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Abstract

Objectives—Near-infrared (NIR) fluorescence imaging has the potential to improve sentinel
lymph node (SLN) mapping in vulvar cancer, which was assessed in the current study.
Furthermore, dose optimization of indocyanine green adsorbed to human serum albumin
(ICG:HSA) was performed.

Study Desigh—Nine vulvar cancer patients underwent the standard SLN procedure
using %¥Mtechnetium-nancolloid and patent blue. In addition, intraoperative imaging was
performed after peritumoral injection of 1.6 mL of 500, 750 or 1000 uM of ICG:HSA.

Results—NIR fluorescence SLN mapping was successful in all patients. A total of 14 SLNs
(average 1.6, range 1-4) were detected: 14 radioactive (100%), 11 blue (79%), and 14 NIR
fluorescent (100%).

Conclusions—This study demonstrates feasibility and accuracy of SLN mapping using
ICG:HSA. Considering safety, cost, and pharmacy preferences, an ICG:HSA concentration of 500
UM appears optimal for SLN mapping in vulvar cancer.
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INTRODUCTION

Vulvar cancer is a relatively rare disease with an annual incidence of approximately 4000
cases in the United States, resulting in 900 deaths per year.> Tumor size and invasion into
adjacent tissues are important factors for staging vulvar cancers, but nodal status remains the
single most important prognosticator.? Radical vulvectomy with en bloc inguinofemoral
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lymphadenectomy has been replaced in the surgical treatment of vulvar cancer by radical
wide local excision or radical vulvectomy with inguinofemoral lymphadenectomy using
separate groin incisions.3 The latter modification has significantly decreased surgery-related
morbidity.3 However, 30% to 70% of patients treated with full inguinofemoral
lymphadenectomy still suffer from lymphedema.*~ Only 27% of patients with clinically
stage | or Il vulvar cancer have tumor positive lymph nodes; therefore, approximately 70%
of patients undergo unnecessary lymphadenectomy.8

The sentinel lymph node (SLN) biopsy, as introduced in the management of cutaneous
melanoma by Morton,” was first described in vulvar cancer by Levenback in 1994.8 The
SLN procedure in vulvar cancer patients has been validated in multicenter trials and its
introduction in regular clinical practice has marked a significant reduction in lymphedema,
wound infection, and wound dehiscence.® 10 Currently, the procedure usually involves a
combination of a radioactive colloid and a blue dye. However, the use of radiotracers
requires complex logistics including the involvement of a nuclear medicine physician and
the transport of radioactivity, and is therefore not available in all clinics.. Moreover, blue
dyes cannot be visualized when the lymph nodes and lymphatic channels are covered by
tissue, such as skin or fat.

The use of invisible near-infrared (NIR) light (700-900 nm) has several characteristics that
can be advantageous in the SLN procedure, which include relatively high penetration into
living tissue (millimeters to centimeters), when compared to blue dyes, and the lack of
ionizing radiation.1! Indocyanine green (ICG) is one of only 2 clinically available NIR
fluorescent agents and is currently the most optimal agent for SLN mapping.12 In several
studies, intraoperative imaging systems in combination with ICG have been used for the
SLN procedure for various types of cancer.13-18 The lymphatic channels and SLNSs in vulvar
cancer are often located in a relatively superficial location in the groin when compared to
other tumors; therefore, NIR fluorescence imaging could be particularly useful for this
indication. Indeed, Crane et al. reported the successful use of ICG alone at a concentration
of 645 pM, in conjunction with an intraoperative imaging system for the SLN procedure in
vulvar cancer.1? In that study involving 10 patients, 26 of 29 SLNs (90%) were detected in
vivo by NIR fluorescence. Furthermore, lymphatic channels could be visualized in 5 of 16
groins (31%) containing SLNS.

Preclinical evidence demonstrated that premixing of ICG with human serum albumin (HSA,
complex is ICG:HSA) increases the fluorescence intensity and hydrodynamic diameter of
ICG, resulting in better retention in the SLN.20 The aims of the current study were to assess
the use of NIR fluorescence imaging using ICG:HSA and the Mini-FLARE intraoperative
imaging system for the SLN procedure in vulvar cancer and to optimize ICG:HSA dose.

MATERIALS AND METHODS

Preparation of Indocyanine Green Adsorbed to Human Serum Albumin

ICG (25 mg vials) was purchased from Pulsion Medical Systems (Munich, Germany) and
resuspended in 10 mL of sterile water for injection for the 500 uM group, or in 5 mL of
sterile water for injection for the 750 UM and 1000 uM groups, to yield stock solutions of
3.2 mM and 6.4 mM, respectively. Various amounts of this stock solution were 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 puM, 750
MM, or 1000 puM.

Am J Obstet Gynecol. Author manuscript; available in PMC 2013 January 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hutteman et al. Page 3

Intraoperative NIR Fluorescence Imaging

SLN mapping was performed using the Mini-FLARE image-guided surgery system as
described in detail previously.14 Briefly, the system consists of 2 wavelength separated light
sources: a “white” LED light source, generating 26,600 Ix of 400 to 650 nm light to
illuminate the surgical field and an NIR LED light source, generating 7.7 mW / cm? of
fluorescence excitation light. White light and NIR fluorescence images are acquired
simultaneously and displayed in real time, using custom designed optics and software. A
pseudo-colored (lime green) image of NIR fluorescence superimposed over the white light
image is also displayed, to provide the NIR fluorescence signal in proper anatomical
context.

Clinical Trial

The current dose escalation clinical trial was approved by the Medical Ethics Committee of
the Leiden University Medical Center and was performed in concordance with the ethical
standards of the Helsinki Declaration of 1975. Nine consecutive patients that planned to
undergo a SLN procedure for squamous cell vulvar carcinoma were included in this study
between June 2010 and January 2011. All patients had clinically FIGO stage | vulvar cancer
with a unifocal carcinoma measuring less than 4 cm in diameter, not encroaching the vagina,
anus or urethra and with negative inguinofemoral nodes as determined by palpation and
ultrasonography. Exclusion criteria were pregnancy, lactation or an allergy to iodine,
shellfish, or indocyanine green.

All patients gave informed consent and were anonymized. Patients received the standard-of-
care SLN procedure.? For our institution, this implies peritumoral injections of 60-100
MBq #Mtechnetium-nanocolloid on the afternoon of the day before, or the morning prior to
surgery. Before the start of the operation, 1 mL total of patent blue V (Guerbet, France) was
injected at 4 sites peritumorally. Immediately after injection of patent blue, 1.6 mL total of
ICG:HSA was injected as 4 injections at the same location as the patent blue injections.
After surgical scrub, the Mini-FLARE imaging head was positioned at approximately 30 cm
above the surgical field. The NIR fluorescence signal was measured percutaneously, prior to
skin incision, and continuously during the surgical procedure. Throughout the procedure, the
surgeon was continuously provided with real-time NIR fluorescence image guidance. When
the SLN could not be found easily by NIR fluorescence, the handheld gamma probe could
be used for the localization of SLNs. Relative brightness of the SLNs was determined by
measuring signal-to-background ratios (SBR), that is the NIR fluorescence signal of the
SLN divided by a directly adjacent region. Excised sentinel lymph nodes were analyzed ex
vivo for NIR fluorescence and radioactivity and were routinely analyzed by
histopathological frozen section analysis. SLNs were fixed in formalin and embedded in
paraffin for hematoxylin, eosin, and immunohistopathological staining for AE1/AE3 at
multiple levels, with an interval of 250 um, according to the GROningen INternational
Study on Sentinel nodes in Vulvar cancer (GROINSS-V) study protocol.?

Statistical Analysis

For statistical analysis, SPSS statistical software package (Version 17.0, Chicago, IL) was
used. Graphs were generated using GraphPad Prism Software (Version 5.01, La Jolla, CA).
To compare the SBR between concentration groups, a one-way analysis of variance
(ANOVA) was performed with pairwise comparison with least square difference (LSD)
adjustment for multiple comparisons. Assumption of homogeneity of variances was assessed
using Levene’s test. All statistical tests were two-tailed and P < 0.05 was considered
significant.
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Patient and Tumor Characteristics

Nine consecutive patients with vulvar cancer undergoing SLN mapping were included in
this study. Patients and tumor characteristics are described in Table 1. Median body mass
index (BMI) was 27 (range 23-45), median age was 50 years (range 30-72 years), and
median tumor size was 13 mm (range 4-22 mm). In 6 patients, the tumor was laterally
located and in 3 patients the tumor was located on, or near, the midline.

Intraoperative NIR Fluorescence Imaging

Average time between ICG:HSA injection and skin incision was 19 + 4 minutes. In all
patients (N = 9), NIR fluorescence imaging using the Mini-FLARE system enabled
visualization of one or more SLNs (Figure 1 and Supplementary Video 1). Average time
between skin incision and resection of the first SLN was 13 + 5 minutes. A total of 14 SLNs
were detected, all of which were radioactive and fluorescent (Table 2). Four SLNs from 3
patients did not have blue staining from patent blue. After all NIR fluorescent nodes were
resected, the surgical field was systematically inspected for remaining radioactivity or blue
nodes. No additional nodes were found that were not detected by NIR fluorescence. No
adverse reactions associated with the use of ICG:HSA or the Mini-FLARE imaging system
were observed.

The Effect of Lymphatic Tracer Dose on SLN Brightness

The effect of injected lymphatic tracer dose on fluorescence brightness was determined by
comparing SBRs between concentration groups. Mean SBRs of the SLNs were 12.3 + 2.9,
16.6 £ 4.3, and 9.5 * 4.3 for the 500, 750 and 1000 UM concentration groups, respectively.
A one-way ANOVA showed no significant effect of concentration on SBR (P = 0.16), and
pairwise comparison with LSD adjustment for multiple comparison showed no difference
between the individual concentration and SBR, although a trend was found for a decreased
SBR of the 1000 uM group when compared to the 750 uM group (P = 0.07). However, due
to the small sample size, the current pilot study may not have sufficient power to detect
significant differences in dose groups.

Percutaneous Visualization of Lymphatic Channels

The mean BMI of patients in which lymphatic channels were visualized percutaneously to
all SLN containing groins (N = 5 patients) was 24.8 + 2.2. In patients with bilateral SLNs in
which percutaneous visualization was possible for the groin (N = 2 patients), the mean BMI
was 31.0 £ 2.8, and in patients where percutaneous visualization of lymphatic channels was
not possible (N = 2 patients), the mean BMI was 38.5 + 9.2. A one-way ANOVA showed a
significant difference in the BMIs between these 3 groups (P = 0.024). A pairwise
comparison with LSD adjustment for multiple comparison showed a significantly higher
BMI for the group in which percutaneous visualization of lymphatic channels was not
possible, when compared to the group in which percutaneous visualization of lymphatic
channels was possible (P = 0.009).

COMMENT

The current study showed feasibility and accuracy of SLN mapping in vulvar cancer using
ICG:HSA and the Mini-FLARE imaging system. In all 9 cases, the Mini-FLARE permitted
the gynecologist to perform SLN mapping under direct image-guidance after skin incision.
The flexible gooseneck of the Mini-FLARE could be used to position the system at any
required location over the surgical field, which ensured no interference with the procedure.
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Indeed, no additional time was needed to complete the procedure, with an average time
between skin incision and resection of the first SLN of 13 + 5 minutes.

All radioactive SLNs could also be detected by NIR fluorescence. This higher detectability
compared to the study by Crane et al. that utilized ICG alonel® may be due to improved
brightness of ICG:HSA over ICG, better retention in the SLN, better imaging system
performance, an optimized tradeoff between injection concentration and tracer dilution
within lymphatic channels, or a combination thereof.1* In contrast, 4 out of 14 SLNs could
not be detected by patent blue, which is comparable to previous findings.19: 19 21 | ymphatic
channels could be visualized in the majority of patients prior to skin incision. This aided the
gynecologist in determining the location of the incision and facilitated a more efficient
identification of SLNs. In the patients where percutaneous visualization of lymphatic
channels was not possible, a higher BMI was observed when compared to patients where the
lymphatic channels could be visualized percutaneously. Crane et al. observed similar
findings.1® Future studies will have to determine whether NIR fluorescence imaging can
replace radiocolloids in the SLN procedure in vulvar cancer, which could potentially be
feasible only in non-obese patients. This could be particularly beneficial in clinics where
radiotracers are not available. Furthermore, as the patient population in Western societies
tends to suffer from increasingly higher BMls, the penetration depth has to be increased for
NIR fluorescence imaging to be a generally usable imaging modality. To accomplish this,
current research is focusing on improved fluorophores (some of which are currently in the
process of clinical approval?2) and improved camera systems using optimized detection
techniques to maximize the depth at which a fluorophore can be detected.23: 24

In the current study, no significant differences in NIR fluorescence signal were observed
between the different concentrations that were administered. However, a trend was observed
showing a decline of signal in the 1000 pM group, which is in line with previously reported
results in breast cancer.1* A decrease of fluorescence signal with an increase in
concentration can be explained by an effect in fluorescence quenching.? Fluorescence
quenching occurs when the concentration of a fluorophore is too high, causing molecules to
absorb the emitted light of other nearby molecules, thereby effectively attenuating the
fluorescence signal. In the current study, ICG was adsorbed to HSA prior to injection.
Preclinical work has shown premixing to increase the fluorescence brightness of ICG and
improve retention in the SLN.20 Flow to higher tier nodes seemed to have been avoided, as
no additional NIR fluorescent nodes were identified that were not radioactive. An ongoing
study is investigating whether the albumin is actually needed for optimal SLN mapping in
vulvar cancer. When the optimal imaging parameters have been determined, larger trials can
be performed to assess patient benefit.

In conclusion, the current study demonstrates the feasibility of SLN mapping in vulvar
cancer patients using ICG:HSA and the Mini-FLARE image-guided surgery system. The
preferred dose can be determined by local preparation preferences because no differences
between tested doses were observed. In general, a dose of 500 pM seemed to be optimal, as
it requires minimal manipulation of ICG and albumin volumes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Sentinel lymph node mapping using NIR fluorescence imaging in vulvar cancer
Peritumoral injection of 1.6 mL of 500 uM ICG:HSA (injection site covered by hand)
identifies lymphatic channels, which converge in a SLN (arrow) that can be seen
percutaneously (top row). Identification of the SLN (arrow) and 2 afferent lymphatic
channels (arrowheads) is demonstrated using NIR fluorescence imaging 17 min after
injection of ICG:HSA (bottom row). Camera exposure times were 100 msec (top row) and
45 msec (bottom row). Scale bars represent 1 cm.
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Figure 2. Optimization of ICG:HSA dose

Signal-to-background ratio (mean £ S.D.) of vulvar SLNs (ordinate) is plotted as a function
of injected dose of ICG:HSA (abscissa). The SBRs of the 500, 750, and 100 pM
concentration groups were not significantly different, although a trend was found favoring
750 pM over 1000 uM (P = 0.07).
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