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ABSTRACT: Background. The purpose of this study was to explore the
feasibility and potential drawbacks of near-infrared (NIR) endoscopy with
indocyanine green (ICG) to examine mucosal head and neck lesions.
Methods. NIR ICG endoscopy was applied to image head and neck can-
cer epithelium in vivo. The evaluation of the ICG videos was performed
off-line independently by 2 evaluators and blinded with respect to final
histopathological results from biopsies taken as the gold standard.
Results. Forty percent of the lesions from 55 patients were histologically
malignant. ICG positivity showed a sensitivity, specificity, and accuracy
to be related to a malignant tumor of 90.5%, 90.9%, and 89.1%,

respectively. The kappa index for the interobserver assessment showed
a 94.4% agreement for the assessment of the ICG positivity. Side effects
of the NIR ICG endoscopy did not arise.

Conclusion. NIR ICG endoscopy in patients with mucosal head and neck
lesions was feasible and safe. It might help intraoperatively to differenti-
ate benign from malignant lesions. © 2016 The Authors Head & Neck
Published by Wiley Periodicals, Inc. Head Neck 39: 234-240, 2017
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INTRODUCTION

Despite enormous improvement of diagnostic and thera-
peutic possibilities, 2 of every 3 cases of head and neck
cancer are detected in advanced stage and, even after cura-
tive treatment, 30% to 50% of patients sustain a locore-
gional recurrence with worse prognosis.' In addition to
long periods without symptoms, the difficult access to
some head and neck subsites and the field cancerization
process are major reasons why it is so difficult to detect
head and neck cancer in an early stage as well as to guaran-
tee clear tumor free margins (RO) when approaching a
tumor with surgical therapy.? Tumor-free margins are a
major prognostic factor for local tumor recurrence, which
occurs in 7% to 30% of patients with advanced disease.’
The field cancerization process leads to the fact that the
otorhinolaryngologist facing a suspicious lesion in the head
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and neck region typically is confronted with a combination
of inflammatory, dysplastic, and cancerous areas.*” In
early-stage cases, it is difficult to differentiate chronic
inflammation from early cancer and, in advanced tumors, it
is difficult to define the tumor borders clinically, even
when using endoscopic or microscopic assistance. Even for
benign diseases, it might be very difficult to clearly define
the border of the lesion. To date, the clinician can rely only
on systematic biopsies and their histopathological grading
of the epithelial dysplasia. This is time-consuming, must be
performed ex vivo, and has methodological limitations.® It
is well known that there are other molecular factors indicat-
ing genetic altered cells beyond dysplasia that have a major
prognostic impact on tumor diagnosis and evaluation of
tumor margins.

New optical diagnostics are needed to allow a faster non-
invasive (or least less-invasive) differentiation between
normal tissue and tumor tissue, between benign and malig-
nant tumor tissue, and between tumor tissue and surround-
ing inflammation. The development of near-infrared (NIR)
optical fluorescent techniques for diagnosis, treatment, and
follow-up of head and neck lesions, especially for head and
neck cancer, is a growing field that provides real-time
information regarding the presence, location, and dimen-
sions of the cancer tissue and/or metastasis through crea-
tion of a specific contrast between normal and cancer
tissue. This contrast could be the result of tumor-induced
morphologic and biochemical alterations that alter optical
properties of tissues and lead to tumor-specific autofluores-
cence. Furthermore, fluorescence can be achieved through
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targeting head and neck lesions by fluorescent probes.
Indocyanine green (ICG) is such an NIR fluorescent dye. It
is approved by the Food and Drug Administration and the
European Medicines Agency for determining cardiac out-
put, hepatic function, and liver blood flow, and for ophthal-
mic angiography, but so far not for head and neck lesions.
In the head and neck area, it has been used so far casuisti-
cally only as ICG angiography for the monitoring of free
flaps or for the evaluation of the relation of larger vessels
to skull base tumors.”® It has been applied in paranasal
tumors to adapt intra-arterial chemotherapy.9 Recently,
ICG has been introduced as a marker for sentinel node
biopsies in patients with head and neck cancer.'®!" If ICG
NIR endoscopy could improve the visualization of the
mucosal lesion itself, it has not been evaluated so far.
Because of its ability to visualize neoplastic vasculariza-
tion, it has been shown to support the endoscopic detection
of lung metastasis or early gastric cancer as well as the
detection of liver metastasis during open abdominal
surgery.lz*14

Therefore, we started a pilot study to explore the feasi-
bility, opportunities, and potential drawbacks of NIR
endoscopy with ICG to examine mucosal head and neck
lesions.

MATERIALS AND METHODS
Study design and setting

This prospective observational study was performed at
the Department of Otorhinolaryngology, Jena University
Hospital, Jena, Germany. Approval for the study was
obtained through the local institutional review board and
informed consent was obtained from all study participants.

Patients and performance of the of near-infrared
fluorescence endoscopy

The study cohort consisted of 55 patients with different
mucosal head and neck lesions treated between November
2013 and December 2015. Inclusion criteria were age >18
years, indication for diagnostic panendoscopy or microlar-
yngoscopy in general anesthesia and taking biopsies, and
written informed consent, including consent for the off-
label use of ICG. Exclusion criteria were severe chronic
kidney, lung and liver disease, and thyroid autonomy.

Standard panendoscopy or microlaryngoscopy with care-
ful evaluation of the suspected mucosal lesion area and its
surrounding tissue was performed. NIR ICG endoscopy
was performed before taking the diagnostic biopsies (Fig-
ure 1). An NIR-optimized HD camera system (IMAGE!1 S
NIR/ICG system; Karl Storz, Tuttlingen, Germany) and
light source (D-LIGHT P; Karl Storz) were used for NIR
endoscopy. This system allows a switchover via a foot-
switch between fluorescence and standard white light
mode. NIR-optimized telescopes were used (ICG HOP-
KINS 0° telescope, 5.8 mm diameter, 19 cm length; and
ICG HOPKINS 0° telescope, 10 mm diameter, 20 cm
length; Karl Storz). Then, ICG (5 mL of 25 mg/15 mL solu-
tion = 8.3 mg ICG; Pulsion, Feldkirchen, Germany) was
administered intravenously. Before this study, we tested
solutions from 25 mg/30 mL to 25 mg/5 mL. The 25 mg/15
mL solution gave the best image contrast. NIR ICG imag-
ing was started directly after application of the contrast

FIGURE 1. Intraoperative setting. Standard panendoscopy was
performed, including suspension laryngoscopy. Rigid near-
infrared (NIR) with indocyanine green (ICG) endoscopy was per-
formed directly after injection of the ICG. A split screen allowed
observation of white light image and fluorescence image at the
same time. [Color figure can be viewed at wileyonlinelibrary.com]

agent. The procedure was video-recorded (12 frames/sec-
ond). Each video had at least duration of 60 seconds. The
initial ICG uptake phase was completely recorded in the
NIR ICG mode of the imaging system. After the end of this
uptake phase, it was switched back and forth several times
from the NIR ICG mode to the white light mode of the
endoscope before the recording was completed. Finally,
standard biopsies were taken from the same areas and pre-
ceded for standard histopathology.

Evaluation of the near-infrared indocyanine green videos

The evaluation of the videos was performed off-line.
The videos were viewed repeatedly. Additionally, all vid-
eos were evaluated in single-frame mode. The images
were evaluated independently by 2 evaluators who were
blinded with respect to the final histopathological results.
The videos were evaluated for 3 parameters: (1) ICG pos-
itivity of the head and neck lesion (yes/no) was the first
parameter. A lesion was defined as ICG-positive if the
lesion showed a fast uptake of ICG within 1 to 2 seconds
after ICG injection. Normal mucosal vessels always were
ICG-positive. Therefore, it was possible that the lesion
itself was ICG-negative but contained ICG-positive ves-
sels. (2) Pooling of ICG was the second parameter (pool-
ing yes/no): some lesions showed a constant ICG labeling
throughout the entire video-recording phase and a pooling
of ICG within the lesion. (3) The tumor borders were
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TABLE 1. Patient characteristics.

Patient characteristics (n = 55) Absolute, no.  Relative, %
Sex
Female 13 23.6
Male 42 76.4
Localization
Larynx 32 58.2
Oropharynx 16 29.1
Cavity of the mouth 6 10.9
Hypopharynx 1 1.8
Primary lesion or recurrence
Primary lesion 45 81.8
Recurrent lesion 10 18.2
Histology
Squamous cell cancer 18 32.7
Squamous cell hyperplasia 8 14.5
Normal mucosa 7 12.7
Reinke edema 6 10.9
SIN Il (severe dysplasia) 3 55
Chronic inflammation 3 55
Cyst 2 3.6
Polyp 3 55
Lymphoma 1 1.8
SIN Il (moderate dysplasia) 1 1.8
Papilloma 1 1.8
Papillomatosis 1 1.8
Lymphatic tissue 1 1.8
Malignant tumor
No 33 60.0
Yes 22 40.0
If malignant (n = 22), grading
2 11 50.0
3 7 31.8
Not applicable 4 18.2
If malignant (n = 22), T classification
T 1 4.5
T2 8 36.4
T3 8 36.4
T4 1 4.5
Not applicable 4 18.2
Mean = SD Median, range
Age, y 59 +14 60, 22-80

Abbreviation: SIN, squamous intraepithelial neoplasia.

evaluated as the third parameter. In case of an ICG-
positive lesion, the size of the ICG-labeled tumor was
compared to the size of the tumor under white light
endoscopy (same/larger/smaller).

Statistical analysis

Statistical analyses were performed using IBM SPSS
version 23.0 statistical software for Windows (Chicago,
IL). If not otherwise indicated, data are reported as mean
with SD. The diagnostic accuracy of NIR ICG positivity
to prognosticate a malignant tumor was evaluated by a 2-
by-2 table and calculation of sensitivity and specificity.
Differences concerning the evaluation parameters between
2 subgroups of patients were evaluated with the chi-
square test. For all statistical tests, significance was 2-
sided and set to p < .05 Interobserver variability of the
assessment of the NIR ICG findings was analyzed using
kappa statistics.

RESULTS
Subjects

Patients’ characteristics are summarized in Table 1.
Forty-two men and 13 women were included. Mean age
was 59 * 14 years (range, 22-80 years). The majority of
the lesions were localized in the larynx (58%) and the
oropharynx (29%). Most cases were primary lesions
(82%). The dominant histology was squamous cell cancer
or a premalignant squamous intraepithelial neoplasia
(SIN) III tumor (33%), followed by benign squamous cell
hyperplasia (15%), normal mucosa (13%), and Reinke
edema (11%). Overall, 40% were malignant tumors.
Complications during the NIR endoscopy were not seen.

Near-infrared/indocyanine green findings

In general, submucosal vessels were ICG-positive.
Benign lesions were ICG-negative and premalignant or
malignant tumors (severe dysplasia SIN III and squamous
cell cancer) were ICG-positive (Table 2, Figure 2). In
ICG-positive tumors, normal ICG-positive vessels were
no longer separately identifiable. ICG-positive lesions
showed a fast and gradual uptake of the ICG with sec-
onds after the intravenous bolus injection (Figure 3). If
the lesion was ICG-positive, it seemed to be of the same
size or larger during NIR ICG endoscopy than during
white light endoscopy when the lesion was malignant
(Table 3). In contrast, ICG size seemed to be smaller than
the size in white light endoscopy in benign ICG-positive
lesions. Retention of ICG was visible in 21 of 22 ICG-
positive lesions; only the benign papilloma showed a
strong ICG positivity but no pooling after the ICG uptake
phase. The retention of the ICG could be homogeneous
or inhomogeneous with an ICG-positive lesion (Figure 2).

TABLE 2. Relation of histopathology to indocyanine green positivity and
indocyanine green—positive vessels.

No. of ICG-negative lesions

No. of With With
ICG-positive  ICG-negative  ICG-positive ~ Sum,
Histopathology lesions vessels vessels no.
Normal mucosa 0 0 7 7
SIN Il (severe 2 1 0 3
dysplasia)
Squamous cell 16 1 1 18
cancer
Chronic 1 1 1 3
inflammation
Lymphoma 1 0 0 1
Cyst 0 0 2 2
Reinke edema 0 0 6 6
SIN Il (moderate 0 1 0 1
dysplasia)
Polyp 0 0 3 3
Papilloma 1 0 0 1
Papillomatosis 0 0 1 1
Lymphatic tissue 1 0 0 1
Squamous cell 0 8 0 8
hyperplasia
Sum 22 12 21 55

Abbreviation: SIN, squamous intraepithelial neoplasia.
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FIGURE 2. Endoscopic examples of near-
infrared (NIR) with indocyanine green (ICG)
finding in different types of mucosal head
and neck lesions in the larynx. White light
image on the left side (A-E) and corre-
sponding NIR ICG image on the right side
(F-J). Normal mucosa (AB) and Reinke
edema (BG) only showed ICG positivity in
the submucosal vessels. The mucosal
hyperplasia on the right anterior vocal cord
(CH) was completely ICG-negative, even
sparing ICG-positive vessels. The severe
dysplasia of the right vocal cord (squamous
intraepithelial neoplasia [SIN] Ill, DI) and
the squamous cell cancer of the left anteri-
or vocal cord (T1 glottic cancer, EJ)
showed a diffuse ICG positivity and reten-
tion of ICG. [Color figure can be viewed at
wileyonlinelibrary.com]

The diagnostic accuracy is shown in Table 4. This
resulted in a sensitivity, specificity, and accuracy that
ICG positivity was related to a malignant tumor of
90.5%, 90.9%, and 89.1%, respectively.

The kappa index for the interobserver assessment of the
NIR ICG finding showed a 94.4%, 79.4%, and 62.5%
agreement, respectively, for the assessment of the ICG
positivity of the lesion, the size in relation to the white
light image, and concerning the retention of ICG within
the lesion.

DISCUSSION

In head and neck oncology, NIR fluorescence imaging
has so far been introduced for sentinel lymph node map-
ping and might be a promising alternative to gamma ray-
emitting radiotracers for transcutaneous visualization of
superficial lymphatic channels and sentinel lymph nodes

in the future.'>'® For direct tumor imaging, it has been
used so far in a limited number of studies, mainly in
patients with hepatobiliary cancer, colorectal metastases,
gastric cancer, or breast cancer.'”?° To our knowledge,
Yokoyama et al*! were the first to apply NIR ICG endos-
copy to visualize the primary head and neck cancer in 5
patients. All 5 patients with oral or oropharyngeal cancers
were ICG-positive in their study. The same group recently
published a series of 36 patients with advanced paranasal
sinus cancer receiving an ICG injection together with
intra-arterial chemotherapy. All tumors were ICG-positive
by ICG labeling of the tumor-feeding arteries. This was
helpful to confirm the target region for intra-arterial che-
motherapy, especially in cases in which standard CT
angio;raphy was not indicative.” Recently, Digonnet
et al** used NIR ICG imaging primarily to study the fluo-
rescence of negative and negative lymph nodes during
neck dissection in 11 patients. Five of these 11 patients
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FIGURE 3. Two endoscopic examples of
gradual onset of indocyanine green (ICG) in
2 ICG-positive malignant tumors. The glot-
tic carcinoma on the left anterior vocal
cord (A-E, same as EJ in Figure 2) starts to
become clearly ICG-positive 5 seconds
after the intravenous ICG bolus injection.
After 28 seconds, the retention of the ICG
in the lesions is completed. The oropharyn-
geal carcinoma in the left tonsillar fossa
(F-J) showed first ICG positivity after 6 sec-
onds. After 37 seconds, the inhomoge-
neous retention of ICG within the tumor is
completed. The ICG-positive area is larger
than the visible area of the tumor in the
white light image (compare F to J); normal
submucosal vessels are visible on the pos-
terior pharyngeal wall (see | and J). [Color
figure can be viewed at wileyonlinelibrary.
com]

also received a resection of the primary tumor. Four of
these 5 tumors were ICG-positive (80% vs 89% of the
premalignant SIN III tumors or malignant tumors in the
present study). The margins were ICG-negative after
tumor resection or second resection in 1 case with residu-
al fluorescence. These results and the findings of the pre-
sent study confirm that ICG positivity is a marker of
most head and neck cancers, as it has already been shown
for other solid tumors (see above).

No adverse reactions related to the ICG injection
occurred in patients with head and neck lesions. It is
repeatedly stated in the literature that bolus injections of
<0.25 to 0.5 mg/kg body weight might increase the risk
of allergic reactions. However, this statement is actually
related to only 1 study.”® Interestingly, we needed only a
fixed dose of 8.3 mg per patients (which would be only
0.12 mg/kg in a patient with 70 kg body weight) to
achieve a fast visualization within seconds to minutes,
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TABLE 3. Relation of histopathology to size of the indocyanine green—
positive lesion compared to the size during white light endoscopy.

Histopathology Same Larger Smaller Sum
SIN Il (severe dysplasia) 0 2 0 2
Squamous cell cancer 8 7 1 16
Chronic inflammation 1 0 0 1
Lymphoma 0 0 1 1
Papilloma 0 0 1 1
Lymphatic tissue 0 0 1 1
Sum 9 9 4 22

Abbreviation: SIN, squamous intraepithelial neoplasia.

whereas others report a best visualization with 0.5 mg/kg
ICG within 60 to 120 minutes.”’ We can only speculate
that our imaging system might be better able to detect the
fluorescence than other systems.

ICG is a nontargeted probe and itself not cancer-
specific. It binds to plasma proteins, remains within the
vascular system, and does not diffuse into the interstitial
space under physiological conditions.'® It is proposed that
the peritumoral vascular hyperpermeability is one reason
for the tumor fluorescence.'® This might be the reason
why tissue with strong vascularization, like the lymphatic
tissue of the tonsil or a benign papilloma, or hyperperme-
ability because of inflammation, also could show (false)
ICG positivity. Furthermore, tumor neovascularization is
characterized by newly formed and more porous blood
vessels, leading to passive accumulation of ICG in tumor
tissue.'” This results in retention and pooling of ICG
within the malignant tumor, as it could be seen even in a
premalignant lesion and in early glottic cancer (SIN III
lesion or T1 glottic cancer, respectively) in the present
study or as a characteristic feature of early glottic can-
cer.'”** Interestingly, the ICG signal not only helped to
differentiate between benign and malignant lesions, but
also to differentiate different types of benign lesions. The
normal submucosal vessels system in the head and neck
mucosa is always ICG-positive. In case of benign squa-
mous cell hyperplasia, the region of the lesion was spared
from these vessels. It might be that the hyperplasia cov-
ered the fluorescence of the vessels in a deeper layer.
Future studies should show how thick such a hyperplasia
must be to cover ICG-positive vessels. This is important
because this factor could be important in (false) ICG-
negative malignant tumors. Furthermore, at the moment,
targeted fluorescent dyes in the NIR range are being

TABLE 4. Diagnostic accuracy of indocyanine green positivity of
malignant tumors (n = 55).*

No. of No. of
ICG-negative ICG-positive pvalue
Benign process, no. 30 3 < .0001
Malignant tumors, no.* 3 19
Sum 33 22

Abbreviation: ICG, indocyanine green.
*Including premalignant squamous intraepithelial neoplasia (SIN Ill) lesions.

introduced into clinical trials, which might replace nontar-
geted ones in the near future.>>*® This will further
improve the accuracy of the technology.

Beyond ICG positivity, the demarcation of the tumor
borders is of interest in respect of image-guided sur-
gery.27 In the present study, the tumor borders appeared
to be larger under ICG than under white light endoscopy,
but the true histological borders were not correlated to
the endoscopic appearance. If ICG-guided surgery could
lead to clearer tumor margins and better outcome, it has
to be shown in future studies with histological correla-
tions. In any case, it has been shown already that a repeti-
tion of the NIR ICG endoscopy directly after tumor
resection can help to obtain clear margins because the
wound bed should be ICG-negative after resection.*

The advantage of NIR ICG imaging is that several
endoscopy systems as well as ICG are licensed and on
the market. The NIR light does not alter the vision of the
surgeon and it is easy to switch between white light and
ICG image. Furthermore, the signal-to-background ratio
is impressive because of very low autofluorescence.'” In
contrast, a dense submucosal vascular network, like in the
tonsils, might make it more difficult to demarcate a mela-
noma against the background. The good tissue penetration
of about 5 to 10 mm is an advantage to other optical
imaging techniques (for instance, autofluorescence, confo-
cal laser endomicroscopy, or optical coherence tomogra-
phy), but, of course, still not enough to get an overview
of larger tumors (>T1).28

The diagnostic accuracy, sensitivity, and specificity to
predict a malignant tumor by ICG positivity was satisfac-
tory for such a first feasibility study. One should not for-
get that the evaluation was performed offline by watching
the videos repeatedly and in single-frame modus. Further-
more, it should be stressed that the contrast between
“ICG-positive” and “ICG-negative” regions was only sub-
jectively evaluated, so the method lacks any objectivity
(apart from the interobserver evaluation). Especially with
regard to a possible application during a resection of
tumors, where blood, tissue debris, and coagulation arti-
facts might reduce the contrast even further, a high con-
trast would be mandatory. It would be worthwhile to
develop automated image analysis methods for ICG
images as it has also ready been introduced for confocal
laser endomicroscopy images.”” For optical image-guided
surgery, it would be helpful to develop tools to overlay
ICG image and white light image.*° Finally, the approval
of tumor-specific NIR probes or the conjunction of
tumor-specific antibodies with unspecific NIR probes will
be the most important step to develop intraoperative
image-guided cancer surgery.

CONCLUSIONS

NIR ICG endoscopy was feasible in 55 patients with
different mucosal head and neck lesions. Complications
were not seen. For a first feasibility study, the diagnostic
accuracy analysis to predict a malignant tumor by offline
evaluation of the ICG videos for ICG positivity of the
tumors was satisfactory. The analysis showed a sensitivi-
ty, specificity, and accuracy that ICG positivity of the
tumor was related to a malignant tumor of 90.5%, 90.9%,
and 89.1%, respectively. This has to be confirmed in
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larger confirmatory studies, including tumors that are
more advanced and especially in relation to the correla-
tion between ICG tumor margins and histological tumor
margins.
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