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Abstract

Background—Uveal melanoma is the most common primary intraocular tumor in adults and up
to 50% of patients will develop liver metastases. Complete surgical resection of these metastases
can improve 5-year survival, but only a few patients are eligible for radical surgical treatment. The
aim of this study was to introduce a near-infrared (NIR) fluorescence laparoscope during
minimally-invasive surgery for intraoperative identification of uveal melanoma hepatic metastases
and to use it to provide guidance during resection.

Methods—Three patients diagnosed with one solitary liver metastasis from uveal melanoma are
presented. Patients received 10 mg indocyanine green (ICG) intravenously 24 h before surgery. A
NIR fluorescence laparoscope was used to detect malignant liver lesions.

Results—In all 3 patients, laparoscopic NIR fluorescence imaging using ICG successfully
identified uveal melanoma metastases. In 2 patients, multiple additional lesions were identified by
inspection and NIR fluorescence imaging, which were not identified by preoperative conventional
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imaging. In one patient, one additional lesion, not identified by computed tomography, magnetic
resonance imaging, laparoscopic ultrasonography and inspection, was observed with NIR
fluorescence imaging only.. Importantly, NIR fluorescence imaging provided guidance during
resection of these metastases.

Conclusions—We describe the successful use of laparoscopic identification and resection of
uveal melanoma liver metastases using NIR fluorescence imaging and ICG. This procedure is
minimally-invasive, and should be used as complementary to conventional techniques for the
detection and resection of liver metastases.

INTRODUCTION

Uveal melanoma is the most common primary intraocular tumor in adults and up to 50% of
patients will ultimately develop distant metastases [1]. In 90-95% of these patients, the
metastases will involve the liver [2,3]. Complete resection of these metastases can prolong
survival, however only few patients are eligible for radical surgical treatment [4-6].
Therefore, it is of great importance to select and treat these patients carefully, to prevent
unnecessary laparotomies and to fully resect sites of metastasis. Minimally-invasive
procedures have become important in daily clinical practice, are increasingly used for liver
surgery, and might help to optimize the resection of malignant disease.

Near-infrared (NIR) fluorescence imaging using indocyanine green (ICG) is a promising
technique to assist in the intraoperative identification of liver metastases in real time [7-10].
ICG is excreted exclusively into the bile after intravenous injection and it has been
hypothesized that colorectal liver metastases can be visualized due to passive accumulation
of ICG caused by hampered biliary excretion, which results in a fluorescent rim around
metastases [7,11].

Several clinical studies describe the use of NIR fluorescence imaging to visualise primary
hepatocellular carcinomas[8], as well as liver metastases from colorectal[12], and pancreatic
cancers[9] after intravenous injection of ICG, 1 to 14 days prior to surgery. The dose and
interval between ICG administration and surgery are key determinants of the remaining
background fluorescence signal in the liver and the fluorescent rim surrounding the tumor. A
dose finding study using an open intraoperative imaging system (Mini-FLARE[13]) in
patients with colorectal liver metastases was recently performed in our center[12], and 10
mg ICG administered 24 h before surgery was found to be the most favorable dosage and
time point of ICG administration. Moreover, in 12.5% of patients additional small and
superficially located lesions were detected using NIR fluorescence, which were otherwise
undetectable.

Published cases to date for intraoperative detection of liver metastases using NIR
fluorescence and ICG were performed as open procedures. A laparoscopic operation is
preferable for patients with liver metastases from uveal melanoma, due to the high risk of
multiple small metastases. When multiple metastases are identified during surgery, patients
would not benefit from liver resection, and can be saved an unnecessary laparotomy by
performing this minimally-invasive technique. This technical report is the first to describe
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the use of ICG and laparoscopic NIR fluorescence imaging to identify and resect melanoma
liver metastasis during laparoscopic liver surgery.

METHODS

Intraoperative Laparoscopic Near-Infrared Imaging System

Intraoperative NIR fluorescence imaging of the liver was performed using a newly
developed laparoscopic high definition (HD) fluorescence imaging system by Karl Storz,
Germany, which included a plasma light guide and a 30-degree angle, 10-mm laparoscope,
applicable for white light (WL), autofluorescence, and ICG-imaging. The system was used
for intraoperative conventional imaging (WL mode) and real-time fluorescence imaging
(760-nm light, ICG mode) and allowed easy switching between WL mode and ICG mode by
using a foot pedal. No overlay of conventional and fluorescent images was possible yet, but
anatomical orientation could be maintained due to the easy switching between light modes,
the anatomical translucence during ICG mode and the stable position of the laparoscope.
Images were recorded using a charge-coupled device camera.

Preparation and Administration of Indocyanine Green

ICG (25 mg vials) was purchased from Pulsion Medical Systems (Munich, Germany) and
resuspended in 10 cc of sterile water for injection to yield a 2.5-mg/ml (3.2 mM) stock
solution. Of this stock solution 4 mL, corresponding to a dose of 10 mg, was administered
intravenously 24 h before surgery. This optimal timing was based on previous studies in
patients with colorectal liver metastases and the Mini-FLARE open quantitative imaging
system.

Ex vivo Imaging and Fluorescence Microscopy of Resected Lesion

After slicing of the resected lesion at the Pathology department, fluorescent imaging was
performed with the FLARE imaging system, which was previously described [14].
Fluorescence microscopy images were obtained with the Odyssey Infrared Imaging System
(LI-COR, USA).

Preoperative Imaging Modalities

Patients received standard-of-care preoperative imaging modalities including ultrasound
(US), computed tomography (CT, Toshiba Aquilion 16), magnetic resonance imaging (MRI,
Philips Intera 1.5T) and/or positron emission tomography (PET, Philips Gemini 64 PET/CT)
scans. For PET scan imaging, the radiopharmaceutical agent 18F-FDG was used.

Clinical Trial

The study was approved by the Local Medical Ethics Committee of the Leiden University
Medical Center and was performed in accordance with the ethical standards of the Helsinki
Declaration of 1975. The study was registered in the Netherlands Trial Register as
NTR3869.
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RESULTS

We present three patients; all diagnosed with a solitary liver metastasis by preoperative US
or CT. One patient was referred from another hospital, diagnosed with uveal melanoma and
a solitary liver metastasis. Two patients were previously treated for uveal melanoma.

The first patient was a 75-year old woman, referred from another hospital, diagnosed with
uveal melanoma of the left eye. By US, CT and PET scans, a suspected 28 mm metastasis
was found in the right liver lobe. She was planned for simultaneous laparoscopic
metastasectomy and enucleation of the left eye. 10 mg ICG was administered intravenously
24 h before surgery. During surgery, multiple lesions of 1 to 10 mm were identified on the
surface of the left and right liver lobe by inspection and by a clear fluorescent rim around the
tumors (Figure 1). One of the suspected lesions proved to be malignant, and no further liver
resection was performed. Enucleation of the left eye was performed, and patient was offered
systemic therapy. Patient experienced progressive disease under Dacarbazine treatment and
subsequent Ipilimumab treatment during 10 months of follow-up.

The second patient was a 66-year-old woman treated 22 months earlier by enucleation of the
right eye because of uveal melanoma. During 20 months of follow-up using US, CT, MRI
and PET scans, no liver metastases were seen. Now she was diagnosed with a 12 mm liver
metastasis in liver segment 111 on both CT and MRI scans. There were no signs of other
hepatic or extrahepatic metastatic lesions. She was planned for laparoscopic
metastasectomy. 10 mg ICG was administered intravenously 24 h before surgery. The
previously diagnosed lesion was detected by inspection, laparoscopic ultrasonography
(LUS), and NIR fluorescence, and was removed under fluorescent guidance (Figures 2a and
3; supplementary video’s). Using NIR fluorescence, an additional suspicious lesion in
segment 111 was identified, which showed a typical 1.5 mm fluorescent rim (Figure 2b). This
lesion was characterized as a hemangioma by inspection, and was not identified with LUS.
It was resected under fluorescent guidance. Both removed lesions proved to be malignant by
histological assessment and were radically removed (Figure 4). No other lesions were
identified by inspection, LUS or NIR fluorescence imaging. Patient recovered well from
surgery, and no recurrent disease was seen during 15 months of follow-up.

The third patient was a 65-year-old woman treated 6 months earlier with ruthenium for
uveal melanoma. She was now diagnosed with a 17 mm liver metastasis in segment IV on
US and CT. There were no signs of other liver lesions or extrahepatic disease and she was
planned for a laparoscopic metastasectomy. 10 mg ICG was administered intravenously 24 h
before surgery. During surgery, multiple lesions from 1 to 10 mm were identified on the
surface of the left and right liver lobe by inspection and a clear fluorescent rim around the
tumor using the ICG mode of the laparoscope. Uveal melanoma metastases were confirmed
by frozen section of two lesions in segments 111 and 1VVb, respectively. No further resections
were performed and the patient was offered systemic therapy. Patient experienced stable
disease for 16 months under protein kinase C inhibitor treatment, whereafter new
progression was seen.
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No adverse reactions associated with the use of ICG or fluorescent imaging were observed
in any patient.

DISCUSSION

Because only 3% [15,16] of patients with uveal melanoma are candidates for curative
resection of hepatic metastases, a precise and minimally invasive method for selecting
appropriate candidates is desperately needed. To the best of our knowledge, this is the first
paper describing the use of laparoscopic NIR fluorescence imaging with ICG for the
detection and removal of liver metastasis in this disease. Due to hampered visibility and the
inability to palpate the liver surface during laparoscopy, NIR fluorescence imaging adds
value to the procedure itself. In contrast to ultrasonography, which can only show where the
resection margins can be kept before resection, NIR fluorescence imaging provides real-time
guidance, helps minimize the resection of normal liver tissue, and permits inspection of the
area to ensure the completeness of tumor resection.

In all three patients of this study, lesions were found by NIR fluorescence that were not seen
on preoperative US and CT scans. Moreover, in one patient, one lesion intraoperatively
characterized as hemangioma by visual inspection, and not identified by LUS, was
successfully identified as metastasis with NIR fluorescence imaging and could be radically
removed under real-time fluorescence guidance.

A major limitation of NIR fluorescence imaging is its limited depth penetration of ~ 5 mm.
In figure 4, a depth penetration of at least 5 mm can be inferred because the NIR
fluorescence signal of the lesion was identified at the anterior surface of the liver
(supplementary video part 1), while the lesion itself was located at the posterior surface of
the liver. More sensitive imaging systems and fluorophores with higher quantum yield could
potentially increase depth penetration even further. Preoperative CT scanning and LUS do
not have this disadvantage and are consequently more appropriate for deeper lesions.
However, small and superficially located occult metastases are known to be difficult to
detect using LUS and inspection. Although LUS is a reliable modality to identify liver
metastases[17], and still required to identify deep (= 5 mm) metastases in the liver, our
results suggest that NIR fluorescence imaging is complementary, and helps to find small,
superficially located lesions. In addition, as shown in the supplementary video, NIR
fluorescence imaging becomes of value in the resection of even deep lesions once they are
initially identified.

Further technical developments of laparoscopic NIR imaging systems are in progress and
aim to improve the real-time intraoperative display of NIR fluorophores[18,19].

In conclusion, we describe the successful use of a novel NIR fluorescence laparoscopy
procedure for the identification and resection of uveal melanoma liver metastasis using 10
mg ICG administered intravenously 24 h prior to surgery. This procedure is minimally-
invasive, relatively easy to perform, and is complementary to conventional techniques for
the detection and complete resection of liver metastases from uveal melanoma.
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NIR Fluorescence

Figure 1. Identification of liver metastases
Multiple uveal liver metastases, identified by inspection and NIR fluorescence as a typical

fluorescent rim (arrows) around each lesion, 24 h after intravenous injection of 10 mg ICG.
Open arrows indicate the preoperative known metastasis.
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Color NIR Fluorescence

Figure 2. NIR fluorescence imaging of uveal liver metastases
A. An uveal liver metastasis (arrow) is clearly identified by a rim around the tumor in vivo.

Normal liver tissue (arrowhead) shows minimal background fluorescence. B. A small
superficial metastasis (arrow) was identified by NIR fluorescence imaging, but was
characterized as a hemangioma by visual inspection and was not visible by LUS.
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Color NIR Fluorescence

Figure 3. Fluorescent guidance during resection
NIR fluorescence imaging was used as guidance during resection of uveal liver metastases.

Resection was performed using an Endo GIA™ 45 reload stapler (Covidien) (asterisk).
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Figure 4. Ex vivo imaging and fluor escence microscopy of resected lesion
A. Exvivo imaging of resected lesion using the laparoscope. B. Ex vivo imaging after slicing

under FLARE imaging system guidance. C. Microscopic overlay of Hematoxylin and Eosin
staining of the resected lesion and fluorescent signal (Odyssey Infrared Imaging System, LI-
COR). A clear fluorescent rim was observed around the malignant lesion.
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