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General introduction
and thesis outline




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.I"* Other histological subtypes include melanoma, basal cell carcinoma,
Bartholin gland adenocarcinoma, sarcoma, and Paget disease.’ The corner-
stone of treatment for vSccC consists of surgery with or without radioche-
motherapy. In addition, precursors of vscc often require surgical or medical
intervention as well.® 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."”® 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.!°
This is partly caused by the difficulty to recognize vulvar (pre)malignant le-
sions for the medical specialist, either macroscopically or pathologically.!"1?
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, labiamajoraand minora and the introitus of the vagina (Figure 1). 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 '
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The studies included in this thesis are focusing on four diseases of the vulva
vulvar squamous cell carcinoma (vsce)4;
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)!® (Table 1).

Table 1 Key characteristics of vulvar (pre)malignancies.
TSEE VHSILISY AVINISY 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 - 9% (if treated) 33-86% 3-6%
progression
Time to progression - 41 months 9-23 months unknown
Current treatment(s) surgical surgical surgical topical
excision, excision, excision corticosteroids
adjuvant ablative therapy
(chemo) and topical
radiotherapy treatment
Average age at diagnosis 68 years 30-50 years 60-80 years 69 years
Etiology HPV HPV infection unknown, unknown,
infection/ TP-53 an overactive
unknown, mutation immune system
TP-53 muta- early or an imbalance
tion early observed of hormones may
observed play arole
Recurrence up to 40% common 13-32 months, Na

less common

vscc=vulvar squamous cell carcinoma, vHSIL=vulvar high grade squamous intraepithelial lesion,
dVIN=differentiated vulvar intraepithelial lesion, HPv=human papilloma virus, NA=not applicable

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.! As mentioned, of all
vulvar cancer types, VSccC 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.”?! There are two different pathophysiological pathways for vscc: (1)
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 (1) a HPV-dependent type, accounting
for 30% of all vscc’s, which is often associated with vHSIL and occurs mostly

CHAPTER1 GENERAL INTRODUCTION AND THESIS OUTLINE



in younger women. '6-22-2% Surgery with or without adjuvant (chemo)radio-
therapy is the cornerstone of treatment for vscc.?®?’ 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%.282° 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.3°

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.!® Both premalignant conditions have a distinct eti-
ology and pathways towards vscc.?? vHSIL is caused by a persistent high-
risk HPV infection, which in 9o% 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.® 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%.16:3!
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).!3? Treatment options include surgical excision, ablative therapy
and topical pharmacological treatment with e.g. imiquimod.3?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.* If left untreated, dVIN
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has a high absolute risk of 33-86% malignant progression.!? 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.3®> 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.!” A genetic and autoimmune role has been suggested, as up
to 12% of the patients report LS in their family history.3® 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.3® 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.!” The risk of development of vscc in pa-
tients with Ls is up to 5 percent.'>¥ There is prospective evidence that pro-
active management of LS may lead to a reduction in risk of the development
of squamous cell carcinoma.3®

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.’>3° Accompanying consequenc-
es are re-excisions, local recurrences, regional metastases and associated
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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.*? A valuable biomarker discriminates correctly normal and path-
ological conditions and/or the pharmaceutical response to a therapeutic
intervention.*#2

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.*3*4
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.*3*4

These biomarkers could potentially be translated to vulvar skin research.
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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.*® 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.*® However, its application on the vulvar area is current-
ly limited to vulvar pigmented lesions.*’

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.*® 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.*® 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.>%>!

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 pm.>? 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.>>>* Despite these technological and clinical advancements in
the improvement of diagnostic accuracy, RCM imaging has only sparingly
been applied on the vulvar area.>>™>’

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

Most vulvar cancer research and drug screening programs are per-
formed on tumor biopsies or (transgenic) animal models.>®°® However, an-
imalmodels 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).°1-%3 HsE’s are tools that can be used to study
biological processes in the skin including healthy and disease conditions.®*
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.®® 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.®® 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.*”®8

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.®® (Wu et al., submitted) CAF’s are part of the
tumor microenvironment (TME) and contribute functionally to the process
of scc progression (Figure 4).°%’% 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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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.”>”? Molecular imaging integrates advanced imaging modalities with
probes targeting molecular biomarkers of interest.”> 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-
lecularimaging agents.”* 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.”? 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./17475 Although this technique is very promising, it is never generally
explored for vulvar (pre)malignancies yet.
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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 focusis 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 (0CT) 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 11. 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 111 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.
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Figure1 Anatomy of the vulva.
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Figure2  Multimodal profiling of vulvar healthy and diseased skin, to improve
diagnostics and drug development.*#? 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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Figure3 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.
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Keratinocytes
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—— Fibroblasts
PFs/RFs/CAFs
X Porous membrane
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HSE=human skin equivalent, PF= papillary fibroblasts, RF=reticular fibroblasts, CAF’s=cancer associated
fibroblasts
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Figure 4 Image guided surgery using near-infrared (NIR) fluorescence.

A ANIR 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).
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fluorescent label (fluorescent green), specifically to a target present at tumor cells and
absent at healthy cells.

Healtry cell

CHAPTER1 GENERAL INTRODUCTION AND THESIS OUTLINE 19



REFERENCES

register study. BJOG 127, 814-819 (2020).

20 Fergus, K. B. et al. Pathophysiology, Clinical

1 Vulvar Cancer — Cancer Stat Facts. https://seer. Manifestations, and Treatment of Lichen Sclerosus: A
cancer.gov/statfacts/html/vulva.html. Systematic Review. Urology 135, 11-19 (2020).

2 Alkatout, I. et al. Vulvar cancer: epidemiology, clinical 21 Tan, A., Bieber, A. K., Stein, J. A. & Pomeranz, M. K.
presentation, and management options. Int. J. Womens. Diagnosis and management of vulvar cancer: A review.
Health 7, 305-313 (2015). J. Am. Acad. Dermatol. 81,1387-1396 (2019).

3 Weinberg, D. & Gomez-Martinez, R. A. Vulvar Cancer. 22 Eva,L.].etal Trendsin HPV-dependent and HPV-
Obstet. Gynecol. Clin. North Am. 46, 125-135 (2019). independent vulvar cancers: The changing face of

4 Olawaiye, A. B., Cuello, M. A. & Rogers, L. ]J. Cancer of vulvar squamous cell carcinoma. Gynecol. Oncol. 157,
the vulva: 2021 update. Int. J. Gynaecol. Obstet. 155 Suppl 450-455 (2020).

1, 7-18 (2021). 23 Hinten, F. et al. Vulvar cancer: Two pathways with

5 D, W.& RA, G.-M. Vulvar Cancer. Obstet. Gynecol. Clin. different localization and prognosis. Gynecol. Oncol.
North Am. 46, 125-135 (2019). 149, 310-317 (2018).

6 Singh, N. & Gilks, C. B. Vulval squamous cell 24 McAlpine, J. N. et al. Hpv-independent Differentiated
carcinoma and its precursors. Histopathology 76, 128- Vulvar Intraepithelial Neoplasia (dVIN) is Associated
138 (2020). with an Aggressive Clinical Course. Int. J. Gynecol.

7 Schuurman, M. S. et al. Trends in incidence and Pathol. 36, 507-516 (2017).
survival of Dutch women with vulvar squamous cell 25 Bornstein, J. et al. The 2015 International Society
carcinoma. Eur. J. Cancer 49, 3872-3880 (2013). for the Study of Vulvovaginal Disease (ISSVD)

8 Akhtar-Danesh, N., Elit, L. & Lytwyn, A. Trends in Terminology of Vulvar Squamous Intraepithelial
incidence and survival of women with invasive vulvar Lesions. J. Low. Genit. Tract Dis. 20, 11-14 (2016).
cancer in the United States and Canada: a population- 26 Oonk, M. H. M. et al. European society of
based study. Gynecol. Oncol. 134, 314-318 (2014). gynaecological oncology guidelines for the

9 Gaarenstroom, K. N. et al. Postoperative management of patients with Vulvar cancer. Int. J.
complications after vulvectomy and inguinofemoral Gynecol. Cancer 27, 832-837 (2017).
lymphadenectomy using separate groin incisions. Int. 27 Dellinger, T. H. et al. Surgical management of vulvar
J. Gynecol. Cancer 13, 522-527 (2003). cancer. JNCCN Journal of the National Comprehensive

10 Malandrone, F. et al. The Impact of Vulvar Cancer on Cancer Network (2017) doi:10.6004/jnccn.2017.0009.
Psychosocial and Sexual Functioning: A Literature 28 Nooij, L. S. et al. Risk factors and treatment for
Review. Cancers (Basel). 14, (2021). recurrent vulvar squamous cell carcinoma. Critical

11 Preti, M., Van Seters, M., Sideri, M. & Van Beurden, M. Reviews in Oncology/Hematology (2016) doi:10.1016/j.
Squamous vulvar intraepithelial neoplasia. Clin. Obstet. critrevonc.2016.07.007.

Gynecol. 48, 845-861(2005). 29 Ignatov, T., Eggemann, H., Burger, E., Costa, S.D. &

12 Muigai, J., Jacob, L., Dinas, K., Kostev, K. & Kalder, M. Ignatov, A. Adjuvant radiotherapy for vulvar cancer
Potential delay in the diagnosis of vulvar cancer and with close or positive surgical margins. J. Cancer Res.
associated risk factors in women treated in German Clin. Oncol. 142, 489-495 (2016).
gynecological practices. Oncotarget 9, 8725 (2018). 30 Modesitt, S. C., Waters, A. B., Walton, L., Fowler, W. C.

13 Yeung,]. & Pauls, R. N. Anatomy of the Vulva and the & Van Le, L. Vulvar intraepithelial neoplasia 111: occult
Female Sexual Response. Obstet. Gynecol. Clin. North cancer and the impact of margin status on recurrence.
Am. 43, 27-44 (2016). Obstet. Gynecol. 92, 962-966 (1998).

14 Wohlmuth, C. & Wohlmuth-Wieser, I. Vulvar 31 Cohen, P. A., Anderson, L., Eva, L. & Scurry, J. Clinical
malignancies: an interdisciplinary perspective. J. and molecular classification of vulvar squamous pre-
Dtsch. Dermatol. Ges. 17,1257-1276 (2019). cancers. Int. J. Gynecol. Cancer 29, 821-828 (2019).

15 Tan, A, Bieber, A. K., Stein, J. A. & Pomeranz, M. K. 32 Green, N., Adedipe, T., Dmytryshyn, J., Preti, M. &
Diagnosis and management of vulvar cancer: A review. Selk, A. Management of Vulvar Cancer Precursors: A
J. Am. Acad. Dermatol. 81,1387-1396 (2019). Survey of the International Society for the Study of

16 Thuijs, N. B. et al. Vulvar intraepithelial neoplasia: Vulvovaginal Disease. J. Low. Genit. Tract Dis. 24, 387~
Incidence and long-term risk of vulvar squamous cell 391(2020).
carcinoma. Int. J. Cancer 148, 90-98 (2021). 33 Committee Opinion No.675: Management of Vulvar

17 Corazza, M., Schettini, N., Zedde, P. & Borghi, A. Intraepithelial Neoplasia. Obstet. Gynecol. 128, e178-
Vulvar Lichen Sclerosus from Pathophysiology to €182 (2016).

Therapeutic Approaches: Evidence and Prospects. 34 Jin, C. & Liang, S. Differentiated Vulvar Intraepithelial
Biomedicines 9, (2021). Neoplasia: A Brief Review of Clinicopathologic

18 Lebreton, M. et al. Vulvar intraepithelial neoplasia: Features. Arch. Pathol. Lab. Med. 143, 768-771 (2019).
Classification, epidemiology, diagnosis, and 35 Reyes, M. C. & Cooper, K. An update on vulvar
management. J. Gynecol. Obstet. Hum. Reprod. 49, intraepithelial neoplasia: terminology and a practical
(2020). approach to diagnosis. J. Clin. Pathol. 67,290-294

19 Halonen, P., Jakobsson, M., Heikinheimo, O., Gissler, (2014).

M. & Pukkala, E. Incidence of lichen sclerosus and 36 Sherman, V. et al. The high rate of familial lichen
subsequent causes of death: a nationwide Finnish sclerosus suggests a genetic contribution: An

20 CHARACTERIZATION OF VULVAR DISEASES: NOVEL IMAGING TOOLS, MODELS AND MOLECULAR TARGETS

observational cohort study. J. Eur. Acad. Dermatology
Venereol. 24,1031-1034 (2010).

microscopy imaging vs. punch biopsy for diagnosing
and subtyping basal cell carcinoma. J. Eur. Acad.

37 Neill, S. M., Lewis, F. M., Tatnall, F. M. & Cox, N. H. Dermatology Venereol. 31,1641-164.8 (2017).
British Association of Dermatologists’ guidelines 54 Braga,].C.T.etal Learning reflectance confocal
for the management of lichen sclerosus 2010. Br. J. microscopy of melanocytic skin lesions through
Dermatol. 163, 672-682 (2010). histopathologic transversal sections. PLoS One 8,

38 Lee, A, Bradford, ]. & Fischer, G. Long-term (2013).

Management of Adult Vulvar Lichen Sclerosus: A 55 Fouques, C. et al. Reflectance confocal microscopy of
Prospective Cohort Study of 507 Women. JAMA vulvar epithelial neoplasia: a pilot study. British Journal
dermatology 151, 1061-1067 (2015). of Dermatology vol. 177 e196-e199 (2017).

39 Vandborg, M. P. et al. Reasons for diagnostic delay in 56 Cinotti, E. et al. Dermoscopic and reflectance confocal
gynecological malignancies. Int. J. Gynecol. Cancer 21, microscopy features of two cases of vulvar basal cell
967-974 (2011). carcinoma. Dermatol. Pract. Concept. 8, 68-71(2018).

40 Cohen, A. F.,, Burggraaf, J., Van Gerven, J. M. A., 57 Feng, L. et al. Imaging of Vulva Syringoma With
Moerland, M. & Groeneveld, G.]. The use of Reflectance Confocal Microscopy. Front. Med. 8, (2021).
biomarkers in human pharmacology (Phase I) studies. 58 Léhmussaar, K., Boretto, M. & Clevers, H. Human-
Annu. Rev. Pharmacol. Toxicol. 55, 55-74 (2015). Derived Model Systems in Gynecological Cancer

41 Atkinson, A.]. et al. Blomarkers and surrogate Research. Trends in Cancer 6,1031-1043 (2020).
endpoints: preferred definitions and conceptual 59 NE, S. & RA, D. The mighty mouse: genetically
framework. Clin. Pharmacol. Ther. 69, 89-95 (2001). engineered mouse models in cancer drug

42 Kruizinga, M. D. et al. Development of Novel, development. Nat. Rev. Drug Discov. 5, 741-754 (2006).
Value-Based, Digital Endpoints for Clinical Trials: 60 J,C.,F,M, SC,R. & DR, F. Vaginal tamoxifen
A Structured Approach Toward Fit-for-Purpose for treatment of vulvar and vaginal atrophy:
Validation. Pharmacol. Rev. 72, 899-909 (2020). Pharmacokinetics and local tolerance in a rabbit model

43 Rissmann, R., Moerland, M. & van Doorn, M. B. A. over 28 days. Int. J. Pharm. 570, (2019).

Blueprint for mechanistic, data-rich early phase 61 Danso, M. O. et al. Exploring the potentials of nurture:
clinical pharmacology studies in dermatology. Br. J. 2(nd) and 3(rd) generation explant human skin
Clin. Pharmacol. 86, 1011-1014 (2020). equivalents. J. Dermatol. Sci. 77,102-109 (2015).

44 van der Kolk, T. et al. Comprehensive, Multimodal 62 Carlson, M. W., Alt-Holland, A., Egles, C. & Garlick,
Characterization of an Imiquimod-Induced Human J. A. Three-dimensional tissue models of normal and
Skin Inflammation Model for Drug Development. Clin. diseased skin. Curr. Protoc. cell Biol. Chapter 19, (2008).
Transl. Sci. 11, 607-615 (2018). 63 Bouwstra,J. A, Helder, R. W.]. & El Ghalbzouri, A.

45 Rijsbergen, M. et al. Mobile e-diary application Human skin equivalents: Impaired barrier function
facilitates the monitoring of patient-reported in relation to the lipid and protein properties of the
outcomes and a high treatment adherence for clinical stratum corneum. Adv. Drug Deliv. Rev. 175, 113802
trials in dermatology. J. Eur. Acad. Dermatol. Venereol. (2021).

34, 633-639(2020). 64 Garlick, ]J. A. Engineering skin to study human disease

46 Ring, C., Cox, N. & Lee, ]. B. Dermatoscopy. Clin. - tissue models for cancer biology and wound repair.
Dermatol. 39, 635-642 (2021). Adv. Biochem. Eng. Biotechnol. 103, 207-239 (2007).

47 Cengiz, F. P., Emiroglu, N. & Hofmann Wellenhof, R. 65 Hanahan, D. & Weinberg, R. A. Hallmarks of cancer:
Dermoscopic and clinical features of pigmented skin the next generation. Cell 144, 646-674 (2011).
lesions of the genital area. An. Bras. Dermatol. 90,178- 66 De Wever, O. & Mareel, M. Role of tissue stroma in
183 (2015). cancer cell invasion. J. Pathol. 200, 429-447 (2003).

48 Katkar, R. A., Tadinada, S. A., Amaechi, B. T. & Fried, 67 Janson, D., Saintigny, G., Mahé, C. & Ghalbzouri, A.

D. Optical Coherence Tomography. Dent. Clin. North El Papillary fibroblasts differentiate into reticular
Am. 62, 421-434 (2018). fibroblasts after prolonged in vitro culture. Exp.

49 Wan, B. et al. Applications and future directions for Dermatol. 22, 48-53 (2013).
optical coherence tomography in dermatology. Br. J. 68 Janson, D., Rietveld, M., Mahé, C., Saintigny, G. &
Dermatol. 184, 1014-1022 (2021). El Ghalbzouri, A. Differential effect of extracellular

50 Wessels, R. et al. Optical coherence tomography in matrix derived from papillary and reticular fibroblasts
vulvar intraepithelial neoplasia. https://doi.org/10.1117/1. on epidermal development in vitro. Eur. J. Dermatol. 27,
JBO.17.11.116022 17, 116022 (2012). 237-246 (2017).

51 Kirillin, M., Motovilova, T. & Shakhova, N. Optical 69 Commandeur, S. et al. Functional characterization
coherence tomography in gynecology: a narrative of cancer-associated fibroblasts of human cutaneous
review. J. Biomed. Opt. 22,1 (2017). squamous cell carcinoma. Exp. Dermatol. 20, 737-742

52 Hofmann-Wellenhof, R., Pellacani, G., Malvehy, (2011).

J. & Soyer, H. P. Reflectance confocal microscopy for 70 Dongre, H. et al. Establishment of a novel cancer cell
skin diseases. Reflectance Confocal Microscopy for line derived from vulvar carcinoma associated with
Skin Diseases (Springer Berlin Heidelberg, 2012). lichen sclerosus exhibiting a fibroblast-dependent
doi:10.1007/978-3-642-21997-9. tumorigenic potential. Exp. Cell Res. 386, 111684 (2020).

53 Kadouch, D.]. et al. Diagnostic accuracy of confocal 71 Hernot, S., van Manen, L., Debie, P., Mieog, J. S.

CHAPTER1 GENERAL INTRODUCTION AND THESIS OUTLINE 21



72

73

D. & Vahrmeijer, A. L. Latest developments in
molecular tracers for fluorescence image-guided
cancer surgery. The Lancet Oncology (2019) doi:10.1016/
$1470-2045(19)30317-1.

Vahrmeijer, A. L., Hutteman, M., Van Der Vorst, J. R.,
Van De Velde, C.]. H. & Frangioni, J. V. Image-guided
cancer surgery using near-infrared fluorescence.
Nature Reviews Clinical Oncology vol. 10 507-518 (2013).
James, M. L. & Gambhir, S. S. A molecular imaging
primer: modalities, imaging agents, and applications.
Physiol. Rev. 92, 897-965 (2012).

74

75

Boonstra, M. C. et al. Selecting Targets for Tumor
Imaging: An Overview of Cancer-Associated
Membrane Proteins. Biomark. Cancer (2016) doi:10.4137/
bic.s38542.

van Oosten, M., Crane, L. M. A,, Bart, J., van Leeuwen,
F. W. & van Dam, G. M. Selecting potential targetable
biomarkers for imaging purposes in colorectal cancer
using target selection criteria (TASC): A novel target
identification tool. Translational Oncology vol. 4 71-82
(2011).

22

CHARACTERIZATION OF VULVAR DISEASES: NOVEL IMAGING TOOLS, MODELS AND MOLECULAR TARGETS



