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Abstract

Objectives—Elective neck dissection is frequently performed during surgery in head and neck
cancer patients. The sentinel lymph node (SLN) procedure can prevent the morbidity of a neck
dissection and improve lymph node staging by fine pathology. Near-infrared (NIR) fluorescence
imaging is a promising technique to identify the sentinel lymph node (SLN) intraoperatively. This
feasibility study explored the use of indocyanine green adsorbed to human serum albumin
(ICG:HSA) for SLN mapping in head and neck cancer patients.

Materials and Methods—A total of 10 consecutive patients with oral cavity or oropharyngeal
cancer and a clinical NO neck were included. After exposure of the neck, 1.6 mL of ICG:HSA
(500 M) was injected at 4 quadrants around the tumor. During the neck dissection, levels I, 11, I11
and IV were measured for fluorescence using the Mini-FLARE imaging system.

Results—In all 10 patients, NIR fluorescence imaging enabled visualization of one or more
SLNs. A total of 17 SLNs were identified. The mean contrast between the fluorescent signal of the
lymph nodes and of the surrounding tissue was 8.7 + 6.4. In 3 patients, of which 1 was false-
negative, lymph node metastases were found. After administration of ICG:HSA, the average
number of fluorescent lymph nodes significantly increased over time (P < 0.001).

Conclusion—This study demonstrated feasibility to detect draining lymph nodes in head and
neck cancer patients using NIR fluorescence imaging. However, the fluorescent tracer quickly
migrated beyond the SLN to higher tier nodes.
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INTRODUCTION

In head and neck cancer patients, cervical lymph node involvement is the single most
important prognostic factor.12 To obtain adequate staging and local control of the cervical
region, elective neck dissections are frequently performed, even in patients with clinical and
radiological NO stage. In approximately 25% of these patients, lymph node metastases are
found.3 Furthermore, micrometastases and isolated tumor cells are often missed during
standard pathological workup.

To decrease the morbidity of neck dissection and to improve lymph node staging by fine
pathology, the sentinel lymph node (SLN) procedure has been advocated. The SLN
procedure is based on the theory that flow from a tumor travels sequentially to the first tier
node (i.e. the sentinel node) and subsequently to the remaining lymph node basin. The SLN
procedure is currently standard of care in breast cancer and melanoma in most centers.
Although much work has been performed in head and neck cancer, the SLN procedure has
not yet been established as standard of care.*~" As in breast cancer, the use of radiocolloids
and a blue dye can be considered the gold standard to locate the SLN. However, the
disadvantages of radiocolloids are the lack of real-time intraoperative visual information and
the need for a nuclear physician; and disadvantages of blue dyes include limited depth
penetration and blue staining of the surgical field.

Recently, the use of near-infrared (NIR) fluorescent light has been introduced to
intraoperatively to identify lymph nodes, tumors and vital structures.8 NIR fluorescence
using the fluorescent dye indocyanine green (ICG) has been successfully used for sentinel
lymph node mapping in breast cancer, melanoma, cervical cancer, and vulvar cancer.?-12
The concept of NIR fluorescence guided SLN mapping in oropharyngeal cancer has also
been reported in humans.13 However, in the study by Bredell et al.13, the interval between
injection of ICG and imaging varied between 5 and 30 min, which can result in
identification of higher tier nodes.. Preclinical work suggests that premixing ICG with
human serum albumin (complex: ICG:HSA) could improve the fluorescent properties and
improves retention in the SLN due to its increased hydrodynamic diameter.14 Furthermore,
the injected dose of ICG (without HSA) used by Bredell et al. was 10 mg per patient.
Several clinical dose-finding studies have shown that a significant lower dose (0.5-1.0 mg
ICG:HSA) can successfully be used for sentinel lymph node mapping in other
indications.10-12 The aim of the current study was to assess the feasibility of NIR
fluorescence and ICG:HSA for SLN mapping in head and beck cancer using 1.6 ml of 500
KM ICG:HSA and the Mini-FLARE imaging system.

PATIENTS AND METHODS

Preparation of Indocyanine Green Adsorbed to Human Serum Albumin

ICG (25 mg vials) was from Pulsion Medical Systems (Munich, Germany) and was
resuspended in 10 cc of sterile water for injection to yield a 2.5-mg/ml (3.2-mM) stock
solution. Of this solution, 7.8 cc was transferred to a 50-cc vial of Cealb (20% human serum
albumin (HSA) solution; Sanquin, Amsterdam, The Netherlands) to yield ICG in HSA
(ICG:HSA) at a final concentration of 500 M.

Intraoperative NIR Fluorescence Imaging

SLN mapping was performed using the Mini-FLARE image-guided surgery system as
described before.11 Briefly, the system consists of 2 wavelength-isolated light sources: a
“white” light source, generating 26,600 Ix of 400 to 650-nm light and a “near-infrared” light
source, generating 7.7-mW/cm2 of 760-nm light. Color video and NIR fluorescence images
are simultaneously acquired and displayed in real time using custom optics and software that
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separate the color video and NIR fluorescence images. A pseudo-colored (lime green)
merged image of the color video and NIR fluorescence images is also displayed. The
imaging head is attached to a flexible gooseneck arm, which permits positioning of the
imaging head virtually anywhere over the surgical field, and at extreme angles. For
intraoperative use, the imaging head and imaging system pole stand are wrapped in a sterile
shield and drape (Medical Technique Inc., Tucson, AZ).

The single-institution clinical trial was approved by the Medical Ethics Committee of the
Leiden University Medical Center and was performed in accordance with the ethical
standards of the Helsinki Declaration of 1975. A total of 10 consecutive patients with oral
cavity or oropharyngeal cancer, and a clinical and radiological NO neck were included. All
patients underwent ultrasound guided cytology of lymph nodes in the neck region to assess
nodal status. All patients provided informed consent and were anonymized. Exclusion
criteria were pregnancy, lactation or an allergy to iodine, shellfish, or indocyanine green.

After exposure of the neck following subplatysmal flap elevation, 1.6-mL ICG:HSA (500
M) was injected at 4 quadrants around the tumor using a 21G, 1% inch needle. During the
neck dissection, levels I, 11, 11l and 1V were measured for fluorescence using the Mini-
FLARE imaging system after injection of ICG:HSA. To assess the occurrence of drainage to
higher tier nodes and the optimal time of imaging after injection, measurements were
performed at 5, 10, 15, 20, 25, 30, 45 and 60 min after injection. All first draining NIR
fluorescent hotspots were considered SLNs and were marked using sutures. The neck
dissections consisted of resection of level I, Ila, IIb and Il and in some cases level 1V. The
resection of the primary tumor afterwards was performed following standard procedure.
Afterwards, all resected lymph nodes were examined by routine histopathological analysis;
lymph nodes were fixed in formalin and embedded in paraffin for routine hematoxylin and
eosin staining. SLNs and non-SLNs were examined separately.

Statistical Analysis

RESULTS

For statistical analysis and to generate graphs, GraphPad Prism Software (Version 5.01, La
Jolla, CA) was used. Age, body mass index (BMI) and tumor size were reported as median
and range. Signal-to-background ratio (SBR) was reported as mean and standard deviation.
Difference in number of lymph nodes identified between time points was tested using a
repeated measures ANOVA.

Patient and Tumor Characteristics

Patient and tumor characteristics are detailed in Table 1. Ten patients with oral cavity or
oropharyngeal tumors and a clinical and radiological stage NO were included. Median
patient age was 59.5 years (range 33-73 years), median BMI was 24 (range 19-35 kg/m?),
and median primary tumor size was 2.2 cm (range 0.3-5.2 cm). Location of primary tumor
was the tongue in 7 patients, tonsil region in 2 patients, and retromolar trigone in 1 patient.
Four patients underwent a hemiglossectomy, 4 patients underwent a commando resection,
and 2 patients underwent a pull-through resection. Nine patients underwent a unilateral neck
dissection and 1 patient a bilateral neck dissection. One patient was previously treated for a
laryngeal cancer and developed a second primary tumor after a disease-free period of 10y,
for which the patient was treated and included in the current study. This patient was initially
treated with surgical removal of the tumor and bilateral radiotherapy of the neck region.
After histological examination, 9 patients were diagnosed with a squamous cell carcinoma
and 1 patient with a basal cell adenocarcinoma.
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Intraoperative NIR Fluorescence Imaging

In all patients (N = 10), NIR fluorescence imaging enabled identification of 1 or more SLNs.
An example of the intraoperative identification of a SLN using NIR fluorescence is shown
in Figure 1. A total of 17 SLNs were detected. On average, 1.7 + 0.8 SLNs per patient were
detected and a total of 22.9 £ 9.7 lymph nodes were resected per patient (Table 2). The
average contrast between fluorescent signal of the SLN and the surrounding tissue was 8.7
6.4. In 3 patients, the identified SLNs were located in level I, in 5 patients in level 1A and in
2 patients in level I11. No adverse reactions or complications occurred during the current
study. Histological analysis showed that 3 out of 10 patients had metastatic disease, all in a
single lymph node. In 2 cases, the tumor-positive lymph node was the NIR fluorescent SLN,
and in 1 patient the tumor-positive lymph node was a non-SLN located in level 2A, which
was also not NIR fluorescent. No adverse reactions occurred.

Intraoperative lymphatic mapping

To assess the occurrence of drainage to higher tier nodes and the optimal time of imaging
after injection, NIR fluorescence was measured at several time points after injection (Fig. 2).
All first draining NIR fluorescent hotspots were considered SLNs and were marked using
sutures. Additional lymph nodes that became fluorescent during later imaging time-points
were allocated as higher tier non-SLNs. In 7 of 10 patients SLNs could be identified within
5 min after injection. In 3 patients, SLNs were detected after 10, 15 and 30 min,
respectively. Using a repeated measures ANOVA test, the average number of fluorescent
lymph nodes significantly increased over time (P< 0.001; Fig. 3; Table 3).

DISCUSSION

The current study examined the feasibility of using the Mini-FLARE imaging system and
ICG:HSA for intraoperative fluorescence guided SLN mapping in head and neck cancer
patients. In all patients, 1 or more SLNs could be identified during surgery, and in the
majority of patients the SLN could be identified within 5 min after injection. The average
contrast between fluorescence of the SLNs and background fluorescence was 8.7, which is
consistent with SBRs that were reported for fluorescence SLN mapping studies using
ICG:HSA in other cancer types.®-11 Another important finding of the current study was that
after several min, ICG:HSA drains to second tier nodes, which can possibly result in the
identification of false-positive sentinel nodes.

Bredell et al. was the first to describe the successful use of NIR fluorescence in SLN
mapping in oropharyngeal cancer patients. In this study, the time between injection of ICG
(without HSA) and imaging varied between 5 and 30 min. Based on the present study, this
could result in identification of higher tier lymph nodes. Furthermore, the injected dose of
ICG used in the previous study was 10 mg, which is considerably higher than the dose used
in the present study (0.62 mg). In breast cancer patients, our group has shown that when ICG
is injected in a high dose, a phenomenon known as quenching can occur, which can result in
a decrease of the NIR fluorescence signal.!

Based on previous preclinical results, ICG was premixed with HSA in the current study to
obtain better retention in the SLN and to increase quantum yield.1 However, it still remains
unclear if premixing ICG with HSA is necessary or significantly improves performance. A
randomized clinical trial in breast cancer patients reported no differences between using
ICG:HSA and ICG alone.® However, the effect of premixing ICG with HSA is potentially
indication-specific, therefore this should be examined for head and neck cancer patients. The
SLN procedure in breast cancer patients does not allow assessment of flow to higher echelon
lymph nodes. Therefore, the present study in which patients underwent a neck dissection
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creates an ideal platform to assess the degree and rate of flow to higher echelon nodes. As
we showed in Table 3, a high degree of flow to higher echelon lymph nodes was observed
since the average number of fluorescent lymph nodes identified an hour after administration
of ICG:HSA was 6.1 + 3.5, which was significantly higher than the average number of
SLNs of 1.7 £ 0.8.

Another approach recently presented by van der Poel et al. is combining fluorescence and
radioactivity in 1 lymphatic tracer by simply premixing #mTc-NanoColl and 1CG.1% Using
this multimodal tracer injected by the nuclear physician before surgery, time of surgery will
probably be shortened because the dye does not have to be injected during surgery.
Furthermore, preoperative SLN localization and subsequent surgical planning can be
performed using a lymphoscintigraphy or a SPECT/CT exam. Heuveling et al. demonstrated
SLN mapping in rabbits using Nanocolloidal albumin which was covalently conjugated to
IRDye-800CW, which showed excellent retention in the SLN after 24 hr.16 However,
translation of this compound to a clinical setting remains challenging due to regulatory
issues.

The current study showed a relatively wide range in time between injection of ICG:HSA and
identification of the SLN, which was 30 min in 1 patient. This particular patient was treated
for a primary laryngeal tumor by resection and cervical radiotherapy 10 y prior to the current
study, and only 1 fluorescent lymph node could be detected. After pathological workup, 15
lymph nodes were detected. Radiation can influence microvasculature and damage the
capillary network, which manifests itself as telangiectatic vessels that increase over time.’
Other studies showed that repair of damaged endothelium by angiogenesis is inhibited by
radiotherapy.1® Similar damage and aberrant repair may occur in lymphatic microvessels
after radiation. Therefore, a possible explanation for the relatively long time to identify the
SLN in this patient was that damage to the lymphatic microvessels perturbed drainage in the
irradiated neck. Furthermore, it is known from rectal cancer studies that an average of
approximately 5 times fewer nodes can be identified in resection specimens when patients
are treated with neoadjuvant radiation compared to patients only treated with surgery.19
When translating these results to head and neck cancer patients, prudence should be applied
in patients pretreated with radiation since SLN mapping can be more challenging in these
patients.

Based on standard pathology, in 1 of 3 patients with positive nodes, tumor cells were
detected in a non-SLN, while the SLNs did not contain tumor. The reason for this patient
being false-negatively staged remains unclear. A potential explanation could be that in case
of multiple drainage patterns, a subset of SLNs can become fluorescent later, and will be
incorrectly identified as higher tier lymph nodes. Future research should therefore be
focused on fluorescent tracers that are retained in the first draining node(s), which makes it
possible to perform imaging later after injection of the dye. Furthermore, the relatively low
depth sensitivity of the current generation imaging systems (on the order of millimeters),
could be an explanation for false-negative results. Another potential explanation could be
the occurrence of a skip metastasis in this particular patient, which has been reported
previously in head and neck cancer patients.2? Since only 10 patients were included in the
current study, a final potential explanation for this patient being false-negative is the
learning curve associated with tracer injection and imaging. Therefore, the false-negative
rate has to be assessed in larger patient series.

In conclusion, the current study successfully showed the use of NIR fluorescence and
ICG:HSA for intraoperative identification of the SLN in oropharynx and oral cavity cancer
patients. Optimal dosage, true false-negative rate, and optimization of lymphatic tracers and
possibly multimodal hybrid tracers, are topics for future studies.
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~ Color NIR Fluorescence Cg!or-NIR Merge
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Figure 1. Sentinel lymph node mapping using NIR fluor escence imaging in oropharyngeal
cancer patients

Peritumoral injection of 1.6 mL of 500-uM ICG:HSA identifies a SLN (arrow) in an
oropharyngeal cancer patient. M = sternocleidomastoid muscle and S = submandibular
gland.
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Figure 2. Sentinel lymph node mapping in head and neck cancer over time

One SLN (arrows) can be clearly identified 5 min (top row) postinjection of 1.6 mL of 500-
KM ICG:HSA around the primary tumor. Identification of higher tier nodes was observed
after 25 min (middle row), and the number of fluorescent lymph nodes increased further at
45 min postinjection (bottom row). M = sternocleidomastoid muscle and S = submandibular
gland.
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Figure 3. Lymph nodeidentification asa function of postinjection time

Number of fluorescent lymph nodes (mean + S.D.) is plotted as a function of time after
injection of 500-uM ICG:HSA. The number of fluorescent lymph nodes significantly
increased over time (P< 0.001)
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