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Indocyanine green fluorescence imaging, sentinel lymph node mapping in patients with vulvar cancer: peritumoral injection dosage and waiting times in our experience
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Abstract
Background
Vulvar cancer is a rare gynecological malignancy that primarily affects women of postmenopausal age. Treatment is mainly surgical, particularly for vulvar squamous cell carcinoma, the most prevalent histotype. In patients with unifocal tumors with a maximum diameter of <4 cm, in the absence of suspected inguinal lymph nodes, sentinel lymph node (SLN) biopsy is recommended. The use of a radioactive tracer is mandatory; the use of the vital blue dye is optional.

Results
Two patients diagnosed with vulvar squamous cell carcinoma (FIGO IB stage) underwent bilateral radical vulvectomy, SLN search and removal, and bilateral inguinal lymphadenectomy at the Cannizzaro Hospital Operative Unit of Obstetrics and Gynecology Department (Catania, Italy). Three milliliters of indocyanine green (ICG) 0.5 mg/mL was administered in 3 peritumoral injections under general anesthesia to screen the SLN. The images were acquired using an intraoperative infrared camera system, which allowed intraoperative visualization of the SLN. An SLN was identified for each patient. The lymph nodes examined by the pathologist were negative for metastatic localization of the disease. However, patients underwent bilateral inguinofemoral lymphadenectomy, as this procedure is not currently codified as a gold standard for the detection of SLN in vulvar cancer. All the lymph nodes removed were negative for the localization of vulvar carcinoma metastases.

Conclusions
The potential of the administration of indocyanine green (ICG) allows the execution of SLN biopsy, avoiding the multiple administrations of radiocolloid in the pre-operative phase, painful for the patient, elimination, and exposure to radioactivity. Therefore, while requiring standardization of the methodology and a large-scale application, this procedure could open a new surgical management perspective in patients with early-stage vulvar cancer.
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Introduction
Vulvar cancer accounts for approximately 3–5% of all gynecological neoplasms, with an annual incidence of 1–2 in 100,000 women, [1]. In recent decades, vulvar cancer incidence has risen by 4.6% every 5 years. Every year, about 6190 new cases are expected [2, 3]. Historically, the incidence peak has been around 70 years of age. However, the incidence of vulvar squamous cell carcinoma (vSCC) has been shown to have affected younger women in recent years [4, 5].
vSCC has a combined clinical, surgical, and pathological staging system based on American Joint Committee on Cancer and the International Federation of Gynecology and Obstetrics (FIGO), 2009 [6]. Lymph node involvement is the most relevant prognostic predictor. Radical vulvectomy with bilateral inguinofemoral lymphadenectomy is defined as the gold standard for treating patients with vulvar squamous cell carcinoma (vSCC).
However, up to two thirds of vulvar squamous cell carcinoma (vSCC) patients who underwent inguinofemoral lymphadenectomy subsequently experience lymphedema [7–9]. Given that <30% of patients with FIGO stage I or II vulvar cancer have positive lymph nodes, lymphadenectomy is not ideal for most patients [10–12]. It was preferred to replace the demolitive surgical approach with wide excision of the vulvar lesion and sentinel lymph node biopsy. The abovementioned procedure, which is more conservative, has an efficacy comparable to the previous one but reduced morbidity in the early stage cases [13, 14]. For the research and identification of the sentinel lymph node, the gold standard uses a combination of radioccolloids and blue dye. However, the radioactive tracers cannot provide real-time visual guidance, and the blue dye cannot be seen through the skin. Recently, there has been a growing interest in using the fluorescent dye, indocyanine green (ICG). It is a tricarbocyanine dye, which fluoresces in the near-infrared spectrum when illuminated with 806-nm light. The fluorescent light is then captured through a video camera that allows viewing of the indocyanine green (ICG) in the spectrum of visible light. Besides, indocyanine green (ICG), being soluble in water and binding to albumin, is particularly suitable for mapping the lymphatic tracts and lymph nodes [15]. Therefore, the indocyanine green (ICG) can be used for sentinel lymph node detection in open, laparoscopic, or robotic surgery. In oncological gynecology, this method was applied for the first time in 2010 by Furukawa in cervical cancer using a portable video camera for open surgery (PDE; Hamamatsu Photonics, Hamamatsu, Japan) [16]. Subsequently, the search for sentinel lymph nodes with indocyanine green (ICG) has become the gold standard in the initial cases of endometrial and cervical cancer, mainly by laparoscopic and robotic methods. With the introduction of the SPY Portable Handheld Imager (SPY-PHI) © Stryker imaging system for open surgery and based on our clinical experience, we have evaluated the possibility of performing the SLN search procedure with indocyanine green (ICG) in early-stage vulvar cancer.
Our experience
A total of 165 patients underwent surgery for a vulvar squamous cell carcinoma (vSCC) at the Cannizzaro Hospital Operative Unit of Obstetrics and Gynecology Department (Catania, Italy) between 2006 and 2019. From electronic databases and medical records, clinical and pathological characteristics (age, FIGO stage, tumor size, surgery, margin status, inguinal lymph node status, recurrence incidence, and follow-up) were collected. All cases were classified based on the 2009 FIGO staging (Table 1) [17].
Table 1Characteristics of patients treated for vulvar squamous cell carcinoma (vSCC) from January 2006 to December 2016 (AWD, alive with the disease; DOD, dead of disease; DOID, dead of intercurrent disease; NED, no evidence of disease)


	Variables
	(n = 165)

	Age median (years) (range)
	71 (34–94)

	Stage (FIGO 2009) (%)

	 IA
	29 (17.6)

	 IB
	63 (38.2)

	 II
	24 (14.5)

	 IIIA
	19 (11.5)

	 IIIB
	14 (8.5)

	 IIIC
	15 (9.1)

	 IV
	1 (0.6)

	Tumor size (mm) (range)
	40 (17–140)

	Surgery (%)

	 Radical local excision
	11 (6.7)

	 Radical vulvectomy
	49 (29.7)

	 Radical vulvectomy + LN dissection
	105 (63.6)

	 Radical vulvectomy + RT
	60 (36.4)

	 Radical vulvectomy + LN dissection + RT
	52 (31.5)

	Recurrence site (%)

	 Local
	29 (17.6)

	 Regional
	11 (6.7)

	 Local-regional + distant
	4 (2.4)

	 Distant
	1 (0.6)

	Prognosis

	 NED
	84 (50.9)

	 AWD
	17 (10.3)

	 DOD
	39 (23.6)

	 DOID
	25 (15.2)

	 Follow-up period (months)
	85 (10–156)




Patients with tumors smaller than 2 cm and <1 mm of stromal invasion were treated only by local radical excision to achieve disease-free margins. Patients with midline lesions with >2 cm tumors were treated by radical vulvectomy and bilateral inguinofemoral lymphadenectomy with separate incisions. Patients with tumors located more than 1 cm from the midline were treated with ipsilateral inguinal lymphadenectomy, frozen section, and possible contralateral lymphadenectomy. Inguinal lymphadenectomy was not performed in patients with early-stage tumors (FIGO stage IA with stromal invasion <1 mm) and in very elderly patients (≥80 years) with multiple comorbidities [18].
Based on our experience and according to The European Society of Gynaecological Oncology (ESGO) guidelines, we decided to treat two patients with vulvar squamous cell carcinoma (vSCC), FIGO stage IB with radical vulvectomy, sentinel lymph node search, and removal with indocyanine green (ICG) subsequent bilateral inguinofemoral lymphadenectomy.
Characteristics of the patients
At the Gynecology and Obstetrics Department of the Cannizzaro Hospital (Catania, Italy), two patients diagnosed with vulvar squamous cell carcinoma (vSCC) were operated by administration of indocyanine green (ICG), which aided in exploration and removal of sentinel lymph nodes. Both patients have been diagnosed with FIGO IB stage vulvar neoplasm. The first patient, aged 85 years, menarche at the age of 13, physiological menopause, and a remote medical history characterized by arterial hypertension in medical therapy, consulted with us after the onset of vulvar itching and burning for about 2 years, which has intensified over the last 3 months. The patient was then subjected to a gynecological examination with evidence of a vulvar region transformed into a tumor, approximately 4 cm in diameter, with bilateral involvement of large and small lips. She was then subjected to vulvar biopsy, with histological results of “well-differentiated fragments of squamous verrucous carcinoma” on an outpatient basis. The second clinical case concerned a 71-year-old patient with a past medical history marked by arterial hypertension and type II diabetes mellitus under medical treatment. The patient came to our attention by finding a vulvar lesion of about 3 cm affecting the large and small right lip. She had undergone vulvar biopsy at another hospital, with histological results of “moderately differentiated, invasive squamous carcinoma fragments.” Both patients underwent a preoperative workup with clinical evaluation of the lesion and computed tomography (CT) scan of the complete abdomen and groin without signs of suspected lesions due to secondary heteroplastic processes.
Intraoperative imaging system
The SPY Portable Handheld Imager (SPY-PHI) © Stryker was used as the intraoperative imaging device. This device uses SPY fluorescence imaging technology to visually assess blood circulation in blood vessels and associated tissue perfusion during surgery. The design of SPY-PHI makes the device versatile, enabling the operator to frame the operating field and use the acquired images in real-time, integrating fluorescence signal data with white light images in real-time. The SPY Portable Handheld Imaging System Camera, with integrated optics and cables for real-time fluorescence imaging in visible light and near-infrared, is ideal for open surgery.
Intraoperative detection of the sentinel lymph node
The fluorescent agent was administered to patients placed in the lithotomy position under general anesthesia. Indocyanine green (ICG) prepared with a 25-mg vial of green indocyanine green (ICG) (Pulsion Medical Systems AG, Munich, Germany) diluted in 50 mL of water for injections (B. Braun Medical) was used, resulting in a concentration of 0.5 mg/mL. Injection of 1 ml per quadrant was administered in the three quadrants around the vulvar lesion (Fig. 1). After the injection, the infrared camera, equipped with a movable arm, was placed in front of the patient to detect transcutaneous fluorescence during surgery. Subsequently, the SLN was localized based on the fluorescence intensity. The intraoperative fluorescence detection camera system was used to open, identify, and remove the SLN and the vulvectomy of the groin. After the excision, the capture of the residual lymphatic pathway could be seen bilaterally through the infrared camera. Additionally, all SLNs were subject to ex vivo imaging due to the presence of fluorescence. The excised SLNs were sent to pathological anatomy and processed according to the standard SLN protocol [19].
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Fig. 1Clinical case 1. Peritumor initiations of indocyanine green (ICG) viewed with SPY Portable Handheld Imaging System camera


Results
Two sentinel lymph nodes were removed, one for each treated patient using a near-infrared fluorescence (NIRF) camera, and fluorescence detection after injection of indocyanine green (ICG). In the first clinical case, the sentinel lymph node (SLN) was contralateral to the left paramedian vulvar lesion (Fig. 2). The failure to identify the SLN in the left inguinal area, homolaterally to the site of more significant development of the vulvar lesion, was due to the 15-min wait between the administration of the ICG and the viewing of fluorescence through a near-infrared fluorescence (NIRF) camera. In fact, 30 min after the start of the procedure, it was possible to locate the lymphatic pathway and the SLN in the right inguinal area (Fig. 3). The sentinel node was found in the deep inguinal area. As per standard protocol, the removed SLN, subjected to definitive histological examination, was negative for metastatic localization.
[image: ../images/10397_2021_1085_Fig2_HTML.png]
Fig. 2Clinical case 1. Visualization of the sentinel lymph node (SLN) in “fluorescence” and “overlay” mode

[image: ../images/10397_2021_1085_Fig3_HTML.png]
Fig. 3Clinical case 1. Visualization of the lymphatic pathway of the tumor in the “fluorescence” mode


In the second clinical case, the SLN was detected 30 min after the administration of indocyanine green (ICG) and subsequent visualization with near-infrared fluorescence (NIRF) camera. The SLN was identified in the right inguinal area, homolaterally to the vulvar lesion (Figs. 3 and 4). After removing the two SLNs, both were subjected to ex vivo visualization with near-infrared fluorescence (NIRF) camera and exhibited bright fluorescence (Fig. 5). The sentinel nodes were found in the deep inguinal area. As per standard protocol, the removed SLNs, subjected to definitive histological examination, were negative for metastatic localization. All inguinal lymph nodes removed during the surgical procedures gave negative results for the localization of metastases.
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Fig. 4Clinical case 2. Visualization of the sentinel lymph node in “fluorescence” and “overlay” mode

[image: ../images/10397_2021_1085_Fig5_HTML.png]
Fig. 5Clinical case 2. Ex vivo visualization of the sentinel lymph node (SLN) in “fluorescence” and “overlay” mode


Discussion
Intraoperative detection of sentinel lymph node (SLN) in vulvar squamous cell carcinoma (vSCC) by peritumor administration of indocyanine green (ICG) and near-infrared fluorescence (NIRF) camera has numerous advantages. This procedure replaced the standard procedure for administering a radioactive tracer, which, according to The European Society of Gynaecological Oncology (ESGO) guidelines, has been mandatory and could prevent patients with early-stage vulvar cancer from experiencing peritumoral injection associated discomfort before surgery [18]. Additionally, the superficial localization of most inguinal lymph nodes may allow for transcutaneous lymphatic mapping in the groin. Finally, a significant proportion of tumors are located near or in the midline. The transcutaneous lymphatic mapping could also help determine the size and number of SLNs comparable to lymphoscintigraphy when using a radioactive tracer.
In the two treated patients, the waiting time between injection of the indocyanine green (ICG) tracer and viewing by a SPY Portable Handheld Imager (SPY-PHI) camera was approximately 30 min. This duration, considered acceptable for the intraoperative management of the patient, permits gradual visualization, in real-time, of the lymphatic pathway of tumor drainage and the easy localization of the SLN by transcutaneous route, or, if the thickness of the adipose tissue is excessive and the patient’s BMI> 25 after incision of the groin homolaterally to the vulvar lesion. The limitation of this procedure could be related to the fact that near-infrared fluorescence (NIRF) imaging has a maximum penetration depth of approximately 5 mm in the tissue (fat) [20]. Therefore, the detectability of SLNs in patients with higher BMIs can be difficult. In our experience, which consisted of only two clinical cases treated, we did not notice any differences in latency time between injection of the indocyanine green (ICG) tracer and visualization of the SLN. Furthermore, our experience has allowed us to find a correspondence between the absence of metastatic localization between the resected sentinel lymph node and the inguinofemoral lymph nodes removed in bilateral inguinal lymphadenectomy. This could open up a new view for the application of intraoperative imaging in real-time given by the indocyanine green (ICG) tracer’s use in early-stage vulvar cancer. While requiring further large-scale studies and standardization of the procedure, this method has numerous advantages compared to the administration of a radiotracer alone.
Conclusions
The preliminary data in our possession, therefore, has the objective of defining guidelines to be applied on a large scale regarding the dosage of indocyanine green (ICG) to be used in peritumoral initiation as well as defining the standard waiting time to be able to perform visualization of the sentinel lymph node (SLN), data, to date, not present in the literature. Our experience provides us with information that seems to be encouraging in this sense. It opens up the possibility of a different intraoperative surgical management of early-stage vulvar cancer.
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