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The scope of this thesis was to identify objective, non-invasive biomarkers 
for vulvar premalignant disease. The aetiology of vulvar diseases, including 
LS, vulvar HSIL, dVIN and VSCC is poorly understood. Clinically, these dis-
eases can be challenging to monitor and therapeutic management options 
are limited. The envisaged application of improving non-invasive biomark-
ers is therefore threefold: 1) enhanced recognition of the underlying cause 
2) augmenting clinical detection and 3) contributing to the investigation of 
potential new drug targets for vulvar premalignant diseases. Early phase 
clinical trials should include assessments that can show pharmacodynam-
ic effects ideally leading to proof-of-mechanism and/or proof-of-concept.1 
For the vulvar diseases, the outcome measures currently utilized to evaluate 
efficacy are non-sensitive, non-objective and inadequate, mostly relying on 
non-standardized clinician-based scoring alone.2 The drivers of pathogenesis 
or disease progression are not fully understood. Disease mechanisms need to 
be clarified and biomarkers need to be discovered that can indicate changes 
in disease states. Then, novel drug compounds can be developed specifically 
targeting a disease process and tested appropriately.

It is imperative to apply a structured methodology for the recognition of ap-
plicable and valid biomarkers per disease entity. This was incorporated in this 
thesis using a model across a variety of domains.3 This thesis has extensively 
focused on two of the domains from this approach. In the first section, novel 
imaging techniques for disease characterisation were described for feasibil-
ity and applicability in vulvar diseases and HPV-related cutaneous disease. In 
the second part, the vulvar microbiome composition is explored in relation 
to health and disease. The other domains of the comprehensive model were 
also addressed as auxiliary biomarkers during the studies described in this 
thesis, including clinical assessments, patient reporting, histological refer-
ences, immunohistochemistry and HPV-typing. 

This final chapter provides a summary and discussion of the results pre-
sented in this thesis. This chapter addresses the potential steps to expand 
and integrate this knowledge for future studies to improved understanding 
of vulvar diseases. In addition, this chapter is a call for other research groups 
to optimise biomarkers for vulvar diseases.

Section I: Characterising vulvar and HPV-driven 
disease with novel imaging techniques
As a health care provider with a vulvar clinic, it can be challenging to keep up 
with the rapidly changing technological field of medical imaging. Every new 

technique brings financial investments and time-consuming efforts for acqui-
sition, training and maintenance. Choosing which imaging applications are 
relevant for integration into patient care requires translational collaboration 
by researchers, clinicians and industry. In skin research and the dermatolog-
ical practice, traditional digital cameras are gradually being replaced by more 
advanced technologies. These may, in addition to lesion capture, include incor-
porated algorithms for disease recognition, lesion size determination or blood 
flow measurements.4,5 These enhanced systems include, but are not limited 
to, stereophotogrammetric 3D photography, dermatoscopy, optical coher-
ence tomography (OCT) and reflectance confocal microscopy (RCM). None of 
these techniques are routinely applied in the vulvar clinic, and even their 
application in vulvar research is sparse and without consensus on scoring sys-
tems to describe observations. Technical application and clinical exploration 
of these highlighted imaging techniques have been described in this thesis.

Performing clinical trials requires accurate measurement tools and it is im-
perative that reduction of lesion count and size is carefully monitored during 
the trials to obtain an accurate reflection of efficacy parameters. Especially 
for vulvar HSIL, which is often irregularly shaped, lesion size is challenging 
to determine. In chapter 2, stereophotogrammetric 3D photography was 
validated as a method for the determination of lesion size of vulvar HSIL, 
anogenital and cutaneous warts. 3D photography was considered precise and 
accurate during technical validation with good to excellent agreement be-
tween operators and raters. Clinical validation was achieved by comparing 3D 
photography to caliper measurements, which was used as the clinical gold-
en standard for lesion size determination. Agreement between methods was 
good to excellent for the determination of lesion diameter of all three lesion 
types. However, the height of cutaneous warts could not accurately be de-
termined. 3D photography is also applicable for the determination of surface 
area and volume of lesions. To conclude, stereophotogrammetric 3D imaging 
was found to be an accurate and reliable method for the clinical visualization 
and quantification of HPV-induced skin lesions. This technique can conse-
quently be applied to explore the efficacy of novel therapeutics, especially in 
the early clinical phase.6 

Next, an extensive prospective observational clinical feasibility trial 
was performed to characterize novel, non-invasive methods for the recog-
nition of vulvar HSIL and LS and to compare these outcomes to histology. 
The aim was to describe the practical applicability of these new techniques, 
also considering physician-oriented handling and patient tolerability. In 
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addition, characteristics and features of vulvar HSIL and LS were compared 
to healthy vulvar skin. In total, 25 women were included in this study, of 
which 10 healthy controls, 5 patients with vulvar HSIL and 10 patients with 
lichen sclerosus. The results of the studied non-invasive imaging modal-
ities, dermatoscopy, D-OCT and RCM, were described in chapter 3 and 
chapter 4, respectively. 

Dermatoscopic characteristics were identified in vulvar HSIL and LS 
that may differentiate these conditions from healthy vulvar skin, but none 
of these features were specific for a particular disease in our study popula-
tion. This technique could be applied to aid identification of vulvar lesions, 
or recognition of the most suspicious part of a lesion to guide biopsy or ex-
cision. Assembly of reference images of all diseases found on vulvar tissue 
and identification of a distinct set of features for each disease entity is re-
quired, however, before this technique can routinely be applied in the vulvar 
clinic. Recently, several research groups have described collections of derma-
toscopic references for genital disease, but vulvar specialists are yet to adopt 
the technique in practice.7⁻9 The study performed in this thesis only serves as 
a pilot with a focus on precursors of VSCC, but expansion of the study popula-
tion in numbers and diversity is essential for training and reference. Changes 
over time, including (side-)effects of topical treatment, scarring from sur-
gery and disease progression, ought to be recognized and documented. For 
instance, discrepant observations have been described for the dermatoscop-
ic vessel structure in LS, prompting discussion in literature on the distinct 
dermatoscopic presentation based on disease activity or state.10 Dermato-
scopic and histological references have generally described a reduction, or 
desertification, in vessel concentration and intensity in LS.9 In contrast, pres-
ence of thick, arborizing vessels against a white or pink background was a 
feature almost exclusively observed in a subset of the LS population studied 
in this thesis. Our vascular finding reflects the gap in our knowledge about 
the diverse presentation of LS and underlines the importance of creating a 
reference catalogue. These limitations notwithstanding, dermatoscopy is a 
technique that could easily be incorporated into the vulvar clinic. Derma-
toscopy already is a fundamental part of the modern dermatology practice, 
therefore acquisition of the technology and training of specialized person-
nel in the vulvar clinic should be straightforward. Yet, further validation and 
operator training specifically for the vulvar field will be imperative for suc-
cessful integration of this technique. 

D-OCT uses laser-light to generate images of sub-surface structures of a bio-
logical tissue, such as the retina or the skin. The scattering pattern translates 
into a graphical representation of the imaged tissue and displays dynamic 
features of the skin. Integrated algorithms can determine epidermal thick-
ness, skin roughness and blood flow. Morphologically, major histological 
structures up to 1-2 mm depth can be recognized in a non-invasive manner 
using D-OCT, although the resolution of the technology is insufficient for the 
identification of individual cellular changes. Epidermal thickness of normal, 
non-genital skin can be determined using algorithms, although our study 
found that these automatic measurements are unsuitable for the irregular and 
hirsute vulvar skin.11 Manual measurements did identify a thinner epidermis 
in LS patients (both of lesional and seemingly non-lesional skin) compared to 
healthy volunteers. On histology, LS presents with thinning of the epidermis, 
and vulvar HSIL with acanthosis. Practically, there is no clinical application 
for using epidermal thickness as a proxy for the diagnostics of vulvar dis-
eases. Additionally, manual measurements would be too time-consuming to 
be considered applicable for the clinical setting. Hence, epidermal thickness 
determination using D-OCT is considered suitable for research rather than 
clinical practice. Blood flow, as ascertained by D-OCT, was increased in the 
lesional vulvar skin of LS patients, which reflects the newly identified arbo-
rizing vasculature on dermatoscopy. Furthermore, seemingly non-lesional 
vulvar skin of vulvar HSIL displayed a higher blood flow than healthy controls 
or lesional vulvar HSIL skin. However, the irregular, warty shape of vulvar 
HSIL and the modest sample size in this study should be considered in the 
interpretation of these findings. The data from blood flow and epidermal 
thickness measurements in this study also reflect that vulvar skin adjacent 
to visible diseased skin should not automatically be regarded as healthy vul-
var skin, as changes compared to healthy controls were found. Bordering, 
seemingly non-lesional skin may have undergone changes due to previous 
treatments or changes in the immune and vascular microenvironment due 
to the adjacent disease process. Within-patient controls are thus intrinsically 
invalid, and the inclusion of a healthy, ideally age-matched, control popula-
tion, is essential in similar investigations and follow-up studies. 

RCM is an imaging technique can generate real time, non-invasive, trans-
versal images of the skin at a cellular resolution to a depth of 250 µm. RCM 
provides horizontal images of the scanned surface, starting at the epider-
mis through to the dermis, in contrast to the familiar transversal slides in 
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histology. While D-OCT and dermatoscopy are incorporated clinical tools 
in ophthalmology and dermatology, respectively, the application of RCM is 
mostly applied in research settings. Most dermatological studies using RCM 
have focused on the investigation of pigmented lesions to aid identification 
of melanoma.12⁻14 RCM imaging of the vulvar area had only been described in 
a handful of case reports. No studies had previously focused on practical steps 
of obtaining and analysing vulvar RCM images, nor the patient acceptability 
of this technique. Our study provided a practical application framework and 
identified several cellular features identified in a non-invasive manner that are 
known from histological literature on LS and vulvar HSIL. Dermal sclerosus 
and hyalinized vessels on RCM, as observed in LS, may in time prove pathog-
nomonic for the disease, as both features were almost exclusively identified 
in LS in a clear pattern. However, a follow-up study including the whole spec-
trum of vulvar diseases and all stages of LS should confirm or repudiate this 
hypothesis. Downsides of RCM that could hinder integration into the clinic 
is the time-consuming nature of the procedure, extensive operator training 
and the steep expenses of acquisition and maintenance of the equipment. 
Individual cells can be recognised and discriminated, but nuclear changes 
cannot be discerned using RCM. Neither does this imaging technique replace 
routine diagnostic staining procedures, e.g. for p16 or p53. Especially for vul-
var HSIL, nuclear clumping, mitotic figure patterns and strong p16 positivity 
are pathological hallmarks of disease.15 It is therefore unlikely that biopsies 
for histological confirmation of premalignant diagnosis will be replaced by 
introducing RCM imaging. In the future, if RCM is adopted as tool by vulvar 
specialists, it could potentially be utilised to guide differential diagnosis and 
recognise the most suspicious lesion area for biopsy. 

Due to the paucity of patients with vulvar HSIL and taboo surrounding 
genital disease, recruitment of these patient groups into clinical trials is 
often challenging. More common HPV-driven diseases such as plantar and 
cutaneous warts are caused by different phylotypes. These disease entities 
can supply a pool of potential patients in which HPV-targeting therapies can 
be studied, while remembering that grouping of these diseases may overlook 
pertinent clinical dissimilarities. In addition, novel imaging tools described 
in the first chapters of this thesis can also be applied in broader dermatology 
research. In chapter 5, 3D photography and D-OCT were applied as a research 
tool to monitor efficacy during a first-on-human, double-blind, randomized, 
placebo-controlled clinical trial. In this study, a novel synthetic peptide with 

anti-neoplastic activity, CY-002 with anti-neoplastic activity, was tested in 63 
patients with cutaneous warts with low-risk HPV types. The primary objec-
tive of this study was to assess safety and tolerability of topical CY-002 on the 
skin. Exploratory analysis of potential clinical effect on the cutaneous warts 
was performed by wart count, imaging (3D photography and D-OCT), viral 
HPV load measurements, biopsy analysis and morphological assessment.16 In 
this study, we found that CY-002 was safe and tolerable for daily topical use 
under occlusion for up to 4 weeks. No statistically significant effects were 
observed comparing efficacy outcomes of CY-002 to placebo, possibly due to 
relatively high placebo responses. Preclinically, CY-002 had selectively tar-
geted tumour cell lines whilst sparing normal cells. The discrepancy of the 
cell membrane charge is thought to be the key to the working mechanism of 
CY-002. Issues with permeation of the callous wart structure could explain 
the lack of observed effects. Studying topical therapies is always limited by 
uncertainty whether the medication has reached its intended intradermal 
target. Intralesional therapy or abrasion of the lesions can circumvent these 
issues but are considered painful by patients. 

Considerations and future applications

Making a clinical diagnosis and following up treatment effect can be subjec-
tive and challenging, especially for diseases such as vulvar HSIL and dVIN. 
It is fundamental to make early and accurate diagnoses to reduce associat-
ed morbidity and guide fitting treatment. Going forward, the clinical field 
should consider incorporating the technological advancements to aid their 
clinical decision making. However, medical imaging is a rapidly develop-
ing field; todays’ studies are virtually outdated tomorrow. In the few years 
since the setup of the studies described in this section, technical advance-
ments now allow for even higher resolution and improved orientation of the 
visualised tissue.17 Choosing the correct appliances for clinical application 
requires prior validation and integration in clinical studies (Table 1). Visuali-
sation of the superficial layer of the vulva can currently be achieved by using 
the naked eye, conventional photography, colposcopy, or, as recommend-
ed in this thesis, dermatoscopy. Colposcopy and dermatoscopy observations 
should be compared for accuracy and practicality in a future clinical study, 
as both techniques rely on magnification of the cutaneous surface.18 Derma-
toscopy is currently considered the most applicable the evaluation of vulvar 
disease out the techniques studied in this thesis, despite the need for robust 
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scoring systems and a collection of reference images. Adopting dermatology 
would be especially feasible for in the vulvar clinics affiliated with dermato-
logical practices, which will probably have the systems are readily available. 
This is not the case for D-OCT, stereophotogrammetry or RCM systems, 
which are more cumbersome for image capture and subsequent analysis and 
interpretation. RCM probably is the most promising novel technique to fol-
low in the upcoming years, because of the non-invasive nature combined 
with real-time cellular-resolution image capture down to the dermis. Fur-
ther improvements of the image resolution and building of a reference log of 
all vulvar diseases may in the future lead to application of this non-invasive 
technique in the outpatient clinic or operation rooms. 

Two highlighted technical advancements that are expected to have a 
substantial impact in the future are line field confocal optical coherence to-
mography (LC-OCT) and artificial intelligence (AI). LC-OCT is a new imaging 
system that combines the cross-sectional view and blood flow measure-
ments of OCT with the cellular resolution of RCM.19 LC-OCT has improved 
resolution at depth and the system allows for further automated analyses, in-
cluding cell type count and recognition, using automated analysis software. 
Recent pilot studies in dermatology have used LC-OCT for the characterisa-
tion of melanocytic lesions and basal and squamous cell carcinoma.20⁻23 This 
new technique has not previously been used on the vulvar area, but may have 
the potential to overcome several of the limitations identified for D-OCT and 
RCM imaging. Technological advancements has also made way for develop-
ment and integration of deep-learning-based algorithms for image analysis 
in the medical field.24 Dermatology is especially suitable for incorporation of 
AI-aided pattern recognition to support clinical diagnosis. This also applies 
to the pathological examination of biopsy tissue.25 The expectation is that AI 
will be incorporated into dermatological image analysis to improve objective 
and accurate scoring and diagnosis in the near future.26 

Section II: The vulvar microbiome
Investigations pertaining to the microbiome composition, the collective of 
all microbial taxa and their genes within a community, are subject to signifi-
cant attention of researchers and industry alike.27⁻29 The crosstalk observed 
between the human body and ‘our second genome’ can explain a great deal of 
diversity in our population.30 The microbiome is constitutes essential com-
ponents of the digestive system and has direct effects on drug metabolism 

and interactions. In addition, the immune system is shaped by our co-exist-
ing micro-organisms, forming a barrier against pathogens and directly 
influencing immune reactions.31 Perturbations of the microbiome have been 
described in a wide variety of disciplines, including gastroenterology, gynae-
cology, neurology and psychiatry, endeavouring to describe a causative role 
in diseases ranging from bacterial vaginosis to depression.32,33 Many of these 
findings have proven robust over the years, but the research field should keep 
in mind that the microbiome is highly complex and the direction of causality 
of observed correlations should always be critically appraised. Upon the dis-
covery of certain dysbiosis patterns in disease states, industry has responded 
with a panacea of pro- and pre- biotics with insistent claims loosely based on 
scientific consensus.34⁻36 These formulations often contain a single modi-
fied strain or species. However, the microbiome composition as a balanced, 
holistic system seems forgotten. These potential shortfalls in the microbi-
ome field are considerations that should be appraised critically, especially 
during the development of pharmaceutical products. In this thesis, we have 
attempted to remain prudent in the elucidation of the microbiome com-
position of the vulvar niche. Although the vaginal microbiome has been a 
focal subject in gynaecological microbiome research, little to no attention 
has been given to the vulva. This untapped field may clarify aetiological fac-
tors for LS or provide clues that can explain malignant disease progression of 
other vulvar premalignancies. 

Firstly, the normal vulvar microbiome composition and the diversity with-
in what is considered ‘healthy’ should be defined. Therefore, we performed 
a systematic review of the available literature in chapter 6. In this review, 
10 studies were identified that describe the microbiome composition of 261 
women. Most studies were performed in healthy, Caucasian or Asian women 
aged 18-55 years. Only two studies reported on the vulvar microbiome com-
position of premenarchal girls, one of which included 5 girls with LS. The 
main findings showed that the bacterial composition of the vulva contains 
a mix of commensals often associated with vaginal, intestinal and cutane-
ous niches, with a distinctly higher diversity on the vulva than the vagina. 
This supports the function of the vulva as transitional epithelium from the 
vaginal mucosa to the genital skin. Overall, the available data on the vulvar 
microbiome composition contains an underrepresentation of age categories, 
diverse ethnic groups and patients with vulvar disease. Discoveries in micro-
biome research are highly dependent on the applied sequencing and analysis 
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techniques. Therefore, we recommended metagenomic sequencing as pre-
ferred method for future studies to the vulvar microbiome composition. This 
technique can determine the complete genomic makeup in a sample, also 
supplying functional information of the gene pool in addition to identifica-
tion of the present species. 

The findings of the review also showed an absence of comprehensive, 
prospective studies in premalignant and malignant patient groups. The 
microbiome composition of vulvar HSIL and LS was compared to healthy 
volunteers in chapter 7. This study was performed as part of the multi-
modal pilot study described in the first section of this thesis. Metagenomic 
sequencing was performed on vulvar, vaginal and anal swabs of 10 patients 
with LS, 5 patients with vulvar HSIL and 10 healthy controls. No significant 
differences were observed in diversity and richness between healthy and 
diseased vulvar skin. The labia minora of LS patients was mainly populated 
by bacteria of the Lactobacillus, Prevotella and Gardnerella genera. In vul-
var HSIL, Prevotella and Alphapapillomavirus were the most described taxa. 
Healthy vulvar skin mainly comprised of Prevotella and Lactobacillus. Com-
pared to the healthy vulvar skin, the vulvar microbiome composition of 
both LS and vulvar HSIL patients was characterized by significantly high-
er proportions of Papillomaviridae. In contrast, Bacteriodia and Actinobacteria 
were less abundant in respectively LS and vulvar HSIL compared to healthy 
vulvar skin. While bacteria and viruses were most abundant, fungal and 
archaeal taxa were scarcely observed. Trans-epidermal water loss, a bio-
marker for the barrier function of the skin, was increased in affected skin 
compared to healthy vulvar skin. This could be due to a disruption in barri-
er function from disease processes or locational differences in vulvar skin 
composition (mucosal vs. hirsute). Alternatively in LS, increased skin perme-
ability may enable HPV infection of affected vulvar skin. This study was the 
first to describe the vulvar microbiome composition in LS and vulvar HSIL 
using sequencing-based methods on the vulva compared to healthy con-
trols. It should be noted that this study remains a cross-sectional pilot with 
low numbers of participants, with a predominantly Caucasian population. 
Therefore, the observations from this study require validation in an expand-
ed and more diverse group, also including women with dVIN and VSCC to 
capture the complete disease range from healthy vulvar skin to cancer. This 
study provides new clues to the aetiology of LS and a steppingstone for ex-
pansion of knowledge on potential drivers of vulvar premalignant disease. 

Considerations and future applications

The current findings of the vulvar microbiome composition reflect its tran-
sitional anatomical location, with identified commensals associated with 
vaginal, cutaneous and intestinal milieus. Extra layers of complexity can 
be expected from demographics including age and ethnicity, in addition to 
biological processes as menstruation and lifestyle factors such as hygiene 
practices, sexual activities and contraceptive use. Although the vulvar micro-
biome research field is of modest size, one recently published study was 
appraised the microbiome composition in adult women with LS, identify-
ing a reduction of Lactobacillus genera and a higher proportion of Prevotella 
spp. in patients.38 In addition, two new studies have recently been initiat-
ed focusing on the vulvar microbiome composition in adult women with LS 
(NCT05671263, NCT05147129).39,40 Urology research in male LS may also be 
informative for translation understanding the interactions of the microbi-
ome and vulvar disease, although the hypothesised aetiology of LS in males 
is centred around chronic irritation due to micro-incontinence.41,42 For vul-
var HSIL, no recent or ongoing microbiome studies were identified. Still, 
the described relationships between the microbiome and cervical dyspla-
sia poses potential for guiding hypotheses in the vulvar field. Interactions 
between the microbiome and existing and novel treatments can be appraised 
after the microbiome signature of vulvar diseases has been clarified further. 
Remarkably, there is no understanding of the effect of topical corticosteroids 
on the microbiome composition of the skin, although this is the golden stan-
dard for treatment of a multitude of dermatological diseases. The description 
of the microbiome composition in vulvar diseases is still in its infancy. The 
vulvar location is still a minute niche within microbiome research. Extensive 
efforts are yet needed to fully understand the exact relationships between 
the microbiome and vulvar health and disease (Table 2). 

Perspectives 
Development pipelines and future therapeutic 
options for vulvar (pre)malignant disease
A joint feature of the diseases described in this thesis is the paucity of disease-
specific, patient-friendly and effective therapeutic options. However, the de-
velopment pipeline of novel treatments for VSCC and its precursors appears 
depleted compared to other, more prevalent, (pre)malignant diseases. This 



Chapter 8 • Summary and Discussion 181Taking a closer look – Non-invasive tools for in-depth characterisation of vulvar diseases180

situation can partially be attributed to the persisting social taboo on vulvar 
disease and numerous other factors common to ‘orphan’ diseases. These in-
clude difficulty of recruiting patients for research, lack of industry incentive 
to develop therapies for small markets, shortfalls of clinical detection tech-
niques and, as a consequence, the absence of effective screening approach-
es.54 Both for vulvar HSIL and LS, there is gap in our knowledge on the cause 
of disease origins and drivers of malignant development. Unlike for LS, we 
have recognised the causative agent of vulvar HSIL: persistent high-risk HPV 
infections. Yet, exactly which factors contribute to disease progression from 
vulvar HSIL to HPV-positive VSCC, and of LS into dVIN and HPV-negative 
VSCC remains largely unknown.55 The survival rate for VSCC has been stag-
nant over the past decades, with some recent reports are even suggesting a 
decrease in survival numbers and rise in VSCC incidence rates, possibly stem-
ming from increased incidence of precursor lesions.54,56⁻58 

Lichen sclerosus	

Ongoing clinical trials to LS are sparse, with a few noteworthy observation-
al studies on histological biomarkers (NCT03561428) and the microbiome 
composition (NCT05671263, NCT05147129).39,40,59 The majority of current 
interventional trials investigate the application of several types of ablative 
lasers on LS (e.g. NCT05010421).60 However, laser treatment for LS is current-
ly advised against by international guidelines due to low-quality evidence and 
lack of long-term follow up.61,62 In 2022, a clinical trial was initiated with top-
ical ruxolitinib (brand name Opzelura) in vulvar LS patients (NCT05593445).63 
Ruxolitinib is a small molecule Janus kinase (JAK) type 1-2 inhibitor that has 
been on the market as oral immune modulator for the past two decades. It 
was approved in topical formulation by the FDA for the treatment of vit-
iligo in 2022.64,65 The inhibition of the JAK/STAT signalling pathway leads 
to prevention of cytotoxic T-cell recruitment through reducing IFN-γ and 
downstream chemokine ligand 9 and 10 (CXCL9/CXCL10) signalling. In vit-
iligo, cytotoxic T-cell mediated inflammatory damage to melanocytes is an 
established cause of the condition.66,67 For LS, however, the aetiology of dis-
ease remains unknown. Inhibition of the JAK/STAT pathway may well reduce 
cytotoxic T-cell driven inflammation in diseased LS skin, but a mechanistic 
rationale to target this mechanism specifically in LS seems lacking from a 
pharmacological standpoint.

A major shortfall in several recent and ongoing clinical trials to LS is the 
requirement of ‘histologically proven LS’ as an inclusion criterium.68 In a 
recently published study with primarily non-invasive outcome measures, 
63% (65/102) of potential patients were excluded based to a lack of diagno-
sis confirmation by pathology.69 We emphasize that LS is primarily a clinical 
diagnosis. According to national and international clinical guidelines, LS is a 
diagnosis made on clinical examination and patient history. Clinical invasive 
biopsy procedures must be limited to one of the following three conditions: 
1) diagnostic uncertainty, 2) suspicion for malignancy or 3) unsatisfacto-
ry treatment results.70 LS can present heterogenic on histology, prompting 
uncertainties from a pathological point of view.71,72 Disease duration, disease 
activity, cutaneous thinning from corticosteroid use, scarring and previous 
surgical interventions can influence the histological presentation. The clinical 
diagnosis must take precedent in case of ambiguous findings from patholo-
gy.73 Obtaining histological ‘proof’ of a LS diagnosis should be considered a 
disservice to the patient, in the absence of the aforementioned conditions 
on the contrary. If clinical studies primarily focus on non-invasive assess-
ments for clinical follow up, it is misguided to adopt ‘histologically proven LS’ 
as inclusion criterium. Primarily, the study results will only apply for a sub-
set of LS phenotypes. Secondly, these study protocols should be flagged by 
medical ethical committees, as the LS patients are exposed to unnecessary 
invasive procedures. On a more practical note, otherwise eligible patients are 
excluded from study participation, impacting financial resources and logis-
tical study timelines. Thus, collecting biopsies in a LS population should be 
limited to clinical studies with objectives that require tissue analysis, includ-
ing histology, immunohistochemistry and gene expression analyses. 

Vulvar HSIL

The efficacy evaluation of existing and experimental treatments for vulvar 
HSIL and dVIN mainly depends on non-standardized clinician-based scor-
ing and rarely (± 1/3 of studies) on patient-reported symptoms.2 Objective 
and sensitive efficacy core outcome measures are required, but identifying 
and selecting reliable and reproducible biomarkers for vulvar (pre)malig-
nant diseases remains challenging. Different vulvar disease subtypes can 
have varying therapeutic responses. For instance, subcategories of VSCC 
can be stratified by immunohistochemical p16 and p53 mutant or wildtype 
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signatures.74 These molecular VSCC subtypes have distinct overall survival, 
relative survival and recurrence-free period rates. Additionally, the response 
rates to immunotherapy (e.g. therapeutic HPV vaccination) in vulvar HSIL 
are correlated to specific pre-existent inflammatory microenvironments.75 
These findings exemplify that there are distinctive potential biological tar-
gets for treatment of vulvar (pre)malignant disease, which require specific 
efficacy evaluations. These findings underline the importance of venturing 
beyond clinician and patient-reporting alone in the appraisal of vulvar dis-
ease, potentially including imaging, molecular, biophysical and sequencing 
techniques, as discussed in this thesis. 

Imiquimod was approved for the treatment of external genital warts in 
1997 by the FDA and has since been recognized as effective first-line topical 
treatment option for vulvar HSIL.76,77 Therapeutic HPV-vaccination has been 
identified as effective treatment for vulvar and vaginal HSIL, with approx-
imately 50% efficacy.78,79 This clinical response to HPV-vaccination relates 
to the strength of vaccine-induced HPV-16-specific T-cell immunity.80 In-
ternational preventive HPV-vaccination strategies are showing decreases in 
cervical dysplasia rates and other HPV-related disease incidence, which is 
also promising for the future of HPV-dependent SCC and its precursors.81,82 
In the meantime, few novel therapeutic options are being investigated spe-
cifically targeting vulvar HSIL. A proportion originates from re-purposing of 
antiviral or immunomodulatory drugs (NCT03792516).83⁻85 Alternatively, ex-
perimental treatments for cervical dysplasia are occasionally also tested for 
efficacy in vulvar HSIL, conjecturing that the shared HPV-mediated aetiolo-
gy could also yield comparable treatment responses.86,87 This could lead to 
co-developed breakthroughs for the treatment of vulvar HSIL, as was the 
case with the HPV vaccine. However, this grouping of diseases may errone-
ously dismiss some clinically relevant differences (i.e. clinical presentation, 
embryonic nature of affected tissue, natural disease history, management 
and follow up) between cervical and vulvar dysplasia. These discrepancies 
between disease types should be considered in the appraisal of these tra-
versing treatment strategies.88

Call for multi-modal biomarkers for integration 
into future studies to vulvar diseases
Novel therapeutic options should be developed based on expanded profi-
ciency of biological and pharmacological processes. In depth understanding 

of the processes that drive disease can be obtained using the multi-mod-
al approach for dermatological disease characterisation introduced in the 
introduction of this thesis. Once more, these core domains are: 

1	 Clinician 
2	 Patient-reporting
3	 Biophysical assessments
4	 Analysis of invasive procedures such as biopsies,  

including histology and gene expression analyses
5	 Microbiome research
6	 Imaging

The latter two areas have extensively been discussed in this thesis. The 
remaining domains have also evolved regarding vulvar premalignant disease. 

Clinician-based scoring is generally considered an objective outcome 
measurement for the appraisal of treatment effects. However, the defini-
tion of clinical response is heterogeneously applied. For LS, several clinical 
scoring systems have been suggested, but are not widely adopted in clinical 
practice.89,90 These may report excellent intra- and inter-rater performance, 
but are not applicable or validated for the follow up of treatment effects. 
Classification of lesional dimensions according to the ‘response evaluation 
criteria in solid tumours’ (RECIST) guidelines into response categories can 
be used to follow disease regression or progression in vulvar HSIL.91,92 This 
does require improvements in reliable lesion size measurement and accu-
rate photo-documentation. The current clinical scoring algorithms alone 
are therefore not the optimal measurement tool to reliably evaluate the re-
sponse to novel treatments. Current evidence for the treatment of the LS 
or vulvar HSIL is particularly lacking implementation of the traditionally 
considered ‘subjective’ patient-oriented outcome measures, including their 
symptoms, behaviours and experiences.2,93 Arguably, the patient perspec-
tive should be an integral part of both clinical trials and clinical practice, 
considering the substantial morbidity associated with these vulvar diseas-
es. Fortunately, an increasing amount of research and therapeutic efforts are 
focusing on the impact of LS on the quality of life, including sexual aspects 
(NCT03419377).68,94⁻96 For vulvar HSIL, few quality of life instruments have 
been developed and validated specifically for this population, usually rely-
ing on adaptations of questionnaires developed for other diseases.97,98 This 
patient-oriented domain is therefore a fundamental part of the multi-mod-
al model proposed in this thesis that requires further expansion in future 
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research. Biophysical measurements have rarely been evaluated on the vul-
var area, nor for the evaluation of therapeutic effect. The makeup of the 
healthy vulvar skin barrier function has previously been determined using 
the ceramide content in the epidermis after tape-stripping or determining 
the trans-epidermal water loss.45,99 The state of the skin barrier function 
can relate to the permeability of topically applied drugs, influencing dermal 
pharmacokinetics. Similarly, the solubility of pharmaceutical compounds 
can depend on local pH. Neither of these biophysical properties have been 
described for LS or vulvar HSIL. Whereas this thesis has focused on non-inva-
sive biomarkers for vulvar diseases, many lessons are yet to be learned from 
analyses of biopsy tissue. Improvements in the histological recognition dVIN 
are acutely needed to make robust diagnoses.100⁻102 The pathological pre-
sentation LS is heterogenous.71,72 Several immunohistochemical biomarkers 
have been recognized to offset specific disease subtypes, but accurate disease 
recognition remains challening.103 Gene expression analyses may uncover 
leads to understand vulvar disease aetiology or drivers of malignant progres-
sion.104,105 Considerable collaborative efforts are needed across research 
groups and clinical institutions to obtain sufficient patient material and sup-
porting clinical data to detect meaningful results. 

Each domain from this comprehensive approach has become a distinct 
specialty, with required proficiency in methodology, interpretation, ana-
lytics, and clinical integration. The integrated analysis of multi-omics will 
be the major challenge in the years to come (Figure 1).106 Sequencing-based 
domains (e.g. microbiome composition analyses, genetic sequencing, tran-
scriptomics and protein identification) yield highly complex data. Combining 
these datasets could delineate meaningful biological signatures of disease 
processes. However, that process will demand considerable computational 
power and comprehension of each separate method.107 For the vulvar dis-
ease, these developments will hopefully lead to improved clinical outcomes 
through accelerated disease recognition and identification of new, disease-
specific therapeutic targets. 

Table 1  Current advantages and disadvantages for each imaging system studied in 
this thesis for practical application in vulvar disease monitoring. 

3D Dermatoscopy D-OCT RCM

Easy to use Yes Yes No No

Easy to analyse No Yes No No

Acquisition costs Moderate High* High High

Training of staff Low Moderate* High High

Resolution Good Good Moderate Excellent

Sub-surface visualisation No No Yes Yes

Patient burden** Low Low Mild Moderate

Correlation golden standard? Yes Yes No Yes

Clinical validation No No No No

Ready for clinical use? No No No No

Clinical integration? No Yes* No No

3D dynamic optical coherence tomography (D-OCT), reflectance confocal microscopy (RCM). / *A derma
toscopy system is often already present in dermatology clinic, thus acquisition and training costs may 
be reduced in practice. / ** All techniques are non-invasive procedures, but the amount time of having to 
remain still for the duration of image acquisition of the vulvar area (30 seconds for D-OCT, 5-15 minutes for 
RCM) can be considered a burden to some patients. 
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Table 2  Overview of all studies performed to the vulvar microbiome composition 
to date, illustrating factors and disease states that have previously been studied, but 
more importantly which numerous conditions that remains unknown, in addition 
to currently ongoing clinical trials. 
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Figure 1  An example of integration of exploratory biomarkers. An example in one 
individual with vulvar HSIL. 
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