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General introduction and thesis outline
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Introduction

Vulvar squamous cell carcinoma is the most common cancer of the vulva with 
460 new cases in the Netherlands in 2023, corresponding to an annual incidence of 
5.1 per 100,000 women.1 The worldwide incidence of vulvar cancer increased in the 
last decades, especially in younger patients, although vulvar cancer usually presents 
around the age of 70 years.2-4 The precursor lesion of vulvar cancer is high-grade vulvar 
intraepithelial neoplasia (VIN). The reported incidence of VIN in the United States is 
3.9 per 100,000 women.5 Over the last 30 years, the incidence of VIN also increased.4, 6

VIN is currently categorized in high-grade squamous intra-epithelial  lesion (HSIL) and 
HPV-independent VIN. HPV-independent VIN is often referred to as differentiated VIN 
(dVIN). These two subtypes are separate disease entities with different causative agents, 
histopathology, clinical presentation and prognosis (Figure 1).7 HSIL is caused by high-
risk HPV (hr-HPV) infection, whereas HPV-independent VIN is associated with vulvar 
dermatoses like lichen sclerosus (LS), independent of HPV. HSIL is the most common 
type of VIN, accounting for approximately 90% of cases, but accounts for only 25% of all 
vulvar cancers. HPV-independent VIN represents 10% of all VIN and gives rise to 75% of 
vulvar cancers.8 HPV-independent VIN is often diagnosed in the context of vulvar cancer, 
e.g. at time of vulvar cancer diagnosis or during follow-up of vulvar cancer.

Figure 1. Pathways to vulvar cancer. Created with Biorender.com.

Structures belonging to the vulva are the mons pubis, anterior and posterior 
commissure, labia majora and minora, clitoris, external urethral orifice, vestibule of 
the vagina, perineum, and peri-anal region (Figure 2). The labia majora fuse anteriorly 
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into the mons pubis and posteriorly into the perineum. The vestibule is the area 
between the labia minora containing the urethral opening and introitus (vaginal 
opening). The vulva is covered with stratified squamous epithelium. The hear-bearing 
skin of the labia majora consists of the epidermis, dermis and subcutis. The mucosal 
surface covering the central part of the vulva consists of non-keratinizing squamous 
epithelium with underlying stroma (Figure 3).

Figure 2. The vulvar anatomy. Created with Biorender.com.

 
Non-keratinized, stratified 
squamous epithelium

Stroma with small capillary blood 
vessels

Figure 3. Histology of healthy vulvar tissue. The epithelial cells (keratinocytes) mature as they 
differentiate upwards. The basal cell layer consists of regularly spaced, small cells with little cytoplasm. 

The differentiated cells at the top of the epithelium have ample cytoplasm and a flattened nucleus. 
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Classification of VIN 
Since VIN was first recognized a century ago, multiple terminologies and classifications 
have been used (Table 1). Bowen’s disease in general (on the shaft of the penis, 
buttocks, and thighs) was first described by dermatologist J. Bowen in 1912.9 In 1922, 
Hudelo et al. recognized the histological features of Bowen’s disease of the vulva and 
named the disease ‘erythroplasiform dyskeratosis of the vulvar mucosa’.10 Almost 
40 years later, two types of VIN were described by Abell and Gosling: intraepithelial 
carcinoma of i) Bowen’s type, and ii) simplex type. In 1976, the International Society 
for the Study of Vulvovaginal Disease (ISSVD) introduced ‘squamous cell carcinoma in 
situ’ for ‘Bowenoid’ lesions and ‘hyperplastic dystrophy with mild, moderate, or severe 
atypia’ for ‘simplex’ lesions, because multiple confusing terms were used at that time. 
The term ‘differentiated VIN’ (dVIN) was introduced several years later, to emphasize 
the differentiated histomorphology of the ‘simplex’ VIN type.11  

Nowadays, the WHO 2020 classification of female genital tumors subdivides VIN 
based on etiology into HPV-associated low-grade squamous intraepithelial lesion 
(LSIL) or HSIL, and HPV-independent VIN.12 HPV-independent VIN also includes vulvar 
acanthosis with altered differentiation (VAAD) and differentiated exophytic vulvar 
intraepithelial lesion (DEVIL).12-14 There is still a lot of debate on the nomenclature 
and classification of the different histomorphological subtypes of HPV-independent 
VIN. The ISSVD recognizes besides dVIN, the term vulvar aberrant maturation (VAM) 
for DEVIL, VAAD and other related p53 wild-type lesions.15 Other authors have 
recently grouped verruciform lichen simplex chronicus, VAAD and DEVIL under the 
term verruciform acanthotic VIN (vaVIN).16 Although it is important to recognize the 
morphological spectrum of VIN, there is a need for an objective classification that 
reflects both biological and clinically relevant features.

Vulvar HSIL
Vulvar HSIL most commonly affects patients aged 30 to 50 years, although also 
older patients present with the disease.4 HSIL is often symptomatic, with long-
lasting pruritus and pain, but the clinical presentation is variable and lesions can be 
discovered only after a long time (Figure 4A). Twenty-five to 66% of patients suffer 
from multifocal (multiple vulvar HSIL) or multicentric (intraepithelial lesions at other 
anogenital sites, such as the cervix (CIN), vagina (VaIN), and/or anus (AIN)) disease.17, 18 

HSIL is caused by hr-HPV infection and in 70 to 90% of vulvar HSIL, hr-HPV is 
detected.8, 19 Risk factors for HSIL are smoking and immunosuppression, including HIV 
infection.20-22 HSIL recurs in 20 to 60% and recurrence is more frequently observed in 
immunocompromised patients and patients with multifocal or multicentric disease.20, 23
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Table 1. Nomenclature used for VIN of the vulva in the last century.

Year Author Terminology 

1922 Hudelo et al. Bowen’s disease of the vulva: ‘erythroplasiform dyskeratosis of the 
vulvar mucosa ’

1958 Woodruff and Hildebrandt Carcinoma in situ (CIS)

1961 Abell and Gosling Intraepithelial carcinoma of i) Bowen’s type, ii) simplex type 

1967 R.M. Richart Vulvar intraepithelial neoplasia (VIN)

1976 ISSVD Squamous cell carcinoma in situ and hyperplastic dystrophy with 
(mild, moderate, severe) atypia 

1977 W.R. Hart Differentiated VIN (dVIN)

1979 Wade, Kopf and Ackerman Bowenoid papulosis

1986 ISSVD VIN1-3, dVIN

1989 WHO VIN1-3

1994 WHO Squamous intraepithelial lesion (SIL) 

2003 WHO VIN1-3, dVIN

2004 ISSVD Condyloma (HPV-effect), VIN usual type, dVIN

2012 LAST LSIL, HSIL

2014 WHO LSIL, HSIL, dVIN

2015 ISSVD LSIL (including flat condyloma / HPV effect), HSIL, dVIN

2020 WHO HPV-associated SIL (LSIL, HSIL), HPV-independent VIN (dVIN, 
VAAD, DEVIL)

2021 ISSVD Addition: vulvar aberrant maturation (VAM) for DEVIL, VAAD and 
other related p53 wild-type lesions

2022 Parra-Herran, et al. Addition: verruciform acanthotic VIN (VaVIN) for lesions as 
verruciform lichen simplex chronicus, VAAD and DEVIL 

Abbreviations: DEVIL, differentiated exophytic vulvar intraepithelial lesion; dVIN, differentiated vulvar 
intraepithelial neoplasia; HSIL, high-grade squamous intraepithelial lesion; HPV, human papillomavirus; 
LSIL, low-grade squamous intraepithelial lesion; VAAD, vulvar acanthosis with altered differentiation; 
VAM, vulvar aberrant maturation; VaVIN, verruciform acanthotic VIN; VIN, vulvar intraepithelial neoplasia.

At the histology level, HSIL is characterized by acanthosis, papillomatosis, 
hyperkeratosis and/or parakeratosis (Figure 4B). The epithelial maturation is 
disturbed, with  presence of dysplastic cells and mitotic figures up to the upper layers 
of the epithelium. Cells with little cytoplasm and enlarged, hyperchromatic nuclei, 
including increased mitoses, and viral or ‘koilocytic-like’ changes, can be present. Like 
in all HPV-associated high-grade precursor lesions, p16INK4a shows diffuse, block-like 
(positive) staining (Figure 4C).
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Figure 4.  Vulvar high-grade squamous intraepithelial lesion (HSIL). 

(A) �Representative macroscopic image of HSIL consisting of multifocal, white, hyperkeratotic plaques on 
the labia minora and majora and the introitus, on a background of red colorations. 

(B) �Hematoxylin and Eosin (H&E) staining of HSIL shows acanthosis, disturbed epithelial maturation, i.e. 
dysplasia, across all layers, with increased number of mitoses and subtle parakeratosis.

(C) �Block-positive p16INK4a immunohistochemical staining across the full epithelial thickness.

Around 1960, all patients with VIN were surgically treated with full or deep 
vulvectomy.24 In subsequent decades, the treatment of VIN became less aggressive 
and increasingly individualized, depending on patient and lesional characteristics, 
and through shared decision-making. The optimal management of HSIL is challenging 
as there is no universal management or gold standard. Nowadays, the aim is 
preservation of normal anatomy, symptom relief, and high quality of life.25, 26 Treatment 
of HSIL often balances between reducing the patients’ symptoms and estimating 
the risk of progression to cancer. Treatment options include topical application with 
imiquimod, local excision, and laser evaporisation.25, 27, 28 Large surgical excision can 
lead to disfigurement and impaired sexual function.29 Especially in case of small, 
unifocal HSIL, imiquimod be considered as first-line treatment.30 Imiquimod is an 
immune response-modifying drug with antiviral and antitumor activity, first described  
in 1985.31 Imiquimod became available in The Netherlands around the year 2005.32

In treated HSIL patients, progression rates range from 2 to 6% after an average 
follow-up of three years, and progression rates increase with longer follow-up 
time.33, 34 Spontaneous regression is rare and particularly seen in young patients with 
multifocal, small, pigmented lesions, often observed during pregnancy.20, 23, 35 Current 
prophylactic HPV vaccines offer protection against HSIL and related cancers, in HPV-
negative women.36, 37



15|General introduction 

1
Clinical needs
Since HSIL has a low cancer risk, only HSIL with high cancer risk should be treated 
extensively. However, current clinicopathological parameters are insufficient to 
accurately predict the risk of progression to vulvar cancer in HSIL. As a result, there 
is overtreatment of the HSIL with low cancer risk. Biomarkers that can accurately 
discriminate HSIL with a high risk of progression to cancer from HSIL with a low risk are 
very much needed. Those biomarkers will contribute to more individualized therapy, 
reduced overtreatment and morbidity, and increased quality of life for HSIL patients.

HPV-independent VIN

HPV-independent VIN is commonly found in the 6th to 8th decades of life, but can 
occur in younger patients.38 LS, pruritus and/or pain are commonly present.39  

HPV-independent VIN is often unifocal and is difficult to distinguish from its associated 
dermatosis, making a timely and accurate diagnosis frequently challenging (Figure 5A).40 

The majority of HPV-independent VIN have differentiated morphology, e.g. showing 
abrupt premature (deep) individual cell keratinization, often accompanied by basal 
cytological atypia including hyperchromatic, angulated nuclei with prominent 
nucleoli, loss of granular cell layer, and parakeratosis (Figure 5B).41, 42 However, HPV-
independent VIN has a broad histomorphological spectrum, from very subtle to 
overt dysplastic.43 These histomorphological differences can be observed between 
patients and within biopsies of one patient. As a result, HPV-independent VIN can 
be a difficult diagnosis, even for experienced gynecological pathologists.43 The 
main differential diagnoses of HPV-independent VIN are reactive, non-dysplastic 
lesions.44 The pathogenesis of HPV-independent VIN is not completely understood. 
Chronic inflammation as seen in LS and other inflammatory conditions with 
associated chronic oxidative stress, caused by dermal sclerosis and thickened 
basement membrane, is believed to be a predisposing factor for DNA damage and 
subsequent development of HPV-independent VIN.45, 46 Only in the last decade a 
clonal relationship between HPV-independent VIN and HPV-independent vulvar 
cancer was demonstrated, mainly based upon mutations in tumor suppressor gene 
TP53, observed in approximately 70% of HPV-independent VIN (Figure 5C).38, 47-49
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Figure 5.  Human papillomavirus-independent vulvar intraepithelial neoplasia. 

(A) �Representative macroscopic image of HPV-independent VIN consisting of multifocal, red colorations 
and ulcerations on the labia minora and the introitus, on a background of lichen sclerosus (LS). 
Bilateral fused labia with whitening and thinning of the epithelium, characteristic for LS, are depicted 
in this macrograph. 

(B) �Hematoxylin and Eosin (H&E) staining of HPV-independent VIN demonstrating acanthosis, dysplasia 
and increased number of mitoses in the lower epithelial layers, loss of the granular cell layer and 
subtle parakeratosis. The epithelial maturation is abrupt and present in the lowest parabasal cell 
layers. The background demonstrates a heavy inflammatory infiltrate. 

(C) �P53 immunohistochemical staining showing a mutant positive pattern in the basal and parabasal 
epithelial layers, consistent with staining of the dysplastic cells. 

For HPV-independent VIN, surgical excision is the preferred treatment option with 
close follow-up thereafter.25 Laser and imiquimod should be avoided. The treatment 
of a patient with HPV-independent VIN should be conducted in a center with special 
expertise in vulvar pathology.50 Adequate treatment of concurrent LS with high-
potency topical corticosteroids is necessary since therapy compliance decreases the 
risk of HPV-independent VIN and vulvar cancer.51, 52

Cancer risk studies on HPV-independent VIN remain scarce, with few studies having 
reported cancer risks after treatment, varying between 33% and 86%, within a 
median time interval of 0.7 to 13 years.53, 54 

Clinical needs
As the vast majority of vulvar cancers are HPV-independent, early recognition of the 
HPV-independent precursors is of utmost importance. To date, many patients present 
with HPV-independent vulvar cancer without a preceding VIN diagnosis, because 
of poor recognition of HPV-independent VIN, both clinically, histopathologically, 
and by LS patients themselves.55, 56 In contrast to the high cancer risk of  
HPV-independent VIN of 50%, LS has a low cancer risk of 4-7%, while the incidence 
of LS is significantly higher compared to HPV-independent VIN (respectively  
14.9 versus 0.1 per 100,000 women-years).4, 57, 58 Early detection of HPV-independent 
VIN is of utmost importance to reduce morbidity from advanced disease and to 
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improve outcome and quality of life of these patients. Biomarkers that can help to 
better identify HPV-independent VIN, and to predict the risk of progression to vulvar 
cancer in these patients, are lacking, but very much needed.

Biomarkers

Human papillomavirus 
HPV is a double-stranded deoxyribonucleic acid (DNA) virus, of which more than  
200 genotypes have been reported.59 The lifetime risk to become infected with HPV 
is larger than 80%.60 Most HPV infections are cleared by the immune system within 
two years, but when hr-HPV persists, (pre-)malignant lesions can develop.61 

The presence of HPV DNA can be used as biomarker in the diagnosis of VIN. Twelve 
hr-HPV genotypes have been classified as carcinogenic agents in humans by the 
International Agency for Research on Cancer (IARC), on the basis of epidemiologic 
and mechanistic evidence: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59.62  
Type 68 has been classified as ‘probably’ carcinogenic and types 26, 53, 66, 67 and 
70, 73, and 82 as ‘possibly’ carcinogenic.63 In vulvar HSIL, HPV16 is the most common 
type (72-77%), followed by HPV33 (8-11%), and HPV18 (3-5%).64

Failure of the immune system to control and clear an hr-HPV infection can result in 
deregulated expression of the viral proteins E6 and E7.65 Hr-HPV E6 and E7 oncoproteins 
interact amongst others with p53 and pRb. E6 degrades p53, resulting in deregulated 
cell cycle arrest upon DNA damage and an inhibition of apoptosis.66 E7 inactivates pRb 
and releases E2F transcription factors, causing increased proliferation.67 The disruption 
of cell cycle control and apoptosis, often accompanied by viral DNA integration 
resulting in viral persistence, contributes to the onset of carcinogenesis.65

An unifocal VIN is believed to be caused by only one HPV genotype. If multiple  
HPV genotypes are detected, one HPV type is a bystander, while the other type 
caused the lesion.68 

DNA methylation of host-cell genes 
DNA methylation is a common epigenetic event and an important regulator of 
gene expression.69 Methylation involves the addition of a methyl group (CH3) to 
a cytosine in a cytosine-guanine dinucleotide (CpG).70 Increased methylation 
(hypermethylation) of CpG-rich regions in the promoter of tumor suppressor genes,  
can lead to transcriptional repressionand subsequent loss of tumor suppressive 
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function (Figure 6).71 Hypermethylation of tumor suppressor gene promoters can 
be induced by activation of the DNA methylation machinery through the viral 
oncoproteins E6 and E7.72 The loss of tumor suppressive function contributes to 
the development of cancer. Quantitative methylation-specific PCR (qMSP) is an 
objective and sensitive method to analyze the DNA methylation levels of specific 
genes. DNA methylation can be assessed by qMSP in various sample types,  
e.g. paraffin-embedded tissue, blood, scrapes and urine. Nowadays, identification 
of methylation changes have emerged as a promising biomarker for diagnosis, 
prognosis and prediction of many tumor types. 

In HPV-related anogenital diseases, DNA methylation tests hold promise for 
identifying precursors with high cancer risk.73, 74 Various methylation markers 
associated with HPV-induced anogenital carcinogenesis have been discovered by 
our group, of which ASCL1, CADM1, FAM19A4, GHSR, LHX8, MAL, miR124-2, PHACTR3, 
PRDM14, SST, ZIC1 and ZNF582 were used to assess the potential value for cancer risk 
prediction in patients with VIN, as described in this thesis.75-77

Immunohistochemistry

P16INK4A 

P16INK4a immunohistochemistry is a reliable surrogate marker for hr-HPV infection. 
Expression of p16INK4a is the result of cell cycle deregulation induced by hr-HPV 
E7 viral oncogene activity via binding of E7 to pRB.78 Binding of E7 to pRB results 
in upregulated E2F activity and p16INK4a protein due to disruption of the negative 
feedback loop.79 According to the Lower Anogenital Squamous Terminology (LAST) 
Project, a positive p16INK4a staining pattern is diffuse, strong and continuous (nuclear 
and cytoplasmic), referred to as a ‘block-like’, in at least the lower one-third of the 
epithelium.80 Almost 100% of HSIL are block-positive for p16INK4a (Figure 4C), as well 
as  4 to 20% of LSIL.64, 81-83

P53
The TP53 gene is a tumor suppressor gene and the p53 protein functions as a 
transcription factor in the nucleus. In response to various stresses, such as DNA 
damage and oncogenic signaling, TP53 induces cell cycle arrest to allow repair, 
or when DNA damage is beyond repair, to initiate apoptosis. In HPV-independent 
VIN, the TP53 gene is often mutated and p53 aberrant or mutant staining is found 
in approximately 70% of cases (Figure 5C). TP53 mutations are very uncommon in 
HSIL.84 P53 wild-type staining can be categorized as i) scattered, weak of very weak 
nuclear staining (respectively ‘conventional’ and ‘reduced, mimicking a null-mutant 
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pattern’), or ii) mid-epithelial staining with basal-sparing. P53 mutant staining is 
categorized as: i) (para)basal/diffuse staining, ii) absent (null pattern) staining, and 
iii) cytoplasmic staining.85, 86

Figure 6. Host cell DNA methylation-mediated silencing of tumor suppressor genes. Created with 
Biorender.com.

Ki-67
In the assessment of VIN lesions, immunohistochemical staining for p16INK4a or p53 
is often combined with staining for Ki-67. Ki-67 is a marker of cellular proliferation 
that is weakly, scattered expressed in the proliferating parabasal nuclei of cells in 
healthy vulvar skin epithelium, whereas in VIN, expression can be observed in all viral 
induced or dysplastic cells.87, 88

CK17 and SOX2 
Recent studies support the use of immunohistochemical markers CK17 and SOX2 
for the classification of high-grade VIN as adjunct to morphology and established 
markers p16INK4a and p53. CK17 is an intermediate filament protein induced in 
activated keratinocytes.89 SOX2 (Sex-determining region Y-box 2) is located on 
chromosomal segment 3q26.33 and is an important regulator of pluripotent stem 
cells promoting maintenance and development of the squamous epithelium.90 Both 
CK17 and SOX2 have been reported to show increased expression in VIN and other 
neoplasia compared to normal or reactive tissues.41, 91-93 
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Thesis outline

To improve care for patients with VIN, a better understanding of the vulvar cancer 
risk is needed. This thesis aims to investigate the potential of objective biomarkers 
for cancer risk stratification of VIN patients.

Towards the goal of accurate cancer risk assessment, a longitudinal, population-
based historical cohort series including 1,148 patients with an original diagnosis 
of high-grade VIN is studied in Chapter 2. In this chapter, the incidence of VIN 
is calculated, stratified for HSIL and HPV-independent VIN (dVIN). In addition, 
vulvar cancer risk and associated risk factors are studied in the 894 patients 
without concurrent vulvar cancer at baseline. Given the low number of studies on  
HPV-independent VIN, a systematic literature review is performed (Chapter 3), 
investigating the primary and recurrent risk of progression to vulvar cancer in patients 
with HPV-independent VIN (dVIN).

In Chapter 4, twelve candidate methylation markers associated with HPV-
induced anogenital carcinogenesis are evaluated in a cross-sectional pilot series of  
192 vulvar tissue samples, including healthy vulvar tissues and both HPV-associated 
and HPV-independent (pre-)cancers. Those lesions represent a wide spectrum of vulvar 
lesions. To further explore the heterogeneity of biomarker expression in patients with 
multifocal HSIL, methylation profiles, HPV genotype and IHC expression of p16INK4a and 
Ki-67 are studied in a pilot series of 32 vulvar lesions from 12 patients (Chapter 5).

In Chapter 6, 751 high-grade VIN from patients without previous or concurrent 
vulvar cancer from the historical cohort described in Chapter 2, are comprehensively 
characterized and categorized in HPV-associated and HPV-independent vulvar 
lesions. The importance and the diagnostic utility of p16INK4a, p53 and Ki-67 
immunohistochemical markers and HPV genotyping are presented, and stratified 
vulvar cancer risks are given. In Chapter 7, we cross-sectionally validate the  
12 DNA methylation markers in the 751 vulvar tissue samples of the historical cohort 
described in Chapter 6. Methylation levels in relation to disease category are studied 
and the best performing three-gene marker panel for detection of high-grade VIN is 
determined. In Chapter 8, both the optimal three-gene methylation marker panel as 
determined in Chapter 7 and other risk factors in relation to cancer risk, are evaluated 
in all 578 HSIL and 46 HPV-independent VIN patients from the historical cohort, as 
identified in Chapter 6.
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In Chapter 9 the performance of immunohistochemical markers CK17 and SOX2 
is validated in a series of 150 vulvar lesions from the historical cohort described in 
Chapter 6. These 150 cases are reviewed by six experts in vulvar pathology.

In Chapter 10, the main findings of this thesis are discussed and related to current 
and future perspectives.
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Abstract      

The risk of vulvar squamous cell carcinoma (VSCC) in patients with high-grade 
vulvar intraepithelial neoplasia (VIN) is considered lower in high-grade squamous 
intraepithelial lesion (HSIL) compared to differentiated VIN (dVIN), but studies 
are limited. This study investigated both the incidence of high-grade VIN and the 
cumulative incidence of VSCC in patients with HSIL and dVIN separately.A database 
of women diagnosed with high-grade VIN between 1991 and 2011 was constructed 
with data from the Dutch Pathology Registry (PALGA). The European standardized 
incidence rate (ESR) and VSCC risk were calculated, stratified for HSIL and dVIN. The 
effects of type of VIN (HSIL versus dVIN), age and lichen sclerosis (LS) were estimated 
by Cox regression.In total, 1,148 patients were diagnosed with high-grade VIN 
between 1991-2011. Between 1991-1995 and 2006-2011, the ESR of HSIL increased 
from 2.39 (per 100,000 woman-years) to 3.26 and the ESR of dVIN increased from 0.02 
to 0.08. The 10-year cumulative VSCC risk was 10.3%; 9.7% for HSIL and 50.0% for 
dVIN (log rank p<0.001). Type of VIN, age and presence of LS were independent risk 
factors for progression to VSCC, with hazard ratios of 3.0 (95% CI 1.3-7.1), 2.3 (95% 
CI 1.5-3.4) and 3.1 (95% CI 1.8-5.3) respectively.The incidence of high-grade VIN is 
rising. Because of the high cancer risk in patients with dVIN, better identification and 
timely recognition are urgently needed.
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Introduction

Vulvar squamous cell carcinoma (VSCC) accounts for more than 90% of all vulvar 
cancers.1 The etiology of these tumors is recognized to be diverse.2, 3 About 15-25% 
of the VSCCs are induced by high-risk human papillomavirus (HPV), whereas the 
majority of VSCCs are HPV-negative and associated with lichen sclerosus (LS).4-8

VSCC develops from precursor lesions, covered by the term high-grade vulvar 
intraepithelial neoplasia (VIN). The 2015 International Society for the Study of 
Vulvovaginal Disease (ISSVD) terminology of vulvar squamous intraepithelial lesions 
classifies high-grade VIN into high-grade squamous intraepithelial lesion (HSIL) and 
differentiated VIN (dVIN).9 Studies have shown that most patients with high-grade 
VIN are diagnosed with HSIL, and in 75 to 85% of HSIL lesions HPV positivity has 
been demonstrated.4, 8, 10 On the contrary, dVIN is only diagnosed in a small subset 
of patients with high-grade VIN, is independent of HPV and is associated with the 
presence of LS.

In this study, we aimed to estimate (1) the incidence of high-grade VIN diagnosed 
between 1991 and 2011 in the Netherlands, and (2) the long-term VSCC incidence 
in patients with high-grade VIN, stratified for HSIL and dVIN.

Materials and Methods

Study design, data collection and study population
For this study, women diagnosed with high-grade VIN were selected from a historical 
cohort. Detailed characteristics of this historical cohort have been described 
previously.11 In short, a database was constructed with data from the nationwide 
network and registry of histopathology and cytopathology in the Netherlands 
(PALGA), which reached nationwide coverage in 1991. All vulvar pathology reports 
of patients with a diagnosis of lichen sclerosus (LS), vulvar intraepithelial neoplasia 
(VIN) and/or vulvar squamous cell carcinoma (VSCC) diagnosed up to June 2011 
were collected. To obtain a dataset reflecting a representative set of the Dutch 
female population, pathology data of all laboratories in the provinces Noord-
Holland and Flevoland were selected, because these laboratories supply the regional 
collaborating hospital network, including referral centers and the 3 centers of 
gynecologic oncology in Amsterdam. The provinces Noord-Holland and Flevoland 
are situated in the North-West of the Netherlands and represented 17.4% to 18.7% 
of the female population in the Netherlands between 1991 and 2011.12 Since 
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nationwide coverage of PALGA was obtained in 1991, only patients with incident 
high-grade VIN diagnosed thereafter were included in this study. From this cohort, 
additional follow up data up to 2018 were collected. All 18,604 pathology reports 
were reviewed to categorize the pathology results. Patients with high-grade VIN were 
excluded from the analyses when they had a history of VSCC. 

Classification of high-grade VIN
All high-grade VIN cases were classified into HSIL or dVIN, based on the diagnosis in 
the pathology report and according to the 2015 ISSVD terminology. HSIL was termed 
“vulvar intraepithelial neoplasia usual type” (uVIN) in the 2004 ISSVD terminology, 
‘squamous intraepithelial lesion’ (SIL) in the 1994 World Health Organization (WHO) 
terminology and ‘VIN2’ or ‘VIN3’ in the 1989 WHO terminology. Therefore, HSIL 
included the following diagnosis: usual type of VIN, morbus Bowen, bowenoid 
papulosis, erythroplasia of Queyrat, VIN2, VIN3, high-grade VIN (not otherwise 
specified) and carcinoma in situ. DVIN included, in addition to dVIN, also vulvar 
dystrophy with atypia and simplex VIN.  

Presence of LS
Histopathological diagnoses lichen sclerosus and possible lichen sclerosus were 
both categorized as lichen sclerosus, as previously described.11 Possible lichen 
sclerosus included cases with interface dermatitis that could fit with an early phase 
of lichen sclerosus. Only biopsy proven (possible) vulvar LS reported prior to the 
diagnosis of high-grade VIN or within an interval of 3 months after incident VIN 
diagnosis, was included.

Statistical analysis

Incidence of high-grade VIN 
The crude incidence rate of high-grade VIN was calculated from the number of 
patients diagnosed with high-grade VIN. The total number of woman-years was 
calculated from the female population in Noord-Holland and Flevoland (retrieved 
from Statistics Netherlands)12. The European Standard Population (2013) was used to 
calculate the European Standardized Rate (ESR). Calendar year at time of diagnosis 
was stratified into the periods 1991-1995, 1996-2000, 2001-2005 and 2006-2011. 
Because a subgroup of patients with high-grade VIN was diagnosed with concurrent 
VSCC, analyses were performed with and without cases with concurrent VSCC. High-
grade VIN with concurrent VSCC was defined as a diagnosis of VSCC within 3 months 
from VIN diagnosis. 
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Risk of VSCC in patients with VIN 
The incidence rate of VSCC per 100,000 woman-years at risk was calculated among 
patients with high-grade VIN without concurrent VSCC. The Kaplan-Meier method was 
used to adjust for censoring. Follow-up time was calculated from the date of the first 
histological diagnosis of high-grade VIN to the date of the first histological diagnosis 
of VSCC. Patients who did not develop VSCC had an end date set equal to the earliest 
date of either their expected date of death or the date of data extraction from PALGA. 
The expected date of death was retrieved from age-dependent life expectancy tables 
of Statistics Netherlands at the time of the last vulvar pathology report.12

Differences between Kaplan-Meier curves were evaluated by log-rank tests. Multiple 
Cox regression analyses and Wald tests were performed to assess the effects of 
multiple risk factors. Median age in different strata were compared by Mann-Whitney 
U or Kruskal-Wallis Tests. The level of statistical significance was set at 0.05. Statistical 
analysis was performed using IBM SPSS Statistics software for Windows version 24.0 
(IBM Corporation, Armonk, NY).

Results 

Characteristics of the study population
The baseline characteristics of the study population are presented in Table 1. 
Between 1991 and 2011, 1,148 patients were diagnosed with incident high-grade 
VIN, comprising 1,116 (97.2%) patients with HSIL and 32 (2.8%) patients with dVIN. 

Biopsy proven LS was present in 112/1,148 (9.8%) patients with high-grade VIN. LS 
was more common in patients with dVIN (14/32; 43.8%) than in patients with HSIL 
(98/1,116; 8.8%, p<0.001). 

Concurrent VSCC was seen in 254 (22.1%) patients with high-grade VIN and was more 
often seen in patients with dVIN (62.5%) than in patients with HSIL(21.0%, p<0.001). 

The total number of patients diagnosed with high-grade VIN increased by calendar 
period, from 188 incident cases between 1991-1995 to 385 incident cases between 
2006-2010. The number of newly diagnosed patients increased between 1991-1995 
and 2006-2010 from 187 to 367 for HSIL and from 1 to 18 patients for dVIN. 



34 | Chapter 2

Median age at time of high-grade VIN diagnosis was 49.8 years and ranged from 16.1 
to 95.4 years. The median age was significantly higher in patients with dVIN (70.3 
years) compared to patients with HSIL (49.2 years, p<0.001), as well as in patients 
with concurrent VSCC (68.7 years) compared to patients without concurrent VSCC 
(45.7 years, p<0.001). Median age at time of high-grade VIN diagnosis increased by 
calendar period, from 44.9 years between 1991-1995 to 53.2 years between 2006-
2011 (p<0.001).

Table 1. Baseline characteristics of the study population

Incidence of high-grade VIN
The crude incidence rates of high-grade VIN with and without concurrent VSCC in 
relation to age are shown in Figure 1. The incidence rate of high-grade VIN without 
concurrent VSCC showed a peak of 5.1 per 100,000 woman-years between the age of 
35 and 40 (Figure 1A, continuous line). The incidence of patients with high-grade VIN 
including patients with concurrent VSCC, showed a peak incidence of 7.6 between 
the age of 85 and 89 (Figure 1A, interrupted line). 

Stratification for HSIL and dVIN (Figure 1B) revealed that incidence rates of HSIL were 
very similar to those of high-grade VIN, reflecting the large overlap between the two 

Age,

n % median         (range) p

High-grade VIN 1.148 100 49.8 (16.1-95.4)

HSIL 1.116 97.2 49.2 (16.1-95.4)

dVIN 32 2.8 70.3 (40.3-85.3) <0.001

Lichen sclerosus

no 1.036 90.2 48.3 (17.4-95.4)

yes 112 9.8 68.5 (16.1-91.5) <0.001

Concurrent VSCC

no 894 77.9 45.7 (16.3-92.3)

yes 254 22.1 68.7 (30.0-95.4) <0.001

Period

1991-1995 188 16.4 44.9 (16.1-92.5)

1996-2000 247 21.5 45.2 (17.8-91.5)

2001-2005 296 25.8 49.7 (19.6-93.9)

2006-2011 417 36.3 53.2 (20.3-95.4) <0.001

Abbreviations: VIN = high-grade vulvar intraepithelial neoplasia, HSIL = high grade squamous 
intraepithelial lesion, dVIN = differentiated VIN, VSCC = vulvar squamous cell carcinoma.
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groups. In contrast, the incidence rates of dVIN had a different pattern, with a disease 
onset after the age of 50 years and with most women diagnosed with concurrent 
VSCC (Figure 2B). 

The ESRs and crude incidence rates of high-grade VIN with and without concurrent 
VSCC are displayed in Table 2A and 2B, respectively. Overall, the ESR of high-grade 
VIN without concurrent VSCC was 2.99 per 100,000 woman-years; 2.95 for HSIL and 
0.05 for dVIN (Table 2B). The ESR increased from 2.41 in period 1991-1995 to 3.33 
in period 2006-2011 (+38.2%); from 2.39 to 3.26 (+36.4%) for HSIL and from 0.02 to 
0.08 (+300.0%) for dVIN. The ESR of high-grade VIN including concurrent VSCC was 
3.97 per 100,000 woman-years; 3.85 for HSIL and 0.13 for dVIN (Table 2A). The ESR 
increased from 2.87 in period 1991-1995 to 4.75 in period 2006-2011 (+65.5%); from 
2.87 to 4.46 (+55.4%) for HSIL and from 0.02 to 0.28 (+1,300.0%) for dVIN.

Figure 1. A, All high-grade VIN. B, high-grade VIN stratified for HSIL (blue line) and dVIN (red line). 
Interrupted lines represent VIN, both with and without concurrent VSCC. Continuous lines include VIN 
without concurrent VSCC. dVIN, differentiated VIN; HSIL, high-grade squamous intraepithelial lesion; 
VIN, vulvar intraepithelial neoplasia; VSCC, vulvar squamous cell carcinoma
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Supplementary File 1 
Details of tissue processing, immunohistochemistry of p16INK4a, p53 and ki-67, 
DNA isolation and HPV DNA testing.

Tissue processing
FFPE tissue block sectioning was performed according to the sandwhich method. 
The first and last sections were used for hematoxylin and eosin (H&E) staining to 
ensure the presence of lesional tissue, and in-between sections were collected in 
sterile PCR tubes for DNA isolation.

Immunohistochemistry
The Optiview detection kit with the automated 100 BenchMark ULTRA IHC/ISH 
system (Roche) was used to perform immunostaining of p16INK4a, p53 and ki-67. For 
immunostaining of respectively p16INK4a, ki-67 and p53 were mouse monoclonal 
antibodies against the p16INK4a antigen (clone E6H4; Roche, Basel, Switzerland), the 
ki-67 antigen (clone MIB-1; Dako, Glostrup, Denmark) and the p53 antigen (clone 
DO-7; Roche, Basel, Switzerland) used. 

P16INK4a was scored based on diffuse or ‘block’ staining of the cell cytoplasm and/or 
nucleus in the epithelium. P53 was scored based on the localization and intensity 
of the immunoreactivity within the nuclei or cytoplasm of the epithelium. Ki-67 was 
scored based on the localization and extent of the immunoreactivity within the 
nuclei of the epithelium. Further categorization of p16INK4a, p53 and ki-67 staining is 
described in the Materials and Methods section. 

DNA isolation
DNA was isolated using the QIAamp DNA FFPE tissue kit (Qiagen, Hilden, Germany) 
according to the manufacturer’s instructions and was eluted with the easyMAG 
3 elution buffer (bioMérieux, Boxtel, the Netherlands). DNA concentration was 
measured using Qubit (Thermo Fisher Scientific Inc, Qiagen). 

Human papillomavirus (HPV) genotyping
High-risk (hr-)HPV DNA testing was performed using the QIAscreen HPV PCR test 
(QIAgen, Hilden, Germany), according to manufacturer’s instructions. The assay is 
directed against the HPV E7 region and detects hr-HPV type 16 and 18, as well as 
13 ‘other’ hr-HPV genotypes (i.e. 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68) as a 
pool.1 Samples with HPV type ‘other’ were further subtyped with a L1-region-based 
GP5+6+ PCR, followed by a microsphere bead‐based assay (Luminex xMAP; Luminex 
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