsy (19).
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Table II. Concordance rate of RI and ICG mapping SNs.

Cases Nodes
Detection methods No. % 95% CI No. % 95% CI
ICG/RI 17/18 94 0.73-1.00 61/63 97 0.89-1.00
RI/ICG 13/18 72 0.47-0.90 61/67 91 0.82-0.97

CI, Confidence Interval; ICG, indocyanine green; RI, radioactive isotope; SN, sentinel nodes.

/]

7| 1V: 0%, 0/3

Contralateral neck:
13%, 1(ITC)/8

Figure 3. Distribution and metastatic status of the SNs. Number of detected SNs using RI mapping and positive nodes. SN, sentinel node; RI, radioactive isotope.

Need for an SN biopsy method and a non-RI method in
throat cancer. In recent years, the transoral approach for
pharyngo-laryngeal cancers has been reported to enable
minimally invasive surgery for primary tumours. Additionally,
this approach has the advantage of performing SN navigation
neck dissection for occult LN metastasis while being even
less invasive to the neck (20,21). Future investigations are
needed to verify whether the combination of primary tumour
resection with a transoral approach and sentinel LN navigation
neck dissection is possible.

When an RI method is applied for laryngeal or hypopha-
ryngeal cancer, an endoscopic injection is needed, whereas a
direct injection can be used for oropharyngeal cancer. This
requirement limits the equality of medical care due to tech-
nical and equipment issues at institutions. Therefore, there is a
need to develop non-RI methods for laryngeal cancers.

ICG fluorescence method. When SN biopsies are performed,
RIs are conventionally used as tracers to identify the SNs.
However, this method has the disadvantage of radiation expo-
sure and thus requires improvement. ICG can be administered

to the human body and is used as a reagent for examinations
of the liver, ocular fundus, and other structures. ICG is excited
by infrared light (760-780 nm) and emits near-infrared
fluorescence at different wavelengths (800-850 nm) that are
easily transmitted in the human body. The dynamic state can
be observed non-invasively below the tissue surface using an
infrared light detection camera following the injection of ICG
into the body.

Because ICG accumulates in LNs, SNs can be visualized
intraoperatively. Therefore, this method could be the best
alternative to RI methods.

The ICG method has great advantages as a non-RI method,
but two problems must be overcome. First, the depth of
penetration of near-infrared light is limited, and second, the
near-infrared signal spreads rapidly and diffusely because
ICG is not a colloid. The longer the time between injection
and detection, the more lymph nodes that are detected. It
requires more skillful techniques because it requires detection
in a short time. As more lymph nodes are detected in ICG, the
number of SNs selected is approximately 4. In our study, out
of several ICG infrared lymph nodes in level II, 2 bigger ICG
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Contralateral neck:
8%, 1(ITC)/12

Figure 4. Distribution and metastatic status of the SNs. Number of detected SNs using ICG mapping and positive nodes. SN, sentinel node; ICG, indocyanine green.

infrared lymph nodes were incorrectly selected as SNs and a
smaller metastatic node was not selected (Fig. 4).

ICG method also detected more SNs in the contralateral
neck than RI method. It was estimated that this is why it
depends on the duration from injection to biopsy.

The application of SN biopsy methods using ICG have been
reported in breast cancer (22) and gastric cancer (23). However,
Al-Dam et al (24) reported that the sensitivity and specificity
of ICG in oral cavity cancer were 50% and 100%, respectively.
As ICG spreads quickly, the number of SLNs were usually more
than RI colloid methods. However, the mean number of SLNs
was 1.95 (1-3). The number of SLNs in 4 false negative cases were
1,1,2 and 3, respectively while in 4 positive cases they were 2,3,2
and 3, respectively. The mean number of SLNs of the two groups
were 1.75 and 2.5, respectively. The number of SLNs were fewer
than the average number 3.4 (25) and our cases (mean number
4). As it was difficult to select one or two metastatic SLNs from
many fluorescence lymph nodes, the metastatic SLNs were prob-
ably not selected accurately as SLNs. van der Vorst et al (26),
also reported that after injection of ICG with human serum
albumin (complex: ICG:HSA), SLNs were observed to increase
significantly over time. As SLNs increase significantly over time,
it is necessary to set a limit on the number of SLNs needed. We
recommend 3 or 4 SLNs in ICG method.

According to the eighth international symposium for SNB
in head and neck cancer (8th SNB) in 2018, ICG fluorescence
method has shown promise in identifying lymph nodes located
close to the primary tumor (ie, FOM) that may otherwise
be missed due to high gamma signal at the injection site
(shine-through effect) (27). However, Schilling et al (28) recom-
mend that ICG fluorescence method alone is not applicable for
SNB, yet support its use in combination with a radionuclide
tracer. Murase et al (29), also reported that since using ICG

fluorescent imaging and 99 m-technetium-tin colloid were
able to identify all positive SLNs, this combined method was
useful for detecting SLNs in oral cavity cancer. However, ICG
fluorescent imaging could not detect any SLNs transcutane-
ously. Compression method could facilitate the intraoperative
localization of the SN in breast cancer (7). However, compres-
sion methods using a transparent plastic cone device have not
been reported in oral cavity cancer. This is the first report
describing the potential usefulness of compression methods
using a transparent plastic cone device in oral cavity cancer.

In a basic experiment using the HyperEye Medical System
(HEMS), the locations of cervical LNs could be visualized
transcutaneously in rabbits. In pigs, which have thick skin and
fat layers, the locations of LNs could not be identified transcu-
taneously. However, the LNs themselves emitted fluorescence,
and it was possible to visualize the LNs based on accumulated
ICG in the fat layer (30).

NIR fluorescence penetrates human tissues to a depth of
1-2 cm and allows for the transcutaneous visualization of SLNs
and lymphatic vessels (31). Usually, NIR fluorescence does not
reach the jugular nodes. Nakamura reported that fluorescent
SNs could be visualized transcutaneously with the HEMS
camera when the skin over the SN received finger pressure in 6
head and neck cancers (32). The jugular nodes are the frequent
targets of metastasis in head and neck cancer. As the jugular
nodes are located in the deep neck and behind the sternoclei-
domastoid muscle of the neck, it is difficult to confirm the
SNs through the skin. Fortunately, there are some neck spaces
without muscles including carotid triangle, submental triangle,
and lessor supraclaviclar fossa in the neck. The neck compres-
sion technique using a plastic cone can be applied to confirm
deep SNs. As a result, we can definitely detect lymphnodes
through these spaces by using a plastic cone.
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Figure 5. Kaplan-Meier curves of OS. OS, overall survival.
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Figure 6. Kaplan-Meier curves of DFS. DFS, disease-free survival.

As previously mentioned, one of the major drawbacks
of this method is the rapid migration of ICG through the
lymphatic system, which limits the diagnostic window and
can lead to the undesirable detection of downstream nodes.
The exact detection of SNs with ICG mapping requires a suffi-
cient learning curve. Araki et al (33), resolved this problem by
mixing ICG with phytate colloid to retard its migration and
demonstrated the feasibility of this technique in a nude mouse
study.

This prospective multicenter study has some limitations
such as the learning curve associated with operative proce-
dures. Before conducting this study, we held meetings in order
to establish uniform surgical techniques and to shorten the
learning curve. Inexperienced operators went to study SNB
using ICG fluorescence method with a plastic cone device at
experienced surgical centers. Furthermore, in the first trials
conducted at institutions with limited experience, skilled
surgeons went to instruct inexperienced surgeons and to
promote uniform accessibility of SNB using the ICG fluores-
cence method.

As previously mentioned, the ICG method has two
problems associated with the limited depth of penetra-
tion of near-infrared light and the rapid spread of ICG. By
compression through several neck spaces with a plastic cone
device, the jugular nodes and submandibular nodes can be
positively detected transcutaneously. As SLNs increase over
time due to spreading ICG, there need to be limitations in
the number of SLNs. Before conducting this prospective,
multicentre, phase II clinical trial, we discussed and practiced
detecting transcutaneously SLNs by ICG fluorescence method
with a plastic cone device. As detecting rapidly spreading
near-infrared lymph nodes, we decided to set the number of
SLNs at approximately 4.

As overcoming these two problems by using ICG fluores-
cence method with a plastic cone device, we demonstrated
the high concordance between RI and ICG mapping of SNs
in oral cavity cancer. As a result, we expect ICG fluorescence
method with a plastic cone can be employed as an alternative
technique to SN mapping in oral cavity cancer in near future.

The neck compression technique demonstrated high
concordance between RI and ICG mapping of SNs in oral
cavity cancer. This simple method can facilitate the surgical
procedures of ICG fluorescence-navigated SNB transcutane-
ously in oral cavity cancer.
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