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CHAPTER 1

All mentioned supplementary figures and tables in this thesis can be found on their corresponding 
websites (see chapter-references).

General introduction  
and thesis outline
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The studies included in this thesis are focusing on four diseases of the vulva
•	 vulvar squamous cell carcinoma (VSCC)14;
•	 precursors vulvar intraepithelial neoplasia (VIN) consisting of 

	 a. vulvar high grade squamous intraepithelial lesion (vHSIL) 
	 b. differentiated vulvar intraepithelial lesion (dVIN)15;

•	 genital lichen sclerosus (LS)16 (Table 1).

Table 1	 Key characteristics of vulvar (pre)malignancies.

VSCC1,2 vHSIL15,17 dVIN15,17 LS16,18,19
Incidence 2.6 : 100.000 3.3 : 100.000 0.08 : 100.000 10-20 : 100.000
Gradation malignant premalignant premalignant benign
Relative proportion of VIN- 95% 5% -
Risk of malignant  
progression

- 9% (if treated) 33-86% 3-6%

Time to progression - 41 months 9-23 months unknown
Current treatment(s) surgical  

excision, 
adjuvant 
(chemo) 
radiotherapy

surgical  
excision,  
ablative therapy 
and topical  
treatment

surgical  
excision

topical  
corticosteroids

Average age at diagnosis 68 years 30-50 years 60-80 years 69 years
Etiology HPV  

infection/  
unknown, 
TP-53 muta-
tion early  
observed

HPV infection unknown,  
TP-53  
mutation  
early  
observed

unknown,  
an overactive  
immune system  
or an imbalance  
of hormones may  
play a role

Recurrence up to 40% common 13-32 months, 
less common

NA

Vulvar squamous cell carcinoma  Vulvar cancer is rare with an inci-
dence of 2.6 per 100,000 women per year and only accounts for an estimat-
ed 0.4% of all cancers and 5% of gynecologic cancers.1 As mentioned, of all 
vulvar cancer types, VSCC is the most common histologic type and focus of 
this thesis is on this subgroup. The average age at diagnosis is 68 years for 
VSCC patients. Remarkably, especially in younger women the incidence is 
rising.7,21 There are two different pathophysiological pathways for VSCC: (i) 
an human papilloma virus (HPV)-independent type, accounting for 70% of all 
VSCC’s, which is frequently associated with LS and/or dVIN and therefore 
mostly observed in older women and (ii) a HPV-dependent type, accounting 
for 30% of all VSCC’s, which is often associated with vHSIL and occurs mostly 

Vulvar cancer is a rare gynecological malignancy with a tremendous dis-
ease burden. Vulvar squamous cell carcinoma (VSCC) is the most common 
histologic type of vulvar cancer and constitutes 80–90% of all vulvar can-
cers.1-4 Other histological subtypes include melanoma, basal cell carcinoma, 
Bartholin gland adenocarcinoma, sarcoma, and Paget disease.5 The corner-
stone of treatment for VSCC consists of surgery with or without radioche-
motherapy. In addition, precursors of VSCC often require surgical or medical 
intervention as well.6 Treatment of vulvar (pre)malignancies is a challenging 
balance act, as on the one hand clearance of all lesions is desired, while on the 
other hand normal vulvar anatomy and function must be preserved as best 
as possible. Utilizing the current treatment interventions, recurrence occurs 
in up to 40% of VSCC patients and no major improvements in 5-year survival 
rates were observed in the last decades.1,7,8 Additionally, most treatments are 
accompanied by bothersome side-effects such as disfigurement, sexual dys-
function, and psychological problems in more than half of the patients.9,10 
This is partly caused by the difficulty to recognize vulvar (pre)malignant le-
sions for the medical specialist, either macroscopically or pathologically.11,12 
This highlights the high unmet medical need for preferably non-invasive and 
accurate diagnostics for vulvar (pre)malignancies. Further, effective thera-
pies are needed with a favorable safety profile that encompass complete re-
duction of the affected tissue. Therefore, the aim of this thesis has been to 
search for disease-specific biomarkers to improve the clinical management 
of vulvar (pre)malignancies. This first chapter of this thesis summarizes the 
pathophysiology and current treatments of vulvar (pre)malignancies. In the 
subsequent chapters, the multimodal profiling approach to evaluate novel 
techniques for diagnosis and treatment evaluation of the affected vulvar area 
is introduced. Finally, the aims and outlines of this thesis are discussed.

Pathophysiology and current treatments of 
vulvar (pre)malignancies
The vulva is the outer female genital. The vulvar area is bordered by the 
mons pubis, the groins and the anus. It includes the clitoris, urethral me-
atus, labia majora and minora and the introitus of the vagina (Figure 1).13 The 
vulva is important in many aspects of female life, as the entrance to the in-
terval environment via the vagina, for urinating, sexual functioning and 
childbearing. Unfortunately, several diseases can occur in this area which 
may affect all these different domains of vulvar functioning.14

VSCC=vulvar squamous cell carcinoma, vHSIL=vulvar high grade squamous intraepithelial lesion, 
dVIN=differentiated vulvar intraepithelial lesion, HPV=human papilloma virus, NA=not applicable
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has a high absolute risk of 33-86% malignant progression.12 As a result, dVIN 
is rarely identified in advance of a diagnosis of invasive malignancy, despite 
being the precursor lesion of approximately 80% of VSCC’s.35 Symptoms of 
dVIN are similar as described for vHSIL. Primary treatment for dVIN patients 
consists of surgical excision.

Lichen Sclerosus  LS is a chronic, progressive, mutilating disease with a 
high impact on quality of life. It occurs mainly (85-98 % of all cases) in the 
anogenital region but can theoretically develop on any skin surface. Severe 
cases of vulvar LS can show scarring and narrowing of the vaginal introitus, 
along with disappearance of the labia minora and clitoris. This is all accom-
panied by severe itch and pain independent of disease severity. The cause of 
LS is unknown.17 A genetic and autoimmune role has been suggested, as up 
to 12% of the patients report LS in their family history.36 Histologically, LS is 
characterized by marked inflammation and epithelial thinning. LS treatment 
comprises of patient education and life-long intermittent ultrapotent topi-
cal corticosteroid application.35 Disadvantages of this treatment consist of a 
burning or irritated sensation of the vulva. And if continuously applied, at-
rophy of the skin can occur, further worsening the effects of epithelial thin-
ning. Daily use of topical emollients may help to relief symptoms or be used 
as vaginal lubricant for dyspareunia.17 The risk of development of VSCC in pa-
tients with LS is up to 5 percent.17,37 There is prospective evidence that pro-
active management of LS may lead to a reduction in risk of the development 
of squamous cell carcinoma.38

Multimodal characterization with biomarkers 
for vulvar healthy and diseased skin
At present, identification of VSCC, vHSIL, dVIN and LS is mainly based on 
visual and tactile skills of the medical specialist. No universal objective 
clinical scoring systems are present to guide these diagnostics. The cur-
rent ‘golden standard’ used for confirmation of clinically suspected vulvar 
tissue is by histological examination of a biopsy. However, biopsies are in-
vasive and uncomfortable. In addition, when dVIN is suspected, it is some-
times difficult to demonstrate the presence or absence of dysplasia. The dif-
ficulties faced during this convoluted diagnostic process can lead to delayed 
or incorrect vulvar tissue classification.15,39 Accompanying consequenc-
es are re-excisions, local recurrences, regional metastases and associated 

in younger women. 16,22-25 Surgery with or without adjuvant (chemo)radio-
therapy is the cornerstone of treatment for VSCC.26,27 Positive surgical mar-
gins are associated with high local recurrence rates up to 40% and a corre-
sponding poor 5-year survival of 25-50%.28,29 In addition, difficult to identify 
precursor lesions as vHSIL and dVIN are often found adjacent to the tumor. 
Incomplete resection of these lesions may contribute to earlier recurrence 
of disease.30

Vulvar intra-epithelial neoplasias: vHSIL and dVIN  Vulvar intra-ep-
ithelial neoplasias are etiologically categorized into a HPV-dependent and 
HPV-independent variant (vHSIL and dVIN respectively).25 95% of all VIN 
cases concern vHSIL.16 Both premalignant conditions have a distinct eti-
ology and pathways towards VSCC.23 vHSIL is caused by a persistent high-
risk HPV infection, which in 90% of cases is identified as HPV 16. These HPV-
dependent lesions are more frequently observed in premenopausal patients. 
vHSIL lesions are typically multifocal, can appear as a visible lesion and/or 
a palpable abnormality and diagnosis is confirmed by histological review 
of a lesional biopsy. Microscopic characteristics include loss of maturation 
of the squamous epithelium. This phenomenon is mainly observed in the 
middle and upper third layer of the epithelium to full thickness (formerly 
termed VIN 2 or 3). If minimized to basal atypia, the lesion is classified as vul-
var low-grade squamous intraepithelial lesion (vLSIL, formerly termed VIN 
1). vHSIL is subdivided in a basaloid and warty subtype, based on the mor-
phologic and histologic features.6 The main goals for treatment are to pre-
vent progression towards VSCC and to relieve symptoms. The risk of malig-
nant transformation in untreated vHSIL is estimated to be as high as 9%.16,31 
Symptoms include vulvar pruritis, pain and dyspareunia which lead to a sub-
stantial burden for the patient. Currently the choice of treatment for vHSIL 
depends on the level of invasiveness, prior treatments, and the location of the 
lesion(s).11,32 Treatment options include surgical excision, ablative therapy 
and topical pharmacological treatment with e.g. imiquimod.32,33 The patho-
genesis of dVIN is less understood compared to vHSIL and mostly observed 
in postmenopausal women. dVIN is usually found as an unifocal and uni-
centric lesion developed in the background of lichen sclerosis or adjacent to 
VSCC. Lesions appear generally as grey-white discolorations with a rough sur-
face, elevated nodules or white plaques. Identification is difficult due to lack 
of accurate and rePROducible diagnostic criteria.34 If left untreated, dVIN 
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Therefore, discriminatory properties of several imaging tools are exam-
ined on the vulvar area in a clinical trial. Lesional tissue of vulvar HSIL and 
LS patients was compared to vulvar skin of healthy controls using the tech-
niques described below.

A dermatoscope is used as an imaging tool to better visualize subsurface 
structures and identify patterns that help improve diagnostics for a wide 
range of dermatologic skin diseases.46 The dermatoscope is a handheld de-
vice that functions as a magnifier and is routinely applied by dermatolo-
gists to enhance diagnosis of melanoma, basal cell carcinoma and other cu-
taneous disorders.46 However, its application on the vulvar area is current-
ly limited to vulvar pigmented lesions.47

Optical coherence tomography (OCT) is a non-invasive imaging technique 
that provides real-time cross-sectional images of biologic structures, based 
on differences in tissue optical properties. OCT can determine epidermal 
thickness, skin roughness and blood flow parameters based on algorithms 
These algorithms use visual information to determine numerical values. 
OCT has been incorporated in the daily practice of ophthalmology for the 
visualization and diagnosis of retinal diseases.48 In addition, OCT is an es-
tablished research tool in dermatology, mostly for recognition of non-mel-
anoma skin cancer. In this setting, it has shown potential to reduce biopsy 
frequency in basal cell carcinomas.49 OCT is not an established tool in the 
gynecologic clinic yet, but a handful of clinical and ex vivo studies in cervi-
cal, vulvar and ovarian tissue suggest potential for differentiation between 
healthy and (pre)malignant tissue of epithelial origin.50,51

A reflectance confocal microscope (RCM) is an in vivo confocal imaging tool 
that uses a low powered laser to provide non-invasive and real-time visual-
ization of the epidermis and superficial collagen layers at a cellular level up 
to a depth of 250 µm.52 This results in optical transversal sectioning of un-
stained epithelium and stroma. This technique has been applied for early 
and accurate diagnosis of skin diseases, including basal cell carcinoma, and 
reportedly may reduce unnecessary biopsies for the diagnosis of melano-
cytic lesions.53,54 Despite these technological and clinical advancements in 
the improvement of diagnostic accuracy, RCM imaging has only sparingly 
been applied on the vulvar area.55-57

Mobile e-diary application for monitoring of patient-reported outcomes 
and treatment adherence has been successfully applied in interventional 
studies in several skin diseases.45

worse prognosis. Altogether a decreased quality of life often ensues pa-
tients with vulvar diseases. This underlines the high unmet medical need 
to preferably non-invasively and real-time discriminate vulvar abnormal-
ities and improve therapeutic options. Disease specific biomarkers could 
aid for those needs. Biomarkers are quantifiable measurements of a bio-
logical process that can contribute to diagnosis, prognosis and therapy of 
diseases.40 A valuable biomarker discriminates correctly normal and path-
ological conditions and/or the pharmaceutical response to a therapeutic 
intervention.41,42

A multimodal approach has been applied within this thesis to identify 
novel biomarkers and methods for vulvar disease characterization. The 
multimodal research approach included different domains: imaging, mo-
lecular and cellular complemented by patient reported outcomes and phy-
sician-based input. (Figure 2). The focus of this thesis was specifically on 
the molecular and imaging domains. The composition of this approach is 
based on the most important aspects of the blueprint for early phase clini-
cal pharmacology studies in the field of clinical pharmacodermatology.43,44 
With this multimodal approach we aim to obtain a more complete patient 
profile regarding vulvar skin disease.

The following principles of this multimodal approach are described below 
in more detail:

•	 Non-invasive clinical tools to discover vulvar biomarkers, 
focusing on discrimination of aberrant vulvar tissue (Figure 1,  
all domains except drug development);

•	 Development of healthy and diseased in vitro vulvar models, 
to increase pathophysiologic knowledge and improve drug 
development (Figure 1, cellular domain);

•	 Molecular target identification of vulvar carcinomas, to guide 
staging and surgery with real time optical imaging (Figure 1, 
molecular and imaging domain).

Section I  Non-Invasive Clinical Tools To Discover 
Vulvar Skin Biomarkers
In the field of clinical (pharmaco)dermatology several non-invasive im-
aging tools are successfully applied to detect cutaneous biomarkers.43,44 
These biomarkers could potentially be translated to vulvar skin research. 
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Section Iii  Molecular Target Identification Of 
Vulvar Carcinomas
Along with development of the diagnostic process and drug intervention 
studies for vulvar (pre)malignancies, we have explored VSCC-specific tar-
gets that in the future might be used for real-time optical imaging. It has 
been shown in other oncological fields that real-time intraoperative guid-
ance is of added value during surgery for complete and safe tumor resec-
tion.71,72 Molecular imaging integrates advanced imaging modalities with 
probes targeting molecular biomarkers of interest.73 An imaging probe con-
sists partly of a contrast label, such as radionuclides for nuclear based im-
aging, paramagnetic or electron opaque substances for radiological tech-
niques, or bioluminescent or fluorescent molecules for fluorescence guided 
imaging (Figure 5). This contrast label is conjugated to a molecular imaging 
agent with high affinity for a biomarker selectively expressed at the surface 
of tumor(−associated) cells (Figure 4A). Small molecules, peptides, aptam-
ers, antibodies, protein fragments and nanoparticles have been used as mo-
lecular imaging agents.74 After administration of an imaging probe to a can-
cer patient, real-time images of the tissue of interest can be obtained by a 
suitable camera system that generates optical contrast between tumor and 
surrounding healthy tissue. Optical imaging is a discipline within the mo-
lecular imaging field. Imaging agents applicable for optical imaging bene-
fit of their high-spatial resolution and real-time localization. An example 
of optical imaging coupled with image-guided surgery is fluorescent guid-
ed surgery (FGS), which has been widely explored in the last decade (Figure 
4B). Particularly, the use of near-infrared (NIR) fluorescence dyes can pro-
vide sufficient tissue penetration for vulvar carcinomas with up to 1cm in-
growth.72 In this manner, FGS is a promising technique for real-time de-
tection of occult tumor lesions and localization of cancer margins. Proper 
identification of tumor-specific targets for molecular imaging is the key to 
the success of FGS. The following characteristics define a potential protein 
marker for targeted imaging: extracellular biomarker localization, expres-
sion pattern, tumor-to-healthy tissue ratio, percentage and distribution of 
positive cells, and previous use of the biomarker for in vivo targeted imag-
ing.71,74,75 Although this technique is very promising, it is never generally 
explored for vulvar (pre)malignancies yet.

This method is convenient for both the patient and the investigator. Data 
can be digitally stored in a safe environment. This e-diary tool is therefore as-
sessed in this clinical study to monitor symptoms and treatment adherence.

Section Ii  Development Of Healthy And Diseased 
In vitro Vulvar Models
Besides the importance of biomarkers for monitoring of disease status, 
focus should also be on novel drug development in the vulvar field. Prior 
to in vivo testing of novel drugs in human clinical trials, ex vivo testing in 
(animal) models is used to study e.g. toxicity, to define novel drug sensi-
tivity, predict human safety and provide reliable toxicokinetic evidence. 
Unfortunately, no well-established experimental models are available that 
mimic human healthy skin or VSCC.58

Most vulvar cancer research and drug screening programs are per-
formed on tumor biopsies or (transgenic) animal models.59,60 However, an-
imal models are time intensive, expensive, and obtained data are often diffi-
cult to extrapolate to the human situation. Human skin equivalents (HSE’s) 
are in vitro 3D reconstructions which may form a solution for the lack of ex-
perimental models (Figure 4).61-63 HSE’s are tools that can be used to study 
biological processes in the skin including healthy and disease conditions.64 
In addition, these models can serve as a prediction model to determine the 
penetration profile of compounds/drugs across the skin. To mimic a VSCC 
in vitro, general knowledge of squamous cell carcinomas (SCC’s) is essen-
tial and especially of the crucial tumor microenvironment.65 In SCC’s, the 
epidermal homeostasis gets disrupted by interactions between epidermal 
cancer cells and underlying stroma, allowing epidermal cells to invade into 
the stroma.66 Stroma consists of basement membrane, immune cells, fibro-
blasts and extracellular matrix. It has been proven that papillary and reticu-
lar fibroblasts (PF’sand RF’s, respectively) are important for both epidermal 
and dermal homeostasis in cutaneous models.67,68

In addition, cancer associated fibroblasts (CAF’s) are key players in cuta-
neous squamous cell carcinoma (cSCC), as demonstrated in previous work 
with dermatologic skin models.69 (Wu et al., submitted) CAF’s are part of the 
tumor microenvironment (TME) and contribute functionally to the process 
of SCC progression (Figure 4).58,70 While increasing knowledge on patho-
genesis and drug development is obtained using cutaneous 3D models, these 
models are still lacking for healthy vulvar skin and VSCC.
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Aims and outline of this thesis
This thesis describes studies performed within a multimodal characteriza-
tion approach of vulvar healthy and (pre)malignant skin. The focus is on the 
physician, patient, cellular, molecular, and imaging domains with the aim to find 
disease-specific biomarkers to improve the clinical management of vulvar 
(pre)malignancies. This thesis is divided into three sections:
Section I of this thesis discusses the evaluation of several non-invasive clin-
ical tools on the vulvar healthy and diseased skin. Chapter 2 covers the do-
mains physician- and patient reported outcomes and imaging. A mobile e-diary 
application for monitoring of patient-reported outcomes and treatment adher-
ence has been applied. Within the imaging domain, we investigated if out-
come measures of the non-invasive imaging methods dermatoscopy and op-
tical coherence tomography (OCT) could serve as biomarkers for vulvar dis-
eased skin. Next, in Chapter 3 reflectance confocal microscopy (RCM) has 
been assessed on the vulvar skin of healthy and diseased patients as part of 
the imaging domain. RCM shows great potential in other clinical fields, but 
has sparingly been applied on the vulvar area. The primary objective is to 
explore feasibility and tolerability of RCM imaging on premalignant vulvar 
skin. The cellular domain is discussed in Section II. Chapter 4 describes how 
the experience with 3D human skin equivalents (HSE’s) in dermatologic re-
search has been used to set-up vulvar healthy and diseased 3D-HSE’s. The can-
cer models were thereafter used to test the effect of standard-of care chemo-
therapeutics on the acquired tumors. In Section iii the focus is on the molec-
ular domain. In Chapter 5 a systematic review is presented, elaborating on 
the search for potential molecular targets for fluorescence guided surgery 
(FGS) for vulvar cancer. Subsequently, in Chapter 6 potential targets for FGS 
in VSCC are evaluated using immunohistochemistry on healthy and (pre)ma-
lignant vulvar tissue sections. The expression of each marker has been quan-
tified using digital image analysis and expression scores are compared for all 
cohorts included. Chapter 7 summarizes the results of all these chapters and 
highlights future perspectives.

Figure 1	 Anatomy of the vulva. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2	 Multimodal profiling of vulvar healthy and diseased skin, to improve 
diagnostics and drug development.41,42 Five domains are studied: physician, patient, 
molecular, cellular and imaging. Section numbering indicates the location in this thesis 
where a specific method is discussed. 
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Figure 4	 Image guided surgery using near-infrared (NIR) fluorescence.  
A	 A NIR fluorescent contrast agent is administered e.g. intravenously or topically to a 
cancer patient. During surgery, the agent is visualized using a NIR fluorescence imaging 
system. This system must have adequate NIR excitation light, collection optics and 
filtration, and a camera sensitive to NIR fluorescence emission light. An optimal imaging 
system includes simultaneous visible (i.e., white) light illumination of the surgical field, 
which can be merged with NIR fluorescence images. The surgeon may see the camera 
records on a computer monitor, goggles, or a wall projector (monitor form factor shown).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B	 Graphical overview of binding of a probe, here a antibody (purple) conjugated to 
fluorescent label (fluorescent green), specifically to a target present at tumor cells and 
absent at healthy cells.

Figure 3	 Cross-sectional view of a human skin equivalent (HSE) in an air-liquid  
well plate. Isolated healthy or squamous cell keratinocytes can grow on different type  
of fibroblasts. These HSE models shows an epidermis that includes all dermal layers 
observed in freshly obtained skin. 

HSE=human skin equivalent, PF= papillary fibroblasts, RF=reticular fibroblasts, CAF’s=cancer associated 
fibroblasts 
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Abstract
Objective  To examine potential discriminatory characteristics of der-
matoscopy and dynamic optical coherence tomography (D-OCT) on vulvar 
high-grade squamous intraepithelial lesions (vHSIL) and lichen sclerosus 
(LS) compared to healthy vulvar skin.

Methods  Non-invasive imaging measurements using dermatoscopy 
and D-OCT were obtained at several time-points, including lesional and 
non-lesional vulvar skin. Morphologic features of vHSIL and LS were com-
pared to healthy controls. Epidermal thickness and blood flow were deter-
mined using D-OCT. Patients reported tolerability of each study procedure, 
including reference vulvar biopsies.

Main Outcome Measures  Feasibility and tolerability of imaging mo-
dalities, dermatoscopy and OCT characteristics, OCT epidermal thickness 
and D-OCT dermal blood flow.

Results  The application of dermatoscopy and D-OCT is feasible and tol-
erable. In vHSIL, dermatoscopic warty structures were present. In LS, scle-
rotic areas and arborizing vessels were observed. Structural OCT in the vul-
var area aligned with histology for hyperkeratosis and dermal-epidermal 
junction visualisation. Currently, the OCT algorithm is unable to calculate 
the epidermal thickness of the uneven vulvar area. D-OCT showed statisti-
cally significant increased blood flow in LS patients (mean ±SD 0.053 ±0.029) 
to healthy controls (0.040 ±0.012, p=0.0024).

Conclusions  The application of dermatoscopy and D-OCT is feasible 
and tolerable in vHSIL and LS patients. Using dermatoscopy and D-OCT, we 
describe potential characteristics to aid differentiation of diseased from 
healthy vulvar skin, which could complement clinical assessments.

Introduction
Vulvar high-grade intraepithelial lesions (vHSIL) and lichen sclerosus (LS) can 
develop in the vulvar region.1 Both diseases can predispose to vulvar squa-
mous cell carcinoma (VSCC).2,3 vHSIL is caused by high-risk human papillo-
mavirus (HPV), such as type 16 and 18. The cause of LS is unknown, but a ge-
netic and (auto)immune etiologic role has been suggested.4,5 Both vulvar dis-
eases may cause itch, pain or a burning sensation. LS may result in vulvar dis-
figurement. Inadequate clinical recognition and delayed or inadequate treat-
ment may have detrimental consequences. These issues are partly caused by 
low incidence of the diseases, the difficulty to recognize lesions among pa-
tients and healthcare professionals, in addition to social stigma and taboo.6,7 
As a consequence, vHSIL and LS have a considerable physical, sexual and 
psychological impact on affected patients.6,8 Preferably, the diagnostic pro-
cess of these vulvar diseases should be improved by objective and non-inva-
sive, disease-specific biomarkers. A prerequisite in biomarker validation is its 
ability to discriminate healthy from diseased tissue.9 Examples of potential 
novel techniques are dermatoscopy and dynamic optical coherence tomog-
raphy (D-OCT). Dermatoscopy is routinely applied by dermatologists as an 
adjunctive tool to ameliorate subsurface structure visualization and pattern 
identification to aid diagnosis of melanoma, basal cell carcinoma and other 
cutaneous disorders.10 Its application on the vulvar area is currently limited 
to research purposes of vulvar pigmented lesions.11-13 D-OCT is a non-inva-
sive imaging technique that provides real-time cross-sectional images of bi-
ological structures based on differences in tissue optical properties. It has 
been incorporated in the daily ophthalmology practice for diagnosis of reti-
nal diseases.14 In addition, D-OCT has been applied as a research tool in der-
matology for characterisation of non-melanoma skin cancer.15-18 In gynaeco-
logy, only a few studies in cervical, vulvar and ovarian tissue suggest poten-
tial for D-OCT to differentiate between healthy and (pre)malignant tissue of 
epithelial origin.19-22 The study objective was to examine potential discrim-
inatory characteristics of dermatoscopy and D-OCT on premalignant vulvar 
skin compared to healthy vulvar skin. Therefore, we examined dermatosco-
py and D-OCT in a standardized clinical trial on both vHSIL and LS patients 
and healthy controls.



CHARACTERIZATION OF VULVAR DISEASES: NOVEL IMAGING TOOLS, MODELS AND MOLECULAR TARGETS28 CHAPTER 2  Dermatoscopy and OCT in vulvar HSIL and LS 29

Methods
A prospective, healthy volunteer-matched, single-centre trial conducted 
at the Centre for Human Drug Research in Leiden was performed from 
February 2021 to october 2021. The Declaration of Helsinki was the guid-
ing principle for trial execution. The study was approved by an independent 
medical ethics committee ‘Medisch-Ethische Toetsingscommissie Leiden 
Den Haag Delft’. All subjects provided written informed consent before 
participation. The trial was registered with the ‘Nederlands Trial Register’ 
(NL73964.058.20) and EudraCT (2020-002201-2). These imaging results are 
part of a multi-modal clinical study investigating research methods across 
various domains to identify biomarkers that could improve vulvar disease 
identification and therapeutic response monitoring (Figure S1).9,23

Study design and subjects
In total, 25 women (Fitzpatrick skin type I-iii), aged 25-73 with a body mass 
index (BMI) <30 kg/m2 were included, categorized as: five vHSIL patients (≥1 
sharply margined histologically confirmed vHSIL lesion ≥15mm), ten LS pa-
tients (clinical and/or histological diagnosis confirmation) and ten healthy 
controls. Main exclusion criteria were having a significant other disease as 
judged by the investigator, pregnancy, other vulvar dermatological condi-
tions, immunocompromised state, sexually transmitted disease, acquired 
immumnodeficiency syndrome or hepatitis. For standardization purposes, 
the wash-out for topically applied products on the vulvar area was ≥14 days.24 
All subjects visited the clinical research department on Day 0 (0h=baseline, 
3h and 6h), Day 1 and Day 7 (Figure S2). LS patients also visited the clinic on 
Day 21 and 35, as follow-up for a 4-week standard of care treatment with 
corticosteroid ointment clobetasol 0.05% (Dermovate, GlaxoSmithKline, 
Brentford, UK) starting at Day 8. At each visit, clinical assessments and non-
invasive imaging measurements were performed. Biopsies were obtained 
at Day 0 for all subjects and on Day 35 for LS patients.

Anogenital examination and vulvar lesion mapping
Examination of the anogenital region and study procedures were performed 
in a gynaecological chair. All patients were assessed by trained physicians 
(BH and LP) and discussed with an oncological gynaecologist specialized in 
vulvar disease (MvP) at baseline. All procedures were performed on select-
ed target areas, including a lesional and non-lesional site for all patients. 

Imaging
Dermatoscopy

Macroscopic imaging  Macroscopic dermatoscopic images of the vulvar 
surface were obtained using a FotoFinder Medicam 1000 with the Bodystudio 
– Automated Total Body Mapping (FotoFinder Systems GmbH, Bad Birnbach, 
Germany) for photo analysis and documentation (Figure S3). Microscopic im-
ages were obtained with a D-Scope IV dermatoscopy lens with polarized light 
and analyzed using FotoFinder universe. Dermatoscopy includes a follow-up 
photo documentation function. An open cap was used to compensate for the 
uneven character of vulvar skin, especially if irregular due to disease. The cap 
was removed and cleaned using liquid alcohol on a tissue after image acquisi-
tion. The whole procedure took approximately 1-2 minute per patient.

Microscopic imaging  As an exploratory measure, individual dermato-
scopic characteristic or a set of characteristics were assessed for discrimi-
natory potential for vulvar diseases. Scoring of the presence or absence of 
these characteristics in decoded microscopic images was performed by an 
expert dermatologist who was fully blinded for patient type (CH). The follow-
ing characteristics were appraised per image: colour of the skin (red, pink, 
yellow, grey, brown, white or other); vessel concentration (increased, nor-
mal, decreased or invisible) and vessel concentration (dotted, hairpin, linear, 
linear serpentine, thin/thick arborizing, thick root-like, other or not visible). 
The presence or absence of scales, ecchymoses, purpura, yellow-white struc-
tureless areas, white circles, peppering, comedo-like openings, ulceration 
and warty structures were reported, as previously described in literature of 
dermatoscopy characteristics of genital lesions.25,26 In total, 85 photos were 
scored (15 vHSIL, 40 LS and 30 HV) obtained at Day 0, 7 and 35.

d-oct

Skin morphology analysis up to a depth of 1 mm was performed by D-OCT 
using the Vivosight Dx (Michelson Diagnostics Ltd., United Kingdom). The 
VivoSight Dx handheld probe captures a 6 mm x 6 mm scan in approxi-
mately 60 seconds. Generally, the operator used two hands, one to stabi-
lise the vulvar area of interest and one to place the handheld device on the 
skin. The images were displayed on a monitor for review (Figure S4). Scans 
with artefacts due to movement were excluded from analysis and directly 
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retaken. Structural OCT employs light reflectance to generate a black and 
white image perpendicular to the scanned skin. In addition, D-OCT allows 
the in vivo evaluation of blood vessels and their distribution within specif-
ic lesions based on speckle variance. The incorporated VivoSight software 
was employed to automatically determine epidermal thickness and blood 
flow. The data was stored and analysed using VivoSight version 4.15 and 
VivoTools software version 4.15. Qualitative assessments were performed 
by three trained OCT operators (BH, LP and WV).

Epidermal thickness  Epidermal thickness was determined using the al-
gorithms incorporated in the software. Additional manual epidermal thick-
ness analyses were performed with ImageJ (version Java 1.8.0_172, Bethesda, 
Maryland, USA). Using a self-generated macro, three consecutive vertical 
lines were drawn per scan, indicating the thickness of the epidermal layer. 
The mean, SD, minimum and maximum epidermal thickness was deter-
mined per set of 120 consecutive scans per patient. Due to the exploratory 
nature of this measurement and time-consuming manual calculations, only 
baseline and post-treatment (LS) scans were analysed manually for epider-
mal thickness.

Blood flow  D-OCT blood flow was determined using the algorithms in-
corporated in the software. The quantification of the blood flow was based 
on the average speckle signal returning at the detector at dermal depth from 
0.10 to 0.35mm to reduce contortions from artefacts.27

Histological analysis
Vulvar tissue samples were obtained using a 4mm punch biopsy acquired 
by trained physicians (BH, LP and MvP) at the end of Day 0. The skin was 
anesthetised using subcutaneous lidocaine prior to the procedure. The ob-
tained biopsies were formalin fixed paraffin embedded (FFPE) and stained 
for hematoxylin and eosin (HE) by the pathology department of the Erasmus 
Medical Centre (EMC, Rotterdam, The Netherlands) following clinical pro-
tocols. Slides were scored by a dermatopathologist (JD). Dysplasia was as-
sessed by the epidermal levels of atypia and scored as warty and/or basaloid 
types. Lichen sclerosus was diagnosed by the histological characteristics of 
LS.28,29 INNO-LiPA HPV Genotyping Extra (Eurofins NMDL-LCPL, Rijswijk, 
The Netherlands) was used for HPV typing.30

Patient reported outcomes
The ‘burdensome questionnaire’ comprised of 100 mm lines on which the 
patient indicated how burdensome they found each study procedure, with 
0 mm representing no burden at all and 100 mm representing the most bur-
densome procedure possible (Figure S5). The e-diary (Promasys® ePRO plat-
form) with a reminder and photograph function (with corresponding time 
stamps) was used to monitor at-home drug compliance.31

Statistical analysis
Dermatoscopic observations were summarized and shown descriptively. 
To determine the differences between patient groups, a two-sided unpaired 
t-test on averages of two groups (vHSIL, LS or healthy) at baseline were per-
formed. This was performed for epidermal thickness and blood flow mea-
surements of the D-OCT. A paired, two-tailed t-test was performed com-
paring mean D-OCT values pre- to post treatment. The differences for the 
burdensome questionnaire were analysed using a paired student’s t-test 
comparing dermatoscopy and D-OCT to the biopsy procedure. The analy-
ses were computed in SAS 9.4 and GraphPad version 9.3.1.

Results
In total, 25 women, of which 5 patients with vHSIL and 10 patients with LS 
and 10 healthy controls were enrolled and all patients finished the study 
(Table S1). Menopausal status was equally distributed among groups.

Dermatoscopy
Vulvar skin of a representative subject of each cohort (vHSIL, LS and healthy 
controls) captured by dermatoscopy is presented in a macroscopic over-
view and a microscopic image (Figure S6).

Microscopic characteristics  Examples of dermatoscopic character-
istics are shown in Figure 1 and the frequency of observations per group 
are summarized in Figure 2. The most prominent characteristic of vHSIL 
were warty structures (4/5), which could be accompanied by some scales 
and peppering. The colour of vHSIL skin was highly variable, but never yel-
low. Women with Fitzpatrick skin type >3 were not included in this study, 
so colour findings could vary based on the analyzed population. Vessels 
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were present with dotted or linear vessel. LS vulvar skin colour was usual-
ly scored as pink or white and typically showed white structureless areas 
(8/10) and/or increased vessel concentration (8/10), with arborizing and/or 
thick root-like vessel morphology. The vulvar skin of healthy controls was 
mostly scored as yellow (8/10), with normal vessel pattern of dotted or lin-
ear vessels, sometimes accompanied by white circles (4/10). Occasionally 
white structureless areas or peppering was observed (3/10). No changes 
were observed in dermatoscopic characteristics of LS skin before and after 
4-week clobetasol treatment (data not shown).

D-OCT
Morphological characteristics  Vulvar HSIL is histologically charac-
terized by hyperkeratosis and parakeratosis, acanthosis with club-shaped 
rete ridges, cytonuclear atypia, disorientation of individual epithelial cells 
and an intact basement membrane.3

Figure 3 shows a side-to-side comparison of OCT images to correspond-
ing histology of all three disease entities (Figure A: vHSIL, Figure B: LS and 
Figure C: HV). Hyperkeratosis could be identified in the structural OCT 
image of a vHSIL lesion in the hyperreflective stratum corneum. In addi-
tion, the OCT image shows the broadening of the epidermis in the club-
shaped pattern associated with acanthotic vHSIL with an intact dermal-
epidermal junction as observed in histology. Lichen sclerosus is histologi-
cally characterized by hyperkeratosis, thinning of the epidermis with loss 
of the rete ridge pattern and dermal changes, including sclerosis.29

In the OCT image, these changes can also be identified, especially the dis-
organized extracellular matrix reflecting the dermal changes. Nuclear and 
cellular changes cannot be visualized using OCT. In addition, we observed 
that resolution was occasionally lost deeper into the skin under a hyperker-
atotic and hyperreflective stratum corneum or sclerotic area. These OCT 
findings are pronounced in vHSIL and LS compared to healthy vulvar skin. 
Histologically healthy vulvar skin has a normal epidermal thickness in the 
absence of characteristics observed in diseased vulvar skin. These features 
could also be visualized in OCT recordings.

Epidermal thickness  In total 77.5% (vHSIL), 56.9% (LS) and 91.2% (healthy 
control) of the measurements using the incorporated algorithm failed as an 
impossible epidermal thickness of 0 µm was reported (Figure S7). Therefore, 

manual epidermal thickness measurements were performed (Figure 4A+B). 
No significant differences in epidermal thickness were identified compar-
ing lesional or non-lesional vHSIL to healthy controls. The epidermis (mean 
±SD) of pre-clobetasol lesional LS (0.13 ±0.10µm) was statistically significant 
thinner compared to healthy controls (0.19 ±0.06µm), p=0.0312. No differ-
ences were observed between pre- and post-clobetasol-treated LS (0.127 
±0.10µm vs 0.118 ±0.034, p=0.643).

Blood flow  At baseline, higher blood flow (mean ±SD) measured by D-OCT 
was observed in non-lesional vHSIL (0.063 ±0.040) compared to lesional 
vHSIL (0.044 ± 0.025), p=0.0255 (Figure 4C). No differences were detect-
ed between lesional vHSIL and healthy controls (0.040 ±0.017, p=0.347). In 
addition, blood flow in non-lesional vHSIL skin differed significantly from 
healthy controls (0.063 ± 0.040, p=0.0001). Blood flow was significantly 
higher in pre-treatment lesional LS (0.053 ±0.029) compared to non-lesion-
al LS (0.034 ±0.019, p<0.0001) and healthy controls (0.040 ±0.012, p=0.0024) 
(Figure 4D). Blood flow in non-lesional LS did not differ significantly com-
pared to healthy controls (p=0.077). When baseline was compared to post-
treatment measurements, no differences were observed between pre- and 
post-clobetasol-treated LS (0.057 ±0.042) (p=0.532). Blood flow measure-
ments could fluctuate over time (Day 0, 2, 8, 22 and 36), depending on sam-
ple location (lesional vs non-lesional) (Figure S8).

Histological analysis
All clinical diagnoses of non-lesional and lesional skin of vHSIL, non-lesion-
al LS and healthy controls were confirmed in biopsy (Table S2). The biop-
sies of lesional LS were classified as LS in 3/10 cases. The remaining 7 were 
classified as normal skin with inflammatory reactive changes (e.g. acan-
thosis, lymphohistiocytic inflammation), although clinical diagnosis had 
been confirmed by a specialized gynaecologist (MvP) prior to enrollment. 
Positivity for HPV 16 was identified in 4/5 lesional vHSIL biopsies. One le-
sional LS biopsy tested positive for HPV type 53, while no HPV was found in 
non-lesional or healthy control biopsies.

Patient-friendliness and treatment compliance
All imaging methods applied in this study were considered mildly bur-
densome and therefore patient-friendly across cohorts. The vulvar biopsy 
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procedure was considered substantially more burdensome than all non-in-
vasive imaging procedures, with mean reported scores over 20 mm (Figure 
S9). For LS patients, treatment compliance measured with the electronic 
diary was 99%.

Discussion
Main findings
This exploratory study shows that the application of dermatoscopy and 
D-OCT is feasible and tolerable in vHSIL and LS patients. The most prom-
inent finding with dermatoscopy was the presence of sclerotic areas and 
arborizing vessels in LS and warty structures for vHSIL. Structural OCT 
images could be aligned for both diseases with histology for characteris-
tics such as hyperkeratosis and dermal-epidermal junction visualisation. A 
novel finding in this study was the increased blood flow measured by the 
algorithm of the D-OCT in vulvar LS compared to healthy tissue. Epidermal 
thickness determination by OCT should be considered for research purpos-
es only at this stage.

Strengths and limitations
The main strength of this study is the prospective trial design in vulvar pa-
tients and healthy controls including within-subject lesional and non-le-
sional control. Image acquisition and analyses were performed in a struc-
tured manner, allowing for side-to-side comparisons of techniques. The 
study was carried out in a clinical research facility that allowed for stan-
dardized image and measurement acquisition (i.e. light conditions, temper-
ature and operators). The dermatoscopic follow-up functionality allowed 
for exact traceability of image location throughout the study (Figure S3). In 
addition, the biopsy location aligned with the obtained non-invasive mea-
surements. Performing a data-rich pilot trial in vulvar disease has inherent-
ly resulted in a modest sample sizes.32

Unfortunately, VSCC patients could not be recruited, mainly due to the 
short and emotionally intense period between the diagnosis and timely 
scheduled surgical excision. The initial intention of this pilot trial had been 
to include VSCC patients to portray the complete pathway from healthy vul-
var skin to VSCC. This statement could be expanded to all patients visit-
ing the vulvar consultation office with a variety of vulvar diseases, as the 

possible discriminative nature of promising characteristics should be vali-
dated in a practical sample. In addition, to contribute a diverse and repre-
sentative study population in a follow-up study, women with all Fitzpatrick 
skin types should be included. Finally, seven out of ten histological assess-
ments of LS patients were incongruent with the clinical diagnosis. This dis-
crepancy is not considered a limitation in itself, but highlights the heteroge-
neous nature of the vulvar skin, as well as vHSIL and LS. This clinical, mor-
phological, and histological variability could influence the findings of our 
study and should be considered in further interpretation.

Interpretation
Dermatoscopy is an integrative part of the dermatologists’ evaluation of 
potentially malignant cutaneous lesions.10 However, the evaluation of vul-
var disease using sophisticated imaging devices is uncommon in daily vul-
var clinic or gynecological practice.33 An expanding catalogue of reports 
describe dermatoscopy for vulvar lesions, but a well-established and struc-
tured approach of image acquisition and reporting remains lacking.11,12,34-36 
Observations in intraepithelial neoplasia have been summarized in a recent 
review, although the overview does not include stratification for sex or dis-
ease subtypes (i.e. vHSIL or the HPV-independent differentiated vulvar in-
traepithelial neoplasia).37 The currently recognized characteristics include 
red to white structureless areas in addition to presence of dotted, glomeru-
lar and linear vessels. Grey-brownish dots have been described in pigment-
ed intraepithelial neoplasia lesions. Our dermatoscopy results in vHSIL 
concur with literature, although the modest patient population restricts 
further comparisons. In addition, features identified in vHSIL could also 
be found in LS or healthy controls, rendering none of the identified char-
acteristics disease specific. The only distinctive feature in our study were 
the warty structures in vHSIL. However, this observation adds little clini-
cal value as this feature is clear upon visual inspection by the examining cli-
nician. Plus, many vulvar diagnoses may present as warty structures, such 
as condylomata acuminata or papillomatosis.38 On D-OCT, we found an in-
creased blood flow in non-lesional vHSIL compared to healthy vulvar skin. 
This observation may be due to a more extensively inflamed vulvar area, be-
sides the clinically observable vHSIL lesion(s). This implies that non-lesion-
al, apparently healthy, vulvar skin of vHSIL patients should not be consid-
ered a valid healthy control, i.e. within-patient controls can cause potential 
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confounding. The same notion applies for non-lesional LS skin, which can 
appear without clinical signs of LS but in fact may comprise of pre-clini-
cal diseased vulvar skin. Our conclusions may have been influenced by the 
small cohort and potential artefacts from warty lesional structures on the 
blood flow measurements. Histologically, acanthosis is a well-known fea-
ture vHSIL.3 Structural OCT analysis non-invasively found a thicker epi-
dermis for lesional vHSIL than healthy vulvar skin, as reported once previ-
ously.21 However, the OCT software algorithm is inadequate for epidermal 
thickness measurements, most likely due to anatomically irregular vulvar 
structures. Unfortunately, manual epidermal thickness determination is 
too time-consuming for clinical application at this stage. Improvement of 
the software algorithm for vulvar skin would be required to make this OCT 
parameter applicable for practical implementation. Several reports have 
described dermatoscopic features of LS, both in men and women.39-44 A 
recent review summarized dermatoscopic features of LS, which reportedly 
appears with structureless areas, red globules in a white background with 
a decrease, or desertification, of vessels.37 Our observations are in line with 
these results, with the notable exception with regard to vascular chang-
es in a number of cases. We found more pronounced vasculature primar-
ily consisting of thick and thin arborizing vessels in approximately 40% of 
LS cases. Generally, these patients presented clinically with a loss of vulvar 
architecture. Literature is yet undecided whether dermatoscopic vascular 
patterns could correlate to disease duration.25,43

These newly described dermatoscopic thick and thin arborizing vessels 
concur with established histological features of hyalinized, stiff vessels in 
the dermis of LS.28,29 These stiff vessels translated into the observed in-
crease in blood flow in lesional LS vulvar skin, as measured by D-OCT. We 
hypothesize that this could be the result of sclerosis and damage to the con-
nective tissue in LS, affecting the microvasculature of the dermis.45 The ob-
served increase in dermal blood flow in LS has not previously been objecti-
fied by D-OCT, but has previously been described using Doppler.46

Histologically, the vulvar epidermis in LS is thinner compared to healthy 
vulvar skin.29-47,48 We confirm epidermal thinning in LS numerically and 
morphologically using non-invasive structural OCT measurements.

Conclusions
This study describes a structured, prospective approach to identify sophis-
ticated imaging methods to identify disease characteristics for vHSIL and 
LS. Using dermatoscopy and D-OCT, we described potential characteristics 
to aid differentiation of diseased from healthy vulvar skin, which can com-
plement clinical assessments. Dermatoscopy is a promising tool that may 
facilitate clinical recognition and follow-up of vHSIL and LS after expan-
sion of patient groups and clinical validation. Vulvar biopsies can be ob-
tained on a limited basis, whilst non-invasive techniques can be used re-
peatedly, minimizing patient burden as demonstrated in this study. The 
step to clinical integration of D-OCT is considered inappropriate at this 
stage due to the suboptimal algorithms and remaining questions on the ap-
plicability of the biomarker for the clinical practice. Imaging techniques 
should always be preceded by visual examination for the establishment of 
a clinical differential diagnosis. Our findings need to be confirmed in larg-
er, more diverse cohorts including suspicious lesions of the vulva over time 
before implementation in the vulvar clinic.
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Figure 1	 Representative images showing examples of scored characteristics.  
A) Scales (LS) B) Small white circles (LS) C) Warty structure (vHSIL) D) Purpura (LS) E) White 
structureless areas (LS) F) Peppering (LS) G) Dotted vessels (vHSIL) H) Linear and hairpin 
vessels (LS) I) Thick and thin arborizing vessels (LS). 

vHSIL=vulvar high-grade squamous intraepithelial lesion, LS=lichen sclerosus 

Figure 2	 Percentage of observed characteristics per patient group (85 photos were 
scored: 15 vHSIL, 40 LS and 30 HV) from the scoring of microscopic dermatoscopy 
images by a blinded dermatologist (CH). 

vHSIL=vulvar high-grade squamous intraepithelial lesion, LS=lichen sclerosus, HV=healthy vulva.

Figure 3	  Structural OCT recordings compared to aligned histological assessments 
of A+B) vHSIL, C+D) lichen sclerosus and E+F) healthy volunteers. Asterisks (*) indicate 
blood vessels. 

OCT=optical coherence tomography, H&E=hematoxylin and eosin, vHSIL=vulvar high-grade squamous 
intraepithelial lesion; DEJ=dermal-epidermal junction; ECM=extracellular matrix
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Figure 4	 D-OCT epidermal thickness measurements (manually determined using 
ImageJ) and blood flow measurements (determined by incorporated algorithm). 
Measurements were assessed at baseline (D1H0) and, for LS only, post-treatment (D35). The 
mean and standard deviations are displayed for each group. A) Epidermal thickness in µm 
(y-axis) is plotted against measurements clustered per patient group (x-axis). B) The average 
blood flow measured between a skin depth of 0.10-0.35 µm at non-biopsy sites of vHSIL 
and LS subjects compared to healthy controls. The mean and standard deviations are 
displayed for each group, as well as individual data points. Blood flow in AU (y-axis) plotted 
against measurements clustered per patient group (x-axis). 

ns=p>0.05, *=p ≤ 0.05, **=p ≤ 0.01, ***=p ≤ 0.001, ****=p ≤ 0.0001. vHSIL=vulvar high-grade squamous 
intraepithelial lesion, LS=lichen sclerosus, HV=healthy vulva. L=lesional and NL=non-lesional skin.
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Abstract
Introduction  Vulvar squamous cell carcinoma (VSCC) is a rare malig-
nancy with an increasing incidence, especially in young women. Surgical 
treatment of VSCC is associated with significant morbidity and high recur-
rence rates, which is related to the limited ability to distinguish (pre)malig-
nant from healthy tissue. There is a need for new tools for specific real-time 
detection of occult tumor lesions and localization of cancer margins in pa-
tients with VSCC. Several tumor-specific imaging techniques are developed 
to recognize malignant tissue by targeting tumor markers. We present a 
systematic review to identify, evaluate, and summarize potential markers 
for tumor-specific imaging of VSCC.

Methods  Relevant papers were identified by a systematic cross-da-
tabase literature search developed with assistance of an experienced li-
brarian. Data were extracted from eligible papers and reported based on 
the Preferred Reporting Items for Systematic reviews and Meta-Analyses 
(PRISMA) guidelines. VSCC-specific tumor markers were valued based on 
a weighted scoring system, in which each biomarker was granted points 
based on ranked eligibility criteria: I) percentage expression, ii) sample size, 
and iii) in vivo application.

Results  In total 627 papers were included of which 22 articles met the 
eligibility criteria. Twelve VSCC-specific tumor markers were identified 
and of these 7 biomarkers were considered most promising: EGFR, CD44v6, 
GLUT1, MRP1, MUC1, CXCR-4 and VEGF-A.

Discussion  This overview identified 7 potential biomarkers that can be 
used in the development of VSCC-specific tracers for real-time and precise 
localization of tumor tissue before, during, and after treatment. These bio-
markers were identified in a small number of samples, without discrimi-
nating for VSCC-specific hallmarks such as HPV-status. Before clinical de-
velopment, experimental studies should first aim at validation of these bio-
markers using immunohistochemistry and cell line-based examination, 
discriminating for HPV-status and the expression rate in lymph nodes and 
precursor lesions.

Introduction
Vulvar carcinomas represent around 2-5% of all gynecological cancers and 
the incidence is rising, especially in young women.1 Vulvar squamous cell 
carcinoma (VSCC) is the most common histopathological type and consti-
tutes 80-90% of all vulvar cancers. There are two different pathophysio-
logical pathways for VSCC: (i) a high-risk human papillomavirus (HPV) de-
pendent type, accounting for 20% of all VSCC’s, which is often associated 
with high grade squamous intraepithelial lesion (HSIL) and occurs mostly in 
younger women, and (ii) an HPV-independent type associated with lichen 
sclerosis which is mostly observed in older women.2

Surgery with or without adjuvant (chemo)radiotherapy is the corner-
stone of treatment of VSCC. Surgical treatment is frequently associated 
with significant morbidity, which is partly related to the limited ability to 
distinguish between healthy and malignant tissue, both before and during 
surgery. Positive surgical margins are associated with high local recurrence 
rates up to 40% and corresponding poor survival (5-year survival for recur-
rent VSCC is reported to be 25-50%).3,4 In addition, precursor lesions are 
often found adjacent to the tumor, which are sometimes difficult to identify 
clinically with current available imaging modalities. Consequently, incor-
rect identification results in re-excisions, local recurrences, regional me-
tastases and associated worse prognosis. Moreover, when (pre)malignant 
lesions are located near the urethra, clitoris, or anus, surgery may be tech-
nically challenging with suboptimal results, ensuing in a decreased quality 
of life. This underlines the high unmet medical need for clinicians to more 
optimal discriminate tissue abnormalities of the vulva.

Currently there are no real-time techniques to distinguish (pre)malig-
nant from healthy tissue during surgery, equivalent to the pathological as-
sessment of hematoxylin/eosin stained vulvar tissue sections suspected of 
tumor invasion. Gynecologists rely on visual and tactile information, and 
experience for the identification of tumor tissue or distinction of tissue 
margins, before, during and after treatment. Treatment of patients can be 
improved upon the availability of safe and specific real-time detection of 
occult tumor lesions and localization of cancer margins. Such techniques 
will enhance personalized treatment decisions and minimize the risk of 
residual disease.

Molecular imaging integrates advanced imaging modalities with probes 
targeting molecular biomarkers of interest. This technique plays a signifi-



CHARACTERIZATION OF VULVAR DISEASES: NOVEL IMAGING TOOLS, MODELS AND MOLECULAR TARGETS92 CHAPTER 5  Potential targets for tumor specific imaging of vscc 93

cant role in accurate diagnosis of several cancer types and is generally safe 
to apply. An imaging probe consists of a contrast label, such as radionuclides 
for nuclear based imaging, paramagnetic or electron opaque substances for 
radiological techniques, or bioluminescent or fluorescent molecules for op-
tical imaging,5 which is conjugated to a molecular imaging agent with high 
affinity for a biomarker selectively expressed at the surface of tumor(-as-
sociated) cells (Figure 1). Small molecules, peptides, aptamers, antibodies, 
protein fragments and nanoparticles have been used as molecular imaging 
agents. After administration of an imaging probe, real-time images of the 
tissue of interest can be obtained by a suitable camera system that gener-
ates optical contrast between tumor and surrounding healthy tissue.6 This 
review will mainly focus on imaging agents applicable for optical imaging, 
as this modality benefits of its high-spatial resolution and real-time local-
ization. An example of optical imaging coupled with image-guided surgery 
is Fluorescent Guided Surgery (FGS), which has been widely explored in the 
last decade.6 Particularly, the use of near-infrared (NIR) fluorescence dyes 
can most likely provide sufficient tissue penetration for vulvar carcinoma, 
though thus far, targeted imaging has not been used to detect VSCC.

The following characteristics define a potential protein marker for tar-
geted imaging: extracellular biomarker localization, expression pattern, 
tumor-to-healthy tissue ratio, percentage and distribution of positive cells, 
and previous use of the biomarker for in vivo targeted imaging.7,8 Based on 
these criteria we rank the feasibility of different vulva-specific biomark-
ers, found through systematic analysis of the scientific literature using the 
PRISMA guidelines. The purpose of this review is to provide an overview of 
potential tumor specific targets for VSCC. These vulva-specific biomarkers 
could serve as targets for molecular imaging and help develop a structured 
approach of tumor-visualization.

Methods
This study was performed according to the PRISMA guidelines.9

Search strategy
Relevant scientific papers were identified by a systematic online cross-data-
base search performed in July 2019, using PubMed, Embase, Web of Science, 
Cochrane Library and Academic Search Premier. Search strategies for all 

databases were adapted from the PubMed strategy and developed with as-
sistance of an experienced librarian of the Walaeus Library of the Leiden 
University Medical Center (JS). The search strategy consisted of the medi-
cal subject headings and text words related to the keywords ‘vulvar carci-
noma’, ‘target proteins’ and abbreviations thereof. See Appendix I for the 
complete search strategies for each database.

Eligibility
Clinical trials (phase I, ii, and iii), and prospective or retrospective cohort 
studies were included. The following eligibility criteria were set: (1) Report 
of cell surface protein expression in more than 40% of the human VSCC 
tumor or tumor-associated cells, such as stromal cells, and (2) Evaluation 
of cell surface protein expression by immunohistochemistry. Results from 
flow cytometry analysis of cell lines were considered as advantageous but 
non-decisive. Animal studies, (systematic) reviews, not-English published 
abstracts and case reports were excluded.

Target selection
Tumor-specific imaging is based on the distinction between malignant and 
healthy tissue. However, information about the expression of the target in 
non-malignant vulvar tissue and the pattern of expression is mostly lack-
ing in the included studies. It was therefore chosen to leave these character-
istics out of the target selection and refer to these if known in the descrip-
tive text of the potential marker headings in the result section. To select po-
tential tumor specific targets for optical imaging in VSCC, a weighted scor-
ing system was used, adapted from the target selection criteria (tasc) scor-
ing system.8,10 Biomarkers were granted points (0-2), based on three cri-
teria (table 1). The criteria where prioritized to value certain criteria more 
important than others. The percentage expression score (criterion i) was 
chosen the most determinative factor and granted most weight, followed 
by the criteria in vivo application score (criterion ii, based on the review of 
hernot et al.6), indicating previously use of the target for imaging of other 
cancer types. The least weight was assigned to the sample size score (crite-
rion iii). If more than one publication described the same target, the scor-
ing system was applied to all articles. An average expression rate and a total 
sample size (n) was calculated for the particular target. Some publications 
described multiple potential targets.
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Table 1	 Target scoring system. Eligible biomarkers are granted points (0–2) based  
on three criteria: I) Percentage expression: percentage of VSCC samples expressing the 
target of interest; II) In vivo application: previously in vivo application of an imaging  
agent against the target of interest; iii) Sample size: total number of VSCC samples tested 
within a study.

Target scoring system 0 1 2

i Percentage expression 50 – 65% 66 – 80% >81%

ii In vivo application No Yes

iii Sample size 0 – 9 10 – 50 >50

Results
Study selection
The literature searches yielded 1207 records: PubMed n=440; Embase 
n=439; Web of Science n=237; Cochrane Library n=9; Academic Search 
Premier n=82. After removal of duplicates, 627 records were available for 
screening. One investigator (Bh) reviewed all titles and abstracts for eligi-
bility based on the above-mentioned criteria, from which 151 full-text arti-
cles were obtained. Of the full-text articles, 129 did not meet the eligibility 
criteria: 76 articles described targets not expressed at the cell surface mem-
brane, 29 articles reported a high expression of the target in healthy vulvar 
tissue and/or lower expression rates (<40%) of the target in VSCC, 8 articles 
were not about the expression in VSCC and for 8 articles no full-text was 
available. In case the investigator (Bh) doubted the eligibility of an article, 
a second investigator (MvP) reviewed the paper and eligibility for inclusion 
in the review was based on consensus. In total, 22 scientific papers were in-
cluded, describing 12 potential tumor targets for VSCC. See Figure 2 for the 
PRISMA flow diagram of the study selection.

Candidate targets
The 12 targets for tumor-specific imaging of VSCC evaluated in the select-
ed 22 scientific papers were scored according to the target scoring system 
indicated in Table 1. Scores were summarized in Table 2. With an expres-
sion average of 65% or higher (score >0): EGFR,1-21 CD44v6,22-25 GLUT,26-28 
MRP1,12,13 MUC129 and CXCR-430 were considered potential candidates for 
tumor-specific imaging of VSCC. Although VEGF-A22,27,31 showed an aver-
age expression of 45% (score 0), it fulfilled both other criteria and therefore 

this marker was included as well. The other evaluated targets were consid-
ered less potential, based on the granted scores (CD34,32 CA IX,27 SPARC M,13 
CCND1,15 BCRP12). The seven potential biomarkers for tumor-specific im-
aging in VSCC are described below. Description of the biomarkers is based 
on their physiological role, expression in tumor and healthy tissue and the 
availability of clinical tracers targeted against these biomarkers.

egfr

Physiological role – Epidermal growth factor receptor (EGFR) is a transmem-
brane glycoprotein and one of the four members of the Human Epidermal 
growth factor Receptor (HER) family of tyrosine kinase receptors, consist-
ing of EGFR/HER1, HER2/erB2, HER3/erbB3 and HER4/erB4.33 Epidermal 
growth factor binding to EGFR leads to cell proliferation. EGFR in normal 
epithelium of the skin is mainly expressed in proliferating keratinocytes.34

Tumor upregulation/expression – Squamous carcinomas frequently over-
express EGFR, which is thought to be characteristic for the loss of differenti-
ation among keratinocytes and associated with a poor prognosis.12,18 Based 
on this literature search, 11 scientific papers described EGFR expression in 
VSCC with a total of 747 VSCC immunohistochemically stained samples. Of 
these samples an average of 67% stained positive (range 36-96%), with a me-
dian of 73%. One study observed positive staining for EGFR to be associat-
ed with good to moderate grade of differentiation (p=0.01).16 Another study 
found a progressive increase in EGFR expression from healthy vulvar tis-
sue to primary malignant tissue to metastatic lesions within the same pa-
tient.18 EGFR expression was reported to be similar among VSCC samples 
with various FIGO stages.19,20 Two articles reported no difference in EGFR 
expression for HPV-dependent or HPV-independent samples.14,19 However, 
another article described stronger EGFR positivity for IHC mainly in HPV-
independent VSCC samples and concluded that EGFR expression trends to-
ward a negative correlation with p16 expression.15 EGFR expression in re-
lation to lymph node metastases showed that increased expression in the 
primary vulvar malignancy was significantly associated with presence of 
lymph node metastases. Tissue of these lymph node metastases showed 
88% EGFR expression.18

Expression in non-malignant vulvar tissue – One study reported EGFR ex-
pression in some basal cells in 40% of healthy vulvar tissue, in highly dys-
plastic cells in 40% of the VIN iii and in many neoplastic cells in 80% of 
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vulvar condylomata acuminata.21 These data are consistent with another 
study wherein 26 out of 61 (43%) healthy vulvar tissue samples stained pos-
itive for EGFR.18 Identical to expression patterns in normal skin, receptor 
expression was confined to the basal and parabasal keratinocytes and was 
lost as the cells migrated upward toward the surface of the epithelium. No 
tumor to healthy ratios for EGFR have been described.

Clinical tracers – A variety of anti-EGFR drugs are currently FDA approved 
or tested in clinical trials. Moreover, humanized anti-EGFR monoclonal 
antibodies as panitumumab and cetuximab conjugated to a fluorophore 
(IRdye800CW) are being tested in several clinical studies for FGS purpos-
es in e.g. head and neck squamous cell carcinomas (HNSCC) and oropharyn-
geal squamous cell carcinomas (OSCC). In a dose-escalation study with ce-
tuximab labeled to near-infrared fluorophore (IRDye800CW) no adverse 
events higher than grade 2 were reported.35

cd44v6

Physiological role – CD44 (HCAM, Pgp-1, Hermes antigen) is a cell-surface 
glycoprotein involved in cell-cell and cell-matrix adhesion and is widely ex-
pressed in a variety of human tissues. It interacts as a receptor with hyal-
uronic acid (HA) but can also bind with other ligands as collagens or matrix 
metalloproteinases (MMP’s). These interactions trigger cell activation, mo-
tility and adhesion to other cells. Different isoforms of CD44 exist due to 
complex alternative splicing of transcripts of the CD44 gene. Various CD44 
isoforms were broadly investigated in multiple tissue types and revealed 
CD44v6 expression to be mainly observed in normal human thyroid, breast, 
cervix, placenta and skin tissue.36

Tumor expression – Aberrant expression of CD44 isoforms like CD44v6 in 
human tumors indicates a loss of splice control in malignant cells and has 
been associated with poor prognosis in human malignancies as breast and 
oropharyngeal cancer.23,37 The major role of isoform v6 involves cell mi-
gration and invasion and is thereby a metastatic determinant in aggres-
sive stages of several human cancers, mainly in squamous cell carcino-
mas.38 Patients expressing CD44v6 in vulvar cancer showed significant-
ly poorer overall and relapse free survival compared with patients whose 
tumors lacked CD44v6 expression.24,25 In the 4 included scientific papers 
from this literature search, the average expression of CD44v6 on VSCC tis-
sue was 59% (range 33-99%). Different staining patterns were used to score 

CD44v6; even the same author used different cut-offs for the conducted 
studies.23,25 Two studies concluded CD44v6 expression not to be correlated 
to FIGO stage, tumor grade, pTNM classification, histologic grade or type of 
treatment.23,24 One study described CD44v6 staining patterns in primary 
tumors compared to lymph node metastases and found no obvious differ-
ences.24 CD44v6 expression in relation to HPV status was not described in 
the included scientific papers.

Table 2	 Potential targets for tumor-specific imaging of VSCC. Tumor markers are 
shown, followed by the number of included papers relating to this target based on the 
literature search. Each extracted biomarker is granted points based on ranked criteria;  
I) percentage expression, ii) sample size, and iii) in vivo application. Solitary patient trials 
are scored in the in vivo application category. EGFR-Epidermal Growth Factor Receptor, 
CD44v6-CD44 variant 6, GLUT1-Glucose transporter 1, MRP1 –Multidrug resistance-asso- 
ciated protein, MUC1-Mucine 1, CXCR-4-C-X-C chemokine receptor type 4, VEGF-A-Vascular 
endothelial growth factor A, CA IX-Carbonic anhydrase IX, SPARC M-Secreted protein 
acidic and cysteine-rich M, CCND1-Cyclin D1, BCRP-Breast cancer resistance protein. 
 
Tumor 
marker

Expression In vivo  
application

Sample size Included papers

average % score yes/no score (n) score (n) Author, year

EGFR 70 1 yes 2 747 2 11 Fons 2009, Palisoul 2017,  
Koncar 2017, Lee 2007,  
Woelber 2012, Oonk 2007,  
Dong 2015, Johnson 1997,  
de Melo 2014, Brustmann 2007, 
Wu 2001

CD44v6 59* 1* no 0 249 2 4 Fons 2007, Tempfer 1996,  
Hefler 2002, Tempfer 1998

GLUT1 68 1 no 0 166 2 3 Van de Nieuwenhof 2010,  
Li 2012, Mayer 2014

MRP1 78 1 no 0 79 2 2 Palisoul 2017,Koncar 2017

MUC1 81 1 no 0 30 1 1 Wu 2000

CXCR-4 68 1 no 0 22 1 1 Shiozaki 2013

VEGF-A 45 0 yes 2 100 1 3 Fons 2007, Li 2012, Obermair 1996

CD34 58 0 no 0 158 2 1 Dhakal 2013

CA IX 52 0 no 0 25 1 1 Li 2012

SPARC M 49 0 no 0 35 1 1 Koncar 2017

 CCND1 47 0 no 0 131 1 1 Woelber 2012

BCRP 44 0 no 0 25 1 1 Palisoul 2017

* Borderline value, investigators decided to include this target based on the number of included papers 
and the total sample size
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Expression in non-malignant vulvar tissue – None of the included articles has 
examined the expression of CD44v6 in healthy vulvar or dysplastic tissue.

Clinical tracers – Several peptides39 and antibodies40 have shown potency 
in CD44v6-targeting. For example, the humanized monoclonal anti-CD44v6 
antibody bivatuzumab was shown to be safe in clinical trials and reliably visu-
alized HNSCC lesions by nuclear imaging in humans.41 Thereafter, bivatuzum-
ab was conjugated with both a near-infrared fluorescent dye (IRDye800CW) 
and a radioactive label (Indium-111) to perform dual-modality imaging in a 
HNSCC xenograft mice-model. Bivatuzumab accurately detected human 
HNSCC xenografts in mice and showed CD44v6 to be a suitable target in vivo.42

GLUT1

Physiological role – Glucose transporter 1 (GLUT1, solute carrier family 2, 
facilitated glucose transporter member 1/SLC2A1) is encoded by the SLC2A1 
gene. This uniporter protein is located in the cell membrane and facilitates 
the transport of glucose into the cell. It is widely expressed on placental tis-
sue, red blood cells and normal capillaries of the brain, consistently with 
the high uptake of glucose in these cells.43

Tumor expression – Increased glucose intake is also seen after malignant 
transformation of tissue triggered by hypoxia-induced gene expression.44 
VSCC is a solid tumor with such a glycolytic phenotype. GLUT1 expression 
was analyzed in 3 studies with a total sample size of 166 and was on average 
expressed in 68% (range 50-100%) of the VSCC samples. In general a diffuse 
staining of a large tumor area was observed, with a focally increased stain-
ing intensity, both cytoplasmic and membranous. Less differentiated tu-
mors demonstrated lower GLUT1 expression levels. In several cases, GLUT1 
expression was observed directly adjacent to a blood vessel/vascularized 
tumor stroma. However, the pattern of GLUT1 clearly indicated that a large 
part of its expression is presumably unrelated to hypoxia. One study inves-
tigating increased GLUT1 expression in relation to primary tumor charac-
teristics as differentiation grade, FIGO stage or recurrences found no sig-
nificant associations.26 In the included scientific papers, GLUT1 expres-
sion in relation to HPV status and staining patterns in metastases was not 
described.

Expression in non-malignant vulvar tissue – Healthy vulvar tissue showed 
weak staining expressed in basal cells and prickle cells.27,28 One study 
described GLUT1 expression in dysplastic tissue to be comparable to the 

observed low expression in healthy vulvar tissue,28 while another study re-
ported expression levels of dysplastic tissue to be more comparable to up-
regulated expression as seen in VSCC tissue.27

Clinical tracers – Up to now, no clinical studies have been performed with 
GLUT1 binding tracers. One pre-clinical study showed that a monoclonal 
GLUT1 antibody conjugated to iron oxide nanoparticles could effectively tar-
get GLUT1 positive tumor cells in infantile hemangioma using MRI.45 But, 
being a glucose channel, GLUT1 targeting is more easily established by de-
termining the accumulation of labelled glucose into tumor cells. Metabolic 
PET scanning with 18F-fluoro-deoxy-glucose (FDG) makes use of this prin-
ciple and is widely used in the clinic for tumor imaging, including nodal 
staging in vulvar cancer.46 A near-infrared version, IRDye800CW 2-DG, has 
been developed and showed specificity in several tumor models in mice, 
but these data are not yet confirmed in a clinical study.47

MRP1

Physiological role – Multidrug resistance-associated protein 1, MRP1 (GS-X), 
is a protein that in humans is encoded by the ABCC1 gene. MRP1 is a member 
of the ATP-binding cassette transporters. This type of protein transports 
molecules across extra-and intracellular membranes. It has been specu-
lated that MRP1 protects against carcinogens by preventing them from en-
tering epithelial cells and is therefore ubiquitously expressed in almost all 
human tissues.48 This transporter may therefore play a role in disrupting 
optimal cytotoxic agent efficacy by its capacity to mediate efflux of drugs.49

Tumor expression – Overexpression of MRP1 is known to occur in cancers 
as neuroblastoma, breast, and prostate,50 but little is known about the in-
volvement in VSCC. MRP1 expression has been tested in two studies with 
a total of 79 VSCC samples included, showing 80% expression on average 
(range 77-82%). One study described expression of MRP1 in primary (26/34 
samples, 77%) compared to metastatic alteration (22/28 samples, 79%), in-
cluding metastatic lymph nodes and other distant metastases.12 MRP1 ex-
pression in relation to other tumor characteristics such as FIGO stage or 
HPV-status have not been described.

Expression in non-malignant vulvar tissue – None of the included articles 
has examined the expression of MRP1 in healthy vulvar or dysplastic tissue.

Clinical tracers – To our knowledge, no clinical studies have been per-
formed with MRP1 binding tracers. Pre-clinical research on inhibition of 
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MRP1-mediated transport to avoid multidrug resistance showed that mife-
pristone, doramapimod and celecoxib are potential inhibitors of MRP1 ef-
flux.50 Knowing that these small molecules show high specificity for MRP1, 
indicates their potential for tumor-specific tracer. Furthermore, a small re-
combinant scFv antibody directed to an extracellular epitope of the MRP1 
in viable malignant cells was isolated. These small Fv-based recombinant 
antibodies possess superior tumor penetration capabilities and may possi-
bly be used to selectively target drugs or tumor cells expressing MRP1.51 As 
for GLUT1, MRP1 targeting is more easily established by determining the cel-
lular uptake of a non-binding tracer selectively passing MRP1 transporters 
into tumor cells. These tracers could be potential for imaging of MRP1 over-
expressing tissues. MRP1 tracers are tested in vitro for different application, 
as for instance to study multidrug resistance.52

muc1

Physiological role – Mucine 1 (MUC1) is a membrane-bound protein belong-
ing to the mucin family. This protein is O-glycosylated, plays a role in in-
tracellular signaling and is critically important for the formation of a pro-
tective mucous barrier on epithelial surfaces. This protein is normally ex-
pressed on the apical surface of epithelial cells of mucosal surfaces as stom-
ach and pancreas.53

Tumor expression – Overexpression and changes in glycosylation are as-
sociated with carcinogenic development. The one study reporting on MUC1 
expression in VSCC tested three monoclonal antibodies (Ma695, CA15-3 and 
DF3) on vulvar tissues. These showed on average positive MUC1 expression 
of 81% (100%, 84% and 60% for Ma695, CA15-3 and DF3, respectively) in 30 
VSCC samples tested. Increased MUC1 expression was related to the degree 
of differentiation of VSCC, prevalence of expression increased gradually 
from well through moderately to poorly differentiated VSCC. The preva-
lence and intensity of MUC1 expression was tested in 15 of the 30 VSCC sam-
ples by Ma695, and found to be higher in HPV-negative (48%, 13/15 samples) 
compared to HPV-positive tissues (8%, 2/15 samples). There were no signif-
icant associations between MUC1 expression and clinical stage or lymph 
node metastases in VSCC.29

Expression in non-malignant vulvar tissue – MUC1 expression by Ma695 in 
VSCC was higher than the expression in VIN iii, HPV-independent VIN iii 
(4/5) and HPV-dependent VIN iii (0/1). Both HPV-independent VIN I-II (n=4), 

HPV-dependent VIN I-II (n=6), HPV-dependent vulvar condylomata acumi-
nata (n=10) and healthy vulvar tissue (n=5) did not stain positive for MUC1 ac-
cording to one study.29

Clinical tracers – Due to its overexpression in several other cancers, MUC1 
has emerged as a potential target for cancer therapy.54 Monoclonal anti-
body development has historically been hampered by the abundant pres-
ence of aberrant glycosylation of MUC1 on tumor cells. The humanized IgG1 
antibody (PankoMab-GEX) is directed against a glycol-epitope and has been 
shown to be safe, well tolerated, and promising for anti-tumor activity, 
suggesting a possible use as imaging tracer.55 Mouse studies with another 
MUC1 antibody showed selectivity for ovarian cancer MR imaging.56 Other, 
non-antibody based tracers like peptides and aptamers specifically bind-
ing MUC1 for imaging applications are under development. These ligands 
are relatively easy and cheaper to produce than antibodies, with low tox-
icity and immunoreactivity. A disadvantage for fluorescent based imaging 
might be the rapid systemic clearance resulting in a too short circulation 
half-life. It was shown that aptamers directed against the mucin 1 (MUC1) 
antigen, demonstrated high specificity and uniform penetration in tumor 
xenografts.57

CXCR-4

Physiological role – C-X-C chemokine receptor type 4 (CXCR-4, fusin, CD184) 
is a specific receptor for stromal cell-derived factor-1. This factor is en-
dowed with potent chemotactic activity for lymphocytes. CXCR-4 is locat-
ed on the surface of the (tumor)cell membrane and acts with the CD4 pro-
tein to support HIV entering into cells.

Tumor expression – CXCR-4 is known to be overexpressed in at least 23 
types of cancer, including breast cancer and prostate cancer.58 The only 
study including CXCR-4 in VSCC showed 68% expression in 22 tested sam-
ples.30 Expression was mainly seen at the invasive front, at the invading 
tumor clusters in deep stroma and in lymph node metastases. The expres-
sion rates of CXCR-4 in primary tumors were shown to be similar in node-
negative and node-positive disease. But at metastatic sites, the expres-
sion rate of CXCR-4 in node positive diseases was very high. CXCR-4 ex-
pression tended to be increased for higher FIGO stages (iii-IV) compared 
to lower stages (I-II) although this was not statistically significant (P=0.08). 
Furthermore, expression was associated with poor disease prognosis but 
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was not an independent prognostic factor. HPV-status in relation to CXCR-4 
expression was not described.30

Expression in non-malignant vulvar tissue – No information is available 
on expression in healthy tissue. None of the intraepithelial lesions (n=7) 
stained positive for CXCR-4.30

Clinical tracers – Antibodies, aptamers and peptides against CXCR-4 are 
extensively evaluated for molecular imaging purposes, with promising re-
sults.59 An anti-CXCR-4 peptide conjugated to a NIR-dye was tested in vivo 
at mice bearing human osteosarcoma xenografts. This showed high NIR 
signal intensity within the CXCR-4-positive tumor and within CXCR-4 re-
ceptor-positive organs.60 The T140 peptide antagonist for CXCR-4 was syn-
thesized, containing fluorescent rhenium and technetium for fluorescence 
or SPECT dual modality imaging.61 The diagnostic performance of 68Ga-
Pentixafor, a recently introduced CXCR-4-directed PET tracer in a small co-
hort of breast cancer patients, showed that tumor detection was feasible 
but performed less than a glucose based 18F-FDG tracer.62 As CXCR-4 is also 
natively expressed in immune-related cells, background staining in these 
tissues must be taken into consideration when evaluating in vivo imaging 
results.59

VEGF-A

Physiological role – Vascular endothelial growth factor A (VEGF-A) is a hep-
arin binding glycoprotein that mainly interacts with the VEGF-R1 and-R2 
receptors present on endothelial cell membranes and some cancer cells. 
VEGF-A is important for angiogenesis by induction of proliferation and mi-
gration of vascular endothelial cells.

Tumor expression – The protein is encoded by the VEGF-A gene and known 
to be upregulated in many, especially hypoxic, tumors.63 Abnormal blood 
vessel formation can form if VEGF-A expression is upregulated or disrupted, 
leading to pathological angiogenesis. The three included scientific papers 
show an average VEGF-A expression of 45% in VSCC samples (range 25-70%). 
It is important to notice that one author observed membranous expression 
of VEGF-A in tumor cells,22 whereas others described the expression to be 
dominantly in the cytoplasm of epidermal prickle cells and tumor cells as-
sociated with micro vessels.27,31 One author reported no clinically signifi-
cant correlation between VEGF-A expression in relation to the distribution 
of FIGO stage (p=0.58), histopathological stage (p=0.69), and histological 

grade (p=0.09).31 HPV-status in relation to VEGF-A expression was not men-
tioned in any of the included articles.22,27,31

Expression in non-malignant vulvar tissue – One author observed strong 
VEGF-A staining in 17% (2/12 samples) of healthy tissue and 70% (7/10 sam-
ples) of VIN tissue.27 Other included authors did not describe VEGF-A ex-
pression in non-malignant tissue.

Clinical tracers – VEGF-A is relatively well investigated in clinical tri-
als for tumor imaging purposes in various cancer types. For instance, 
the therapeutic antibody bevacizumab (anti-VEGF) is being tested in vari-
ous clinical feasibility trials (phase 1 and 2) for detection of tumors over-
expressing VEGF-A.6 Fluorescence imaging with bevacizumab labelled to 
IRDye800CW enabled in-situ detection of additional malignant lesions in 
peritoneal carcinomatosis of colorectal origin.64 Additional studies with 
fluorescently labeled bevacizumab are planned in for instance endometri-
osis (NCT02975219). In addition, ranibizumab is an FDA approved humanized 
monoclonal antibody with potential for targeting of VEGF-A as well, how-
ever more expensive compared to bevacizumab.

Discussion
In this systematic review, we provide an overview of tumor-specific bio-
markers as potential candidates for tumor-specific imaging in VSCC pa-
tients. Seven potential targets were identified from the literature, includ-
ing EGFR, CD44v6, GLUT1, MRP1, MUC1, CXCR-4 and VEGF-A.

EGFR was the most frequently evaluated biomarker in VSCC, and showed 
an expression in 70% of the 747 tested samples. Based on the availability of 
FDA approved anti-EGFR antibodies and the knowledge obtained from pre-
viously executed clinical trials, targeted imaging of VSCC with use of EGFR 
has high potential, although the relatively high expression found in healthy 
vulvar tissue is a major concern.21 The expression of VEGF-A was lower with 
45% of the 100 samples tested, however, this target could also be easily used 
in a clinical setting because of the availability of FDA approved antibodies. 
Research in the field of CD44v6 is mainly performed in HNSCC, which has 
two different pathophysiological pathways, similar to VSCC (via a non-viral 
or an HPV-driven oncogenic pathway). Therefore, the concept tested on this 
target could easily be translated to application in VSCC. GLUT1 shows a rel-
atively high expression in VSCC compared to healthy tissue. MRP1 seems to 
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have less potency as a tracer, since this protein is ubiquitously expressed in 
almost all healthy tissues. MUC1 and CXCR-4 expression were both evaluated 
in only one small study with 30 and 22 samples, respectively.

This review is based on the available literature with respect to the ex-
pression of tumor-specific targets in VSCC. Although the analysis pinpoints 
several potential imaging targets, it should be emphasized that the stud-
ies from which the data are generated were not specifically designed to 
prospectively evaluate imaging targets. For such a purpose, these studies 
should be supplemented with more details on marker expression in relation 
to HPV-status, expression in precursor lesions and metastatic lymph node 
tissue, and most ideally in comparison with other VSCC-specific targets. 
The importance of the understanding and incorporation of these VSCC-
specific details on marker expression in further research, will be explained 
in the following sections.

HPV-independent and HPV-dependent vulvar cancers represent two dis-
tinct types of VSCC and have different precursor lesions and clinical out-
comes.2 HPV status has not been examined in relation to target expression 
in most studies, except for EGFR and MUC1. These targets showed a higher 
expression in HPV-independent tissue samples compared to HPV-dependent 
samples. HPV infected cells are known to express the oncoproteins E6 and 
E7, however these are expressed in the cell nucleus and therefore seem not 
targetable for optical imaging. An HPV status dependent proteomics study 
of vulvar samples could elicit potential proteins expressed exclusively at ei-
ther type. Considering HPV status during target selection could result in a 
more accurate and precise identification in both HPV-dependent and HPV-
independent (pre)malignant vulvar lesions.

This knowledge about HPV-related expression could also be valuable for 
detection of precursor lesions vulvar HSIL and dVIN, as these lesions may 
sometimes be difficult to identify clinically and can progress to invasive 
vulvar cancer if left untreated. Unfortunately, information on expression 
in precursor lesions is mostly lacking for the listed biomarkers.

Tumor-specific imaging of lymph node metastases could also be used 
in the treatment for patients with VSCC. Lymph node metastases are con-
sidered one of the most important prognostic factor affecting disease-free 
and overall survival for VSCC patients.65 Patients with early stage VSCC 
have a 25% risk of lymph node metastases at the time of diagnosis. Sentinel 
lymph node mapping, a non-tumor specific imaging technique, is used for 

the detection of lymph node metastases in these patients.66 The detection 
of lymph node metastases by targeted optical imaging could result in a fur-
ther reduction of surgery-related morbidity. Most of the included studies 
reported on differences in expression in the primary tumor based on pres-
ence or absence of lymph node metastases. However, some studies report-
ed on target expression in lymph node tissue: in 14 patients with lymph 
node metastases mean EGFR expression was 88% versus 65% in the primary 
tumor,18 CXCR-4 expression was seen in 100% of the lymph node metasta-
ses (n=4)30 and in all cases in which the primary tumor stained positive for 
CD44v6 (3/10) a positive CD44v6 staining in the respective lymph node me-
tastases was ascertained. This data could be useful in targeted detection of 
these nodes.24

Other candidates for tumor-specific imaging in VSCC could be tumor-
specific targets that are identified in OSCC or HNSCC, such as uPAR. Boonstra 
et al described the applicability of an uPAR specific multimodal tracer in 
an oral cancer model, combining SPECT with intraoperative guidance.67 In 
addition, the use of photodynamic therapy, with for instance 5-ALA, that 
showed great potential for both diagnosis and treatment of premalignant 
vulvar lesions.68,69 Proteomics or surfaceome studies could identify new 
and specific VSCC and precursor targets. Until now, these type of studies 
are lacking in vulvar (pre)cancers.

This review has several limitations. First, the set of potential biomark-
ers is based on general tumor marker expression, without discriminating 
for VSCC-specific hallmarks as HPV-status. Second, only 22 studies could 
be included verifying expression of a small number of vulvar samples. 
Furthermore, the evaluation of targets was performed using different scor-
ing systems, yielding results that are difficult to compare with wide ranges 
of expression. In addition, no tumor-to-healthy cell ratio could be estimat-
ed for the selected biomarkers.

Future studies should include the immunohistochemical analysis of 
potential targets in VSCC and its precursors. Cohorts should at least in-
clude HPV-independent and HPV-dependent VSCC samples and precursor 
lesions, healthy vulvar tissue samples and preferably tissue of respective 
lymph node metastases. It is desirable that two antibodies targeting the 
same biomarker will be used to test differences in sensitivity. Afterwards, 
cell line-based research should be executed to validate a biomarkers poten-
cy as tumor-specific target for VSCC, whereafter an antibody or peptide 
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conjugated to a fluorophore could be tested in vitro and in a tumor mouse 
model. Eventually, these findings might have clinical implications in terms 
of the development of a VSCC-specific probe for the safe and specific real-
time detection of occult tumor lesions.

Conclusions
Based on the current literature, we identified seven biomarkers as potential 
targets for VSCC-specific molecular imaging. This overview can be used as 
a first step towards the development of a structured approach of tumor-vi-
sualization in patients with VSCC, which could be used for pre-surgical di-
agnosis and real-time and precise localization of vulvar cancer.

Figure 1	 Optical imaging using Fluorescent Guided Surgery (FGS). A) An example of 
an imaging probe used for optical imaging,which consists of a fluorophore (contrast label) 
conjugated to an antibody (imaging probe). B) Schematic illustration of a tumor cell and a 
healthy cell expressing different biomarkers (pink, orange or blue receptors/proteins). The 
imaging probe is able to bind to the overexpressed biomarker of interest on the tumor cell 
(pink receptor). The healthy cell does not express this particular biomarker and stays 
unstained. Using a proper imaging modality, the tumor cell expressing green fluorescence 
light can be distinguished from the healthy cell. 

Tumor cell Healthy cell

Contrast label: fluorophore

Imaging agent: antibody

B.A.

 

Figure 2	 PRISMA flow diagram of literature search and selection process. 
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Abstract
Surgical removal of vulvar squamous cell carcinoma (VSCC) is associated 
with significant morbidity and high recurrence rates. This is at least par-
tially related to the limited visual ability to distinguish (pre)malignant from 
normal vulvar tissue. Illumination of neoplastic tissue based on fluorescent 
tracers, known as fluorescence-guided surgery (FGS), could help resect in-
volved tissue and decrease ancillary mutilation. To evaluate potential tar-
gets for FGS in VSCC, immunohistochemistry was performed on paraffin-
embedded premalignant (high grade squamous intraepithelial lesion and 
differentiated vulvar intraepithelial neoplasia) and VSCC (human papillo-
mavirus (HPV)-dependent and-independent) tissue sections with healthy 
vulvar skin as controls. Sections were stained for integrin αvβ6, CAIX, 
CD44v6, EGFR, EpCAM, FRα, MRP1, MUC1 and uPAR. The expression of each 
marker was quantified using digital image analysis. H-scores were calculat-
ed and percentages positive cells, expression pattern, and biomarker local-
ization were assessed. In addition, tumor-to-background ratios were estab-
lished, which were highest for (pre)malignant vulvar tissues stained for in-
tegrin αvβ6. In conclusion, integrin αvβ6 allowed for the most robust dis-
crimination of VSCC’s and adjacent premalignant lesions compared to sur-
rounding healthy tissue in immunohistochemically stained tissue sections. 
The use of an αvβ6 targeted near-infrared fluorescent probe for FGS of vul-
var (pre)malignancies should be evaluated in future studies.

Introduction
Vulvar squamous cell carcinoma (VSCC) is a rare type of cancer with an in-
cidence of 1.5–2.7 per 100,000 women, necessitating specialized central-
ized care.1 Overall incidence worldwide is increasing. For the Dutch pop-
ulation, this increase is mainly observed in younger women.2,3 There are 
two major pathways for the development of VSCC. Human papilloma virus 
(HPV)-dependent VSCC (20%) are caused by high-risk HPV types, predomi-
nantly HPV 16. HPV-dependent VSCC arises in the background of precur-
sor lesions named high grade squamous intraepithelial neoplasia (HSIL). 
Another precursor of VSCC is differentiated vulvar intraepithelial neopla-
sia (dVIN), which often arises in elderly women with lichen sclerosus (LS), a 
chronic inflammatory skin disease. For dVIN, the cumulative risk of malig-
nant progression to VSCC is estimated to be as high as 50% after 10 years and 

this type of VSCC has a poor survival compared to HPV-dependent VSCC.1,4-6 
The cornerstone of treatment for VSCC consists of surgery with or without 
radiochemotherapy.7,8 Even in early-stage disease, the recurrence rate is up 
to 40% after 10 years, requiring repeated local surgery or (re)irradiation.9

In more than half of the VSCC patients, surgery in the vulvar area, in par-
ticular when the tumor is located near the urethra, clitoris, or anus, is asso-
ciated with significant morbidity, including disfigurement, sexual dysfunc-
tion, and psychological problems.10 These morbidities are partly caused by 
the limited ability to distinguish between healthy and (pre)malignant tissue 
during surgery. The recognition and excision of vulvar lesions relies on the 
gynecologist’s visual and tactile skills, experience, and information obtained 
from histological biopsies. Recognition by the gynecologist is even harder 
when the vulvar architecture is complicated by deformation associated with 
inflammation, atrophy, or previous treatments.2,11 Positive surgical margins 
are associated with higher risk for local recurrence and poor survival.12,13 In 
addition, precursor lesions are often found adjacent to the tumor, which are 
sometimes difficult to identify clinically and therefore not treated adequate-
ly. Consequently, better identification and timely recognition of vulvar (pre)
malignant lesions may result in prevention of re-excisions, local recurrences, 
metastases, and associated prognosis. Real time visualization during fluores-
cence-guided surgery (FGS) could aid in resolving this problem.

FGS is a promising technique for real-time detection of occult tumor le-
sions and localization of cancer margins. The procedure makes use of a cell-
specific targeting agent, linked to a near-infrared fluorescent (NIRF) dye or 
radiolabel, which can be visualized in real time by an advanced imaging 
system. Clinical studies on various cancer types have shown that FGS im-
proves the recognition of tumor tissue significantly, primarily in cases with 
incomplete visual and tactile information.14,15 Proper identification of tu-
mor-specific targets for molecular imaging is key to the success of FGS.16 In 
the last decade, FGS targets have been explored for cancer types including 
ovarian, colorectal, and head-and-neck cancer.17-21 Until now, potential tar-
gets for FGS in VSCC have not been studied.

The aim of this study was to examine the expression of previously iden-
tified VSCC-specific membrane-associated targets based on the available lit-
erature and candidate targets for other squamous cancers in dVIN, HSIL, 
and VSCC tissues. To determine their suitability as a target for tumor-specif-
ic imaging in vulvar (pre)malignancies. The markers assessed are integrin 
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alphavbeta6 (αvβ6), carbonic anhydrase IX (CAIX), CD44 variant 6 (CD44v6), 
epidermal growth factor receptor (EGFR), epithelial cell adhesion mole-
cule (EpCAM), folate receptor α (FRα), multidrug resistance-associated pro-
tein (MRP1), mucin 1 (MUC1), and urokinase plasminogen activator receptor 
(uPAR).17,18,20,22-24

Materials and Methods
Tissue Samples
Pretreatment VSCC samples and precursor lesions, i.e., dVIN and HSIL (with-
out information on treatment status) were collected from the pathology de-
partment of Leiden University Medical Center. Sample selection was based 
on original diagnosis described in the pathology report and the size of the 
available tissues. Non-squamous vulvar cancers were excluded. Formalin 
fixed paraffin embedded (FFPE) HPV-negative vulvar tissue from healthy an-
onymized women who underwent labia reduction surgery was included as 
control. Sample collection was approved by the local ethics review board 
(Medische Ethische Toetsingscommissie Leiden Den Haag Delft-reference 
number B19.025). All routinely made hematoxylin–eosin- (H&E), p16- (over-
expressed in dysplastic tissue related to HPV infection; HSIL and HPV-
dependent VSCC tissues) and P53-stained slides were reviewed by an ex-
pert gynecologic pathologist (TB) blinded to immunohistochemical results 
and lesions diagnosed and delineated.25-28 Intentionally, fifteen samples 
were collected of each vulvar tissue type/group, i.e., healthy, dVIN, HPV-
independent VSCC, HSIL and HPV-dependent VSCC. Some samples were ex-
cluded because the original diagnosis of a tissue could not be confirmed or 
(pre)malignant cells were no longer present in the tissue sample.

Immunohistochemistry
FFPE tissue blocks were sectioned into tissue sections of 4 µm. Sections 
were deparaffinized in xylene and rehydrated via serially diluted ethanol 
solutions. Endogenous peroxide was blocked for 20 min with 0.3% hydro-
gen peroxide diluted in demineralized water. Appropriate antigen retriev-
al was performed depending on the antibody (Table S1). Subsequently, sec-
tions were incubated overnight at room temperature (RT) with the primary 
antibodies. The optimal dilution for each of the antibodies was determined 

beforehand on vulvar normal and/or squamous cell carcinoma test tissue. 
Slides were washed three times with phosphate-buffered saline (PBS, pH 
7.5) before 30 min incubation at RT with the appropriate secondary anti-
body, followed by another washing step. Staining was visualized with 
3,3-diaminobenzidine tetrahydrochloride solution (DAB, K3468, Agilent 
Technologies, Inc., Santa Clara, CA, USA) for approximately 5 min at RT and 
counterstained for 20 s with hematoxylin (4085.9002, VWR International, 
Amsterdam, The Netherlands). After dehydration, the slides were mount-
ed with Pertex (0081EX, Histolab, Askim, Sweden). Control staining’s were 
performed (Table 1 and Figure S1).

Digital Pathology Image Analysis
Stained sections were digitalized with a Panoramic Digital Slide Scanner 
(3D Histech, Budapest, Hungary), stored as tiled tiff format, and import-
ed into QuPath (version 2.0.0). QuPath is an open-source software tool for 
digital pathology image analysis.29-31 Based on delineation of tissues by pa-
thologist TB, tumor and premalignant borders were manually annotated in 
Qupath by BH and MC and copied to sequential sections. Within all these 
tissue annotations, cell detection, cell classification and staining quantifi-
cation was conducted by a script (Script S1). After running the script, an ex-
port file of the results was automatically generated in MS excel. This export 
file included intensity thresholds for positive stained cells, divided in three 
categories: low (1+), medium (2+) or high (3+) intensity staining (examples of 
by QuPath processed image are shown in Figure S2, Figure S3).

Marker Staining
Based on the number of positive cells and their intensity, Qupath automati-
cally generated H-scores by the formula:
1 × (% cells threshold 1+) + 2 ×  (% cells threshold 2+) + 3 × (% cells threshold 3+)
for all annotations. H-scores range from 0 to 300, giving more rela-
tive weight to higher-intensity staining in a tissue section. The follow-
ing H-score categories were defined: 0–50 low, 50–250 medium and 250–
300 high marker staining.32 Median, minimum and maximum H-scores 
per vulvar tissue type were calculated. In addition, tumor-to-background 
ratios (TBR’s) were calculated by dividing the median H-score of vul-
var (pre)malignant tissue by the median H-score for healthy vulvar tissue. 
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Table 1	 Antibodies used for immunohistochemical analysis, including source, 
clone, stock, dilutions, antigen retrieval applied and positive control tissue per 
biomarker tested. 
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αvβ6 Biogen, Inc., 
Cambridge, MA, 

USA

6.2A1 62A1CEO2 50 µg/ml 1/100 0.4% pepsin  
(S3002 Agilent)  

37 °C for 15 min.

Normal 
colon

CA IX Santa Cruz 
Biotechnology, 
Inc., Danvers, 

MA, USA

H-11 Sc-365900 200 µg/ml 1/2500 Target retrieval
solution, pH 6.1
(K8005 Agilent)

Normal 
stomach

CD44v6 Abcam, 
Cambridge,  

UK

VFF7 ab30436 1 mg/ml 1/3200 Target retrieval
solution, pH 6.1

(K8005 Agilent)6.1

Normal 
skin

EGFR Dako, Glostrup, 
Denmark

E30 M7239 286 µg/ml 1/600 0.4% pepsin  
(S3002 Agilent)  

37 °C for 10 min.

Normal 
placenta

EpCAM LUMC, 
department  

of pathology1

323/A3 - 0.4 mg/ml 1/1600 0.1% trypsin (T7409 
Sigma Aldrich)

37° C for 30 min.

Colon 
tumor

FRα BioCare 
Medical, 
Pacheco,  
CA, USA

26B3.F2 BRI 4006K 
AA (kit)

Assay kit N.A. Ready-to-use Long 
tumor

MRP1 Santa Cruz 
Biotechnology, 
Inc., Danvers, 

MA, USA

QCRL-1 Sc-18835 200 µg /ml 1/400 Target retrieval
solution, pH 6.1
(K8005 Agilent)

Normal 
placenta

MUC1 Invitrogen, 
Waltham,  
MA, USA

E29 MA5-14077 0.2 mg/ml 1/4800 Target retrieval
solution, pH 9.0
(K8004 Agilent)

Normal 
colon

uPAR Monopar2 ATN617 - 0.48 mg/ml 1/200 Target retrieval
solution, pH 6.1
(K8005 Agilent)

Colon 
tumor

p16 Roche, Almere, 
Netherlands

E6H4 06695248001 Ready- 
to-use

1/25 TRIS/EDTA Normal 
cervix

P53 DAKO, Satna 
Clara, CA, USA

DO-7 GA61661-2 237 mg/l 1/2000 TRIS/EDTA Normal 
cervix

1	 Kindly provided by Jaap van Eendenburg, department of pathology LUMC , Netherlands.
2	Kindly provided by Andrew Mazar, Monopar Therapeutics Inc., United States of America.

FGS Criteria
A potential protein marker for FGS based on IHC-staining was defined by  
fulfillment of all the following criteria:16,22,33

•	 a median H-score in (pre)malignant tissue being at least twice as 
high as the median H-score in healthy control and stromal tissue;34

•	 a minimum median H-score in (pre)malignant tissue of at least 25;
•	 homogeneous expression throughout the tumor;
•	 cell surface protein expression.

Statistics
Median, minimum, and maximum H-scores were extracted from Qupath 
and TBR’s calculated (Table 2). To test for favorable TBR’s, a statistical analy-
sis was performed on the comparison of median H-scores per vulvar tissue 
types (healthy vulva (HV)/dVIN, HV/HPV-independent VSCC, HV/HSIL, HV/
HPV-dependent VSCC, dVIN/HPV-independent VSCC, HSIL/HPV-dependent 
VSCC) using a Mann–Whitney U test. Statistical analyses were performed 
using Graphpad Prism version 9.1.0 for MacOS (Graphpad Prism Software, 
San Diego, CA, USA). These results were presented in boxplots with 1st and 
3rd quartiles. Several tissue sections contained different tissue type an-
notations located at one section. Only H-scores of annotations of the pre-
defined tissue type of a patient were included in this analysis. Annotations 
located near the predefined tissue type annotation (e.g., VSCC patient with 
adjacent healthy tissue) were not included. As the data were not expect-
ed to be normally distributed, a Mann–Whitney U test was used to test for 
statistical significance of difference in group medians. No adjustment was 
considered for multiple testing issues due to the exploratory nature of this 
study. Thus, hypothesis testing results with p < 0.05 were considered statis-
tically significant. For marker(s) that showed potential as FGS target based 
on the selection criteria (Section 2.5), a spaghetti plot was generated for data 
visualization. The lines in this plot represent patients, the dots are aver-
age H-scores per vulvar tissue type within a VSCC patients tissue section. 
This plot was completed for both HPV-dependent and-independent VSCC 
patients. No statistical analysis was performed; these data were used for vi-
sualization of H-scores and corresponding TBR’s per patient.
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Results
Tissue Characteristics
In total, 10 dVIN, 16 HPV-independent VSCC, 15 HSIL, 13 HPV-dependent VSCC 
tissues and 15 healthy vulvar controls were included for biomarker expres-
sion evaluation. Due to incidental poor slide quality, not all selected tissue 
samples could be scored for each marker.

Immunohistochemical Marker Staining
Hereafter, a narrative description of the staining of each marker will be 
given categorized by the previously mentioned four FGS criteria (Section 
2.5). Markers are listed in alphabetic order.

αvβ6—Integrin Alphavbeta6

i	 Stromal tissue lacked αvβ6 expression. Healthy vulvar epithelium 
showed no or low expression of αvβ6. If αvβ6 was present in healthy 
vulvar tissue, it was mainly located in the spinosal and basal layer of 
the epithelium (Figure 1A). In addition, αvβ6 expression was higher in 
normal vulvar tissues wherein sebaceous glands were present (11/15 
healthy vulvar tissues) compared with vulvar tissue sections that 
lacked those glands. αvβ6 staining within sebaceous glands was low to 
moderate (Figure 1A). The median H-score of healthy vulvar tissue was 
significantly lower compared with median H-scores of all vulvar (pre)
malignant tissue types (Figure 2), resulting in TBR’s>2 (Table 2).

ii	 Moderate αvβ6 expression was observed in 4/8 dVIN, 14/16 HPV-
independent VSCC, 4/13 HSIL and 10/13 HPV-dependent VSCC tissues 
(Figure 1b-E respectively). αvβ6 expression lacked in 2/16 HPV-
independent VSCC and 3/13 HPV-dependent VSCC tissues. The other 
premalignant tissues showed low expression. More intense αvβ6 
staining was found in HSIL adjacent to HPV-dependent VSCC (average 
H-score 42) compared with isolated HSIL (average H-score 114). This 
difference was not observed for dVIN. Median H-scores per vulvar 
(pre)malignant tissues type were all above 25 (Table 2).

iii	αvβ6 was homogeneously expressed in all HPV-independent VSCC 
tissues. 2/10 HPV-dependent VSCC tissues showed a patchy staining 
pattern throughout the tumor, for 2/10 expression was restricted to 
the spinosal and/or basal layers, the remainder showed homogeneous T
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expression. To a greater or lesser extent in all dVIN and HSIL tissues, 
as for healthy vulvar tissue, αvβ6 expression was restricted to the 
spinosal and/or basal layers (Figure 1A,D).

iv	 αvβ6 showed cell membrane staining.

CAIX—Carbonic Anhydrase IX

i	 Stromal and healthy vulvar epithelium lacked CAIX staining (Figure 
1F). The median H-score of healthy vulvar tissues was significantly 
lower compared with median H-scores of dVIN, HSIL and HPV-
dependent VSCC tissue groups (Figure 2), resulting in TBR’s > 2 (Table 
2). The median H-score of HPV-independent VSCC tissue group was 
not tested significantly higher compared with the median H-score of 
healthy vulvar tissue (TBR 4.5, Table 2).

ii	 Most vulvar (pre)malignant tissues showed low CAIX expression 
(Figure 1H-J), 1-2 samples per tissue group showed moderate CAIX 
expression (Figure 1G). Median H-scores per vulvar (pre)malignant 
tissues type were all below 25 (Table 2).

iii	 If CAIX staining was observed, it was positioned in the spinosal and/
or basal layers of the vulvar epidermis in a heterogeneous and patchy 
pattern (Figure 1G-J).

iv	 CAIX showed cell membrane staining.

CD44v6—CD44 Variant 6

i	 Stromal tissue lacked CD44v6 staining. Healthy vulvar epithelium 
showed in 7/15 tissues high CD44v6 expression, the remaining tissues 
showed moderate expression (Figure 1K). TBR’s were inverse for all 
(pre)malignant vulvar tissue types, indicating downregulation of 
CD44v6 in (pre)malignant compared with healthy tissue (Figure 2). 
Consequently, TBR’s were not in favor for FGS application at the 
surface of the vulva (Table 2).

ii	 Predominantly moderate CD44v6 staining was observed in vulvar (pre)
malignant tissues (Figure 1L-O), in 5/10 dVIN, 3/16 HPV-independent 
VSCC, 5/15 HSIL and 1/12 HPV-dependent VSCC tissues high CD44v6 
expression was observed. Median CD44v6 H-scores per vulvar (pre)
malignant tissues type were all above 25 (Table 2).

iii	 CD44v6 showed homogenous expression.
iv	 CD44v6 showed cell membrane staining.

EGFR—Epithelial Cell Adhesion Molecule

i	 EGFR staining was observed in glands, blood vessels and adnexa. 
Healthy vulvar epithelium showed moderate EGFR expression in 
10/15 tissues (Figure 1P) and low expression in 5/15 tissues. TBR’s 
were inverse for all (pre)malignant vulvar tissue types, indicating 
downregulation of EGFR in (pre)malignant tissue compared with 
healthy (Figure 2) Consequently, TBR’s were not in favor for FGS 
application at the surface of the vulva (Table 2).

ii	 EGFR was moderately expressed in 5/10 dVIN, 11/16 HPV-independent 
VSCC, 5/15 HSIL and 2/13 HPV-dependent VSCC tissues (Figure 1Q,R), 
the expression in the remaining samples was low (Figure 1S,T, except 1 
HPV-independent VSCC with high expression). HSIL showed a median 
H-score below 25, the H-scores for other vulvar (pre)malignant tissue 
types were at least 25 (Table 2).

iii	 EGFR was gradually expressed in healthy vulvar epithelium, being 
more strongly expressed in the stratum basal compared with the 
stratum corneum. For (pre)malignant tissues the expression patterns 
were diverse. Homogenous (Figure 1R), patchy (Figure 1Q ,S) and on/off 
expression patterns (Figure 1T) were observed in these tissues.

iv	 EGFR showed cell membrane staining.

EpCAM—Epithelial Cell Adhesion Molecule

i	 EpCAM staining was not observed in stromal tissue, except for the 
endothelial lining of blood vessels. Healthy vulvar epithelium lacked 
EpCAM expression (Figure 1U). The median H-score of healthy vulvar 
tissue was not significantly different compared with any vulvar (pre)
malignant tissue group (Figure 2), resulting in TBR’s < 2, except for 
dVIN with an TBR of 2.5 (Table 2).

ii	 EpCAM expression was absent or low for all vulvar (pre)malignant 
tissue types (Figure 1V-Y), with median H-scores below 25 (Table 2).

iii	 No pattern could be recognized due to the low expression of EpCAM in 
vulvar tissues.

iv	 EpCAM showed cell membrane staining on the endothelial lining of 
blood vessels.
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FRα—Folate Receptor α
i	 FRα staining was absent in both stromal and healthy vulvar epithelium 

(Figure 1Z). The median H-score of healthy vulvar tissue was 
significantly lower compared with the median H-score of dVIN tissue 
(Figure 2), resulting in a TBR >2. TBR’s for other (pre)malignant tissue 
groups were <2 (Table 2).

ii	 FRα expression was absent or low for all vulvar (pre)malignant tissue 
types (Figure 1AA-DD), with median H-scores below 25 (Table 2).

iii	 No pattern could be recognized due to the low expression of FRα in all 
vulvar tissues.

iv	 Cell membrane staining for FRα was observed in lung tumor tissue 
(control).

MRP1—Multidrug Resistance-Associated Protein

i	 Low to moderate MRP1 staining was observed in stromal cells and 
several sebaceous glands of a few healthy and (pre) malignant tissues. 
No MRP1 expression was observed in healthy vulvar epithelium (Figure 
1EE). The median H-score of healthy vulvar tissue was not significantly 
lower compared with any median H-score of (pre)malignant tissues 
(Figure 2), resulting in TBR’s < 2 (Table 2).

ii	 MPR1 expression was absent or low for all vulvar (pre)malignant tissue 
types (Figure 1FF-II), with median H-scores below 25 (Table 2).

iii	 No expression pattern could be recognized due to the overall low 
expression of MRP1.

iv	 In both stromal vulvar tissue as in placental tissue (control), 
cytoplasmatic and membranous presence of MRP1 was observed on 
cells.

MUC1—Mucin 1

i	 Stromal tissue lacked MUC1 staining, except for sebaceous glands 
positioned in the dermis, which showed moderate or high MUC1 
expression (Figure 1JJ). Half of the healthy vulvar epithelial tissues 
lacked MUC1 expression (Figure 1JJ), others showed low expression 
restricted to the stratum spinosum. The median H-score of healthy 
vulvar tissue was significantly lower compared with median H-scores 
of all vulvar (pre)malignant tissue types (Figure 2), resulting in TBR’s > 
2 (Table 2).

ii	 Moderate MUC1 expression was observed in 5/10 dVIN (Figure 1 KK), 
6/16 HPV-dependent VSCC, 6/14 HSIL and 7/13 HPV-dependent VSCC 
tissues, the remaining tissues showed low expression (Figure 1LL-
NN). Median H-scores for MUC1 expression per vulvar (pre)malignant 
tissues type were all above 25 (Table 2).

iii	 The expression pattern was heterogenous and patchy throughout all 
tissue samples.

iv	 MUC1 showed cell membrane staining.

uPAR—Urokinase Plasminogen Activator Receptor

i	 Low stromal expression of uPAR was observed in healthy and 
(pre)malignant tissues. Healthy vulvar epithelium lacked uPAR 
staining(Figure 1OO). The median H-score of healthy vulvar tissues 
was significantly lower compared with median H-scores of dVIN, HPV-
dependent and independent VSCC tissue groups (Figure 2), resulting in 
TBR’s > 2 (Table 2). For the HSIL group, the TBR < 2.

ii	 Moderate uPAR expression was observed in 4/12 HPV-independent VSCC 
	 (Figure 1QQ), 1/12 HSIL and 2/12 HPV-dependent VSCC tissues (Figure 

1SS), the remaining vulvar (pre)malignant tissues showed low or absent 
expression (Figure 1PP,RR). Only the median H-score for uPAR expres-
sion in the HPV-independent VSCC tissue group was above 25 (Table 2).

iii	 uPAR was heterogeneously expressed throughout (pre)malignant vul-
var tissue.

iv	 uPAR showed cell membrane staining and sometimes cytoplasmatic 
staining in cells.

Evaluation of FGS Criteria
Based on biomarker expression in the vulvar tissue cohort (Section 3.2), 
only αvβ6 meets all four criteria required to serve as a potential target for 
tumor-specific imaging in vulvar (pre)malignancies. Therefore, further 
evaluation of biomarker expression in individual VSCC sections was per-
formed for αvβ6. Representative examples of αvβ6-stained HPV-dependent 
and HPV-independent VSCC sections, processed by Qupath, are shown in 
Figures S2 and S3 respectively. The other biomarkers were excluded for fur-
ther analysis because CAIX, EpCAM, MRP1 showed H-scores for (pre)malig-
nant tissue below 25, TBR’s for CD44v6 and EGFR appeared to be inverse and 
heterogeneous expression was observed for MUC1 and uPAR.
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αvβ6 Expression in Individual VSCC Tissue Sections

Evaluation of αvβ6 expression on an individual level was not performed 
for all patients, as 7/16 HPV-independent and 3/13 HPV-dependent VSCC 
tissue sections did not contain adjacent healthy and/or precursor tissue. 
In 7/9 HPV-independent and 4/10 HPV-dependent VSCC patients TBR’s > 2, 
based on H-scores of both malignant and premalignant compared with 
healthy, were observed (represented by a green line, Figure 3). In 3/10 HPV-
dependent VSCC sections only favorable TBR’s for premalignant compared 
to healthy were observed (represented by an orange line, Figure 3). In 2/9 
HPV-independent and 3/10 HPV-dependent VSCC’s TBR’s were not in favor of 
FGS at all (indicated by a red line, Figure 3). Based on this pilot, αvβ6 could 
serve as a suitable target for tumor-specific imaging in vulvar (pre)malig-
nancies for 78% of HPV-dependent VSCC patients (with adjacent dVIN tis-
sue) and 40% of HPV-dependent VSCC patients. As not all cases showed αvβ6 
positivity, CAIX, MUC1 and uPAR TBRS were plotted against αvβ6 TBR’s for 
all 19 above-mentioned VSCC patients, to check case-by-case for an alter-
native target in case of αvβ6 negativity (Figure S4). Those alternative tar-
gets were chosen as they showed TBR’s > 2 for a part of the VSCC patients. 
In a few cases MUC1 or uPAR might serve as an alternative target (left upper 
quadrant, Figure S4.).

Discussion
Demarcation of vulvar (pre)malignancies during diagnosis, staging and sur-
gery is often difficult for clinicians. This phenomenon contributes to sig-
nificant morbidity and high recurrence rates of up to 40% for VSCC patients 
after treatment. FGS could improve resection precision of involved tissue 
and decrease mutilating surgeries. To our knowledge, no data have been 
published on the use of FGS for VSCC or precursor lesions. Therefore, we 
used IHC to evaluate target expressions on vulvar tissues to assess their po-
tential for FGS. Our selection of targets was based on (i) enhanced expres-
sion in vulvar tumors as described in the available literature and (ii) effec-
tiveness of tracers against these targets obtained from studies with other 
tumor types.17,18,20,22-24

Out of 9 candidates we assessed, integrin αvβ6 emerged as the most 
promising target for FGS of VSCC based on immunohistochemistry. This 
conclusion is based on the upregulated homogeneous expression of αvβ6 

in VSCC’s compared with surrounding stromal tissue and normal squamous 
epithelium of the healthy control group. Resulting in TBR’s well above the 
set limit of 2. These suitable TBR’s were confirmed within VSCC patient’s 
using IHC. αvβ6 showed suitable TBR’s in 78% of HPV-independent and 40% 
of HPV-dependent VSCC patients (Figure 3). TBR’s for αvβ6 in premalignan-
cies dVIN and HSIL were lower compared with VSCC, but still above the in-
dicated threshold. Higher αvβ6 expression was found in HSIL adjacent to 
HPV-dependent VSCC’s compared with isolated HSIL, encouraging more ef-
fective removal of adjacent HSIL during VSCC surgery.

CAIX, EpCAM, MRP1 and FRα showed no or low expression in vulvar 
malignant tissues and were therefore excluded from further evaluation. 
CD44v6 and EGFR showed an overall high expression in all tissues, includ-
ing normal squamous epithelium, resulting in reversed TBR’s. If desired, 
these last two markers could help discriminate infiltrating tumor tissue 
with FGS, due to the absence of both markers in surrounding stromal tis-
sue. Alternatively, these markers may be used for reversed fluorescence im-
aging, with distinctive higher expression of the target in healthy compared 
with malignant tissue.35 MUC1 and uPAR were excluded from further evalu-
ation due to their heterogenous or patchy expression pattern in vulvar ma-
lignant tissue.

Although several markers (EGFR, CD44v6, MRP1, MUC1 and CAIX) were 
identified as potential targets for FGS of VSCC’s based on our systematic re-
view, their candidacies were not always confirmed in this study.22 This dis-
cordance might be explained by the absence of normal tissue as well as the 
choice of antibodies and different methods applied in the various IHC stud-
ies. Effects of expression patterns per antibody are for example explained 
in an IHC study on cervical cancer tissues.36 Finding the antibody with the 
highest expression pattern in tumor tissue was not the goal of this study. 
Instead, we chose to apply antibodies most similar to ‘corresponding’ clin-
ically available FGS in order to (i) translate the IHC results in to an imaging 
setting and (ii) accelerate a future clinical translation if a target/tracer com-
bination showed potential.

Several observations should be considered when proceeding with αvβ6 
as a target for FGS in VSCC. First, with the used integrin αvβ6 antibody we 
observed positively stained sebaceous glands just below the vulvar epitheli-
um in the healthy control tissue. The sac-like alveoli of sebaceous glands are 
composed of stratified cuboidal or polyhedral epithelial cells. We noticed 
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more sebaceous glands positioned in epithelium of the control vulvar tis-
sues compared with adjacent normal tissue in VSCC samples. The healthy 
control tissue was obtained from younger women. Sebaceous gland activi-
ty is known to decrease in women after menopause, which might be advan-
tageous for TBR-ratios in elderly vulvar cancer patients.37,38 Whether the 
remaining positively stained αvβ6 glands lead to difficulties during FGS in 
younger patients is hard to predict. We assume that the fluorescent signal of 
these glands will be inferior to the superficial and more enhanced expres-
sion in tumors. Another observation that should be considered when pro-
ceeding with αvβ6 as target, is the fact that not all VSCC samples showed 
enhanced αvβ6 expression. Minimal or absent αvβ6 expression was noted 
in two HPV-independent and two HPV-dependent VSCC samples, resulting 
in 14% of VSCC cases. In comparison with other squamous tumor, this ‘on/
off’ phenomenon was seen in 13% cutaneous squamous cell carcinoma pa-
tients.20 For the αvβ6-negative cases, we assessed if other examined tar-
gets could be used instead. Not one of the other examined markers met all 
four FGS criteria (Section 2.5) and could generally be used for αvβ6-negative 
cases. However, a case-by-case evaluation should be performed for person-
alized alternatives in case of αvβ6-negativity. In some cases, MUC1 or uPAR 
might serve as an alternative VSCC-target for FGS in case of αvβ6 negativ-
ity (Figure S4, left upper quadrant).

An explanation for the different expression patterns of integrin αvβ6 
in VSCC remains elusive. A hallmark function of αvβ6 is the activation of 
transforming growth factor-β1 (TGF-1) to modulate innate immune surveil-
lance in e.g., skin. Therefore, it is possible that different expression pat-
terns of αvβ6 are explained by the difference in tumor-immune infiltra-
tion.38 In addition, different FIGO stages of included tumors may explain 
variation in expression patterns. High-grade progressive tumors show dif-
ferent levels of cell-adhesion compared with low-grade tumors and inte-
grins are cell surface receptors responsible for cell-to-matrix and cell-to-
cell adhesion.38-40 Structural differences in expression patterns, especially 
those observed between the virally and non-virally induced tumors, should 
be confirmed in larger cohort studies. The availability of patients’ medical 
history including FIGO stage, detailed demographics, surgical margins, and 
other characteristics could improve the value of the data set substantially. 
Especially the assessment of whether αvβ6 is overexpressed in associat-
ed locoregional lymph node metastases compared with background tissue 

and negative lymph nodes. IF TBR’s for involved lymph nodes are applicable, 
FGS positive nodes could improve overall survival.41 In addition, future re-
search should investigate whether adjuvant radiotherapy, as part of treat-
ment for locally advanced and metastatic disease, is of influence on αvβ6 
expression patterns.

As indicated above, evaluation of αvβ6 as a target for FGS of vulvar (pre)
malignancies was chosen based on promising (pre)clinical results in other 
cancer types.20 The benefit of this is the availability of imaging agents tar-
geting αvβ6, like the recently developed linear peptide A20FMDV2 or knot-
tin-peptide R01-MG.42,43 For FGS application the latter peptide was conjugat-
ed to fluorescent tracer IRDye800CW to improve complete resection of pa-
tients with pancreatic ductal adenocarcinoma. In subcutaneous and ortho-
topic mouse pancreatic tumor models R01-MG-IRDye800 showed specific 
targeting to αvβ6 and holds promise as a tool to recognize pancreatic can-
cer with FGS.42 Another example of a fluorescent imaging agent is cRGD-
ZW800-1, that binds primarily to αvβ3 but has also affinity for αvβ6. This 
agent is already assessed for clinical use in colorectal cancer imaging.44 No 
data can be found on αvβ3 expression in vulvar tissue. Therefore, the po-
tential of this imaging agent for FGS in VSCC should be further investigated.

Although this paper focused on immunohistochemical evaluation of mo-
lecular imaging targets meant for FGS, αvβ6 could also be used as target for 
imaging with PET or SPECT/CT.45,46 In addition, αvβ6 could be used as tar-
get for different treatment modalities. It’s suitability for this purposes in-
dicated by several anticancer strategies based on αvβ6 targeting, including 
immunoliposomes used as vectors in tumor targeted therapy.47 Future re-
search should focus on evaluation of αvβ6-targeting probes in ex vivo mod-
els, for instance in 3D vulvar skin-tumor models, as a step towards clini-
cal translatability.48,49 Presuming that targets expressed on VSCC-cells are 
mostly unoccupied in-situ, so that an αvβ6-targeted FGS probe will be able 
to access the ligand binding site. Besides multiple deployment of this αvβ6 
target, it would also be nice to verify in future studies IF the modality FGS 
on itself might be useful for other vulvar diseases, as e.g., Paget disease of 
the vulva, which often extends beyond the visible lesion.

Next to the limited size of the cohort a limitation of this study is the 
pre-selection of biomarkers. The selection was based on enhanced expres-
sion of targets as described in the available literature and effectiveness 
of tracers against these targets obtained from studies with other tumor 
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types.17,18,20,22-24 Alternatively, an ‘omics’ search could be performed in 
combination with artificial intelligence to detect all currently (un)known 
targets and check their expression on vulvar healthy compared to (pre)ma-
lignant tissues. Nevertheless, promising target/tracer combinations based 
on ‘omics’ findings should still be evaluated in the clinic. Another limita-
tion is the slight overestimation of Qupath for epithelial cells in stromal 
areas, which was observed in most tissue sections. As this phenomenon 
was equally observed in all differently selected tissue types, we assessed 
that it does not affect the tumor-to-background ratio substantially. It might 
even underestimate this ratio as almost all stromal cells stained negative. 
In addition, the semi-automated analysis using Qupath on small cohorts is 
labor intensive, even compared to visual scoring of IHC-stained sections. It 
is therefore desirable to further optimize this method, before testing the 
potential of targets for IGS application on a larger cohort of tissues. A self-
learning algorithm can be drawn based on this training set for future refer-
ence. Furthermore, since this study was limited by scarcity of vulvar (pre)
malignant tissues, it was not possible to define the sensitivity and specific-
ity for IGS suitability per marker. However, this set could be used as a ‘train-
ing set’ for a future multicenter study wherein sufficient vulvar tissue sam-
ples can be included.

Conclusions
αvβ6 is a promising target for tumor-specific (pre- and intra-operative) mo-
lecular imaging of VSCC lesions, which can be hard to distinguish from 
healthy tissue. For HPV-unrelated VSCC’s with adjacent dVIN, that com-
prise the vast majority of all VSCC’s, αvβ6 has shown great potential for 
precise discrimination at the superficial tissue margins. Further research is 
needed to validate the use of an αvβ6-targeted probe for FGS of vulvar (pre)
malignancies. Finally, it should be verified whether addition of this tech-
nique leads to fewer recurrences and surgery-related morbidities for VSCC 
patients.

Supplementary Materials  The following are available online at www.
mdpi.com/xxx/s1, Table S1: Antigen retrieval methods applied: pepsin, tryp-
sin and DAKO citrate buffers; Script S1: Script used for digital pathology image 
analysis using Qupath; Figure S1: Zoomed images of immunohistochemical 

control staining’s of nine examined markers, Figure S2: By Qupath processed 
tissue sections of a patient with HPV-dependent VSCC, Figure S3: By Qupath 
processed tissue sections of a patient with HPV-independent VSCC with tis-
sue transition zones, Figure S4: Comparison of MUC1, CAIX and uPAR TBR’s 
against αvβ6 TBR’s for VSCC patients.
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Figure 1	 Representative images of αvβ6 (A-E), CAIX (F-J), CD44v6 (K-O), EGFR (P-T), 
EpCAM (U-Y), FRα (Z-DD), MRP1 (EE-II), MUC1 (JJ-NN) and uPAR (OO-SS) expression in 
healthy vulvar tissue with (sebaceous) glands, differentiated vulvar intraepithelial 
neoplasia (dVIN), human papilloma virus-independent vulvar squamous cell 
carcinoma (HPV-independent VSCC), high grade squamous intraepithelial lesion 
(HSIL) and human papilloma virus-dependent vulvar squamous cell carcinoma  
(HPV-dependent VSCC). All images show only the predefined tissue type of that section 
(no adjacent tissue). Scale bars represent 500 µm. 

Figure 2	 Boxplots representing median H-scores per vulvar tissue type (including 
1st and 3rd percentiles) for integrin αvβ6, CAIX, CD44v6, EGFR, EpCAM, FRα, MRP1, 
MUC1, uPAR. Statistical analyses were performed between different median H-scores: 
HV/dVIN, HV/HPV-independent VSCC, HV/HSIL, HV/HPV-dependent VSCC, dVIN/HPV-
independent VSCC, HSIL/HPV-dependent VSCC.  

ns = p > 0.05 (not shown), *=p ≤ 0.05, **= p ≤ 0.01, ***= p ≤ 0.001, ****=p ≤ 0.0001. 10 dVIN, 16 HPV-
independent VSCC, 15 HSIL, 13 HPV-dependent VSCC tissues and 15 healthy vulvar controls were 
included
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Figure 3	 Spaghetti plots of integrin αvβ6 expression within VSCC patients.  
Lines in this plot represent patients, a dot is an average H-score of a vulvar tissue  
type within that patient’s tissue section (for instance the average H-score of all a 
djacent HSIL tissue annotations). Left: HPV-independent VSCC patients, right:  
HPV-dependent VSCC patients. Based on H-scores, TBRs are calculated (H-score  
(pre)malignant tissue/H-score of healthy tissue=TBR). A green line indicates  
higher expression of αvβ6 in (pre)malignant compared to the healthy tissue  
(TBR > 2); an orange line indicates a TBR < 2 for VSCC and a TBR > 2 for HSIL compared 
to healthy tissue; a red line indicates higher expression in healthy compared to 
(pre)malignant tissue (TBR ≤ 1). Not all TBRs of VSCC patients are plotted, as not all 
tissue samples included normal (and/or premalignant) tissue adjacent to the tumor.
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As discussed in the introduction of this thesis, patient burden from vulvar 
(pre)cancers remains high despite evolving care.1 This burden arises partly 
due to: i) problems in the diagnostics process, and ii) as a result of the treat-
ment regime. The diagnostic process is impeded by incorrect or delayed 
diagnosis. This is in part a result of the challenges accompanying a physi-
cian’s visual and tactile assessment of vulvar diseases.2 Additionally, inva-
sively obtained biopsy material for pathologic review is limited and some-
times inconclusive. Delays may also occur when patients misconstrue 
symptoms due to lack of awareness or shame.3,4 Patient burden may also 
arise as a result of the treatment regime, side effects or insufficient impact 
of treatments.5-7 Luckily, the number of novel instruments has expanded, 
providing many new possibilities for value-based objective endpoints and 
biomarkers.8

In the present thesis, we have attempted to test several promising inno-
vative instruments in a search for disease-specific biomarkers for vulvar 
(pre)cancers. A multimodal profiling approach (Figure 2, Chapter 1) guid-
ed this research, based on systems profiling of disease and drug effects in 
dermatology.9 The different investigated aspects include imaging, cellular 
and molecular characteristics and was complemented by patient reported 
outcomes and physician-based input. The focus of this thesis has specifical-
ly been on the molecular and imaging domains. It was assessed if the tech-
niques included in these domains show the potential to improve the diag-
nostic process and/or the evaluation of therapeutic options for vulvar (pre)
cancers. Over the longer term, the goal is to improve the burden for patients 
with vulvar (pre)cancers. This chapter summarizes and discusses the re-
sults and highlights perspectives for future research.

As previously discussed, FIGO staging and diagnosis of vulvar (pre)cancers 
still depends on clinical examination and histopathologic review of invasive 
biopsy material.10 In comparison to other more common cancer types, the 
literature concerning non-invasive imaging for identification and diagnosis 
of vulvar (pre)cancers is sparse and based mainly on case reports.11-15 Vulvar 
lesions are easily accessible as they originates from the skin. Therefore, vari-
ous non-invasive imaging tools were examined in patients with vulvar high 
grade squamous intraepithelial lesions (vHSIL) and lichen sclerosus, seeking 
for sensitive disease-specific biomarkers (Chapter 2 and 3). Using three dif-
ferent innovative non-invasive techniques, the vulvar skin was assessed at 

different skin levels, from superficial up to 2mm in depth. Respectively der-
matoscopy16, optical coherence tomography (OCT)17 and reflectance confocal 
microscopy (RCM)18 were examined. Dermatoscopy uses a lens with a build-in 
light source to magnify the skin surface in the transversal plane. OCT is com-
parable to ultrasound but uses laser light instead of sound waves for image 
acquisition. OCT creates images in the frontal plane, up to a depth of 1mm. 
RCM uses a diode laser as light source that illuminates the skin and gets re-
flected differently by various cell types. Reflection of cells is based on their 
refractive indices; this generates black-and-white images with a resolution 
almost comparable to conventional histology. RCM enables real time in vivo 
visualization of the epidermis down to the papillary dermis (2mm in depth) 
in the transversal plane.

It was demonstrated that the application of dermatoscopy, OCT and RCM 
was feasible and tolerable in vulvar high grade squamous intraepithelial le-
sion (vHSIL) and lichen sclerosus (LS) patients as well as in healthy controls. 
Of the three non-invasive innovative imaging tools dermatoscopy was con-
sidered the easiest to implement in clinical practice (Chapter 2). The exe-
cution is straightforward, the assessment time is short and interpretation 
comes with frequent use. Analysis of a set of dermatoscopic characteristics 
revealed that warty structures were only observed in vHSIL. In LS, sclerotic 
areas and arborizing vessels appeared as potential discriminative features. 
The dermatoscope is also lowest priced compared to the OCT and RCM. 
The prices of this instrument can be as low as 1.000 United States Dollars 
(USD), while the newest integrated systems including data capacity, may 
cost 10.000 USD. Dermatoscopy could ease diagnostics and follow-up and 
help as a guidance tool for biopsy sampling of suspected vulvar lesions. This 
technique could for example be of great advantage for imiquimod-treated 
HSIL patients, as their follow-up requires long-term surveillance of the en-
tire genital tract because of the high probability of late recurrences.19 This 
is particularly important to diagnose malignant progression, which is cur-
rently a challenge for clinicians. Consequently, patients with other (pre)
malignant vulvar diseases as dVIN and VSCC should be included in larger 
follow-up clinical trials. Several studies have confirmed that the diagnostic 
accuracy of pigmented lesions and the diagnostics of melanomas, is signif-
icantly better with dermatoscopy compared to conventional diagnostics if 
performed by an experienced user.16
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We showed alignment is possible between some morphological disease fea-
tures assessed and histopathology, although time-consuming. Primary focus 
was on the incorporated (automatic) OCT algorithms, measuring epidermal 
thickness and blood flow. It was concluded that these algorithms should first 
be adapted for the vulvar skin prior to potential implementation (Chapter 2). 
Although an OCT blood flow measurement on itself is currently unable to dis-
criminate different vulvar diseases, it might be used as additional biomarker 
in a multimodal approach. It could hereby aid in the differentiation of healthy 
and diseased vulvar skin with comprised blood vessels like in inflamed tissue.

RCM images showed that healthy skin was characterized by a homoge-
nous, normal honeycomb patterned epidermis and a clear epidermal-der-
mal junction. Vulvar HSIL and LS lesions often displayed an atypical honey-
comb pattern of the epidermis, combined with lymphocytic influx and the 
presence of melanophages. Distinct features specifically observed in LS in-
cluded the presence of hyalinized vessels and sclerotic areas in the dermis 
(Chapter 3). Due to the explorative nature of this study and small sample 
size, no statistics were performed on these characteristics. RCM appears to 
have potential as optical biopsy tool but requires clinical validation in larg-
er patient groups with long-term follow-up before implementation. Future 
studies should keep evaluating existing and emerging non-invasive imag-
ing techniques developed for the discrimination of malignant progression 
of vulvar lesions. Preferably imaging tools are integrated in one device to 
acquire images at different skin depths.20

Besides the advantage of being easily accessible from the outside, this 
vulvar cancer type originates from squamous cells, just like cutaneous 
squamous cell carcinoma (cSCC) does. This allows for knowledge tran-
sition between the dermatologic and gynecologic fields. For instance, in 
cSCC, epidermal homeostasis gets disrupted by interactions between epi-
dermal tumor cells and the underlying stroma, allowing epidermal cells to 
invade into the stroma 21. This process for cSCC is being studied in human-
skin-equivalents (HSE’s). HSE’s are in vitro cultured skin models designed 
to mimic the characteristics of human skin as closely as possible. These 
models are used as tool to study biological processes in healthy and dis-
eased skin.22,23 Moreover, HSE’s can serve as a prediction model to deter-
mine the penetration profile of drugs across the skin.24 As one of the aims of 
this thesis has been to improve new therapeutic options for vulvar (pre)can-
cers, HSE models have been developed that mimic healthy and malignant 

vulvar skin (Chapter 4). Remnant skin specimen obtained at labial correc-
tions were used to set up HSE models of the vulva. Vulvar keratinocytes 
were isolated, pre-treated and ‘seeded’ on a base of fibroblast cells in a petri 
dish. Comparison of the epidermal morphogenesis of normal vulvar tissue 
in these models showed great similarities with native healthy vulvar tissue. 
Immunohistochemical analysis using keratin-10 expression showed a phys-
iological early cell differentiation program in the healthy models. The ex-
pression of keratin-17 is known to be absent in healthy epidermis and like-
wise not detectable in the models, stipulating the inactivated state of the 
keratinocytes. In conclusion, immunohistochemical results showed simi-
lar expression in the healthy HSE models compared to native vulvar tissue.

To allow pathophysiological characteristics to be easier transposed to 
clinical observations, tumorous HSE models were developed and compared 
to the healthy HSE models. For the set-up of VSCC models immortalized 
VSCC cell lines HTB117 and A431 were grown on a dermal scaffold of differ-
ent fibroblasts. Both papillary- and reticular fibroblasts (RF) were used for 
dermal scaffolds, as these fibroblast types are generally present in healthy 
stroma. Also, dermal scaffolds with cancer-associated fibroblasts (CAF’s) 
were generated, as this heterogenous cell is known to be part of the tumor 
microenvironment (TME) of different SCC’s.21,25-27 All different tumorous 
HSE models showed typical SCC progression and revealed the interplay be-
tween VSCC cells and tumor stroma within VSCC development. CAF’s in the 
CAF-based models expressed a consistent high level of α-SMA and COL11A1 
after interaction with VSCC cells. This indicated that the phenotype of CAF 
is maintained, which might partially explain the profound invasive behav-
ior observed in these models. A loss of RF markers and a gain of CAF marker 
expression was observed in the RF based models, indicating the apparent 
transition of a RF- into CAF phenotype. This shows that communication be-
tween VSCC cells and stromal fibroblasts could change a fibroblast’s pheno-
type.27 Recent studies already highlighted the importance of the immune 
TME involvement for VSCC’s.28,29

These models thus aid in gaining pathophysiological knowledge and 
can also be used for non-clinical drug evaluation. Non-clinical drug test-
ing serves as a basis for the evaluation of potential risks and effectiveness 
of investigational drugs in humans.30 If the novel vulvar tumor models are 
qualified and validated, they could offer great potential for research on drug 
action. 30-33 The information obtained can be used to design trials that are 
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well-informed, addresses the pertinent questions and will most likely re-
quire smaller populations. This could alleviate the difficulties recruiting 
patients for clinical trials due to the low disease-incidence rates. The mod-
els could help improve the treatment of vulvar (pre)malignancies as hard-
ly any significant new topical agent after imiquimod has been developed in 
the last decades for these diseases. Additionally, with the low number of 
leads on chemotherapeutic and targeted antibody treatments in the vulvar 
cancer niche, availability of these models could be an enormous step for-
ward in early clinical drug development for VSCC.34 A first step in testing 
drug response as part of this paradigm was done by adding chemotherapeu-
tic agents carboplatin and paclitaxel to the medium of the VSCC models. A 
dose-dependent reduction of the relative tumor thickness was observed in 
the models (Chapter 4). Reduction of the epithelial cancer cells was most 
pronounced in the paclitaxel group. Remarkably, chemotherapeutic treat-
ment did not seem to affect the expression intensity of a-SMA (CAF marker) 
in the VSCC models. This may corroborate the suggestion that CAF’s can re-
PROgram tumor cell metabolism to maintain tumor cell survival and pro-
tect them from apoptosis induced by treatment. It further confirms the hy-
pothesis of others reporting on 3D VSCC models created with CAF’s and a 
self-established cell line of vulva cancer associated with lichen sclerosus.35 
The fact that CAF’s remained in situ after chemotherapeutic treatment with 
carboplatin or paclitaxel is a major learning point, and emphasizes the need 
for drugs targeting stromal fibroblasts within the TME.

For an improved representation of the diversity of vulvar tumors and 
their TME, the organotypic 3D models could be personalized with isolat-
ed tumor cells of a patient. Research using patient-derived tumor organ-
oid (PDTO) models has shown to recapitulate the molecular and phenotyp-
ic heterogeneity of the patient tissue they were derived from.36 Recent 
studies have shown the ability of these PDTO's to predict patient drug re-
sponse. For example, PDO models were used to predict responses for a che-
motherapeutic in more than 80% metastatic colorectal cancer patients.37 
We suggest that personalized 3D vulvar models prove an attractive and scal-
able tool for drug screening, as they allow for expansion and biobanking. 
Having personalized targeted treatment options might greatly improve the 
flexibility and personalization of vulvar cancer care in clinical practice, as 
shown for e.g. psoriasis.9 Ideally, these personalized vulvar tumor mod-
els are used in a multimodal matter. Besides the use for drug evaluation of 

existing treatments, the vulvar 3D models might be used for pathway- and 
drug analyses on somatic mutations for novel specific therapeutic strate-
gies.38,39 Also, healthy and tumorous vulvar models can be used for molec-
ular profiling for tumor-specific imaging. The latter includes all techniques 
used for real-time highlighting of tumors. One type of tumor-specific im-
aging is applied in the emerging field of fluorescent-guided surgery (FGS). 
FGS makes use of a contrast agent consisting of an antibody, small synthet-
ic molecule, aptamer or a nanoparticle bound to a fluorescent label able to 
highlight the tumor. FGS real-time assists the surgeon with the identifi-
cation of the tumor and the usage of near-infrared light allows for deep-
er tissue penetration. Ultimately, improved tumor margin detection using 
FGS could enhance precise surgery and limit morbidity. As this technique 
could potentially contribute to both improved diagnostics and treatment 
of vulvar (pre)cancers, it was further investigated in Chapter 5 and 6 of 
this thesis.

A first step for implementation of targeted FGS, is the identification of 
markers that bind specific to vulvar carcinoma cells. A literature review was 
performed in Chapter 5, to identify potential tumor markers that could be 
used for FGS of differentiated vulvar intraepithelial neoplasia (dVIN), vHSIL 
and VSCC. A total of 627 articles were found, of which 222 met all eligibili-
ty criteria. Twelve vulvar carcinoma-specific tumor targets were identified 
and from these, 7 were considered most promising: EGFR, CD44v6, GLUT1, 
MRP1, MUC1, CXCR-4 and VEGF-A. However, most of these papers did not de-
scribe expression of these cell membrane located proteins in healthy vul-
var tissue. Whilst this aspect is of key importance for the tumor-to-back-
ground ratio required to identify the aberrant tissue with FGS. Therefore, 
the expression of these targets should be tested in both healthy and (pre)
malignant vulvar tissues. To investigate if the markers mentioned in lit-
erature are indeed candidates for FGS, the presence of these proteins has 
been examined by immunohistochemistry in healthy and diseased vulvar 
tissue samples (Chapter 6). Besides these literature-based markers, poten-
tial targets for FGS in other types of cancer were also included in this anal-
ysis. This resulted in the expression analysis of the integrin αvβ6 (αvβ6), 
CAIX, CD44v6, EGFR, EpCAM, FRα, MRP1, MUC1 and uPAR. The immunohisto-
chemical presence of each marker was quantified using digital image anal-
ysis. Results showed that αvβ6 was significantly overexpressed in malig-
nant cells compared to healthy vulvar cells. Tumor to background ratios for 
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αvβ6 in premalignancies dVIN and HSIL were lower compared with VSCC, 
but still above a set threshold. Higher αvβ6 expression was found in HSIL 
adjacent to HPV-dependent VSCC’s compared with isolated HSIL, encourag-
ing more effective removal of adjacent HSIL during VSCC surgery. The po-
tential of αvβ6 was also confirmed in a within-patient analyses of each indi-
vidual tissue slide of a VSCC patient, including both healthy and malignant 
tissue. CAIX, EpCAM, MRP1 and FRα showed no or low expression in vulvar 
malignant tissues and were therefore excluded from further evaluation. 
CD44v6 and EGFR showed an overall high expression in all tissues, includ-
ing normal squamous epithelium. MUC1 and uPAR were excluded from fur-
ther evaluation due to their heterogenous or patchy expression pattern in 
vulvar malignant tissue.

Further validation of αvβ6 as a potential target for FGS of vulvar (pre)
cancers requires marker expression testing in vulvar animal- or 3D organo-
typic models. The vulvar models described in Chapter 4 might be used to 
test promising targets. To do so, a contrast agent targeted against a prom-
ising target could be added to the medium of both healthy and tumor-
ous in vitro vulvar models, whereafter expression rates are examined and 
compared. In this way, intravenous administration of a contrast agents is 
mimicked in vitro. Besides this imitation of intravenous administration, 
other application routes of contrast agents or drugs can be assessed. The 
effect of a contrast agent could be tested if incorporated into a cream or 
spray and applied to the surface of the vulvar skin of the air-liquid based 
3D models. Another example: 5-ALA could topically be applied on the sur-
face of the vulvar tumor models as non-targeted photodynamic therapy. 
This way, the models can help test for resistance to 5-ALA, a problem cur-
rently experienced in treatment of vulvar intraepithelial lesions with this 
drug.40 Also targeted imaging can be combined with treatment. This re-
quires conjugation of a tracer to a label compatible for treatment and im-
aging purposes. For example, with an αvβ6 specific knotting peptide con-
jugated to e.g. FDA approved indocyanine green.41,42 This contrast agent 
might be used for both imaging of the targeted lesion and as treatment; by 
killing of tumor cells trough the production of singlet oxygen species and 
photothermal heat upon near infrared irraditation.43,44 Besides for fluores-
cent imaging, targeted imaging agents can also be generated with e.g. nu-
clear- or activatable labels. This enables deployment of valuable targets for 
many state-of-the-art real time imaging techniques. Illustrated in the brain 

tumor imaging niche, proving great progress in dual- or triple-modal im-
aging.45 This multimodal approach makes use of e.g. FGS, MRI, CT, and/or 
photoacoustic imaging. A cocktail of labels coupled to a tracer targeting the 
same tumor target is used for this approach. The bundled merits of these 
techniques, like high spatiotemporal resolution, might overcome the chal-
lenges faced during single-modal imaging. Superiority of a multimodal ap-
proach in the gynecologic niche is illustrated by non-targeted dual-imaging 
of sentinel lymph nodes in patients with VSCC. A radioactive and fluores-
cent tracer (ICG-99mTc-nanocolloid) is used for improved visualization of 
affected lymph nodes.46

In the clinic, molecular VSCC targets could also be used for a pre-treat-
ment PET signal check to predict responses in patients. A clinical study 
using PD-L1-targeted 89Zr-atezolizumab imaging confirmed that clinical 
responses in patients with different types of cancer showed increased cor-
relation with pretreatment PET signal compared to IHC or RNA-sequencing 
based predictive biomarkers.47 In addition, the search for potential VSCC 
targets could be extrapolated to the TME or angiovascular environment of 
the tumor. Imaging of the TME using nuclear medicine-based targeted mo-
lecular imaging allows for sensitive visualization of dynamic changes in the 
TME.48 A nice bridge to the apparently treatment-resistant CAF’s observed 
in the TME of our vulvar tumors in the 3D models (Chapter 4). Personalized 
tumor targeted applications using molecular biomarkers therefore show 
great potential. Tumor targeting could help dynamic and quantitative vi-
sualization, but also play a role in patient stratification and treatment mon-
itoring for targeted therapy.

Overall conclusions
In this thesis, multimodal research into vulvar (pre)cancers was described 
by focusing on three important cornerstones:

1	 Application of novel non-invasive imaging instruments on healthy 
and diseases vulvar skin to improve diagnostics;

2	 Establishment of in vitro healthy and VSCC 3D models aimed for fu-
ture anticancer drug evaluation studies;

3	 Investigation of promising targets for tumor-specific molecular 
real time imaging of vulvar (pre)cancers, to assist complete surgical 
excision.
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First steps are taken into the clinical translation of these novel techniques for 
the management of patients with vulvar (pre)cancers. Future assessments 
on accuracy, sensitivity and specificity of these techniques should be per-
formed. For the vulvar HSE models, endpoints should be evaluated for their 
predictive value on in vivo effects and translatability to humans.
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De vulva is het uitwendige deel van het vrouwelijke geslachtsorgaan. 
Hiermee bestaat de vulva uit de schaamlippen, opening van de vagina, de 
uitgang van de urinebuis en de clitoris. Naast normale variatie van de vulva 
en de invloed van het biologische ouderdomsproces, kan de vulva ook ver-
anderen door kwaadaardige aandoeningen. Zo kan er schaamlipkanker 
ontstaan, de officiële term daarvoor is vulvacarcinoom. In dit proefschrift 
richten alle onderzoeken zich op het vulvacarcinoom en ziekten van de 
vulva die kunnen leiden tot een vulvacarcinoom (voorstadia).

In 2019 kregen 433 vrouwen de diagnose vulvacarcinoom in Nederland. 
Wereldwijd is de incidentie ongeveer 2,6 per 100.000 vrouwen. Het is met 
deze incidentie een vrij zeldzame kankersoort. Desondanks zien we dat het 
aantal nieuwe vulvacarcinoom patiënten de afgelopen jaren toeneemt. Met 
name jongere vrouwen krijgen steeds vaker deze ziekte, terwijl dit type 
kanker voornamelijk voorkomt bij vrouwen ouder dan 60 jaar. Gelukkig 
is de overlevingskans relatief groot als een vulvacarcinoom op tijd wordt 
opgemerkt. Wanneer er een verdenking is op een vulvacarcinoom, bijvoor-
beeld door een waargenomen verdikking of wondje van de vulva, wordt 
van de verdachte plek een ‘hapje’ van de huid genomen. Dit weefsel wordt 
vervolgens onder de microscoop bekeken, om te controleren om wat voor 
ziekte het precies gaat. Het kan bijvoorbeeld ook om een voorstadium van 
vulvacarcinoom gaan, die afwijkingen van de huid kunnen er vergelijkbaar 
uitzien. Bij een voorstadium van vulvacarcinoom zijn er onder de micro-
scoop onrustige of afwijkende cellen te zien. Een voorstadium is nog geen 
kanker, maar het kan wel kanker worden. Dit kan gebeuren als deze voor-
stadia te laat ontdekt worden of niet voldoende behandeld zijn. Voor zover 
bekend, zijn er twee soorten voorstadia die kunnen leiden tot een vulvacar-
cinoom. Het kleinste deel van de vulvacarcinomen ontstaat uit het voorsta-
dium vulvaire hooggradige squameuze intraepitheliale lesie (vHSIL). vHSIL 
ontstaat meestal door de aanwezigheid van het humaan papillomavirus 
(HPV). Vrouwen met vHSIL hebben ongeveer 10% kans om vulvacarcinoom 
te ontwikkelen als ze geen behandeling krijgen. Het tweede voorstadium 
heet gedifferentieerde vulvaire intraepitheliale neoplasie (dVIN). In onge-
veer 30% van de gevallen leidt dVIN tot vulvacarcinoom. De oorzaak van 
het ontstaan van dVIN is onbekend. Het is wel bekend dat dit voorstadium 
kan ontstaan bij vrouwen die al jaren last hebben van lichen sclerosus (LS). 
LS is een goedaardige inflammatoire aandoening, waarbij de huid van de 
schaamlippen wit kan verkleuren en waardoor de schaamlippen soms zelfs 

verdwijnen. De bovengenoemde patiënten kunnen klachten ervaren van de 
vulva, waaronder: jeuk, pijn of een branderig gevoel.

De eerste keuze behandeling voor vulvacarcinoom is het chirurgisch 
verwijderen van de aandoening. Deze operatie wordt eventueel gevolgd 
door chemotherapie of radiotherapie, afhankelijk van de ernst van het vul-
vacarcinoom. Het voorstadium HSIL kan behandeld worden met lasterthe-
rapie of met een zalf (imiquimod), terwijl het voorstadium dVIN meestal 
ook chirurgisch verwijderd wordt. LS is een chronische huidaandoening 
van de vulva en gaat niet meer weg. LS wordt wel behandeld met hormoon-
zalf, om klachten te verminderen en het risico op progressie naar dVIN of 
vulvacarcinoom te verkleinen.

Helaas herkennen zowel patiënten als medisch specialisten deze aan-
doeningen van de vulva niet altijd direct. Hierdoor zit vertraging tussen 
het ontstaan van een (voorstadium) vulvacarcinoom en het herkennen van 
de ziekte. Verder komen (voorstadium) vulvacarcinomen nog te vaak terug 
na het wegsnijden, doordat niet alle kwaadaardige cellen zijn opgemerkt 
en verwijderd. Dit zorgt hierdoor voor een grote ziektelast bij de patiën-
ten. Bovendien blijkt het nog steeds een taboe om deze klachten bespreek-
baar te maken.

De studies beschreven in dit proefschrift zijn opgezet om (voorstadium) 
vulvacarcinoom beter te leren herkennen en onderzoek naar nieuwe 
behandelingen te bevorderen. Er is gebruik gemaakt van een multimodale 
aanpak om de vulva vanuit verschillende domeinen te karakteriseren. De 
domeinen bestudeerd zijn: door de patiënt gerapporteerde uitkomsten 
(bv. vulvaire pijn en jeuk), door een arts gerapporteerde klinische scores, 
beeldvorming (bv. dermatoscopie), cel eigenschappen (bv. analyse onder 
de microscoop) en moleculaire analyses (bv. immuunhistochemie). In dit 
proefschrift lag de nadruk specifiek op de moleculaire en beeldvormende 
domeinen. Met deze veelzijdige aanpak zijn we in staat diverse vulvaire 
biomarkers per groep gezonde vrouwen of patiënten te onderzoeken. 
Een goede biomarker zou idealiter aan de volgende criteria voldoen: 
onderscheidend zijn voor gezonde en aangedane huid, stabiel gemeten 
kunnen worden over tijd, een behandelingseffect registreren en de techniek 
waarmee de biomarker wordt verkregen moet goed getolereerd worden 
door vrouwen.

Op basis van de verschillende beoordeelde innovatieve technieken werd 
dit proefschrift opgedeeld in drie delen:



CHARACTERIZATION OF VULVAR DISEASES: NOVEL IMAGING TOOLS, MODELS AND MOLECULAR TARGETS154 Chapter 8  Nederlandse samenvatting 155

•	 Deel I gaat in op de toepassing van innovatieve beeldvormingstech-
nieken op gezonde en zieke huid van de vulva, opzoek naar biomar-
kers om diagnostiek en behandeling te verbeteren (hoofdstuk 2+3);

•	 Deel II schetst de ontwikkeling van gezonde vulva- en vulvacarci-
noom 3D huidmodellen, voor onderzoek naar (nieuwe) behandelin-
gen van vulvacarcinoom (hoofdstuk 4);

•	 Deel III beschrijft de zoektocht naar potentiële targets voor tumor 
specifieke beeldvorming van vulvacarcinoom (hoofdstuk 5+6).

Deel een: toepassing van innovatieve beeld- 
vormingstechnieken op gezonde en zieke huid  
van de vulva
In een klinische studie zijn nieuwe innovatieve beeldvormingstechnieken 
toegepast op gezonde en aangedane huid van de vulva. De toegepaste beeld-
vormingstechnieken heten: dermatoscopie, optische coherentie tomogra-
fie (OCT) en de confocale laser microscopie. We onderzochten hiervoor de 
huid van vulva’s van 10 gezonde vrouwen, 5 vrouwen met vHSIL en 10 vrou-
wen met LS. We hoopten ook patiënten met vulvacarcinoom mee te laten 
doen aan deze studie, maar deze groep patiënten bleek lastig te rekrute-
ren. Deelnemers kwamen op dag één van de studie voor drie rondes met 
huidmetingen. Ter controle werden er biopten (hapje weefsel) van de vulva 
afgenomen aan het einde van dag 1. Het bioptweefsel geldt als ‘gouden stan-
daard’ om de diagnose te stellen. Dit gebeurde door een gespecialiseerde 
patholoog het biopt onder de microscoop te laten beoordelen. Na deze stu-
dieperiode startte alleen de groep met LS-patiënten op dag 8 met een stan-
daard toegepaste behandeling met hormoonzalf voor 4 weken. Zij kwamen 
voor aanvullende huidmetingen op dag 21 en 36 terug. Verder werden er op 
de laatste studiedag (dag 36) bij de LS-patiënten extra biopten afgenomen, 
als referentie na de behandelperiode. Alle huidmetingen werden bij vHSIL 
en LS uitgevoerd op lesionale en niet-lesionale vulvaire huid. Bij de gezonde 
vrouwen werd enkel gezonde huid gemeten.

De data van deze klinische studie is beschreven in hoofdstuk 2 en 3 van 
dit proefschrift.

In hoofdstuk 2 twee staat de toepassing van dermatoscopie en OCT op 
de vulva beschreven bij vHSIL- en LS-patiënten en bij gezonde vrouwen. De 
dermatoscoop is een vergrootglas voor de huid, voorzien van een lichtbron. 

Hierdoor kun je dieper in de oppervlakte van de huid kijken en zie je struc-
turen die je met het blote oog niet kan zien. Uit de analyse van een reeks 
dermatoscopische opnames bleek dat wratachtige structuren alleen wer-
den waargenomen bij vHSIL. Bij LS bleken sclerotische gebieden en arbori-
serende vaten potentiële discriminerende kenmerken. De dermatoscoop 
was gemakkelijk in gebruik, de uitvoer duurde 1-2 minuten per patiënt en 
het apparaat werd goed verdragen door de vrouwen in de studie. Verder 
werd de OCT toegepast op de huid van de vulva. Bij deze methode reflec-
teren huidcellen op een bepaalde manier het licht waarmee ze worden 
aangestraald, waarbij beelden (dwarsdoorsnedes) worden gevormd. De 
methode is te vergelijken met echografie, waarbij geluid wordt gebruikt in 
plaats van licht. Structurele OCT-beelden konden voor vHSIL en LS worden 
afgestemd op de histologie voor kenmerken als hyperkeratose en derma-
le-epidermale junctie. Een nieuwe bevinding in deze studie was de ver-
hoogde bloedstroom, gemeten door het ingebouwde algoritme van de OCT, 
in LS-patiënten (gemiddeld ±SD 0,053 ±0,029) in vergelijking met gezonde 
controles (0,040 ±0,012, p=0,0024). Daarnaast lieten de resultaten zien dat 
het ingebouwde OCT-algoritme voor epidermale diktebepaling momenteel 
nog niet bruikbaar is op de huid van de vulva.

In hoofdstuk 3 wordt de toepassing van de beeldvormingstechniek 
‘confocale laser microscopie’ beschreven op de vulvaire huid. De confoca-
le laser microscoop bestaat uit een computerscherm die verbonden is aan 
een draaibare arm waar de laser aanhangt om de opnames van de huid te 
maken. Deze opnames zijn gebaseerd op het laserlicht dat door diverse cel-
typen verschillend terug reflecteert en weer opgevangen wordt door het 
systeem. Het systeem zet deze reflectie vervolgens om in een zwart-wit 
beeld van de cellen. Je kunt met deze techniek dus ‘door de huid’ heen kij-
ken, zonder de huid te beschadigen. Het is nog niet eerder beschreven in de 
literatuur dat deze techniek bij zoveel vrouwen op de vulvaire huid is getest. 
Dat maakte dit onderzoek uniek. Een groot deel van het manuscript wat 
verslag legt over deze techniek is daarom gewijd aan uitleg over de toepas-
sing op de vulva, voorzien van illustraties. Bij het bekijken van de opnames 
werd de gezonde huid gekenmerkt door een homogene, normale epider-
mis met honingraatpatroon en duidelijke epidermale-dermale juncties. 
vHSIL en LS laesies vertoonden vaak een atypisch honingraatpatroon van 
de epidermis en lymfocytaire influx met aanwezigheid van melanofagen 
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(immmuuncellen). Specifieke kenmerken van LS waren de aanwezigheid 
van gehyaliniseerde vaten en sclerotische gebieden in de dermis. Vanwege 
de exploratieve aard van deze studie en de kleine hoeveelheid onderzochte 
vrouwen, werd er geen statistiek uitgevoerd op deze resultaten. Wij vroe-
gen de vrouwen achteraf hoe zij de toepassing van het apparaat hadden 
ervaren. Bijna alle vrouwen hadden geen last van het apparaat, wel von-
den sommige vrouwen de opname lang duren. Validatie van deze resultaten 
op grote schaal zou van reflectie confocale microscopie een klinisch hulp-
middel kunnen maken om vulvaire afwijkingen op niet-invasieve wijze te 
identificeren.

Deel twee: de ontwikkeling van gezonde vulva-  
en vulvacarcinoom 3D huidmodellen
Om meer te weten te komen over vulvacarcinomen en nieuwe behandelin-
gen te ontwikkelen voor dit type kanker, is het belangrijk dat we ‘levende’ 
vulvacarcinomen na kunnen bootsen. Hiervoor zijn zogenaamde model-
len nodig van het vulvacarcinoom. Deze modellen zijn belangrijk om de 
stap kleiner te maken tussen het testen van nieuwe chemische stoffen op 
dood weefsel in het laboratorium en de daadwerkelijke toediening aan 
patiënten. Deze chemische stoffen kunnen bijvoorbeeld nieuwe medi-
cijnen zijn of een nieuw antilichaam gekoppeld aan een fluorescente stof 
voor toepassing van beeldgeleide chirurgie (zoals beschreven in hoofd-
stuk 5+6). Daarnaast kunnen dit soort modellen de onderzoeker meer 
inzicht geven in nog niet bekende eigenschappen van een vulvacarcinoom. 
Vaak worden dieren gebruikt voor als basis voor deze modellen. Echter, 
voor het vulvacarcinoom is het opstellen van een representatief diermo-
del lastig gebleken. Dit komt met name doordat de vulva een relatief klein 
en delicaat gebied is en de vulva van een dier niet altijd overeenkomt met 
de menselijke vulva. Daarnaast zijn diermodellen in het algemeen prijzig, 
tijdsintensief en is de data niet altijd goed te ‘vertalen’ naar de menselijke 
situatie. Wij gingen daarom een samenwerking aan met een groep onder-
zoekers uit het LUMC , die ervaring hebben met het opkweken van ‘leven-
de’ 3D-huidmodellen in een petrischaal. In onze studie onderzochten wij 
of we deze 3D-huidmodellen ook kunnen opzetten met gezonde vulvaire 
huid en met vulvacarcinoomcellen. Deze modellen behandelden we met 

verschillende concentraties van chemotherapie, om te zien of we de tumor 
kunnen behandelen in de petrischaal.

Voor het opzetten van gezonde huidmodellen van de vulva, zoals 
beschreven in hoofdstuk 4, was huid van de schaamlippen nodig. Dit weef-
sel werd verkregen als restant van schaamlipcorrecties. De levende cellen 
van deze stukjes schaamlip werden voorbewerkt en ‘gezaaid’ op een bodem 
van fibroblast cellen in een petrischaal. Fibroblasten zijn normaal ook aan-
wezig onder de bovenste laag van de huid (bindweefsel) en zorgen voor ste-
vigheid. Door al deze cellen te voeden met vloeibare voeding (medium), 
was het mogelijk ze op te kweken tot 3D huidmodellen. Karakteristieken 
van de huidmodellen van de schaamlippen werden vergeleken met nor-
male huid van de schaamlippen. Deze karakteristieken werden getest op 
eiwit niveau met immuunhistochemie en op RNA-niveau met PCR testen. 
Er waren veel overeenkomsten zichtbaar tussen echte en model-huid van 
de vulva. Naast gezonde huidmodellen van de vulva, wilden wij ook vul-
vacarcinoom modellen opzetten. Hiervoor maakten wij gebruik van vul-
vacarcinoom cellijnen. Deze cellijnen zijn afkomstig van verschillende 
vulvacarcinomen patiënten, waarbij de cellen onsterfelijk zijn gemaakt. Dit 
vergemakkelijkt langdurig onderzoek, wat vereist is voor het meerdaags 
kweken in een petrischaal. Daarnaast lieten de vulvacarcinoom modellen 
veel overeenkomsten zien met echte vulvacarcinomen. Bovendien is een 
start gemaakt met het behandelen van de vulvacarcinomen opgekweekt in 
een petrischaal. Het toevoegen van medicijnen in het medium van de huid-
modellen zou overeenkomsten moeten vertonen met toediening van medi-
cijnen via een infuus in de bloedbaan. Hiervoor werd gekozen te starten 
met chemotherapie, namelijk met carboplatin en paclitaxel. Lage en hoge 
concentraties van deze chemotherapie werden toegevoegd in het medium 
waarin de vulvacarcinomen groeiden. Bij de vulvacarcinomen die behan-
deld waren met een lage concentratie chemotherapeuticum zagen we dat 
de kankercellen werden afgebroken en alle nog normale cellen bleven 
leven. Bij hoge concentraties chemotherapeuticum zagen we dat alle cellen 
doodgingen, ook de goede cellen die de bodem van het huidmodel vorm-
den. Deze resultaten tonen de potentie aan van in vitro 3D vulva modellen 
als instrumenten voor verder onderzoek naar bijvoorbeeld pathofysiologie 
en geneesmiddelenontwikkeling op dit gebied.
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Deel drie: de zoektocht naar potentiële  
targets voor tumor specifieke beeldvorming  
van vulvacarcinoom

Beeldgeleide chirurgie is een techniek die gebruikt kan worden om ana-
tomische structuren tijdens een operatie op te laten lichten. Het kan hier-
bij zowel gaan om structuren die behouden moeten blijven als structuren 
die je beter wilt onderscheiden, omdat ze in het geheel verwijderd moeten 
worden. In deze laatste categorie valt ons onderzoek. Momenteel bepaalt de 
gynaecoloog tijdens de operatie tot waar de kankercellen reiken, door het 
verdachte weefsel goed te bekijken en eraan te voelen. Deze beoordeling is 
subjectief en variabel. Met toepassing van beeldgeleide chirurgie hopen wij 
in de toekomst te voorkomen dat een vulvacarcinoom incompleet wordt 
verwijderd tijdens een operatie. Wij richten ons hiervoor op het zoeken 
naar markers die specifiek op vulvacarcinoom cellen voorkomen en niet 
of minder op gezonde cellen van de vulva. Wij kunnen vervolgens een tra-
cer gebruiken die aan deze marker bindt, waaraan een label gekoppeld is. 
Deze combinatie van tracer en label heet een probe en kan worden opge-
bouwd uit verschillende onderdelen. Wij focussen op het gebruik van een 
probe met een antilichaam gekoppeld aan een fluorescent label. Vervolgens 
kan het verdachte gebied worden aangestraald met een lichtbron en beke-
ken via een speciaal camerasysteem dat fluorescent licht kan detecteren. 
Op deze manier licht het vulvacarcinoom op ten opzichte van de naastge-
legen weefsels. Dit kan live worden toegepast op de operatiekamer, zonder 
het operatieveld te beïnvloeden.

Voor de toepassing van deze techniek is het heel belangrijk een tumor-spe-
cifieke marker te vinden. Hierbij is het belangrijk dat de marker talrijk aan-
wezig is op tumorcellen en in veel mindere mate op gezonde cellen van de 
vulva. Deze zoektocht naar tumor-specifieke markers is beschreven in het 
laatste gedeelte van dit proefschrift.

In hoofdstuk 5 hebben we alle bestaande literatuur doorzocht om poten-
tiële tumormarkers te identificeren, die we kunnen gebruiken voor beeld-
geleide chirurgie van vulvacarcinomen. In totaal werden 627 artikelen 
doorgenomen, waarvan 222 artikelen voldeden aan alle toelatingscrite-
ria. Twaalf vulvacarcinoom-specifieke tumormarkers werden geïdentifi-
ceerd en van deze werden 7 als meest veelbelovend beschouwd, namelijk: 
EGFR, CD44v6, GLUT1, MRP1, MUC1, CXCR-4 en VEGF-A. De meeste van deze 

artikelen onderzochten de aanwezigheid van de marker in (voorstadium) 
vulvacarcinoom weefsel en niet in gezond vulva weefsel. Om te onderzoe-
ken of deze markers geschikt zijn voor beeldgeleide chirurgie, zal de aanwe-
zigheid van deze markers dus opnieuw onderzocht moeten worden, waarbij 
ook gezond weefsel als controle wordt meegenomen.

In hoofdstuk 6 wordt de expressie van verschillende markers getest in 
weefsel van voorstadia HSIL en dVIN en vulvacarcinoom patiënten en in 
weefsel van gezonde vulva’s (weefsel verkregen van correctie van schaam-
lippen). Markers werden geselecteerd op basis van de resultaten van het 
literatuuronderzoek uit hoofdstuk 1 en ervaringen met markers bin-
nen soortgelijk onderzoek bij andere kankersoorten. Uiteindelijk werden 
de markers avb6, CAIX, CD44v6, EGFR, EpCAM, FRa, MRP1, MUC1 en uPAR 
getest. De techniek die hiervoor gebruikt wordt heet ‘immunohistoche-
mie’. Hiermee kan je op een dun plakje weefsel, specifiek een marker testen 
op aan-of afwezigheid. De aanwezigheid van elke marker werd gekwantifi-
ceerd met behulp van digitale beeldanalyse. Uit de analyse van deze resul-
taten bleek dat avb6 overmatig aanwezig was in kwaadaardige cellen t.o.v. 
gezonde vulva cellen. Hiermee maakt avb6 de meest robuuste discrimi-
natie mogelijk van vulvacarcinomen grenzend aan gezond weefsel. In de 
toekomst moet dit onderzoek op grotere schaal herhaald worden om deze 
gegevens te valideren. Een vervolgstap is vervolgens om de aan- afwezig-
heid van de marker te testen in dier- of huidmodellen waar het vulvacarci-
noom wordt nagebootst met levende cellen. Daarna kan gekeken worden 
of toepassing van beeldgeleide chirurgie voor vulvacarcinoom in de patiënt 
bijdraagt aan verbeterde behandeling.

Perspectieven
Ontwikkeling van medicijnen met behulp van vulvacarcinoom 3D 
huidmodellen

Geneesmiddelonderzoek in het laboratorium of in dieren, dient als basis 
voor de evaluatie van potentiële risico’s en effectiviteit van nieuwe genees-
middelen bij mensen. Omdat de vereiste laboratorium modellen voor 
medicijntesten voor vulvacarcinoom ontbreken, hebben wij 3D huidmo-
dellen ontwikkeld met menselijke gezonde en tumorcellen van de vulva 
(hoofdstuk 4). Deze nieuwe modellen moeten nu verder worden gekwa-
lificeerd en gevalideerd. Hierna bieden ze de mogelijkheid om de proces-
sen in het lichaam waaraan een nieuw geneesmiddel wordt onderworpen 
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(farmacokinetiek) na te bootsen voor onderzoek. Voor een betere weergave 
van de diversiteit van tumoren kunnen de 3D-modellen worden gepersonali-
seerd met geïsoleerde tumorcellen van een patiënt. Recente studies hebben 
aangetoond dat deze gepersonaliseerde modellen de geneesmiddelenres-
pons van patiënten kunnen voorspellen. Idealiter wordt in de toekomst 
een klein stukje vulvacarcinoom verwijderd en voor meerdere doeleinden 
gebruikt. Een deel van de cellen kan gebruikt worden om de gepersonali-
seerde 3D-modellen te maken, terwijl een ander deel wordt gebruikt om 
tumor specifieke biologische kenmerken te onderzoeken. Met deze ken-
nis kan een tumor specifieke probe ontwikkeld worden voor fluorescentie 
geleide chirurgie (hoofdstuk 5+6). Een andere mogelijkheid is screening 
van het afgenomen weefsel op DNA-niveau, om nieuwe specifieke thera-
peutische strategieën te ontwikkelen. Ten slotte kan het resterende weef-
sel helpen bij het identificeren van het infiltratiepatroon van immuuncellen 
in de tumor voor immunotherapeutische strategieën.

Naast het gebruik van VSCC 3D-modellen voor de ontwikkeling van 
geneesmiddelen, leren ze ons ook veel over de fysiologisch relevante cellu-
laire micro-omgeving van de tumor. Als voorbeeld hiervan hebben wij door 
de modellen het belang gezien van contact tussen tumorcellen van de bui-
tenste huidlaag en de onderliggende lederhuid (hoofdstuk 4). Communicatie 
tussen deze cellen zou het fenotype van gezonde lederhuid cellen kunnen 
veranderen naar kanker geassocieerde cellen. Dit is belangrijke informa-
tie, omdat we zagen dat chemotherapie deze kanker geassocieerde cellen 
niet kon doodmaken. Dit wijst op de noodzaak voor geneesmiddelen die 
gericht zijn op deze kanker geassocieerde cellen in combinatie met de pri-
maire tumorcellen.

Klinische perspectieven voor niet-invasieve beeldvormingstechnieken

De diagnose vulvacarcinoom is nog steeds afhankelijk van klinische 
inspectie en histopathologisch onderzoek van biopsiemateriaal. Daarom 
onderzochten wij nieuwe non-invasieve beeldvormingstechnieken die 
diagnostiek en management van (voorstadia) vulvacarcinoom kunnen opti-
maliseren. Wij achten van de drie niet-invasieve beeldvormingstechnie-
ken de dermatoscopie het gemakkelijkst implementeerbaar in de klinische 
praktijk. Dermatoscopie zou de diagnostiek en follow-up kunnen verge-
makkelijken en helpen als hulpmiddel bij het nemen van biopten van ver-
dachte vulvaire laesies. Dit zou bijvoorbeeld van groot voordeel kunnen zijn 

voor HSIL-patiënten, aangezien voor hun follow-up langdurige bewaking 
van het gehele genitale gebied nodig is, gezien de mogelijkheid op terugkeer 
van de ziekte. Om dermatoscopie vSHIL en lichen sclerosus te valideren, 
moeten patiënten met andere vulvaire aandoeningen als dVIN en vulva-
carcinoom worden opgenomen in vervolgstudies. Alleen op deze manier 
kan de potentie van de dermatoscoop worden onderzocht om de ontwik-
keling van gezond naar tumorweefsel te discrimineren. Er zou vervolgens 
een software algoritme voor de dermatoscoop kunnen worden ontwikkeld, 
om deze progressie naar tumorweefsel automatisch te kunnen detecteren.

Daarnaast concludeerden wij in dit proefschrift dat confocale laser 
microscopie een veelbelovende, goed verdragen beeldvormingstechniek is 
voor diepgaande weefselanalyse van vulvaire (pre)kanker. Wij waren echter 
de eersten die met dit apparaat systematisch weefselkenmerken analyseer-
den voor deze aandoeningen. Er is daarom meer klinisch onderzoek nodig 
met dit apparaat, in grotere patiëntengroepen en met langdurige follow-up, 
voordat het kan worden toegepast in de kliniek. Toekomstige studies moe-
ten andere veelbelovende niet-invasieve technieken blijven evalueren die 
zijn ontwikkeld voor de discriminatie van weefsel. Bijvoorbeeld technieken 
als Multiphoton Tomografie (nabij-infrarood licht voor multiphotonabsorp-
tie) of Raman Spectroscropie (licht valt op moleculen en geeft interactie). 
De snelle vooruitgang op het gebied van niet-invasieve huidbeeldvorming 
geeft aan dat weefselevaluatie in de nabije toekomst minder afhankelijk 
kan worden enkel klinische inspectie en histopathologisch onderzoek.

Toekomst voor tumor-specifieke beeldvorming van het vulvacarcinoom

Momenteel worden MRI en PET/CT gebruikt om tumoruitbreiding naar 
dieper gelegen weefsels en lymfeklierbetrokkenheid in beeld te brengen. 
Helaas hebben deze traditionele beeldvormingsmethoden een aantal nade-
len die moeten worden opgelost. Een van die nadelen is dat ze geen live 
beeld geven aan de medisch specialist. Dit is wel het geval bij tumor spe-
cifieke beeldvorming, zoals beschreven in hoofdstuk 5+6. In deze hoofd-
stukken lag de nadruk op selectie van tumor-specifieke markers voor 
fluorescentiegeleide beeldvorming met nabij-infrarode fluorescerende 
labels. Terwijl een tumor specifieke tracer ook gekoppeld kan worden aan 
een nucleair of activeerbaar label. Dit maakt brede inzet van veelbeloven-
de tumor-specifieke targets voor allerlei beeldvormingstechnieken moge-
lijk. Ter illustratie: in de niche van de beeldvorming van hersentumoren is 
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grote vooruitgang geboekt op het gebied van duo- of drievoudige beeldvor-
ming. Hiervoor wordt een cocktail van labels aan dezelfde tracer gekoppeld 
en kan de tumor met verschillende technieken, zoals MRI, CT en fluores-
cente beeldvorming, in beeld gebracht worden. De gebundelde voordelen 
van deze technieken, zouden de uitdagingen van de beeldvorming met een 
enkele techniek kunnen overwinnen.

Conclusies
In dit proefschrift werd divers onderzoek naar (voorstadium) vulvacarci-
noom beschreven, onderverdeeld in drie delen:
i	 Toepassing van nieuwe niet-invasieve beeldvormingstechnieken op 

gezonde en zieke huid van de vulva, om de diagnostiek te verbeteren;
ii	 Succesvol opzetten van gezonde en vulvacarcinoom 3D modellen, om 

medicijnonderzoek in de toekomst te vergemakkelijken;
iii	Ontdekking van een potentiële marker op (voorstadium) 

vulvacarcinoom cellen, als target voor live tumor specifieke 
beeldvorming voor completere chirurgische verwijdering. 

De resultaten van dit proefschrift toonden aan dat deze technieken veel-
belovend zijn om (voorstadium) vulvacarcinoom beter in beeld te brengen 
en te behandelen. De eerste stappen zijn gezet in de klinische vertaling van 
deze nieuwe technieken voor de behandeling van deze patiënten.
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