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Chapter 1

General introduction

Although vulvar cancer is a rare gynaecologic malignancy with 2 new cases per
100,000 women each year, its impact on the often older aged patients can be
devastating (1-7). When detected at an early stage, vulvar cancer can be freated
curatively by surgical excision (8). Some patients however, suffer from rapid recur-
rences and progression (9). Vulvar cancer that has spread to the urethra, anus
or lymph nodes requires larger or wider surgery, or a combination of surgery and
radio- and chemotherapy, which in furn results in higher morbidity rates. This some-
fimes mutilating treatment has a major impact on the quality of life, because pa-
tients suffer from wound healing problems, lymph oedema and nerve damage that
can result in sexual dysfunction and inconfinence (10-12).

Currently, the aetiology of vulvar cancer has been far from unravelled. The
maijority of vulvar cancers are squamous cell carcinomas. It is well accepted that
approximately 40% of all new cases of vulvar squamous cell carcinomas (VSCCs)
are associated with a persistent infection by a high risk variant of the human pap-
illoma virus (HPV) and that the other 60% are HPV negative and associated with
mutations in the TP53 gene (3;13;14). The HPV positive vulvar cancers are preceded
by usual vulvar infraepithelial neoplasia (UVIN), a condition that has a malignant
potential of 9-16% in untreated women (1;15) (figure met HE coupe). This type of
vulvar cancer affects younger women and is associated with smoking and a higher
number of sexual partners (1;3;16).

Differentiated vulvar intraepithelial neoplasia (dVIN) is the precursor lesion of
the non HPV related vulvar squamous cell carcinoma (figure 1). This type of VIN is
very hard to recognise and is mainly seen adjacent to vulvar cancer. Whether this
means that it is a precursor lesion that rapidly progresses to cancer before it can be
detected as a solitary lesion is still being debated (17;18).

Markers that can predict patient outcome other than lymph node metastases
have not been established yet (19;20). This thesis contains work to further understand
and predict why vulvar cancer can behave as aggressively as it sometimes does.

Treatment of vulvar cancer

The International Federation of Gynaecology and Obstetrics (FIGO) staging system
uses clinical and histological parameters to subdivide patients into risk categories
(table 1 FIGO staging) (21). Early stage vulvar cancer has a fairly good prognosis,
but the prognosis rapidly declines with increasing stage (table 2 FIGO stage and
survival) (22).

Surgical excision is the primary treatment for low stage vulvar cancer (12).
Depending on the size and spread of the tumour, other treatment modalities come
to play. In the Netherlands, patients with unifocal VSCC with a diameter <4 cm
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Table1 FIGO staging in vulvar cancer:

Stage |TNM Classification | Description
0 Tis NO MO Carcinoma in situ, infraepithelial carcinoma
| T1 NO MO Confined to the vulva or perineum; no nodal metastasis
A|T1a NO MO Lesions =< 2 cm with stromal invasion, =<1 mm
B|T1b NO MO Lesions > 2 cm in size or stromal invasion, > 1 mm
I T2 NO MO Adjacent spread to the lower urethra, the vagina, or the anus, no nodal
metastasis
m T1,2Nla,b Tumpur confined to vulva or'gdjqcen.’r spread to the lower urethra, the
N2a,b,c MO vagina, or the anus and positive inguinofemoral lymph nodes
A|T1,2N1a,b MO One lymph node metastasis >= 5mm or 1-2 lymph node metastases < 5 mm
B|T1,2 N2a,b MO Three or more lymph nodes < 5mm or 2 or more lymph nodes >= 5mm
C|T1,2N2c MO Lymph nodes with exfracapsular spread
T1,2 N3 MO Tumour with fixed or ulcerated lymph nodes
W2 T3 anyN MO Tumour with spread into upper urethra/vagina, bladder, rectal mucosa,
bone or fixed to pelvic bone
VB Any T Any N M1 Any distant metastasis, including pelvic lymph nodes
(FIGO 2009 and UICC 7th ed.)

Table 2 Five year survival according to FIGO Annual Report 2006, using the 1995 FIGO staging system:

Stage I: 79%
Stage II: 59%
Stage lll: 43%
Stage IV: 13%

without suspicious groin nodes are generally treated with radical local excision and
a sentinel node procedure (23). Tumours with a diameter exceeding 4 cm or mul-
tifocal tumours are generally treated with radical local excision and unilateral or
bilateral inguinofemoral lymphadenectomy. In patients with tumours in FIGO stage
Il or higher but with confraindications for extensive surgery, such as high age and
comorbidity, radical local excision is performed without inguinofemoral lymphad-
enectomy, followed by (chemo)radiation.

All of these freatments can be mutilating and have high morbidity rates
(10;11). Wound healing problems, lymph oedema, and sexual dysfunction regularly
occur. These negative effects of freatment can have a major impact on the pa-
tient’s quality of life (10).

Aetiology of vulvar squamous cell carcinoma: two different pathways

Cancer is the uncontrolled growth of abnormal cells, which can occur when the
DNA in our cells is damaged and fails to be repaired. It can arise in virtually any
cell type within the body. Skin cancer is one of the most prevalent types of cancer
worldwide and is most often caused by DNA damage through ultraviolet irradiation
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from sunlight. Well known skin cancer types are, amongst others, melanomas, basal
cell carcinomas and squamous cell carcinomas.

The skin of the outer parts of the female genital fract, the vulva, can also be
affected by cancer, but usually through a completely different etiologic pathway
than in skin cancer on other locations of the body. As said before, most vulvar can-
cers are squamous cell carcinomas, a type of cancer arising from the squamous
epithelium of the vulvar skin.

The pathogenesis of vulvar cancer can be divided info two different path-
ways: an HPV dependent, and an HPV independent route. Approximately 40% of
all vulvar cancers are caused by a persistent infection with high risk HPV (3;13;14).
HPV’'s are common and contagious viruses that can cause abnormal cell growth
which can result in warts, and in some cases, cancer. More than 100 types of HPV
have been described, of which 15 are ‘highrisk’ types that can cause malignancies.
These high risk HPV's are the main cause of cervical cancer and ifs precursor le-
sion cervical intra-epithelial neoplasia (CIN) (24). They can also cause the much less
prevalent vulvar cancer and usual vulvar intfraepithelial neoplasia (UVIN) (1;2;15;25).
CIN usually goes unnoticed by its host, but VIN itself can be an unpleasant condition,
resulting in itching and pain. Of VIN patients not receiving treatment, 9-16% will pro-
gress towards vulvar cancer (1;15). uVIN patients that do receive tfreatment have a
risk of developing cancer from their VIN lesion of approximately 3% (figure 1q).

Figure 1 Usual VIN and differentiated VIN

< Ky SRS o S A A
LS ] A

HE slides of a usual VIN (A) and differentiated VIN (B). Note the uniform cells with hyperchromatic
nuclei and little maturation in uVIN and the mature cells with eosinophilic cytoplasm in dVIN.
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It is estimated that over 80% of women will have an HPV infection at least
once in her life, whereas only a very small number of these women will suffer from
cancer caused by HPV infection. In most cases, the HPV infection is transient, and
the body is able to clear the virus by itself within 1 to 2 years (24). Some women,
however, are unable to rid the virus, which finds a way to integrate itself in the hu-
man DNA and causes cell growth and, in some cases, eventually cancer. Smoking
and a compromised immune system (for example by HIV/AIDS) are factors that
have been proven fo result in a higher risk of persistent HPV infection and therefore
a higher risk of HPV associated cancer (24). Other than that, little is known about
why some women are unable fo clear the HPV infection.

The other 60% of vulvar cancers are not associated with HPV infections, but
with lichen sclerosis, a chronic, autoimmune inflammatory disease of the skin. Li-
chen sclerosis progresses towards cancer in 3-5% of patients (1;15). This pathway
has a worse prognosis than the HPV positive pathway, and affects older patients
than the HPV positive pathway, with an average age at diagnosis of 70 versus 40
years (1-3;15;25). Approximately 3-5% of women with lichen sclerosis will develop
vulvar squamous cell carcinoma. Differentiated VIN (dVIN) is thought to be the
precursor lesion of HPV negative vulvar cancers, but it is hardly ever diagnosed
before invasive cancer has developed. This is probably due to its subtle clinical
and histological appearance, which makes it hard fo recognise by clinicians and
pathologists, but it could also mean that dVINs progress very rapidly intfo vulvar
cancer (3;15) (figure 1b).

Somatic mutations in the HPV negative pathway

The HPV negative pathway is associated with lichen sclerosis, but also with somatic
mutations. The most frequently mutated and well-studied gene in vulvar cancer,
and in fact in any type of cancer, is the TP53 (tumour protein 53) gene. This gene
is the guardian of the cell cycle: it stops cells from dividing when aberrations in the
DNA are detected. TP53 malfunctioning because of a somatic mutation leads to
an uncontrolled cell cycle and chromosomal instability, which can lead to the for-
mation of fumours (26). Studies on somatic mutations in vulvar cancer other than in
TP53 are limited in number and size. Holway and Growden have found that quite a
large percentage of the vulvar cancers and carcinomas in situ they studied carry
mutations in PTEN (Phosphatase and tensin homolog), but the study sizes are rather
small (27;28). O'Nions, Soufir and Gasco have reported mutations in CDKN2A (cyc-
lin-dependent kinase inhibitor 2A) (29-31). Both PTEN and CDKN2A are also fumour
suppressor genes that are involved in signalling pathways that control the cell cycle
and stop cells from dividing or even cause cells to undergo apopftosis (32;33). Stud-
ies of melanoma, lung, colorectal, and breast carcinomas have shown that the
somatic mutation status can be used to predict prognosis and guide tumour-spe-
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cific freatment strategies (34-37). Clinical trials have shown promising outcomes of
targeted therapies, such as in targeting the PI3K/AKT/mTOR pathway in colorectal
cancer (35).

Epigenetic alterations

In addition fo genetic mutations, in which the DNA sequence is changed, VSCC
might also develop under influence of epigenetfic changes. Epigenetic chang-
es, such as hypermethylation, are heritable changes in gene expression without
changes in the DNA sequence. Hypermethylation functions as a switch that can
turn genes on or off, thus inactivating tumour suppressor genes (38-43). Hypermeth-
ylation of the promoters of RASSF2A, MGMT, and TSP 1 has been described in vulvar
cancer (40).

Predictive morphological factors in vulvar cancer

As mentioned in the first part of the general introduction, clinical and histological
parameters that constitute the FIGO staging system have been studied carefully
and have proven their prognostic and clinical value in large cohorts of patients.
Identifying more risk factors for poor survival is important to further reduce the mor-
tality and morbidity of vulvar cancer patients, but few studies have found new
factors of clinical importance (19). To date, lymph node involvement is the only
accurate prognostic factor for survival and recurrence (20).

Recent publications have focussed on the potential prognostic value of mor-
phological characteristics in vulvar squamous cell carcinoma (44). Vulvar squamous
cell carcinomas with a spray patterned or spindle cell morphology are thought to
represent a subgroup of vulvar cancers with a worse prognosis than ‘convention-
al’, solid vulvar cancers. Spindle cells are thin, slender, elongated cancer cells that
infiltrate stromal tissue and that occur either as single cells or as cords of cells rather
than as groups or islands. Spindle cell carcinoma is seen in many different types
of cancer and is associated with a worse prognosis in cancers of the oral cavity,
oesophagus and lung (45-49). Spindle-shaped epithelial cancer cells have lost their
typical epithelial characteristics and seem to gain the ability fo infiltirate the under-
lying sfromal and lymphvascular fissue and bud from the primary tumour (50).

Epithelial to Mesenchymal Transition

Research by the Brazilian group of Rocha/AC Camargo Cancer Cenfer (44) has
pointed out that this invasive growth pattern in vulvar cancer might be caused
by a process called Epithelial fo Mesenchymal Transition (EMT). EMT is a process
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that naturally occurs during embryonic development, but can also be seen during
cancer progression (51). Cells undergoing EMT lose their epithelial characteristics,
such as their cobble stone shape, cell-cell-adhesion and basal cell polarity, and
gain mesenchymal fraits that provide them with the capacity fo migrate as sin-
gle cells through the extracellular matrix (51). This way, EMT supports the process
of solid fumours converting to invasive separate cells. Several signalling pathways
control EMT, amongst others Wnt and NOTCH signalling. One of the major inducers
of EMT is Transforming Growth Factor-p (TGF-B). In healthy cells, TGF- has a tumour
suppressor role, but in malignant cells, its role changes and TGF-B will induce cell
motility and angiogenesis (52;53). Another cell motility promoter that is thought fo
be involved in EMT is L1-cell adhesion molecule (L1CAM), which is an emerging
prognostic factor for metastasis in many cancer subtypes. LICAM is a membrane
glycoprofein involved in neural development where it has two roles: a cell adhe-
sion function, and a cell mofility promoting function. It is expressed by normal nerve
tissue, but it is sometimes detected on tumour cell surface (54). The role and rele-
vance of LICAM has been studied in gynaecological cancers such as endometrial
and ovarian cancer, but not yet in vulvar cancer.

Thesis outline

the etiology of HPV positive vulvar cancer is quite well understood, but the HPV in-
dependent axis remains to be unravelled. This thesis aims to gain knowledge on the
origin of this type of vulvar cancer through the study of two mechanisms: genetic
and morphological alterafions in vulvar cancer.

In order to study somatic mutations in vulvar cancer, suitable techniques and
methods had to be selected, that match the small numbers of patients, the relo-
tively low quality and quantity of available DNA and the lack of prior knowledge
we have from the available literature on somatic mutations in vulvar cancer other
than TP53. Chapter 2 describes the design of a somatic mutations profiling panel
using mass spectrometry that is created especially for gynaecological cancers,
focussing on the mutations that are most relevant in cervical, endometrial, ovarian
and vulvar cancer. Chapter 3 contains the results from applying this panel fo a
cohort of 108 vulvar cancer patients that were treated for primary VSCC in the Lei-
den University Medical Center between 2000 and 2009. In a review of the literature
(chapter 4), these data are compared to the current knowledge on genetic and
epigenetic changes in vulvar cancer and its precursors.

The majority of vulvar cancers are squamous cell carcinomas, but within this
cancer type, morphological sub classifications can be made that can help us un-
derstand and predict the progression of vulvar cancers. Chapter 5 describes a vul-
var squamous cell carcinoma type called squamous cell carcinoma with spindle

13
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cell morphology. This type of cancer progression is in some cases thought to develop
through the process of EMT, which is reflected by the expression of EMT inducing mol-
ecule L1ICAM. Chapter é reports the prevalence and prognostic value of LICAM ex-
pression in separate groups of vulvar cancer patients from the Leiden and the Gro-
ningen University Medical Centers. In Chapter 7, the relation between mutational
and morphological data is studied by festing solid and spindle cell carcinomas and
their recurrences and metastases for somatic mutations. Chapter 8 gives an over-
view of the findings of this thesis and sheds some light on possible future research.
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Abstract

Somatic mutations play a major role in fumour initiation and progression. The mu-
tation status of a tumour may predict prognosis and guide targeted therapies.
The maijority of techniques to study oncogenic mutations require high quality and
quantity DNA or are analytically challenging. Mass-spectrometry based mutation
analysis however is a relatively simple and high-throughput method suitable for
formalin-fixed, paraffin-embedded (FFPE) tumour material. Targeted gene panels
using this technique have been developed for several types of cancer. These cur-
rent cancer hotspot panels are not focussed on the genes that are most relevantin
gynaecological cancers. In this study, we report the design and validation of a no-
vel, mass-spectrometry based panel specifically for gynaecological malignancies
and present the frequencies of detected mutations. Using frequency data from the
online Catalogue of Somatic Mutations in Cancer, we selected 171 somatic hot-
spot mutations in the 13 most important genes for gynaecological cancers, being
BRAF, CDKN2A, CTNNBI, FBXW7, FGFR2, FGFR3, FOXL2, HRAS, KRAS, NRAS, PIK3CA,
PPP2R1A and PTEN.

A total of 546 tumours (205 cervical, 227 endometrial, 89 ovarian, and 25 vul-
var carcinomas) were used to fest and validate our panel, and to study the preva-
lence and spectrum of somatic mutations in these types of cancer. The results were
validated by testing duplicate samples and by allele-specific gPCR. The panel pre-
sented here using mass-spectrometry shows to be reproducible and high-through-
put, and is usefull in FFPE material of low quality and quantity.

It provides new possibilities for studying large numbers of gynaecological fu-
mour samples in daily practice, and could be useful in guided therapy selection.
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Introduction

Cancer genomes carry somatic mutations, and the mutation spectrum varies by
tumour type and subtype (1;2). Evaluating a broad range of key cancer gene mu-
tations across diverse cancers has the potential for identifying clinically relevant
mutations. Studies of melanoma, lung, colorectal, and breast carcinomas have
shown that the somatic mutation status can be used to predict prognosis and guide
tumour-specific freatment strategies (3-6). Gynaecological malignancies represent
15-20% of all new cancer cases in women worldwide, and numbers continue to
increase (7), but the carcinogenesis of gynaecological malignancies is diverse and
the role of somatic mutations is not yet fully elucidated (1).

Over the lost decade, somatic mutations and their role in targeted therapy
have been studied in gynaecological malignancies, but not yet to the same extent
as in other types of cancer such as breast and colon cancer. Mutation profiling of
gynaecological malignancies may identify novel drug targets and help predict pa-
tient prognosis and tumour response to freatment. Research has revealed overlap-
ping genetic changes as well similar affected signalling pathways in the different
types of gynaecological tumours (8-14).

When studying large numbers of patient material, we face two types of prob-
lems: technical applicability and ftumour specificity. Nowadays, only a limited number
of genes is screened in clinical practice. It is expected that this number will increase
considerably in the near future. Therefore, a fast and frustworthy method to detect
mutations is required. This technique must be suitable for DNA extracted from formalin
fixed paraffin embedded (FFPE) tissue, which is often of low quality, or from small tis-
sue biopsies, which is of low quantity. Matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry (MALDI-TOF) has proved to meet all these criteria (15-17).

As for tumour specificity, currently, several oncogene panels based on differ-
ent techniques are (commercially) available. These panels have been successfully
used in studying large amounts of tumour samples, in order to draw the landscapes
of somatic mutations that characterise tumour types (18-22). A selection of genes
and mutations relevant to fumour subtypes has successfully led to the design of tu-
mour specific panels (15;16;23). As yet, there are no panels available that are spe-
cifically designed to target gynaecological fumours. Therefore, we aimed fo devel-
op a high-throughput mutation panel specified for gynaecological malignancies.

A meta-analysis of the COSMIC (Catalogue of Somatic Mutations in Cancer)
online database (24), was performed to design a MALDI-TOF-based, high-through-
put mutation panel that covers somatic mutations in 13 genes that are most fre-
quently reported to be involved in gynaecological malignancies. We tested and
validated this panel in a set of 546 cervical, endometrial, ovarian and vulvar carci-
noma samples. Here, we present the design of a gynaecological cancer specific
panel and the frequencies of somatic mutations identified using it.
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Materials and methods

All human tissue samples in this study were used according fo the medical ethical
guidelines described in the Code for Proper Secondary Use of Human Tissue esta-
blished by the Dutch Federation of Medical Sciences (www.federa.org, an English
franslation of the Code can be found here:

http://www.federa.org/sites/default/files/digital_version_first_part_code_of_
conduct_in_uk_2011_12092012.pdf ).

Patients receive information on the secondary use of tissue that is sampled for
diagnostic use. They can actively object to secondary use. Accordingly to these
guidelines, all human material used in this study has been anonymized. Because
of this anonymization procedure, retrospective research does not require ethical
approval from the Institutional Review Board and individual patients’ permission is
not needed.

Panel design

First, PubMed and COSMIC (24) searches were performed to select genes and
mutations for inclusion in the gynaecologic-specific mutation panel. Selection was
based on whether a mutation was repeatedly found to be mutated in gynaeco-
logical malignancies. Second, in order to cover a high percentage of the reported
variants per gene, the most frequent mutations were selected to obtain a fair gy-
naecological-tissue-specific coverage, as only hotspot mutations were appropri-
ate for analysis with the MALDI-TOF technique. We aimed to select genes in which
for af least one of the studied gynaecological cancer types (e.g. vulvar, cervical,
endometrial or ovarian cancer), at least 30% of all reported mutations occurred on
less than 10 different sites on the gene

Establishing a gynaecologic specific ‘hotspot’ gene panel - GynCarta 1.0

Consulting PubMed and COSMIC databases clearly showed an overlap in top ten
genes mutated in cervical, endometrial and ovarian cancer. Few somatic muto-
fion studies have been performed on vulvar cancer and therefore for this fumour
type we relied on frequencies found in similar tumour types (e.g. squamous cell car-
cinoma of the skin on other sites, and squamous cell carcinoma of head and neck).
The most frequently mutated genes that met our inclusion criteria were selected for
the panel. The first panel we designated ‘GynCarta 1.0’ (Sequenom®, Hamburg,
Germany) consisted of 89 assays (12 multiplexes) to detect 154 mutations in 12 ge-
nes that met our inclusion criteria: BRAF, CDKN2A, CTNNBI, FBXW7, FGFR2, FGFR3,
FOXL2, HRAS, KRAS, NRAS, PIK3CA, and PTEN.
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Assay design

MySequenom.com online assay design tools were used fo design the somatic mu-
tation detection assays. A maximum multiplex level of 12 assays per well was ap-
plied. If possible, the mutant allele extension peaks were designed as first detected
allele peaks and the wild-type extension peaks as the last detected allele peaks to
reduce the danger of false positives from salt adducts. All assays were validated on
wild-type DNA, negative confrols and selected known positive mutation samples.

Mutation detection

Mutation detection was performed at the Leiden University Medical Center follow-
ing the manufacturer’'s protocol (Sequenom®, Hamburg, Germany) as described
previously [29]. Briefly, wild-type (WT) and mutant DNA was amplified by mulfiplex
PCR. Shrimp alkaline phosphatase freatment inactivated surplus nucleotides. A
primer extension reaction (iPLEX® Pro) was performed with mass-modified termi-
nator nucleotides, and the product was spotted on a SpectroCHIP (Sequenom?®,
Hamburg, Germany). Mutant and WT alleles were then discriminated using MAL-
DI-TOF mass specfrometry.

Data analysis

Data were analysed with MassARRAY® Typer Analyser software (TYPER 4.0.22, Se-
quenom?®, Hamburg, Germany). Mutations were detected by a minimum 5% thresh-
old of the mutant allele peak. Three investigators blinded to tumour identification
manually reviewed the output, and a consensus determination was reached. Sta-
tistical analyses were performed with IBM SPSS statistics Data Editor version 20.0.
The independent Students f-test was used to compare baseline variables, and Fish-
er's exact test was used to analyse categorical and normally distributed numerical
data. P-values <0.05, corresponding to 95% confidence intervals, were considered
statistically significant. All tests were two-tailed.

Samples

First, a fraining set of 51 FFPE samples (26 cervical, 17 endometrial, 6 ovarian and 2
vulvar cancer samples) was used to test the efficacy of the designed panel. After
minor technical adjustments and improvements of the panel, the number of pa-
tients for each tissue type was extended.

In fotal, DNA from 548 fumour samples from cervical (N=209), endometrial
(N=227), ovarian (N=89), and vulvar (N=25) carcinoma patients was isolated. Two
cervical cancer samples failed for all mass spectrometry assays and were excluded
from further analyses. The following baseline parameters were collected: age, FIGO

25



Chapter 2

(Infernational Federation of Gynaecology and Obstetrics) stage, histopathological
diagnosis, tumour grade if applicable, and human papillomavirus (HPV) positivity
and type in cases of cervical and vulvar ftumours (Table 1).

Table 1 Baseline characteristics

Cervical Endometrial |Ovarian Vulvar
carcinomas |carcinomas |carcinomas | carcinomas
N=205 N=227 N=89 N=25
Age, median (IQR) 43 (35-55) |69 (65-75) |62 (52-69) |74 (52-80)
FIGO stage, N (%) |l 159 (78) 210 (92) 16 (18) 6 (24)
Il 44 (21) 11 (5) 13 (15) 8 (32)
Il 4(2) 39 (44) 7 (28)
\% 9 (10) 3(12)
Unstaged 2 (1) 2(1) 12 (14) 1(4)
Histology, N (%) Squamous cell carcinoma 166 (81) 25 (100)
Adenocarcinoma 24 (12)
Adenosquamous carcinoma 15 (7)
Endometrioid adenocarcinoma 206 (90) 42 (47)
Serous adenocarcinoma 17 (7) 26 (29)
Mucinous adenocarcinoma 2 (1) 13 (19)
Clear cell adenocarcinoma 2(1) 6(7)
Mixed-type carcinoma 2(2)
Grade, N (%) 1-2 N.A. 179 (79) 52 (58) N.A.
8 49 (21) 30 (34)
HPV, N (%) Positive 186 (91) N.A. N.A. 6 (24)
HPV16 117 (63) 5(83)
HPV18 42 (23) 1(17)

The baseline characteristics for all 546 gynaecological malignancies included in this study. IQR,
infer-quartile range; FIGO, International Federation of Gynaecology and Obstetrics; HPV, human
papillomavirus; N.A., not applicable.

DNA isolation

DNA was isolated from FFPE fissue blocks for 505 samples and from fresh frozen (FF)
fissue for 43 ovarian carcinomas. Three to five 0.6-mm diameter tissue cores of vari-
able length were taken from the FFPE blocks from a selected area comprising ~70%
fumour cells. In 34 samples, tumour cells were diffusely distributed, and therefore
micro-dissection was performed on 10 haematoxylin-stained 10-um sections to ob-
tain a high percentage of tumour cells. DNA isolation was performed as described
before (25) followed by DNA purification (NucleoSpin® Tissue kit, Machery-Nagel,
Germany) or was performed fully-automated using the Tissue Preparation System
(Siemens Healthcare Diagnostics, NY, USA) [28].
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DNA quality

DNA of all samples was isolated and tested for quality; 493 (90%) samples scored
=1 for DNA quality using PCR, and this was considered sufficient. Two samples, both
cervical carcinomas with a DNA quality score of 0, failed in all assays, giving a suc-
cess rate of 99.99%. Both samples were excluded from further analysis. In general,
samples with low quality DNA were more likely to fail in some assays, but 27 out of 48
samples (56%) with DNA quality scores of 0 were analysed successfully in all assays,
and 40 out of 48 (83%) low quality samples were analysed successfully in more than
90% of the assays. The percentage of successfully analysed samples did not differ
significantly between FFPE and fresh frozen samples. This confirms that the MALDI-
TOF mutation detection method is highly suitable for the analysis of lower quality,
FFPE-exfracted DNA.

Validation

In total, 546 tumour samples were included in this study. To assess assay reproduc-
ibility, 57 (10%) samples were tested in duplicate and another 26 (5%) in triplicate.
Of the initially detected mutations in these samples, 95% (40/42) was confirmed in
duplicate and 97% (30/31) was confirmed in friplicate. Non-template (N=4) and WT
leukocyte DNA (N=2) controls were included in each multiplex to obtfain negative
and wild-type MALDI-TOF spectra. Furthermore, for a random30% (163 samples),
KRAS and PIK3CA mutations were validated using allele-specific gPCR as described
previously (26) on 7 mutation variants of KRAS (p.G12C, p.G12R, p.G12S, p.G12V,
p.G12A, p.G12D, p.G13D) and 3 mutation variants of PIK3CA (p.E542K, p.E545K,
p.H1047R), and a concordance rate of 99.4% was attained. (figure 1) The Gyn-

Figure 1 Concordance between MALDI-TOF mutation genotyping and allele-specific gPCR

results
- 8 ¥ % £ Y & « 0o o x o > a
PIK3CA 5 2z E E é’ B KRAS § £ @& & & & & & @ g Concordance 99.4%
e 2 i i x 3 e 2 & o & & o & o 7
& 2= 4 o o s = s o o6 o & 48 o w
GynCarta: 164 GynCarta: 164 All 1640
Wildtype 128 [l Wildtype 140 [ 2 | 40
p.E542K 6 [ 1 PN 1 WT-WT match 1546
p.E545K 14 p.G12C 1 N  MUT-MUT match 45
p.H1047R 5l rc120 8 [Mismateh | 9
Failed p.G12R 1
p.G12S 1
p.G12V 6
p.G13D 2
Failed | 1]

The concordance between MALDI-TOF mutation genotyping (GynCarta, Sequenom®, Hamburg)
and allele-specific gPCR for 3 PIK3CA and 7 KRAS mutations was determined for 164 (30% of the
fotal cohort of 546 carcinomas) samples to validate the results. Concordance was calculated for
all wild type-wild type matches (1546 in total) and all mutation-mutation matches (45 in tfotal) in
all reactions (164*10, 1640 in total). Failed reactions were excluded because comparison was not
possible (4*3 for PIK3CA and 4*7 for KRAS; 40 in total). This lead to a concordance of (1546+45)/
(1640-40) =0.994.
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Carta panel detected more mutations than allele specific gPCR did. This could be
explained by the fact that mass spectrometry is able to detect mutant alleles with
a lower frequency (down to 5%) than allele-specific PCR is (down to 20%). The fact
that we did not find any mutations in the wild type control DNA, orin any of the H20
negative controls strengthens our belief that these additional mutations are true
mutations rather than false positives.

Improving the panel and creating GynCarta 2.0

With the first mutational data from GynCarta 1.0 and literature reports of new on-
cogenic mutations, we were able to improve the GynCarta 1.0 panel by remov-
ing assays of mutations that were not detected (CDKN2A D108Y, D108XA, Y108XC;
FGFR3 Y373C, A391E, K650Q, K650E, K650T, K650M, S371C; KRAS G13S and NRAS
G13V, G13A, G13D, G13C, G13R, G13S) and by adding 10 new hotspot mutations
of the already included genes. This way, the coverage of FGFR2 and PIK3CA was
increased from 59% to 71% and from 72% to 76%, respectively. Furthermore, assays
that had shown to be difficult to interpret because of small artefact peaks were
improved. During the festing and validation period, PPP2R1A, a new gene of inter-
est, had emerged from the literature (27-29). Nine mutations of this gene were also
added to the panel, thus creating ‘GynCarta version 2.0'. A complete overview
of the mutations included in the GynCarta 2.0 mutation panel is given in table 2,
with the added assays listed in bold. The assays for GynCarta 2.0 were organised in
such a way, that a total of 13 multiplexes could be used to analyse the full panel,
concentrating the new assays on 4 multiplexes. These 4 mulfiplexes were used to
analyse the 497 samples of the confirmation set.

Results

Mutations identified using GynCarta 1.0 and 2.0

Mutation genotyping using GynCarta 1.0 revealed 395 mutations in 273 (50%) sam-
ples. The most mutations were detected in endometrial carcinomas (177 samples
(64%)), followed by ovarian carcinomas (33 samples (37%)), cervical carcinomas
(67 samples (33%)), and vulvar carcinomas (5 samples (20%)). PIK3CA was mutated
most frequently (122 samples), followed by PTEN (97 samples) and KRAS (64 sam-
ples). No mutations were found in BRAF and FOXL2.

Mutation genotyping using GynCarta 2.0 detected an additional 36 muto-
fions: 4 on FGFR2 and 5 on PIK3CA. PPP2R1A mutations were defected in 27 sam-
ples (7 cervical, 18 endometrial, 2 ovarian and 0 vulvar samples).

Since panel version 1.0 and 2.0 had some overlapping assays, we were able
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Table 3 Mutation Frequencies as detected by GynCarta 2.0

Tissue CEY EC2 oCc: |vC* |Total Tissue CcC EC OC |VC Total
Gene N=205 [N=227 N=89 |N=25|N=546 Gene N=205 [N=227 N=89 |[N=25 N=546
PIK3CAS 50 (24) |67 (30) |10 (11) |1 (4) |128(23) CTNNB1® 7(3) [33(15)|3(3) |0 43 (8)
p.E545K 33 13 1 1 48/542  p.S37F 1 10 0 0 11/537
p.H1047R |2 13 5 0 20/542  p.S45F 1 5 0 0 6/543
p.E542K 15 3 1 0 19/542 p.G34R 2 1 0 0 3/537
p.R88Q 1 16 1 0 18/542  p.T41A 1 3 0 0 4/546
p.M1043I(T) |0 5 1 0 6/535 p.D32V 0 2 0 0 2/543
p.Q546R 0 3 1 0 4/468 p.D32Y 0 2 0 0 2/543
p.Y1021C |0 4 0 0 4/538 p.S33F 0 2 0 0 2/542
p.T1025A 0 4 0 0 4/530 p.D32N 1 1 0 0 2/543
p.H1047Y |0 3 0 0 3/541 p.S37C 0 1 1 0 2/537
p.E545A 0 2 0 0 2/542 p.T411 1 0 0 0 1/542
p.Q546K 0 2 0 0 2/537 p.S37P 0 1 0 0 1/544
p.Q546L 0 1 0 0 1/468 p.D32H 0 1 0 0 1/543
p.M1043I(A) |0 1 0 0 1/535 p.S33A 0 1 0 0 1/544
p.M1043V |0 1 0 0 1/490 p.S33C 0 1 0 0 1/542
p.H1047L 0 1 0 0 1/542 p.S33Y 0 1 0 0 1/542
PTEN® 5(2) [89(39)/3(3) |0 97 (18) p.G34v 0 1 0 0 1/542
p.R130G 1 35 1 0 37/542  p.S45P 0 1 0 0 1/542
p.R130fs*4 |0 19 2 0 21/545  p.G34E 0 0 1 0 1/542
p.L318fs*2 |0 10 0 0 10/542  p.S37Y 0 0 1 0 1/537
p.R233* 0 7 0 0 7/543 PPP2R1A® |7(3) [18(8) |2(2) |0 27 (5)
p.R130* 1 5 0 0 6/542 p.R258H 5 3 0 0 8/493
p.1323fs*2 |0 5 0 0 5/542 p.R183W 1 6 0 0 7/490
p.R173C 0 4 0 0 4/540 p.P179L 0 5 0 0 5/490
p.R173H 0 2 1 0 3/539 p.P179R 2 1 1 0 4/490
p.E7* 0 3 0 0 3/545 p.R183Q 0 2 0 0 2/463
p.K267fs*31 |1 2 0 0 3/542 p.S256F 0 1 1 0 2/463
p.R130L 0 1 0 0 1/544 FBXW7 3(1) [12(5) |[1(1) |0 16 (3)
p.R130P 0 1 0 0 1/544 p.R465H 2 6 1 0 9/536
p.R234W 1 1 0 0 2/495 p.R465C 1 3 0 0 4/540
p.K267fs*9 |0 2 0 0 2/536 p.R505C 0 3 0 0 3/542
p.Q214* 1 1 0 0 2/544 FGFR2 1(<1) [13(6) [1(1) [0 15 (3)
p.P248fs*5 |0 1 0 0 1/545 0.5252W 0 9 1 0 10/533
p.V290fs*1 |0 1 0 0 1/542 p.K659E 0 2 0 0 2/492
KRAS 9(4) [39(17) [16(18) 0 64 (12) p.N549K (A) |1 1 0 0 2/491
p.G12Vv 2 10 8 0 20/544  p.N54%K (G) |0 1 0 0 1/541
p.G12D 4 13 3 0 20/544  CDKN2A 5(2) |0 1(1) 3(12)(9(2)
p.G13D 0 8 0 0 8/544 p.R58* & 0 0 1 4/535
p.G12C 1 3 2 0 6/544 p.R80* 0 0 0 2 2/535
p.GI12A 0 4 1 0 5/544 p.W110* 1 0 1 0 2/541
p.Q61H(G) |0 1 1 0 2/542 p.P114L 1 0 0 0 1/540
p.G12S 1 0 0 0 1/544 NRAS 1(<1) 6(3) [1(1) [0 8(1)
p.G12R 0 0 1 0 1/544 p.G12S 0 2 0 0 2/542
p.G13S 1 0 0 0 1/465 p.Q4I1L 0 2 0 0 2/541
p.Q61K 0 1 1 0 2/541
pP.Q61R 1 0 0 0 1/541
p.G12D 0 1 0 0 1/538
HRAS 0 0 0 2(8) |2(<1)
p.G12D 0 0 0 2 2/538
FGFR3 1(<1) 0 0 0 1(<1)
0.5249C 1 0 0 0 1/523
BRAF 0 0 0 0 0
FOXL2 0 0 0 0 0
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Table 3 Continued

! Cervical, 2 endometrial, ° ovarian, and # vulvar carcinomas. ° 1 cervical and 5 endometrial samples
had 2 PIK3CA mutations, and 11 endometrial samples had 2 PTEN mutations in the same tumour. One
endometrial sample had 2 CTNNBI1 mutations and 1 cervical sample had 2 PPP2R1A mutations in the
same tumour. Frequencies presented as N(%), where N represents the number of samples showing the
mutation. Mutations that were included in the panel but were not detected are not shown.

to compare the results of both panels. We did not detect any discrepant mutation
calls, but we were able to analyse assays that were hard to interpret in GynCarta 1.0
because these assays had improved in GynCarta 2.0. We also obtained successful
output for 3 samples that had failed in GynCarta 1.0. The mutation frequencies for
each locus are summarized in table 3. The mutation spectrum is visualised in figure 2.

The detected mutation frequencies were compared with the predicted num-
bers of mutations based on the frequencies reported in the COSMIC database [23]
and corrected for the panel coverage (Table 4). PIK3CA mutations were detect-
ed twice as frequently as predicted in cervical cancer (N=23 predicted and N=51
detected) and in endometrial cancer (N=32 predicted and N=71 detected). PTEN
mutations were also detected more frequently in endometrial cancer than pre-
dicted (N=35 predicted and N=104 detected). However, no PTEN mutations were
detected in vulvar cancer although N=8 mutations were predicted [19].

Furthermore, no BRAF or FOXL2 mutations were detected in this cohort, de-
spite the high coverage of both genes by the panel. This could be explained by the
fact that FOXL2 is strongly associated with granulosa cell tumours of the ovary (30),
a subtype of ovarian cancer that was excluded from our study cohort.

GynCarta 2.0 can be used in differentiating tumour types

A visudl illustration summarising the mutation frequencies in the different tumour types
is depicted in figure 2. As shown in figure 2, gynaecological tumours show considerable
overlap in somatic mutations, though tissue specific profiles can also be appreciated.

Endometrial cancers have the highest mutation frequency, with 78% of the
samples carrying af least one mutation. As predicted, the most frequently mutated
genes in gynaecological cancers are genes of the pAKT/mTOR pathway, but within
this pathway, the mutational frequencies vary between fumour types. For ovarian
cancer, KRAS is the most frequently mutated gene (18%), whereas PIK3CA is mostly
affected in cervical cancer (24%) and PTEN in endometrial cancer (39%). Although
the numbers of vulvar carcinomas included are smalll, vulvar cancer seems to have
a different mutational spectrum as compared fo other gynaecological malignan-
cies with CDKN2A (12%) and HRAS (8%) most often affected.

An interesting difference can be observed when comparing PIK3CA distribution
between cervical cancers and the other tumour types. In endometrial (and ovarian
cancer), PIK3CA mutations are found most frequently on hotspots located on exon 9
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Figure 2 Mutation Spectrum

COHORT GENE N* % MUTATION SPECTRUM
25% 50% 75% 100%

Cervical cancer N=205 Any Mutation 73 36%
PIK3CA 50 24%
PTEN 5 2%
KRAS 9 4%
CTNNB1 7 3%
PPP2R1A 7 3%
FBXW? 3 1% ||
FGFR2 1 <1%
CDKN2A 5 2% I
NRAS 1 <1%
HRAS 0
FGFR3 1 <1%

Endometrial cancer N=227 Any Mutation 178 78%
PIK3CA 67 30%
PTEN 89 39%
KRAS 39 17%
CTNNB1 33 15%
PPP2R1A 18 8%
FBXW7 12 5%
FGFR2 13 6%
CDNK2A 0
NRAS 6 3% |
HRAS 0
FGFR3 0

Ovarian cancer N=89 Any Mutation 33 3%
PIK3CA 10 1%
PTEN 3 3%
KRAS 16 18%
CTNNB1 3 3w |
PPP2R1A 2 2%
FBXW7 1 1%
FGFR2 T |
CDKN2A 1 1%
NRAS 1 1%
HRAS 0
FGFR3 0

Vulvar cancer N=25 Any Mutation 5 20%
PIK3CA 1 4%
PTEN 0
KRAS 0
CTNNB1 0
PPP2R1A 0
FBXW7 0
FGFR2 0
CDKN2A 3 12%
NRAS 0
HRAS 2 8%
FGFR3 0

The specfrum and frequencies of mutations identified using MALDI-TOF in 546 gynaecological

carcinomas. The mutation specfrum is shown (from top to bottom) for cervical (N=205), endome-
frial (N=227), ovarian (N=89), and vulvar carcinomas (N=25). From left to right, N is the number of
samples with the mutation, ‘%’ is the percentage of mutated samples within the cohort, and bars
represent the percentages graphically: blue, 4 mutations per sample (N=6); red, 3 mutations per
sample (N=29); green, 2 mutations per sample (N=65); and yellow, 1 mutation per sample (N=189).

32



w *a|Iqp2oyddp Jou a1em DIOP DY)
< S9J02IPUI -, €107 AIDNIge4 Passad0D aspGRIOP | DIWSQD “SINOWN) BWOS Ul PO}O8}9P SOM UOIDINW | < [PaI0daI 81D SUOHDINW JO JSGQWINU 9§NjOSGD aY L,
[S]

s lZ|ELL| L¥| OF| Tc| 8/0¥/906| O O| 8| ¥S| €9 8/S| €| ¥| L| Oy ¥| /8¥L/€S| 9¥|¥0L| S€| O| 8€|0LlC/¥C8| T| S| €| 6é¢| §|90v/0C «NI1d
‘a0

\m G| 8¢| ¢¢| SZ| 9| elog/yLLly o] O | | - -l L] 2| ¢ v8| €| ¥SeL/9€e| 8| 8L| 0C| ¢L| Tl| S¥9/9L €| 8| 0| O ¥l| ¥L/Z| «V1¥Zddd
(0]

MV vT|eeL| ¥9| 94| Sl| 0STS/66L) v| L] - - - -| LU OL] 9| 98| 8]99¢€T/86L| LE| LL| S| OL| TT|0SSC/T9S| vT| LS| €T vé| TL|TEE/6E| «VIEMd
Qo

Bs L| 8| 600l L 89yL/9L| O O - - Oj€L/0] L| L| OfooL| > 08¢ €| 9 G|ooL| T 8rS/LL| L>| L| ¥ 00L| €| Lgl/T SVaN
>

5 Tl ¥9| LS| 66| CL| Tl¥L/¥é8| O] O -| - O|¥L/0] 8L| 9L| LL| 66| Tl €0Cv/ces| LL| 6€| TE| 66| ¥1|8L5C/LTE| v| 6| ¥ 00L| Z|LL9/S¥ SV
=

W I> ¢| ¢l| 48] L /8v¥¢/SL| 8| ¢ -| -| Of€L/0f o O - - O lez/0f o of -| -] O 8¢S/0| 0| 0| ¢l| /8] £|SleT/SL SVYdH
o 0| 0] 9Ll00L| 9L| 8eoz/éze| O Of -| - - -l 0| O] 9L /00l 8L\véLL/6zE| Of O - - O 91z/0| of 0 - -l 0] 82/0 ¢1XO4
©

Q.

ap 1> L] ¢| €8] 1> 89rL/8] 0O O ~-| - - <0 0 - -0 ¢6//0 O O O O] | e/ 1> 1| | €8] L] vlv/9 €3494
rm €| Gl 9L 1] S| Ty8l/vé| O O -| - - oL L 0 oS> [88/v| 9| €L 9L| LL] 6| [teé/ss| 1> 1| O] 0] € 8S/¢C 494
(e

m €l 9L S| £z €| loci/oy| o O - - - B O A % % 788/9| G| ¢l| S| CT| LL| [og/eg| 1| € O O 8| zTl/L ZMX8d
m 8| €| 95| 88| €l| 096T/SéE| O O -| - - -l €] €| S| 98] Z|1TSL/SOL| SL| €€| Sy| L&) Tele0el/esT| € L] 9| LS| S| OEL/L|  LENNLD
m ¢l 6/ 9| 91| G| 080z/00L| Tl| €| Lj0OL| ¥|Z&/L| L| L L| €L| G| 8/€1/€9| O] O ¢| €€| €| Lev/el| ¢ S| ¢ 8| 6/8¥T/€C| VINIAD
S

2 0| 0 £ 98] §|9809/¢éc| O O - - - -l 0| O] 9| S6| /|8éee/ese| 0O 0O L] 92| L] vSee/ee, O] O] O O L| ver/9 4vd9
3

a o -4 -4 3 o m v Z 2 > o m v Z 2 X m v Z Z X T m v Z 2 X m

iy 1] o 1) =J 1) ) () - 1) o 1) - [} o [} =y 1) o [} -

% i g2 93 808 82 9 3 &8 %8 9as 8 3l g 2l 9 a 45 82 939 4

o o g © 2 o S o > T 2 o ¢ o =T 2 0 sl o = © 2 0 s o /o 2 0o ¢

c 2 3 2 3 2 2 2 3/ 2 3 2 % 2 3 2 5 2 2 2 3 8 3 2 2 2 3/ 2 3 2 3

= g z 2 5 g al g8 F 2 5l & 2 8 § & 3 & al 8l 7 2 3 & al g8 g & 5/ &8 @

b 58288 <9828gg 2g8ggs <2g92zgégg <g9igéeg <

Qo

e

mb 0'C PUPDUAD OIWSOD| 0T PHUPDUAD DIWSOD| 0T PHPDUAD OIWSOD| 0T PHPDUAD 1JIWSOD 0°Z PUDDUAS | DIWSOD

=

Qo

9 9¥S=N HOYoD [DJOL|  §Z=N DWOUIDIDD IDAINA 68=N DWOUIZIDD UDUDAQ | £ZZ=N DWOUIDIDD [DLSWOPUI|  §0Z=N DWOUIDIDD |DIJAIDD

Q

[aund uoypinw 2Y108ds-0160j028PUAB 8y} Ul SUOHDINW JO slousnbal) pub 860IeA0) {7 3|qe]

33



Chapter 2

and exon 20, with an even distribution between these exons (33% and 45%). In cervical
cancer however, mutations almost exclusively occur on loci on exon 9 (47 out of 50
(94%) PIK3CA mutations). This clear difference (p<0.0001) can be used in clinical prac-
fice, when differentiating primary cervical cancer from primary endometrial cancer.

Discussion

The demand for individualized cancer therapy has increased in recent years. New
genotyping techniques allow tumours to be characterized based on their genomic
profiles, which has revealed new targets for tumour-specific treatment, provided
insights into tumour response to chemo- and radiotherapies, and helped predict
patient outcome (3-6;9;12;14). Gynaecological malignancies account for 15-20%
of all malignancies in women worldwide (7). The clinical consequences of somatic
mutations in various gynaecological malignancies are not yet fully understood. In
the present study, we designed a panel that is highly specific for a broad range of
gynaecological cancers, to investigated the tumour-specific mutation spectrum
of 162 mutations of 13 genes. Using this panel, we found that in this series somatic
mutations were present in 36% of all cervical carcinomas, in 78% of endometrial
carcinomas, in 37% of ovarian carcinomas and in 20% of vulvar carcinomas.
Somatic mutation spectra were investigated previously in gynaecological
cancers also using MALDI-TOF (17;18;22;31-33). However, most of those studies used
generic cancer gene panels based on the reported frequencies in all solid tumours
or used pre-existing panels that were designed for general oncology (17;22;31-33).
These pre-existing, commercially available panels are not adjusted fo the field of
gynaecological oncology, with the disadvantage of containing genes that are
not involved in gynaecological cancers such as FLT3 and KIT, or omitting genes
that have shown to be involved relatively frequent in gynaecological cancer, such
as PIK3CA. Therefore, we created a MALDI-TOF-based mutation panel designed
specifically to detect a wide range of the most common hotspot mutations that
have been reported in various types of gynaecological tumours. Similar mutation
panels have been designed specifically for melanomas, colon carcinomas and
non-small cell lung cancer (15;16;20). By using a gynaecological specific panel, we
studied only relevant mutations, including for example PIK3CA and PPP2RTA that
are not incorporated in general panels such as the OncoCarta (Sequenom, Ham-
burg, Germany) and with a better and more specific coverage (for e.g CTNNBIT).
As a result, the reported frequencies of gene-involvement can differ substantially.
For example, in our series of endometrial cancer, a KRAS mutation rate of 17% was
detected. This is in confrast fo the study of Cote et al (32) that, using a generic
onco-panel, reports a KRAS mutation rate of only 1% in endometrial cancer. From
other studies using different techniques, it is known that KRAS is mutated in 15-20%
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of all endometrial cancers (18;34), This example shows that the reliability of studies
using a MALDI-TOF approach is seriously influenced by the choice and the extent
of coverage of the genes incorporated in the panel.

Satisfactory coverage of the genes in our panel was achieved for the mutao-
tions we studied, and the mutation spectra generated in this study are thus a reli-
able representation of the mutation frequencies in gynaecological malignancies
in the genes that are selected for this panel. However, some relevant genes, such
as TP53 and ARID1a, (8;13;34-39) were not included in our panel, because they did
not fulfil the criterium of a “hotspot gene”. Both genes have mutations scattered
widely throughout the gene and were therefore not suited for a MALDI-TOF ap-
proach. There are some lociin TP53 and ARID 1a that are more frequently mutated;
however these cover no more than 20% of all its known mutations. Including some
of these loci in our panel would underestimate the true mutational frequency of
these genes in gynaecologic cancers. Their mutation frequencies could be studied
better using other detection methods, such as Sanger sequencing or by next gen-
eration sequencing (NGS).

We did decide to include 22 assays for the tumour suppressor gene PTEN,
resulting in a 40% coverage, which could be considered suboptimal using this ap-
proach. The mutation frequency reported here is therefore likely underestimating
the true somatic mutational frequency of PTEN. Additionally loss of PTEN can also
be caused by other molecular alterations, such as LOH and promoter hypermeth-
ylation (40). Therefore, the additional use of other techniques such as immunohisto-
chemistry is advised to evaluate the true status of PTEN.

CDKNZ2A is not truly a hotspot mutated gene foo, but it was added to the
panel because of its high predicted relevance in vulvar cancer, and because we
expected fo obtain a fair coverage of the gene. Tumours included in the COSMIC
database frequently show complete loss of, or large deletions in the CDKN2A gene,
a type of mutation that is not easily detectable by MALDI-TOF mass spectrometry.
However, since CDKN2A mutations in squamous cell carcinoma of the skin are re-
ported to be more often point mutations than (large) deletions, we believe that
adding CDKN2A point mutations fo the panel can give valuable information, es-
pecially for vulvar cancer. Although numbers are very low, results from research on
CDKN2A imutations in vulvar and penile squamous cell carcinoma strengthen this
hypothesis (41).

FBXW?7 appears to have a low coverage by the panel, but this is influenced
by the fact that it has been investigated and found to be mutated in relatively
small numbers of gynaecological ftumours. When considering the large numbers of
available data from research in colon cancer, the expected coverage is approx-
imately 35%.

Novel technologies such as next generation sequencing are able to detect
mutations in multiple genes without preselecting and can therefore overcome the
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limitations of a mass-spectrometry approach. With NGS, complete genes of inter-
est can be analysed and therefore all mutations will be found. However, bioinfor-
matic analysis of the data produced by NGS can be challenging and is currently
stillin development. Additionally, differentiating between non-pathogenic somatic
variants and pathogenic mutations can be time consuming and complex (42). In
comparison, MALDI-TOF data analysis is much more straightforward, particularly
when analysing mutations with known clinical relevance. The panel we present
here covers the most frequent mutations in gynaecological cancers, with a few
exceptions. The mutation spectra we have detected are comparable to the spec-
fra reported in NGS and exome sequencing studies that focus on gynaecological
cancers (8;43;44). Therefore, MALDI-TOF mass-spectrometry has potential for use in
a clinical setfting, to detect the mutational status of relevant genes in a fast and reli-
able way. Another clear advantage of mass spectrometry based mutation analysis
is the flexibility to add and delete assays from a panel, as also shown in this report,
so new insights or clinical demands can be adopted easily.

The somatic mutation landscape of gynaecologic cancers produced by this
study (figure 2) and by publicaly available mutation libraries show overlapping and
distinguishing mutation profiles between gynaecologic tumours. Mutations in the
PI3K/Akt-pathway are frequent and overlap, however some distinguishing muta-
fions were identified. An example is the finding that PIK3CA exon 20 mutations only
rarely occur in cervical cancer, whereas they are a frequent finding in endometrial
cancers. This finding may be of value in a clinical sefting, when there is uncertainty
about the tumours primary origin, particularly in cervical adenocarcinomas that
are HPV negative and located in the low uterine segment of the uterus. It illustrates
that somatic mutational information may be useful for classifying fumours (45).

Somatic mutation profiling can also reveal new insights info fumour types that
are not well characterised yet, such as vulvar cancer. Vulvar cancer is a rare dis-
ease that can arise through an HPV-dependent or an HPV-independent pathway.
The carcinogenesis of HPV-independent vulvar carcinomas is largely unknown. In
the present study, 25 vulvar carcinomas (of which 19 HPV-negative fumours) were
analysed, and one PIK3CA, 3 CDKN2A, and 2 HRAS mutations were defected in the
HPV-negative carcinomas. No mutations were detected in any of the 13 investigat-
ed genes in the 6 HPV-positive tumours. The mutation spectrum of vulvar cancer
seems different from the spectrum of other gynaecological cancers, but shows
similarities to the mutation spectrum of squamous cell carcinoma'’s of the head and
neck (46), a fumour type that shares morphological and etiological characteristics
with vulvar squamous cell carcinoma. The fact that vulvar cancer does not arise
in Mullarian originated structures, as the other three fumour types in this study do,
could also be an explanation for the differences in the spectrum that we have de-
tected. The results of our study prompt further investigation of the roles of HRAS and
CDKN2A in vulvar cancer.
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In conclusion, we designed, validated and used a novel mass spectrome-
try-based mutation panel to identify somatic mutations in a large cohort of gy-
naecological malignancies. We have shown that this new panel is reproducible,
high-throughput, and suitable for low quality and quantity DNA from FFPE samples.
Our data support the potential for somatic mutation profiles as a tool to classify tu-
mour types within the gynaecological tract. Furthermore, our results revealed that
the PI3K-Akt signalling pathway is most prominently affected in gynaecological
malignancies, justifying further investigation of PI3K/AKT/mTOR fargeting therapies
in gynaecological oncology. Future studies are required to determine whether this
panel can be used to predict effective individualized, tumour-specific, and target-
ed treatment approaches.
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ABSTRACT

Background

Two eftiologic pathways of vulvar cancer are known, a human papillomavirus
(HPV)- and a TP53-associated route, respectively, but other genetic changes may
also play a role. Studies on somatic mutations in vulvar cancer other than TP53 are
limited in number and size. In this study, we investigated the prevalence of genetic
mutations in 107 vulvar squamous cell carcinomas (VSCCs).

Methods

A fotal of 107 paraffin-embedded tissue samples of primarily surgically freated
VSCCs were tested for HPV infection and screened for mutations in 14 genes (BRAF,
CDKN2A(p16), CTNNBI1, FBXW7, FGFR2, FGFR3, FOXL2, HRAS, KRAS, NRAS, PIK3CA,
PPP2RITA, PTEN, and TP53) using Sanger sequencing and mass spectrometry.

Results

Mutations were detected in 7 genes. Of 107 VSCCs, 66 tumours (62%) contained at
least one mutation (TP53 = 58, CDKN2A(p16) = 14, HRAS = 10, PIK3CA =7, PPP2R1A
=3, KRAS =1, PTEN = 1). Mutations occurred most frequently in HPV-negative sam-
ples. Five-year survival was significantly worse for patients with a mutation (47% vs
59%, P = .035), with a large effect from patients carrying HRAS-mutations.

Conclusion

Somatic mutations were detected in 62% of VSCCs. As expected, HPV infection
and TP53-mutations play a key role in the development of VSCC, but CDKN2A (p16),
HRAS, and PIK3CA-mutations were also frequently seen in HPV-negative patients.
Patients with somatic mutations, especially HRAS-mutations, have a significantly
worse prognosis than patients lacking these changes, which could be of impor-
tance for the development of targeted therapy.
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Introduction

Vulvar cancer is the fourth most common gynaecological malignancy with aninci-
dence of 2 per 100,000 women each year in developed countries (1). This cancer is
usually seen in post-menopausal women; the average age at diagnosis is 70 years
(2). Although most patients can be treated curatively by radical local excision, this
surgical therapy can be very mutilating and results in high morbidity rates (3-5). Al-
most 90% of all vulvar carcinomas are squamous cell carcinomas (SCCs) (6), which
can be divided info two different efiological types (7). The first type occurs mainly in
younger patients and is clearly associated with high-risk human papillomavirus (hrH-
PV) infection and the precursor lesion usual vulvar intraepithelial neoplasia (UVIN)
(8). The second type is typically seen in elderly patients and seems to develop in-
dependently from HPV infection. The HPV-independent type of carcinoma is asso-
ciated with lichen sclerosis and mutations in the TP53 gene, but its efiology is much
less well understood than the HPV-positive type (7:8).

Studies on somatic mutations in vulvar cancer other than in the TP53 gene are
limited in number and size. As shown in studies concerning other types of cancer,
information about the role of genetic mutations may help us understand the pro-
cesses underlying vulvar cancer. In addition, mutation profiling may guide farget-
ed therapies in cancer (9-12). If mutational status has prognostic significance, we
might be able fo select those patients who need a more radical approach versus
those who can be spared the morbidity of extensive radical surgery or additional
radiotherapy and/or chemotherapy. Somatic mutations have been studied exten-
sively in other types of gynaecological cancer and in squamous cell carcinoma
(SCC) of the skin (13). Based on this knowledge, we have selected the genes that
are most frequently affected in gynaecological cancer and SCC of the skin that
could play a role in the tumourigenesis of vulvar cancer (14). In this study, we in-
vestigated the prevalence of somatic mutations in 14 different genes in 107 vulvar
squamous cell carcinomas (VSCCs) and correlated these changes with survival.

Methods

Patients

Clinical and follow-up data were retrieved from patient medical records and the
cancer registration database for patients who were surgically freated for prima-
ry VSCC between 2000 and 2009 in the Leiden University Medical Cenfer, Leid-
en, the Netherlands, a referral centre for gynaecological cancers. Patients were
excluded if they had received chemotherapy or radiotherapy in the pelvic area
before surgery. Tumours from which only biopsies were taken were excluded from
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the series. Tumour staging was performed according to the FIGO system; we used
the 1995 staging instead of the revised 2009 staging because of the retrospective
design of the study (15;16). Follow-up ended in December 2012. Patient samples
were handled according fo the medical ethical guidelines described in the Code
of Conduct for Proper Secondary Use of Human Tissue of the Dutch Federation
of Biomedical Scientific Societies. (www.federa.org , an English franslation of the
Code can be found here:

http://www.federa.org/sites/default/files/digital_version_first_part_code_of_
conduct_in_uk_2011_12092012.pdf ) Patients received information on the second-
ary use of tfissue that is sampled for diagnostic use. They can actively object to
secondary use.

Therapy

Patients were generally treated according fo Dutch national and international
vulvar cancer guidelines (3). Patients with unifocal VSCC with a diameter <4 cm
without suspicious groin nodes were generally treated with radical local excision
(RLE) and a sentinel node procedure. Sentinel node mapping was performed using
Technetium-29m nanocolloid combined with patent blue (17). Tumours with a di-
ameter exceeding 4 cm or mulfifocal fumours were generally freated with RLE and
unilateral or bilateral inguinofemoral lymphadenectomy. In patients with tumours in
FIGO stage lIl or higher but with contraindications for extensive surgery, such as high
age and comorbidity, RLE was performed without inguinofemoral lymphadenecto-
my, followed by (chemo)radiation.

Immunohistochemistry

Sections 4 um thick were taken from formalin-fixed, paraffin-embedded (FFPE) fis-
sue blocks from selected patients with primary VSCC. Tissue sections were stained
as described previously (18) using primary antibodies for pankeratin AE1/AE3 (clone
MAB3412, 1:2000, Millipore, Billerica, Massachusetts, USA) for the selection of ftumour
area and for PTEN (clone 6H2.1, 1:80, Dako, Glostrup, Denmark) to additionally as-
sess aberrant expression of the protein.

PTEN protein expression scoring was performed blinded for clinical data and
for the results from the mutation analysis. PTEN expression was scored as positive
or negative, with adjacent normal epithelium and stroma as an internal positive
control. Tumours with areas of markedly decreased or absent PTEN expression were
considered to have aberrant expression.
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DNA Isolation

The pankeratin-stained slides were used to select an area consisting of af least 70%
tumour cells. Three 0.6-mm diameter tissue cores of variable length were taken from
the selected area in the FFPE blocks. DNA isolation was performed in an automat-
ed fashion as described previously using the Tissue Preparation System (Siemens
Healthcare Diagnostics, Malvern, Pennsylvania, USA) (19). DNA quality was tested
by multiplex quality PCR that amplified 150-, 255-, 343-, and 511-base pair products
that were visualized using 2% agarose gel electrophoresis and scored for quality
(scale, 0-4) (primer sequences available upon request).

HPV Analysis

DNA extracted from two 10-um whole fissue sections was used for HPV type anal-
ysis. Sections of a paraffin block without tissue were cut before and after each fu-
mour sample fo prevent contamination and served as a negative control. All blank
paraffin sections were negative in the PCR analysis. The INNO-LIPA HPV Genotyping
Extra Amp kit for in vitro diagnostic use (Innogenetics, Gent, Belgium), a highly sen-
sitive hybridization assay, was used for HPV typing as described previously (20). This
assay can detect oncogenic and common HPV types (20).

Mutation Genotyping Using MALDI-TOF Mass Spectrometry

Mutation genotyping was performed using the GynCarta 2.0 panel (14), which
contains several loci on 13 genes (BRAF, CDKN2A (p16), CTNNBIT, FBXW7, FGFR2,
FGFR3, FOXL2, HRAS, KRAS, NRAS, PIK3CA, PPP2R1A and PTEN), following the manu-
facturer's protocol as described previously (21). Briefly, wild-type and mutant DNA
was amplified by multiplex PCR. Shrimp alkaline phosphatase treatment inactivat-
ed surplus nucleotides. A primer extension reaction (iPLEX® Pro) was performed with
mass-modified terminator nucleotides, and the product was spotted on a Spectro-
CHIP (Sequenom, Hamburg, Germany). The distinct masses were determined with
MALDI-TOF mass spectrometry.

All 107 tumour samples were genotyped and 11 (10%) samples were assayed in
duplicate. Non-template (N = 4) and wild-type leukocyte DNA (N = 2) controls were
included in each multiplex to obtain negative and wild-type MALDI-TOF spectra.

Analysing TP53 Mutations

For analysis of somatic mutations in the TP53 gene, DNA sequencing was performed
for exons 5-8. For each sample, 2 uL (5 ng/uL) DNA was added to a 23-uL PCR mix
containing 12.5 uL SYBRgreen (Bio-Rad, Hercules, Callifornia, USA), 0.6 uL (10 pg/ul)
of each primer (sequences are available upon request), and 9.9 uL demineralized

47



Chapter 3

water. Real-time PCR was performed for 40 cycles using an annealing femperature
of 60°C. For each exon, one wild-type leukocyte was used as a quality control. All
PCR products were purified by vacuum using MinElute 96-well plates from the PCR
purification kit (Qiagen, Hilden, Germany). Sequencing was performed for both
forward and reverse strands by Macrogen Europe (Amsterdam, the Netherlands).

Data Analysis

Data were analysed with MassARRAY Typer Analyser software (TYPER 4.0.22, Se-
quenom, Hamburg, Germany) and MutationSurveyor (Softgenetics, State College,
Pennsylvania, USA). Three investigators blinded to tumour identification inspected
the cluster plots and mutation calls to discriminate true mutant calls from artefacts,
and a consensus determination was reached.

Statistical Analysis

Statistical analyses were conducted using the Predictive Analytics Software pac-
kage (version 17, IBM-SPSS Statistics, Armonk, New York, USA). The independent f-
tfest was used to compare baseline variables and Fisher's exact test to analyse
categorical and normally distributed numerical data. We chose fo also compare
the separate characteristics that make up the FIGO staging, because these cha-
racteristics are unaffected by differences between the old and new FIGO staging
systems. The Shapiro-Wilk test was used to test for normality, and for data with a
skewed distribution, the Mann-Whitney U test was used. Kaplan-Meier, the log-rank
test, and Cox proportional hazard regression analysis including age, HPV infection,
tfumour size, and the most frequent mutations in this cohort were performed to ana-
lyse differences in survival between groups of patients with and without genetic
mutations. A P value of .05 was considered significant, corresponding to 95% con-
fidence intervals (Cls). All tests were two-tailed. Results for normally distributed nu-
merical data are presented as the mean with standard deviation (SD), and results
for skewed numerical data are presented as the median with interquartile range.

Disease-free survival was defined as survival from the date of surgery until the
first recurrence or death or until the end of study follow-up. The overall survival of
the patients was measured from surgery until death from any cause or end of study
follow-up, and disease-specific survival was measured from the date of surgery until
death from vulvar cancer or the end of study follow-up. Recurrent disease in the
vulvar area was characterized as ‘local recurrence’ whereas a recurrence in the
inguinal region was characterized as ‘regional recurrence’. Recurrent disease on
the contralateral side of the vulva was considered to be a second primary fumour.
Remaining recurrences were documented as distant recurrences.
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Results

Between January 2000 and December 2009, 129 patients were surgically treated
for primary VSCC at the Leiden University Medical Center. Nine patients were ex-
cluded because they had a history of chemotherapy, pelvic radiotherapy, or im-
munosuppressive therapy for vulvar cancer or any other disease prior to the current
diagnosis. Eleven patients were excluded because only a biopsy of their tumour
was taken and no further surgical freatment was given. Tumour fissue from one pa-
tient was of poor quality and was not analysed further. Thus, a fotal of 108 patients
with surgically freated primary VSCC met all of our inclusion criteria. This cohort of
patients has been described before (22).

Of 108 samples, one was of such low DNA quality that it failed in all tests, and
we excluded this patient from further analyses. Table 1 lists the characteristics for
the included patients.

Of 107 samples, 18 (17%) were positive for hrHPV and 66 (62%) carried at least
one mutation. Of these patients, 16 (15%) had 2, and 7 (6.5%) had 3 different mu-
tations. Fifty-eight (54%) patients harboured a mutation on TP53. Sequencing for
TP53 repeatedly failed for five patients. Fourteen patients carried a CDKN2A (p16)
mutation, 10 an HRAS mutation, PIK3CA was found in 7 patients, mutated PPP2RTA
was identified in three samples, and KRAS and PTEN were each mutated in one
patient. The most frequent combination of mutations was TP53 and CDKN2A (11
patients, 10.3%), followed by TP53 and HRAS (7 patients, 6.5%). Additional immuno-
histochemistry revealed aberrant PTEN expression in another five samples. Figure 1
provides a graphic representation of the mutation spectrum. Supplemental Table
1 lists the amino acid and base pair changes for each patient. Of the 18 patients
that tested positive for high-risk HPV, three also had a somatic mutation (all TP53,
table 2.

Correlating Clinical Data with Mutation Status

A comparison between patients with a mutation in one of the fested genes com-
pared to those without mutations was made (Table 3). Patients with af least one
mutation in their fumour sample were significantly older (73 vs 65 years, P = .002)
and had larger tumours (36 mm vs 26 mm, P = .024) with deeper infiltiration of the
tumour (7.5 mm vs 5.0 mm, P=.003). Tumour size was correlated with depth of infil-
tration (Pearson Correlation .595, P<.001) Not having an HPV infection was clearly
associated with the detection of somatic mutations: Of the 18 HPV-infected pa-
tients, only 3 (4.5%) had a somatic mutation (all TP53) whereas in non-HPV-infected
patients, 63 out of 89 carried a mutation (70.8%, P < .001)
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Table 1  Characteristics of the patients with vulvar squamous cell carcinoma in this study.

Characteristic valve
Follow upt -mo (IQR) 38.0 (16.0-69.0)
Age at diagnosist —-year (SD) 70.1 (14.0)
Duration of symptoms t -mo (SD) 5.0 (2.0-18.5)
FIGO stage -n (%)
Stage 1 29 (27.1)
Stage 2 36 (33.6)
Stage 3 30 (28.0)
Stage 4 12 (12.0)
Treatment -n (%)
Radical vulvectomy 68 (63.6)
Radical local excision 39 (36.4)
Adjuvant radiotherapy 43 40.2)
Adjuvant chemotherapy 1 (0.9)
HPV positive -n (%) 18 (16.8)
Lymph node metastases -n (%) 41 (38.3)
Unilateral 28 (26.2)
Bilateral 13 (12.1)
Extracapsular growth 17 (15.9)
Tumour sizef -mm (SD) 32.1 (22.2)
Infiltration deptht -mm (IQR) 6.0 (4.0-11.0)
Vasoinvasion -n (%) 15 (14.0)
Lymfangioinvasion -n (%) 8 (2.8)
Perineural growth -n (%) 4 (3.7)
Positive resection margins -n (%) 21 (19.6)
Disease status -n (%)
Patients in complete remission 82 (76.6)
Local recurrence 22 (20.6)
Second primary tumour 9 (8.4)
Regional recurrence 9 (8.3)
Died 59 (55.1)
Disease specific death 28 (26.2)
Regional metastases 8 (7.5)
Distant metastases 24 (22.4)
5-yr overall survival -% (SD) 50.1 (5.1)
5-yr disease specific survival -% (SD) 67.8 (6.3)
5-yr disease free survival -% (SD) 27.9 (5.0)

T Median (interquartile range, IQR), T mean (standard deviation, SD). Abbreviations: N = number;

mo = months.

Survival Analysis

Patients carrying af least one mutation had a significantly worse overall 5-year sur-
vival (46.9% vs 58.9%, log-rank P = .035). Disease-specific 5-year survival was 67.8% in
patients carrying a mutation versus 80.4% in patients without mutations (log rank P =
.058) (Figure 2). Disease-free survival was comparable for patients with and without
mutations (37.8% vs 43.6%, log rank P = .472). Cox regression analysis for disease
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Table 2 Somatic mutations detected in hrHPV positive and hrHPV negative patients

Gene hrHPV negative hrHPV positive
n=89 (83%) n=18 (17%)

BRAF 0 (0) 0 (0)
CDKN2A 14 (16) 0 (0)
CTNNBI 0 (0) 0 (0)
HRAS 10 (11) 0 (0)
KRAS 1 (n 0 (0)
NRAS 0 (0) 0 (0)
PIK3CA 7 (8) 0 (0)
PTEN 1 (n 0 (0)
PPP2RTA 3 (3) 0 (0)
TP53 55 (62) ) (17)

Abbreviations: hrHPV= high risk Human Papilloma Virus

Figure 1 Mutation Spectrum

TP53 58 (54%)
CDKN2A 14 (13%)
HRAS 10 (9%)
PIK3CA 7 (7%)
PPP2R1Z 3 (3%)
PTEN 1 (<1%)

KRAS 1 (<1%)

HPV 18 (17%)

Mutation spectrum for 107 VSCC patients. Blue = wild type or non-infected. Red = mutated or
infected. Light blue = assay failed.

Figure 2 Survival curves
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Overall survival, P =.035 (left), and disease-specific survival, P =.058 (right) for 107 vulvar squamous
cell carcinoma patients in this study. Upper line (blue) = no mutation detected; lower line (red) =
mutation defected.
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Table 3 Comparison of the clinical outcomes for patients with and without somatic mutations

Outcome 1 2 mutation No mutation P value
n=66 (62%) n=41 (38%)
Follow upt -mo 34.5 (11.0-64.3) |55.0 (25.0-80.0) |0.043*
Age at diagnosist —yr 73.4 (11.9) 64.9 (15.6) 0.002*
Duration of symptomst -mo 4.0 (2.0-18.5) | 6.0 (2.5-19.0) |0.068
FIGO stage =If (%) 0.051
stage 1 12 (18.2) 17 (41.5)
stage 2 23 (34.8) 13 (31.7)
stage 3 22 (33.3) 8 (19.5)
stage 4 9 (13.6) 3 (7.3)
Treatment -n (%)
Radical vulvectomy 45 (68.1) 23 (56.1) 0.245
Radical local excision 21 (31.8) 18 (43.9)
Adjuvant radiotherapy 30 (45.5) 13 (31.7) 0.222
Adjuvant chemotherapy 1 (1.5) (0.0)
HPV positive -n (%) 8 (4.5) 15 (36.6) <0.001*
Lymph node metastases -n (%) 30 (45.5) 11 (26.8) 0.067
Unilateral 20 (30.3) 8 (19.5) 0.148
Bilateral 10 (15.2) 3 (7.3)
Extracapsular growth 14 (21.2) 3 (7.3) 0.063
Tumour sizet -mm 36.0 (22.8) 26.1 (20.1) 0.024*
Infiltration deptht -mm 7.5 (5.0-11.0) |5.0 (2.0-7.0) |0.003*
Vasoinvasion -n (%) 10 (15.2) 5 (12.2) 0.779
Lymfangioinvasion =If (%) 2 (3.0) 1 (2.4) 1.000
Perineural growth -n (%) 3 (4.5) 1 (2.4) 1.000
Positive resection margins -n (%) 15 (22.7) 6 (14.6) 0.453
Disease status -n (%)
Complete remission 46 (69.7) 36 (87.8) 0.036*
Localrecurrence 14 (21.2) 8 (19.5) 1.000
Second primary tumour 7 (10.6) 2 (4.9) 0.544
Regional recurrence 2 (3.0) 2 (4.9) 0.877
Died 41 (62.1) 18 (43.9) 0.075
Disease specific death 21 (37.5) 7 (20.6) 0.106
Regional metastases 9 (13.6) 6 (14.6) 1.000
Distant metastases 16 (24.2) 8 (19.9) 0.639
5-yr Overall survival -% (SD) 46.9 (6.4) 58.9 (8.0) 0.035*
5-yr Disease specific survival |- % (SD) 67.8 (6.0) 80.4 (6.7) 0.058
5-yr Disease free survival -% (SD) 37.8 (8.1) 43.6 (8.8) 0.472

*Significant difference (P <.05), tmedian (interquartile range, IQR), tmean (standard deviation,

SD). Abbreviations: N = number; mo = months.
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Table 4 Cox regression analyses for disease specific survival

Variable Hazard Ratio 95% ClI P value
Age (years) 0.980 0.948-1.013 232
HPV infection <0.001 NA 963
Tumour size (mm) 1.022 1.006 - 1.039 .007
TP53 1.743 0.728 - 4.173 212
CDKN2A 2.301 0.830- 6.376 109
HRAS 2.848 1.113 - 7.290 .029

Cl = Confidence Interval

specific survival including age, HPV infection, tumour size, and the three most fre-
quent mutations in this cohort (TP53, CDKN2A, and HRAS), showed a significantly
worse prognosis for patients carrying an HRAS mutation (hazard ratio 2.9, 95% Cl
1.112-7.425). HPV infection and CDKN2A or TP53 mutations were not independent
prognostic factors (Table 4). Interestingly, although the absolute number of coexis-
ting mutations did not correlate with an increased hazard ratio for disease-specific
death, having both an HRAS and a TP53 mutation or both a CDKN2A and a TP53
mutation increased the hazard ratios to 5.1 (95% CI 1.504-17.062) and 4.1 (95% ClI
1.2-14.074), respectively, when correcting for HPV infection, fumour size, and age.

Discussion

The present results confirm the hypothesis that HPV infection and TP53 mutations
play a key role in the development of VSCCs. In agreement with current under-
standing of the pathogenesis of vulvar cancer (23), the two pathways (HPV and
non-HPV related) could clearly be distinguished in this cohort. While patients infect-
ed with high-risk HPV were significantly less likely to carry somatic mutations, muta-
tions were not exclusively found in HPV-negative patients. Our results show that not
only TP53 plays a major role in HPV-negative VSCC patients but that HRAS, CDKN2A
(p16), and to a lesser extent PIK3CA are also frequently mutated. A mutation in
VSCC in CDKN2A has been described previously (24), but the finding of mutations
in HRAS, PIK3CA, CTNNBI, PPP2RTA1, and KRAS has, fo our knowledge, not been
reported before in vulvar cancer.

Following the currently accepted two-pathway etiology of VSCC, vulvar car-
cinogenesis is either driven by a persistent HPV infection or by a somatic mutation,
most often in the TP53 gene. In contrast fo this hypothesis, in our analysis, we found
a subgroup of patients (n=26, 25%) with neither any somatic mutation in our gene
panel, nor an HPV infection. As any other technique, sequencing and mass spec-
trometry have their weaknesses. An asset of the mass spectrometry technique we
have used is that it works well with low quality DNA, and that it requires mutant
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allele proportions as low as 5%. Our fumour samples contained at least 70% tumour
cells, so we have confidence that the mutations in our panel can be detected if
present. We are aware of the fact that these detection techniques have an ac-
ceptable, but no complete coverage of the genes we have studied. We therefore
expect that the actual number of somatic mutations in VSCC might be slightly high-
er than we have detected, and that a part of the 26 patients without mutations or
HPV, actually do carry a somatic mutation that we cannoft pick up using our panel.
Sequencing the full length of all the genes we have selected in this study would be
very interesting, but would also require large amounts of high quality DNA. Unforfu-
nately however, FFPE material is often of limited quantity and quality and therefore
full sequencing is not possible.

One study (25) found that five out of eight patients (63%) in their study har-
boured PTEN mutations. Using hot-spot mutation analysis covering the same muta-
fions that Holway et al. found, we detected no more than one mutation in PTEN.
This divergence could partially be explained by the fact that the panel we used
can detect only approximately 40% of all known PTEN mutations. We also applied
immunohistochemistry to complement the PTEN data but found no more than 5%
of the tumours showing loss of PTEN expression. Because PTEN is often downregulat-
ed by epigenetic mechanisms rather than by somatic mutations alone, the aber-
rant PTEN expression is likely not aftributable to somatic mutations in all five samples
(26). Our data thus suggest that the results by Holway et al. might have given an
overestimation of the prevalence of PTEN mutations in VSCCs.

Ourresults could help clinicians in differentiating high-risk patients with a worse
prognosis who would benefit from closer follow up and radical surgery or adjuvant
freatment, from low-risk patfients that can be treated less aggressively with result-
ing less morbidity. Furthermore, clinical frials have shown promising outcomes of
targeted therapies, such as in targeting the PI3K/AKT/mTOR pathway in colorectal
cancer.(10) The finding that HRAS, and to a lesser extent PIK3CA, are frequently mu-
tated in vulvar cancer could be of great importance in the development of new
freatment strategies, and individualized treatment. Our study revealed RAS muta-
fionsin 11 out of 107 patients (10 HRAS, 1 KRAS). Seven of our patients were found
fo have a mutation in the oncogene PIK3CA, which is a downstream effector of the
RAS pathway. Monotherapy of PI3K inhibitors has demonstrated poor clinical effi-
cacy, likely due to adaptive resistance of the ftumour cells (27). It seems that a duall
blockade of upstream RAS by MEK inhibitors, and a more downstream inhibition of
PI3K, may have better clinical results than single pathway blocking treatment (28).
Although a simultaneous mutation in both HRAS or KRAS and PIK3CA occurred in
only 3% of our patients, both these patients and those with a single mutation in ei-
ther of these genes may benefit from this dual targeted therapy. Research in other
fumour types has shown that also in PIK3CA wild type, KRAS mutated colorectal
cancers, a combination of PI3K/MEK inhibitors results in greater tumour regression
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than freatment with one inhibitor alone (29). These targeted therapies may be of
special interest for the subgroup of patients that currently cannot be freated by sur-
gery alone or by surgery at all, such as patients with inoperable distant metastasis
and tumours with spread into for example the rectum or bladder, or patients that
are unfit for surgery because of comorbidities or their high age.

Fourteen patients (13%) in our cohort tested positive for mutations in CDKN2A.
CDKN2A, encoding the proteins p16™* and p144%, is a fumour suppressor gene
that regulates the cell cycle by decelerating cells progression from G1 phase to S
phase (30). It functions as a stabilizer of p53. TP53 is mutated in many different types
of cancer and assumed to be a driver mutation in the majority of these tumours.
In non-cancerous cells, TP53 stops cells from dividing when aberrations in the DNA
are detected. Loss of normal p53 function leads to an uncontrolled cell cycle and
chromosomal instability (31). Research in other types of cancer such as head and
neck SCC and breast cancer have reported a correlation between TP53 mutations
and a worse survival (32;33). In contrast, TP53 was not an independent prognostic
factor in the multivariate survival analysis in our cohort. We found that patients with
TP53 mutations frequently carried additional mutations and that the combination
of a mutation in both TP53 and HRAS or CDKN2A correlated with a significantly
worse prognosis. When both CDKN2A and TP53 are mutated, the cascade of dest-
abilization of the fumour cells progresses, and might indeed explain the worse sur-
vival of patients carrying both mutations. The worse survival in patients carrying TP53
and HRAS is in line with those of Zhang et al. who showed a markedly increased
number of tumours and fumour size in transgenic mice with TP53 and HRAS mu-
tations (34). The synergistic interaction and the resulting impairment of prognosis
could be explained by the roles that both genes have in tumourigenesis. HRAS is a
proto-oncogene, that, when mutated, directs cell growth and division (28). Since
TP53 is a fumour suppressor gene regulating cell cycle control, the combination
of these mutations set the stage for unconfrolled cell division. Another explana-
tion could be that TP53 mutated tumours are simply more susceptible to additional
mutations because of a lack of cell cycle control. The reported worse prognosis
in tumours with multiple mutations could therefore also be a reflection of further
progression of the fumour.

The fact that additional mutations in CDKN2A and HRAS occur this frequently
makes us question why there is a specific preference for these two accessory muta-
tions and whether TP53 mutations fruly are the drivers of aggressive fumour growth
in VSCCs, or that this aggressiveness is caused by the additional mutations that oc-
cur later on in tumour progression. A survival analysis stratified for different types of
p53 protein activity changes and gene location, and for the low frequent somatic
mutations that we found would be very interesting but requires study cohorts much
larger than the 107 we studied here. The same thing applies to multivariate survival
analyses: because of the relatively small size of our cohort, it was not possible to
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correct for more possible confounders than we already did. We therefore call for
validation of our results in larger or multiple cohorts. Because of the low prevalence
of VSCC, this can only be attained by multicentre and international collaboration.

Conclusion
Somatic mutationsin TP53, CDKN2A (p16), and HRAS occur frequently in HPV-nega-

five VSCCs. Patients with a somatic mutation, and especially those with a mutation
in HRAS, have a significantly worse prognosis than patients without these changes.
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Supplementary tables

Supplemental Table 1 Overview of detected mutations.

Sample Patient [FIGO |HPV Gene AA mutation CDS mutation
age Stage

1 51 1 negative |failed for all assays

2 77 4 negative  |TP53 p.R273C c.817C>T

3 74 4 negative  |HRAS p.G13S c.37G>A

3 74 4 negative  |TP53 p.R273H c.818G>A

4 85 2 negative |TP53 p.Q136X C.406C>T

5 62 2 negative  |TP53 p.C135F C.404G>T

6 78 4 negative  |HRAS p.G13D c.38>G>A

7 54 1 negative  |TP53 p.D25%H c.775G>C

8 82 2 negative  |TP53 p.R248Q Cc.743G>A

9 82 3 negative  |TP53 p.D148N C.442G>A

9 82 3 negative  |TP53 p.R282W c.844C>T

10 73 2 negative  |TP53 p.G245S c.733G>A

10 73 2 negative  |TP53 p.V216M C.646G>A

11 78 4 negative  |TP53 p.R248Q c.743G>A

11 78 4 negative  |TP53 p.V172l Cc.514G>A

12 60 2 positive no mutation detected

13 76 3 negative  |HRAS p.G12S c.34G>A

13 76 3 negative  |PIK3CA p.E545K C.1633G>A

13 76 3 negative |TP53 p.R273C c.817C>T

14 69 2 positive TP53 p.R175C c.523C>T

15 73 1 negative  |no mutation detected

16 48 3 negative  |HRAS p.Q61R c.182A>G

16 48 3 negative  |PIK3CA p.E545K C.1633G>A

16 48 3 negative  |TP53 p.P250L C.749C>T

17 75 3 negative  |TP53 p.C135F C.404G>T

18 37 8 negative  |no mutation detected

19 54 3 negative  |no mutation detected

20 84 2 negative  [PIK3CA p.H1047L C.3140A>T

20 84 2 negative  |TP53 p.P152L Cc.455C>T

21 55 1 negative  |no mutation detected

22 54 4 negative  |HRAS p.G12S c.34G>A

22 54 4 negative |TP53 p.G245S c.733G>A

22 54 4 negative |TP53 p.V173G c.518T>G

23 38 1 negative  |no mutation detected

24 85 3 positive no mutation detected

25 53 2 negative  |no mutation detected

26 82 1 negative  |no mutation detected

27 66 1 negative  |no mutation detected

28 82 2 negative  |KRAS p.G12V c.35G>T

28 82 2 negative |TP53 p.R248W C.742C>T

29 54 3 negative  |no mutation detected

30 79 8 negative |CDKN2A p.R80* €.238C>T

31 83 3 negative  |no mutation detected

32 54 1 positive no mutation detected

33 80 3 negative  |TP53 p.R273C c.817C>T

34 77 2 negative  |CDKN2A p.R80* C.238C>T

34 77 2 negative  |TP53 p.P152fsins A C.454_455insA
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Supplemental Table 1 Continued

Sample |Patient [FIGO HPV Gene AA mutation CDS mutation
age Stage
35 52 1 negative |TP53 p.D186fs ins TAGC |c.552-555dupTAGC
36 72 8 negative  |CDKN2A p.R80* c.238C>T
36 72 8 negative  |HRAS p.G13R c.37G>C
36 72 8 negative  |TP53 p.P151S c.451C>T
37 44 1 negative  |PIK3CA p.E545K C.1633G>A
38 91 2 negative  |CDKN2A p.D108H c.322G>C
39 82 negative  |CDKN2A p.R58* c.172C>T
39 82 4 negative  |TP53 p.E294X c.880G>T
40 60 1 negative  |PPP2RTA p.R258H c.773G>A
40 60 1 negative |TP53 p.R156C C.466C>T
41 89 4 negative  |no mutation detected
42 69 1 negative  |PPP2RTA p.R258H c.773G>A
42 69 1 negative  |TP53 p.P152L Cc.455C>T
42 69 1 negative |TP53 p.R248Q C.743G>A
43 82 3 negative  |TP53 p.T150fs*16 C.448 _460del13
44 69 2 negative  |TP53 p.R249S C.747G>T
45 77 2 negative  |TP53 p.C176F c.527G>T
46 84 2 negative  |no mutation detected
47 81 1 posifive no mutation detected
48 64 1 positive no mutation detected
49 59 1 negative  |HRAS p.G12S c.34G>A
50 51 2 negative  |no mutation detected
51 94 3 negative  |no mutation detected
52 83 2 positive no mutation detected
53 80 2 negative  |TP53 p.C176X c.528C>A
54 83 4 negative |CDKN2A p.R58* c.172C>T
54 83 4 negative |TP53 p.N267fs*3 c.801_802del2
55 75 3 negative  |CDKN2A p.R80* C.238C>T
55 75 3 negative  |TP53 p.R273H c.818G>A
56 72 2 negative  |no mutation detected
57 83 4 negative  |CDKN2A p.R80* C.238C>T
57 83 4 negative  |TP53 p.R273C c.817C>T
58 72 1 positive TP53 p.R248Q C.743G>A
59 68 1 negative  |TP53 p.G245S c.733G>A
60 82 4 negative  |TP53 p.C135X c.405C>A
61 80 3 negative  |CDKN2A p.W110* c.330G>A
61 80 3 negative  |HRAS p.G12S c.34G>A
61 80 3 negative  |TP53 p.V203L C.607G>T
62 51 2 positive no mutation detected
63 88 2 negative  |HRAS p.G12S C.34G>A
63 88 2 negative  |PIK3CA p.E545K C.1633G>A
64 85 2 negative |TP53 p.R175H Cc.524G>A
65 62 1 negative  |TP53 p.E287D c.861G>C
65 62 1 negative  |TP53 p.E294X c.880G>T
66 86 3 negative  |CDKN2A p.R80* c.238C>T
66 86 8 negative  |TP53 p.R248W C.742C>T
67 79 3 negative  |TP53 p.R248Q C.743G>A
68 81 2 negative  |TP53 p.R306X c.916C>T
69 91 3 negative  |TP53 p.V173L c.517G>T
70 76 2 negative  |no mutation detected

61



Chapter 3

Supplemental Table 1 Continued

Sample |Patient FIGO HPV Gene AA mutation CDS mutation
age Stage

71 72 2 negative  |TP53 p.C242S c.725G>C

72 58 2 negative  |PIK3CA p.H1047Y c.3139C>T

72 58 2 negative  |PPP2R1A p.R258H c.773G>A

73 78 2 negative |TP53 p.R248W C.742C>T

74 58 3 negative  |TP53 p.V157F C.469G>T

75 53 1 positive no mutation detected

76 59 1 negative  |TP53 p.E286K Cc.856G>A

77 49 1 positive no mutation detected

78 64 2 negative  |no mutation detected

79 78 3 negative  |TP53 p.G266E c.797G>A

80 76 8 negative |CDKN2A p.R58* c.172C>T

80 76 8 negative  |PTEN p.R234W c.700C>T

80 76 & negative |TP53 p.R273C c.817C>T

81 81 1 positive no mutation detected

82 73 3 negative  |TP53 p.D281E c.843C>G

82 73 3 negative  |TP53 p.N239S c.716A>G

83 79 2 negative  |TP53 p.R175H Cc.524G>A

84 77 1 negative  |TP53 p.Y205C C.614A>G

85 45 1 positive no mutation detected

86 78 2 negative  |no mutation detected

87 38 3 negative  |HRAS p.G12D c.35G>A

88 74 1 negative  |no mutation detected

89 48 1 positive no mutation detected

90 59 4 negative |no mutation detected

91 53 1 positive no mutation detected

92 50 1 positive no mutation detected

93 73 3 negative  |TP53 p.P190L c.569C>T

94 92 8 negative |CDKN2A p.R80* €.238C>T

94 92 8 negative |TP53 p.R273C c.817C>T

95 85 2 negative  |TP53 p.E286K c.856G>A

96 61 4 negative  |no mutation detected

97 78 1 negative  |CDKN2A p.R58* c.172C>T

97 78 1 negative  |PIK3CA p.E545K C.1633G>A

97 78 1 negative  |TP53 p.E285K c.853G>A

98 83 8 negative  |no mutation detected

99 47 2 negative |TP53 p.5241Y C.722C>A

100 75 2 positive TP53 p.S241F c.722C>T

101 77 2 positive no mutation detected

102 80 2 negative |TP53 p.A138V c.413C>T

103 63 2 negative  |TP53 p.H178Q c.534C>A

103 63 2 negative  |TP53 p.S183X C.548C>A

104 80 3 negative  |CDKN2A p.R80* c.238C>T

105 85 8 negative  |[TP53 p.R175H c.524G>A

106 74 3 negative  |no mutation detected

107 39 2 negative  |no mutation detected

108 55 1 negative  |TP53 p.C176X c.528C>A

Lists all detected mutations, age and FIGO stage per patient. FIGO = International Federation of
Gynecology and Obstetrics, AA = amino acid, CDS = coding DNA sequence
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Abstract

Vulvar cancer is a relatfively rare gynaecologic malignancy with an annual in-
cidence in developed countries of approximately 2 per 100,000 women. Vulvar
squamous cell carcinoma (VSCC) has two etiological pathways: a high risk hu-
man papillomavirus (HPV)-dependent route, which has usual vulvar intraepithelial
neoplasia (UVIN) as a precursor lesion, and an HPV-independent route, which is
associated with differentiated VIN (dVIN), lichen sclerosus, and genetic alterations,
such as TP53 mutations. Research on the molecular etiology of vulvar cancer has
increased in past years, not only regarding genetic alterations, but also epigene-
tic changes. In genetic alterations, a mutation irreversibly changes the nucleotide
sequence of the DNA, or the number of copies of chromosomes per cell is altered.
In epigenetics, the nucleotide sequence remains the same but genes can be *‘swit-
ched’ on or off by, for example, DNA methylation or histone modification. We sear-
ched the current literature on genetic and epigenetic alterations in VSCC and its
precursor lesions. Many studies have reported a higher incidence of somatic muta-
tions in HPV-negative tumours compared to HPV-positive tumours, with TP53 muta-
fions being the most frequent. These somatic mutations seem to occur more often
with increasing grades of dysplasia. Allelic imbalances or loss of heterozygosity are
more frequently found in higher stages of dysplasia and in invasive carcinomas, but
it is not exclusive to HPV-negative tumours. A limited number of studies are avai-
lable on epigenetic changes in vulvar lesions, with hypermethylation of CDKN2A
being the most frequently investigated change. For most genes, hypermethylation
occurs more frequently in VSCC than in precursor lesions. As most studies have fo-
cused on HPV infection and TP53 mutations, we suggest that more research should
be performed using whole genome or next generation sequencing to determine
the frue landscape of genetic and epigenetic alferations in VSCC.
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Introduction

Vulvar cancer is a rare malignant disease accounting for less than 5% of gynaeco-
logical malignancies (1-3). The majority of these tumours are vulvar squamous cell
carcinoma (VSCC). The annual incidence of VSCC in developed countries is two to
three per 100,000 women and increases with age, with a peak incidence between
60 and 70 years of age (1;4;5).

The pathogenesis of VSCC can be subdivided info two different pathways:
human papillomavirus (HPV)-dependent and HPV-independent (1-7). The HPV-de-
pendent pathway accounts for 20-40% of VSCCs and has usual vulvar intraepithe-
lial neoplasia (UVIN) as a precursor lesion (3;4;8). This pathway is more common in
younger women and is associated with smoking, a higher number of sexual part-
ners, and a compromised immune status (1;3;9). The incidence of VIN, especially
the usual type, has increased in the last couple of years, even doubling in some
countries (1;4-6). The risk of the progression of a uVIN lesion towards VSCC seems
low, occurring in 9-16% of patients who do not receive treatment and in approxi-
mately 3% of patients who have been treated (1;6). However, some studies have
reported a higher risk of progression (10;11).

The non-HPV pathway is associated with mutations in TP53 and mainly occurs
in older women (1-3;6;7). This pathway is associated with lichen sclerosus (LS), a
chronic dermatosis associated with autoimmune diseases. Approximately 3-5% of
women with LS progress towards VSCC (9;12). Differentiated VIN (dVIN) is consid-
ered to be a precursor lesion of HPV-independent VSCC, with a higher malignant
potential than uVIN (1;6). dVIN can be difficult to diagnose for both clinicians and
pathologists because of its subfle clinical and histological appearance (13). HPV-in-
dependent VSCC is associated with a worse prognosis than HPV-associated VSCC
(3;9). However, its carcinogenesis has not been fully clarified.

When diagnosed at an early stage, VSCC has a good prognosis, especial-
ly for patients without inguinofemoral lymph node metastasis at first presentation
(14). Unfortunately, approximately one-third (15) of patients suffer from recurrent
disease. In the latter group of patients, therapeutic options are limited due to
severe morbidity associated with repeated freatment of local recurrences. Re-
current disease in inguinal lymph nodes has a very poor prognosis and is almost
always fatal (16;17). Information on genetic and epigenetic changes that play
a role in the carcinogenesis of vulvar cancer may provide valuable insight into
its efiology. Studies of many different types of cancer have shown that genetic
and epigenetic alteration status can help predict prognosis and guide farget-
ed therapy (18-23). For example, vemurafenib, a BRAF inhibitor, has shown clini-
cal efficacy as targeted therapy for melanomas that harbour mutations in BRAF
(24). In HPV-negative VSCC, mutations are often found in the tumour suppressor
gene TP53 (1;8;9;25;26). TP53 mutations are thought to be an early event in the

67



Chapter 4

development of VSCC because they are also found in dVIN and LS lesions (1;6-
8;26). Other mutations have been described in VSCC and its precursor lesions,
including mutations in the fumour suppressor genes PTEN and CDKN2A (27;28).
Other types of genetic alterations are dallelic imbalances or copy number al-
terations, in which the number of copies of chromosomes per cell is altered.
In addition to genetic mutations, epigenetic changes may also play a role in the
development of VSCC. Epigenetic changes are defined as heritable changes in
gene expression without changes in the DNA sequence. The best known epige-
netic change is hypermethylation of CpG islands in the promoter regions of tu-
mour suppressor genes, causing inactivation of the gene (19;23;29-32). In vulvar
cancer, hypermethylation of the promoters of RASSF2A, MGMT, and TSP1 has been
described (30). Here, we review the current literature and summarize the current
understanding of the role of genetic and epigenetic changes in VSCC and its pre-
cursor lesions.

Materials and methods

Relevant studies on genetic alterations (somatic mutations, allelic imbalances, loss
of heterozygosity, copy number changes, and microsatellite instability) and epige-
netic changes (hypomethylation and hypermethylation, microsatellite instability,
and chromatin, histone, and posttranscriptional modifications) were identified from
an extensive search on PubMed, Embase, Web of Science, Cochrane, and Sci-
enceDirect. After consulting a medical librarian, a combination of Medical Subject
Headings (MeSH) and free text words were formulated. Our search included the
tferms vulvar neoplasm, vulvar carcinoma, vulvar intraepithelial neoplasia, lichen
sclerosus et afrophicus, mutation, microsatellite instability, genetic, epigenetic,
hypermethylation, chromatin, histone, and posttranscriptional modifications. Re-
search published until 31 July 2014 that studied somatic mutations and epigenetic
changes in VSCC, VIN, and/or LS were included in this review. Exclusion criteria
were languages other than English, Dutch, German, French, or Italian, meeting
abstracts, or if the researchers only performed immunohistochemistry to evaluate
protein function. Two researchers (MDT and LN) independently assessed all articles
based on the ftitle, abstract, or full article. Articles for which there was disagree-
ment regarding inclusion or exclusion were discussed and a consensus reached.
The electronic search was complemented by a manual search of bibliographies
from relevant articles in order to identify additional relevant studies not encounte-
red in the electronic search. The arficles that met all inclusion criteria are described
in this review.
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Results

The electronic search identified 198 articles on genetic alterations in VSCC, VIN,
and LS. The manual search yielded another 17 articles. 59 of these articles met the
inclusion criteria and were included in this review (Tables 1 and 3). For epigenetic
changes in VSCC, VIN, and LS, we found 49 arficles, nine of which are included in
this review (Table 4). Four arficles reported on both genetic and epigenetic chang-
es and are found in both Table 1 and Table 4 (28;33-35). A flowchart illustrating the
inclusion and exclusion of articles is shown in Figure 1.

Figure 1 Inclusion and exclusion of arficles.

Records identified
through literature search

(N=264)

Records screened Excluded based on fitle

(N=264) > (N=92)

Abstracts screened Excluded based on
abstract

(N=172) >
(N=68)

Full-text articles assessed Excluded based on
article

(N=104)
(N=39)

}

Studies included

(N=65)
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Somatic mutations

A totfal of 34 articles were included that described somatic mutations (Table 1)
(8;25-28;33-61). Mutations were most often studied and detected in TP53, with fre-
quencies of up to 70% for LS, 60% for VIN, and 81% for vulvar cancer. CDKN2A muta-
tions were not detected in LS or VIN, but occurred in 0-60% of VSCCs. Table 2 shows
the overall frequencies of mutations for all included studies. HPV-negative ftumours
harboured more mutations than HPV-positive tumours, and the percentage of mu-
tated samples gradually increased with higher stages of (pre)cancerous lesions.

Allelic imbalances, loss of heterozygosity, and copy number changes

A total of 24 articles were included that reported allelic imbalances or copy
number changes in vulvar cancer and its precursors (Table 3)(36;45;47-
49;51;52;55;56;58;60;62-73). Allelic imbalances occurred most often on chromo-
somes 3, 8, 11, 13, and 17. Three studies focused on the total DNA index, and each
found high percentages of aneuploidy and tefraploidy (62-64). Bryndorf was the
only one to test HPV infection and found the highest percentage of aneuploidy
and tetraploidy in HPV-negative VSCC. Allelic imbalances were more frequently
observed in higher stages of both precancerous and cancerous lesions (63).

Microsatellite instability

We included three articles that reported on microsatellite instability (MSI) (65;74;75),
a condition in which repetitive DNA sequences are suscepfible to errors because
the Mismatch Repair system is not functioning properly (table 4). The articles by
Bujko and Lin looked at MSI in HPV-positive and negative VSCC. Bujko et al. found
no MSI in the 44 patients they investigated (29 HPV-negative and 15 HPV-positive)
(74). Lin reported MSI in locus 3.1 in one of two patients with HPV-positive VSCC
(65). Pinto et al. focused on MSI and allelic imbalances in uVIN, dVIN and LS, and
found that MSI was confined exclusively to HPV-negative dVIN and LS lesions, but
did not occurin the 15 UVINs they studied (75). The data by Pinto suggest that these
molecular changes are possibly early events in the HPV-independent route of vul-
var carcinogenesis, and that MSI may play a role in the malignant potential of LS.
However, in a small cohort of 4 patients with VSCC described by Lin et al., 2 patients
with HPV-positive tumours displayed MSI as well. These data indicate that the exact
role of M3l in vulvar carcinogenesis needs to be elucidated.
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Table 4  Studies on microsatellite instability (MSI) in vulvar cancer and its precursors.

Author |Year |No. of patients |Diag-nosis |[HPV-status |Locus % MSI |Technique used
Lin 1998 |2 VSCC - 3.1 0% PCR
2 VSCC i 3.1 50%
Bujko (2012 |29 VSCC - 0% PCR
15 VSCC i 0%
Pinto 2000 |5 UVIN - 3p. 59, 8p. 89, 10p, 1049, |0% PCR
119, 17p, 189, 219, 229
10 UVIN + 3p. 50, 8p. 89, 10p, 109, |0%
11q, 17p, 18q, 219, 229
11 dVIN - 3p, 50, 8p, 8q, 10p, 10q, |27%
119, 17p, 189, 219, 229
4 dVIN + 3p. 50, 8p. 89, 10p, 109, |0%
11q, 17p, 18q, 219, 229
17 LS - 3p, 50, 8p, 8q, 10p, 10q, [12%

119, 17p, 189, 21q, 229

HPV=human papillomavirus, N= number, LS= lichen sclerosus, VSCC= vulvar squamous cell carci-
noma, VIN= vulvar intraepithelial neoplasia, PCR= polymerase chain reaction

Epigenetic alterations

Nine articles were included that reported on epigenetic alterations in VSCC or
its precursors (Table 5) (28-30;33;34;76-79). CDKN2A was studied most offen (28-
30;33;34;76;78;79). CDKN2A is more frequently hypermethylated in VSCC (up to
68%) and VIN (up to 72%) than in LS (up fo 47%), but there is great variability in the
reported frequencies. An overview of all genes tested for hypermethylation and
the percentage of hypermethylation is shown in Table 6. When HPV status was not
specified for all genes tested for hypermethylation, HPV status was inferpreted as
unknown.
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Discussion

A growing body of research has focused on genetic and epigenetic changes in
vulvar cancer. The combined results of the currently available literature on genetic
and epigenetic changes confirm the hypothesis that HPV and TP53 mutations play
almost separate, but key roles in the carcinogenesis of VSCC (Table 5). Patients in-
fected with HPV are less likely to carry somatic mutations than patients without HPV,
but allelic imbalances seem fo occur in both groups. The cumulative number of
genetic changes increases with increasing grade of dysplasia and cancer stage.
Although only a few studies have sufficient numbers of patients to perform survival
analysis related to genetic and epigenetic changes, the findings suggest that tu-
mours harbouring a mutation, which are most often HPV-independent VSCC, have a
worse prognosis than VSCC without (epi)genetic changes (36;43;50;54;58;62;73;80).

The frequencies of detected mutations vary between studies. These differ-
ences can be explained, in part, by the composition of the cohorts. The included
cohorts may vary in terms of age and ethnic background or tumour stage, which is
known to be related to genetic alterations. Also, differences in the techniques used
and coverage of the screened exons may play a role. Detection methods have
improved over the last few decades, which is reflected in an overall increase in the
number of defected TP53 mutations within HPV-negative tumour samples.

The amount of research on epigenetic changes in VSCC and its precursors is
limited, but studies in other types of cancer have shown the importance of these
tumour characteristics in the development of targeted therapy (81). We only found
articles on hypermethylation. In our literature search we did not find any articles
on other possible epigenetic changes in VSCC or its precursors, such as chromatin
remodelling or histone modifications. Most research on hypermethylation has stud-
ied different genes so a comparison cannot be made. Only CDKN2A has been
investigated by more than one group. The hypermethylation frequencies that were
found differ greatly between LS, VIN, and VSCC. The frend appears to be more
hypermethylation in VSCC, but with the limited data it is difficult to draw any con-
clusions. With the fast development of research techniques focusing on epigenetic
alterations in tumours, and the knowledge already gained on targeted therapy for
epigenetically altered tumours, future research on this topic is promising.

In conclusion, genetic and epigenetic changes are detected more often
with increasing precursor and tumour stage, and are more frequently found in
HPV-negative patients than HPV-positive patients. However, compared to oth-
er types of cancer, studies on genetic and epigenetic changes in vulvar cancer
and its precursors is relatively few and, therefore, our knowledge on this subject is
still limited. Most genetic studies focus on HPV infection and TP53 mutations, , the
latter being the most frequent genetic change found in human cancers so far.
Recent studies provide evidence that somatic mutations often do occur in oth-
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er genes, such as CDKN2A and HRAS. Of all premalignant and malignant vulvar
lesions, HPV-independent VSCC represents the largest group of patients with the
waorst prognosis and most difficulties in the diagnosis and freatment of progressive
tumours. The upcoming availability of screening methods for somatic mutations
that provide information on the complete or very large parts of the genome, such
as next generation sequencing, may provide us with more insight info the mutation-
al and epigenetic landscape and the etiology of vulvar cancer. Hopefully, these
advances will increase future treatment possibilities and improve prognosis.
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ABSTRACT

Background

Vulvar cancer is the fourth most common gynaecological malignancy, with an
annual incidence of 2/100,000 women. Although most cases of early stage vulvar
cancer have a good prognosis, recurrence and rapid fumour progression can oc-
cur. We investigated the prevalence of spindle cell morphology in vulvar cancer
and ifs association with survival.

Methods

This retrospective cohort study included 108 patients with primary vulvar squamous
cell carcinoma who were freated at the Leiden University Medical Center 2000-
2009. Paraffin-embedded fissue was examined for the presence of spindle cell mor-
phology. Survival and histology data were compared between cases with spindle
and without spindle cell morphology.

Results

Twenty-two (20%) tumours showed spindle cells infilfrating the stromal tissue. All spin-
dle cell tumours were human papillomavirus (HPV)-negative. Spindle cell morpho-
logy was strongly associated with poor prognosis and with a high risk of lymph node
involvement at the time of diagnosis (relative risk 2.26 (95%ClI 1.47-3.47)). Five-year
disease-specific survival was lower in patients with vs. without spindle cell morpho-
logy (45.2% vs. 79.7%, respectively; P=0.00057).

Conclusion

Vulvar spindle cell morphology occurs frequently and seems to develop through
the non-HPV pathway. It is associated with a worse prognosis than conventional
vulvar squamous cell carcinoma.

Keywords

Vulva; carcinoma, squamous cell; carcinoma, spindle cell; prognosis
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Introduction

Vulvar cancer is the fourth most common gynaecological malignancy in devel-
oped countries with an incidence of approximately 2 cases per 100,000 women
each year (1-3). This cancer is mostly seen in post-menopausal women, and the
average age at diagnosis is 70 years Nearly 90% of all vulvar carcinomas are vulvar
squamous cell carcinoma (VSCC). (4). Squamous cell carcinomas of the vulva can
be divided into two etiological types (5;6). The first type is seen mainly in younger
patients and is associated with human papillomavirus (HPV) infection (7). The sec-
ond type is seen mostly in elderly patients and seems to develop independent of
HPV infection. This type of carcinoma is associated with lichen sclerosis and muta-
tions of the TP53 gene (7:8).

Vulvar carcinoma generally has a good prognosis when detected and freat-
ed at an early stage, but the most common treatment modadlities, i.e. surgical re-
moval and/or radiotherapy, can be mutilating and have high morbidity rates (9-
11). A small proportion of patients suffer from early recurrence, rapid progression of
fumour growth and death (12).Identifying risk factors for poor survival is important
to further reduce the mortality and morbidity of vulvar cancer patients, but few
studies have found new factors of clinical importance (13). To date, lymph node
involvement is the only accurate prognostic factor for survival and recurrence (14).

A specific histological type of squamous cell carcinoma, termed spindle cell
carcinoma, is seen occasionally. Spindle cell carcinoma is also referred to as pseu-
dosarcoma or carcinosarcoma. Spindle cells are thin, slender, elongated cancer
cells that infiltrate stfromal tissue and that occur either as single cells or as cords of
cells rather than as groups or islands (Figure 1). Spindle cell carcinoma is seen in
many different types of cancer and is associated with a worse prognosis in cancers
of the oral cavity, oesophagus and lung (15-19). Spindle-shaped epithelial cancer

Figure 1 VSCC and spindle cell morphology

Representative images of vulvar squamous cell carcinoma (A) and vulvar squamous cell carci-
noma with spindle cell morphology (20x magnification) (B).
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cells have lost their typical epithelial characteristics, and seem to gain the ability to
infilirate the underlying stroma and metastasize (20).

Spindle cell carcinomas consisting of spindle cells alone have been reported
only incidentally in vulvar carcinoma, and it is thought to be an aggressive tumour
type that occurs in 1% to 5% of all vulvar squamous cell carcinoma patients (15;21-
27). Some VSCCs show a specific pattern of invasion in which there is infiltration of
the stroma by single cells or cords of fumour cells adjacent to the ‘conventional’
squamous cell carcinoma cells. This pattern is also called ‘spray pattern invasion’.
This spray pattern invasion is seen more often than the rare vulvar spindle cell car-
cinoma and has been described before (28-30). A subpopulation of these vulvar
carcinomas with a spray pattern of invasion clearly shows areas of infiltrating cells
that resemble spindle cell carcinoma. We suggest that these tumours be termed,
‘vulvar squamous cell carcinomas with spindle cell morphology’, and describe the
criteria used fo characterize these tumours in the Methods section. The characteris-
fics of tumours with this pattern of invasion and their association with survival have,
to our knowledge, not been studied in a large cohort of patients. We hypothesise
that tumours with spindle cell morphology, i.e. fumours consisting of both ‘conven-
fional’ squamous cell carcinoma cells and spindle cells, may share some of the
aetiology and clinical behaviour with the aggressive spindle cell carcinomas. We
considered whether spindle cell morphology is a possible risk factor and studied ifs
prevalence and possible relation with prognosis.

Materials and Methods

Patients

All patients who were primarily surgically treated for primary VSCC between 2000
and 2009 at the Leiden University Medical Center, a referral centre for gynaecolo-
gical cancers in the Netherlands, were considered for inclusion in this study.

Clinical and follow-up data were retfrieved from patient medical records
and from the cancer registration database. Patients were excluded if they had re-
ceived systemic immunosuppressive therapy, chemotherapy or radiotherapy in the
pelvic area prior to surgery. Tumour staging was performed according to the FIGO
system using histologically confirmed TNM data. We used the 1995 staging instead
of the revised 2009 staging because of the retrospective design of the study (31;32).
The patients were followed-up until December 2012. Patient samples were handled
according to the medical ethical guidelines described in the Code of Conduct
for Proper Secondary Use of Human Tissue of the Dutch Federation of Biomedical
Scientific Societies.
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Microscopy and immunohistochemistry

All formalin-fixed, paraffin-embedded tissue blocks from the selected primary
VSCC patients that were stored in the Leiden University Medical Center archives
were examined microscopically for the presence of spindle-shaped fumour cells
on haematoxylin and eosin-stained slides. Tumours from which only biopsies were
taken were excluded from the study.

One series of consecutive 4-um paraffin-embedded fissue sections was tak-
en from all tumour-containing tfissue blocks and stained as described previously
(33) using primary antibodies for pankeratin AETAE3 (mAB 3412, 1:2000, Millipore,
Billerica, MA, United States of America), keratin 10 (DE-k10, 1:50, DAKO, Glostrup,
Denmark) and keratin 14 (LLO02, 1:2000, Abcam, Cambridge, United Kingdom). All
slides were digitalized using a Mirax slide scanner and analysed using Panoramic
Viewer (version 1.15.50, 3DHistec, Budapest, Hungary).

Since there is no established definition of spindle cell morphology, we catego-
rized the samples as follows. Tumour cells were categorized as spindle cells if they
had an elongated shape, infiltrated the underlying stromal tissue as single cells or
as cords of cells instead of as islands of cells and were keratin 14-positive and ker-
atin 10-negative as markers of dedifferentiation (Figure 2). When at least 10 spindle
cells were seen per high power field using a 40 x 0.65 objective, independent of
the proportion of spindle cells in relation to the solid component of the cancer, the
tumour was categorized as having spindle cell morphology. Spindle-shaped cells in
close proximity (<0.5 mm) to the solid component of the fumour were not marked
as spindle cell carcinoma cells but were considered to be part of the spray pattern
invasive border of the solid fumour.

Figure 2 Keratin expression in VSCC with spindle cell morphology

1000pm

B

1000y,

A

A representative image of a sample of vulvar squamous cell carcinoma with spindle cell morphol-
ogy stained for keratin 14 (A) and for keratin 10 (B). Note that the spindle-shaped cells are positive
for keratin 14 but negative for keratin 10, while the solid component of the tumour is positive for
both keratin 14 and 10 (Scale bar, 1000 um).

103



Chapter 5

HPV analysis

DNA extracted from formalin-fixed, paraffin-embedded fumour tissue was used for
HPV type analysis. To prevent and check for contamination, sections of a paraffin
block without tissue, which were cut before each tumour sample, served as nega-
tive controls. All such conftrols were negative in the PCR analysis. The INNO-LIPA HPV
Genotyping Extra Amp kit for in vitro diagnostic use (Innogenetics, Gent, Belgium),
which is a highly sensitive hybridization assay, was used for HPV typing as described
previously (34). This assay is able fo detect oncogenic and common HPV types (34).

Statistical analysis

Statistical analyses were conducted using the IBM SPSS Statistics software package
(version 20, IBM-SPSS Stafistics, Armonk, NY, USA). The independent t-test was used
to compare baseline variables, and Fisher's exact test was used to analyse catego-
rical and normally distributed numerical data. The Shapiro-Wilk test was used to test
for normality. The Mann-Whitney U test was used for data with a skewed distribu-
tion. Kaplan-Meier curves, the log rank test and Cox Proportional Hazard regression
analysis were performed to analyse the differences in survival between the spindle
and non-spindle groups. A P-value less than or equal to 0.05 was considered signi-
ficant, corresponding to 95% confidence intervals. All tests were two-failed. Results
for normally distributed numerical data are presented as mean with standard de-
viation (SD), and results for skewed numerical data are presented as median with
interquartile range (IQR).

Disease-free survival was defined as survival from the date of surgery until the
first recurrence or death or until the end of study follow-up. The overall survival of
the patients was measured from the date of surgery until death from any cause or
until the end of study follow-up. Disease-specific survival was measured from the
date of surgery until death from vulvar cancer or until the end of study follow-up.
Recurrent disease in the vulvar area was characterized as ‘local recurrence’,
whereas recurrences in the inguinal region were characterized as ‘regional recur-
rence’. Recurrent disease on the contralateral side of the vulva was considered to
be a second primary tumour.

Results

Between January 2000 and December 2009, 129 patients were freated surgically
for primary VSCC at the Leiden University Medical Center. Nine patients were exclu-
ded because they had a history of chemotherapy, pelvic radiotherapy or immu-
nosuppressive therapy for vulvar cancer or for another disease prior to the current
diagnosis. Eleven patients were excluded because their tumours were biopsied but
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no further surgical freatment was given. Tumour fissue from one patient was of poor
quality and was not analysed further. Thus, a total of 108 patients with primary VSCC
met all of our inclusion criteria. Table 1 lists the characteristics of these patients.
The median follow-up time was 39 months (IQR 16.3-70.5), and the mean
age at diagnosis with vulvar carcinoma was 69.9 years (SD 14.1). Symptoms first

Table1 Characteristics of the vulvar squamous cell carcinoma patients in this study.

Characteristic Valve

Follow upt -mo 39.0 (16.3-70.5)
Age atf diagnosist -year 69.9 (14.1)
Duration of symptomst -mo 5.0 (2.0-18.0)
FIGO stage -n (%)

Stage 1 30 (27.8)
Stage 2 36 (33.3)
Stage 3 30 (27.8)
Stage 4 12 (11.1)
Treatment -n (%)

Radical vulvectomy 69 (63.9)
Radical local excision 39 (36.1)
Adjuvant radiotherapy 43 (39.8)
Adjuvant chemotherapy 1 (0.9)
HPV positive -n (%) 18 (16.7)
Lymph node metastases -n (%) 41 (38.0)
Unilateral 29 (26.9)
Bilateral 12 (1.1)
Extracapsular growth 17 (15.7)
Tumor sizet -mm 32.1 (22.2)
Infiltration deptht -mm 6.0 (4.0-11.0)
Vasoinvasion -n (%) 15 (13.9)
Lymphangioinvasion 3 (2.8)
Perineural growth 4 (3.7)
Positive resection margins 21 (19.4)
Disease status —n (%)

Complete remission 83 (76.9)
Local recurrence 22 (20.4)
Second primary tumour 10 (9.3)
Regional recurrence 9 (8.3)
Regional metastases 8 (7.4)
Distant metastases 24 (22.2)
Died 59 (54.6)
Disease-specific death 28 (25.9)
5-year overall survival -% (SD) 51.9 (5.0
5-year disease specific survival -% (SD) 72.9 (4.5)
5-year disease free survival ‘— % ‘ (SD) 30.7 ‘ (4.9)

*Significant difference (P<0.05), tMedian (interquartile range), tMean (standard deviation).
Abbreviations: N = number; mo = months; mm = milimetre.
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occurred af a median of 5.0 months (IQR 2.0-18.0) before diagnosis. Microscopic
evaluation showed a mean tumour size of 32.1 mm (SD 22.2) and a median infilfra-
fion depth of 6.0 mm (IQR 4.0-11.0). Lymph node metastases were found in 41 of
the 108 patients (38.0%). Thirty patients (27.8%) had a fumour that was FIGO stage
1, 36 patients (33.9%) stage 2, 30 (27.8%) stage 3, and 12 (11.1%) stage 4. Forty-three
patients (39.8%) received adjuvant radiotherapy to the groin and/or vulva; 38 of
these patients received adjuvant radiotherapy because they were stage 3 or high-
er, and 5 of them received it because a tumour-free resection margin of less than 8
mm was obtained. One patient received adjuvant radiotherapy and chemother-
apy because of close tumour-free resection margins plus the presence of multiple
inguinal lymph node metastases.

At the endpoint of the study period, 20% of the patients had developed local
recurrent disease and 26% had died from the disease, giving a 5-year disease-free
survival of 31% (SD 4.9) and a 5-year disease-specific survival of 73% (SD 4.5).

Comparison of the clinical outcomes for patients with spindle and non-spindle cell

morphology

Of the 108 tumours that were analysed, 22 tumours (20%) were identified as having
spindle cell morphology and 86 (80%) as being non-spindle cell carcinomas. Table
2 summarizes the outcome measurements for patients with carcinomas with spin-
dle cell and non-spindle cell morphology. The mean age did not differ between
the two groups. Vulvar spindle cell carcinoma patients were diagnosed at a higher
FIGO stage than non-spindle patients, though the duration of symptoms before
diagnosis did not differ.

Forty-one of the 108 patients had lymph node metastases at the time of di-
agnosis, 15 of which were also positive for spindle cells. This gives a relafive risk of
lymph node metastasis in spindle cellmorphology patients of 2.26 (95% Cl 1.47-3.47)
compared with patients without spindle cell morphology. Eighteen of 108 patients
tested positive for HPV [type 16 (n=10), 18 (n=2), or 33 (n=5); one patient fested
positive for both HPV types 16 and 33]. None of these patients had carcinomas with
spindle cell morphology.

Compared to spindle cell morphology patients, more non-spindle patients
achieved complete remission (83.7% vs. 50.0%, P=0.003). At the endpoint of the study
period, 22.7% of the spindle cell morphology patients and 19.8% of the non-spindle
cell patients had developed local recurrent disease, and 9.1% and 8.1% of patients,
respectively, developed regional recurrences (P=1.000). In ferms of disease-specif-
ic death, 50% of the spindle cell patients and 19.8% of the non-spindle cell patients
died from the disease (P=0.002).

Overall survival differed significantly between patients with and without vulvar
spindle cell morphology (Figure 3A), with 5-year overall survival of 27.3% (SD 9.5)
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Table 2 Comparison of the clinical outcomes for patients with spindle and non-spindle cell

morphology.

Outcome Spindle Non-spindle P-value
n=22 (20.4%) n=86 (79.6%)

Follow-upt -mo 18.0 (8.8-46.0) 48.0 (123.0-77.5) |0.026*
Age at diagnosist —-yr 71.0 (13.2) 69.7 (14.4) 0.617
Duration of symptomst -mo 4.0 (2.8-12.5) 5.0 (2.0-22.0) |0.951
FIGO stage at first operation  —n (%) 0.002*
Stage 1 8 (13.6) 27 (31.4)
Stage 2 4 (18.2) 32 (37.2)
Stage 3 8 (36.4) 22 (25.6)
Stage 4 7 (31.8) 5 (5.8)
Treatment -n (%)
Radical vulvectomy 14 (63.6) 55 (64.0) 1.000
Radical local excision 8 (36.4) 31 (36.0)
Adjuvant radiotherapy 14 (63.6) 29 (33.7) 0.020*
Adjuvant chemotherapy (0.0) 1 (1.2)
HPV positive -n (%) 18 (20.9) 0.011*
Lymph node metastases -n (%) 15 (68.2) 26 (30.2) 0.002*
Unilateral 8 (36.4) 21 (24.4) 0.001*
Bilateral 7 (31.8) 5 (5.8)
Extracapsular growth 8 (36.4) 9 (10.5) 0.006*
Tumor sizet -mm 38.7 (21.4) 30.5 (22.2) 0.610
Infiltration deptht -mm 8.0 (4.5-12.0) 6.0 (3.0-11.0) |0.242
Vasoinvasion -n (%) 6 (27.3) 9 (8.3) 0.077
Lymfangioinvasion 1 (4.6) 2 (2.3) 0.499
Perineural growth 1 (4.6) 3 (3.5) 1.000
Positive resection margins 7 (31.8) 14 (16.3) 0.131
Disease status -n (%)
Complete remission 11 (50.0) 72 (83.7) 0.003*
Local recurrence 5 (22.7) 17 (19.8) 0.771
Second primary tumour 2 (9.1) 8 (9.3) 1.000
Regional recurrence 2 (9.1) 7 (8.1) 1.000
Regional metastases 1 (4.5) 7 (8.1) 0.443
Distant metastases 7 (31.8) 17 (19.8)
Died 18 (81.8) 41 (47.7) 0.007*
Disease specific death 11 (50.0) 17 (19.8) 0.002*
5-year overall survival -% (SD) [27.3 (9.5) 58.2 (5.6) 0.00041*
5-year disease specific survival =% (SD) |45.2 (11.4) 79.7 (4.6) 0.00057*
5-year disease free survival -% (SD) [25.0 (12..5) 44.3 (6.6) 0.149

*Significant difference (P<0.05), tMedian (interquartile range), tMean (standard deviation). Ab-
breviations: N = number; mo = months; mm = millimetre.

vs. 58.2% (SD 5.6; P=0.00041), respectively. Disease-specific survival was significantly
worse for spindle cell morphology patients than non-spindle cell morphology pa-
tients, with a 5-year disease-specific survival of 45.2% (SD 11.4) vs. 79.7% (SD 4.6;
P=0.00057; Figure 3B). Five-year disease-free survival did not differ significantly be-
tween the two groups (25.0% vs. 44.3%, P=0.149).

Univariate Cox regression analysis for disease-specific death resulted in a haz-
ard ratio of 3.50 (95% Cl 1.63-7.52, P=0.001) for spindle cell morphology patients
compared with non-spindle cell patients. After correction for the possible con-
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Figure 3 Survival curves
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Overall survival (A) and disease-specific survival (B) in the 108 vulvar squamous cell carcinoma
patients in this study. There were significant differences in both overall and disease-specific survival
for patients that had carcinomas with vs. without spindle cell morphology (relative risk of dying 1.7
vs. 2.5, 95% Cl 1.3-2.3 and 1.4-4.6; P=0.0043 and P=0.0041, respectively). Red is non-spindle, green
is spindle.

founders age and HPV infection, the hazard ratio became 2.71 (95% Cl 1.26-5.81,
P=0.011). When correcting for more tumour characteristics (tumour size, infiltration
depth, positive resection margins), vulvar spindle cell morphology patients had a
hazard ratio for disease-specific death of 2.51 (95% ClI 1.12-5.64). Adding lymph
node metastasis and regional or distant metastasis to the correction model gave a
hazard ratio of 4.1 (95%Cl 1.61-10.60) for patients with carcinomas with spindle cell
morphology (Table 3).

Discussion

This study is, fo our knowledge, the first to investigate vulvar spindle cell morpholo-
gy in a large group of patients with VSCC. Spindle cell morphology occurred fre-
quently in our series and was found in 20% of the VSCCs examined. Carcinoma with
spindle cell morphology has not been reported as a separate enfity in vulvar can-
cer prior to this report. A spray pattern of invasion, which also includes spindle cell
morphology, has been reported in a few papers (28-30) and was found in 11 out of
26 VSCCs by Drew et al (29). In the latter study, which was relatively small, a spray
pattern of invasion was significantly associated with poor survival after correction
for FIGO stage alone.

Our study of a large cohort of VSCC patients shows that patients with spindle
cell morphology have a worse prognosis than patfients with conventional squa-
mous cell carcinoma of the vulva. The disease-specific and overall survival was
almost half that of non-spindle squamous cell carcinoma patients. After correct-
ing for multiple possible confounders, vulvar spindle cell morphology remains an
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Table 3  Multivariate analysis of prognostic variables.

P-value HR 95% Cl for HR
Step Spindle cell morphology .001 3.503 1.632-7.517
P-value HR 95% ClI for HR
Step 1 Spindle cell morphology 0 2.706 1.262 - 5.805
Age 493 1.001 0.998 - 1.003
HPV infection .970 .000 N.A.
P-value HR 95% ClI for HR
Spindle cell morphology .026 2.512 1.119 - 5.639
Age .850 1.000 0.997 - 1.002
Step 2 HPV infection 971 .000 N.A.
Tumour size .205 1.016 0.991 - 1.042
Infiltration depth .906 1.004 0.940-1.072
Positive resection margins 335 1.734 0.566 - 5.306
P-value HR 95% CI for HR
Spindle cell morphology .003 4.135 1.613-10.601
Age .348 999 0.996 - 1.001
HPV infection 964 .000 N.A.
Tumour size .050 1.028 1.000 - 1.057
Step 3 Infiltration depth 562 .984 0.930 - 1.040
Positive resection margins .047 3.183 1.015-9.979
Lymph node metastasis .509 1.364 0.543 - 3.427
Metastasis:
No metastasis .000 Ref.
Locoregional metastasis .001 14.807 3.204 - 68.425
Distant metastasis .000 39.734 11.341-139.214

Variables added in step 1: age, HPV. Variables added in step 2: tumour size, infiltration depth,
positive resection margins. Variables added in step 3: lymph node metastases, infilfration depth,
distant metastases.

Abbreviations: HR = hazard rafio

independent prognostic factor. None of the patients with spindle cell morpholo-
gy showed HPV infection, strongly suggesting that these fumours arise through the
non-HPV pathway (8;35).

The vulvar spindle cell morphology patients reported having symptoms for
a similar length of time prior fo diagnosis than non-spindle cell patients, but vulvar
spindle cell carcinoma patients presented with higher FIGO stages, possibly be-
cause of the aggressive character of spindle cells and the rapid progression of this
type of tumour.

Although this series is the largest reported in the literature, the number of po-
tients in this study is still too small to correct for all potential confounders. However,
even after correcting for multiple tumour characteristics that are likely to be part
of the causal path (tumour size, infiliration depth, positive resection margins, lymph
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node metastasis and distant metastasis), vulvar spindle cell morphology patients
had a hazard rafio for disease-specific death of 4.14 (95% CI 1.61-10.60) relative
fo non-spindle cell patients, suggesting that the poor prognosis of these patients is
associated with spindle cell morphology and is independent of other fumour char-
acteristics. Caution has to be taken when interpreting multivariate analysis in smalll
cohorts of patients. Given the distinct differences in survival, we suggest that this
refrospective study be replicated at other large institutions to determine the added
prognostic value of spindle cell morphology in a prognostic model.

Regarding the survival and overall incidence of spindle cells, selection bias
could have been introduced by our inclusion of patients who were treated pri-
marily by surgery. Patients that were treated by excision biopsy alone were not
selected for this series, and such patients usually have smaller fumours and a better
prognosis. On the other hand, patients with inoperable tumours, and likely a worse
prognosis, were also not selected, so patient selection cannot fully explain the dif-
ferences in survival. Notably, correcting for tumour size did not change the finding
that spindle cell morphology patients have a significantly worse prognosis.

These results may have implications for the clinical management of VSCC.
Spindle cells can be detected by a trained pathologist and, if necessary, be visu-
alized using commonly available keratin stains. Given our finding that spindle cell
morphology does not affect the risk of local recurrent disease, the current advice
to perform a local radical fumour resection with 8-mm fumour-free margins after
fixation seems appropriate (36). However, the increased risk of lymph node metas-
tasis and poorer prognosis could influence the choice to perform adjuvant chemo-
therapy or radiotherapy in vulvar spindle cell morphology patients.

Conclusion

VSCC with spindle cell morphology appears to be an aggressive tumour type. In
this series of patients, this cancer type had a worse prognosis than conventional
VSCC as well as an increased risk of lymph node metastases at the time of diag-
Nosis.
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Abstract

Background

Vulvar cancer treatment is mostly curative, but also has high morbidity rates. In a
search for markers that can identify patients at risk of metastases, we investigated
the prognostic value of L1-cell adhesion molecule (L1CAM) in large series of vulvar
squamous cell carcinomas (VSCCs). LICAM promotes cell mofility and is an emer-
ging prognostic factor for metastasis in many cancer subtypes.

Methods

Paraffin-embedded tumour tissue from two cohorts (N=103 and 245) of primary
VSCCs were stained for LICAM, vimentin and E-cadherin. Patients of the first co-
hort were tested for human papilloma virus infection and sequenced for TP53 and
CTNNBI (B-catenin) mutations. The expression of LICAM was correlated to clinical
characteristics and patient survival.

Results

L1CAM expression was observed atf the invasive front or in spray-patterned parts
of 17% of the tumours. LICAM-positive tumours expressed vimentin more often,
but LICAM expression was not associated with TP53 or CTNNBI1 mutations. Five-
year survival was worse for patients with LICAM expression (overall survival 46.1% vs
63.6%, P=.014, disease specific survival 63.8% vs 80.0%, P=.018). Multivariate analysis
indicates LICAM expression as an independent prognostic marker (HR 2.9, 95%
Cl 1.10-7.68). An in vifro spheroid invasion assay showed decreased invasion of
L1CAM-expressing VSCC spindle cells after treatment with L1CAM-neutralising an-
tibodies.

Conclusion

This is the first study to show high L1CAM-expression at the infilfrating margin of
VSCC's. LICAM-expressing VSCCs had a significantly worse prognosis compared to
L1CAM-negative tumours. The highest expression was observed in spindle-shaped
cells, where it might be correlated fo their invasive capacity.
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Introduction

Vulvar cancer is the fourth most common gynaecological malignancy affecting
approximately 2 in 100.000 women each year in developed countries (1;2). Vulvar
cancer typically occurs in postmenopausal women: the mean age of diagnosis is
70 years (3;4). Two subgroups of vulvar squamous cell carcinoma (VSCC) are cur-
rently recognised. The first generally affects younger patients and is associated with
infection by the human papilloma virus (HPV). The second develops independently
from HPV infection and is associated with mutations in the TP53 gene (5).

Patients diagnosed with vulvar cancer at an early stage generally have a
good prognosis (90% 5-year survival for FIGO stage 1 patients) (3). However, some
patients suffer from rapidly progressing fumours that often recur and metastasize.
Surgical freatment of early stage vulvar cancer is curative in most cases, but unfor-
tunately, it also results in high morbidity rates (6;7). Researchers have fried fo find
prognostic markers that can differentiate patients who require aggressive (surgical)
treatment from patients who would benefit from a more conservative and less in-
vasive approach. This can include less radical surgical margins or to waive lymph
node dissection or senfinel node procedure (8). Despite these efforts, no prognostic
markers are currently used in the clinical management of VSCC patients, except
for lymph node metastasis, which is currently considered the most accurate pre-
dictor for prognosis (8;9).

L1 cell adhesion molecule (LICAM, or CD171) is thought to be one of the
many factors involved in the induction of Epithelial-to-Mesenchymal Transition
(EMT), responsible for the gain of invasive properties of cancer cells. LICAM is a
membrane glycoprotein that plays a crucial role in neural development where it
has a dual mechanism: it can either stimulate cell adhesion, or it can promote cell
mofility. In normal adult tissue, LICAM is only expressed by nerve tissue, leukocytes
and renal fubules of the kidney, whereas in cancer it has also been reported to be
expressed on tumour cell surface (10-12). In tumour cells, L1CAM can switch from a
cell adhesion to a cell motility promoting role, which is demonstrated by its stimulat-
ing effect on invasive growth of tumour cells (12;13). This is also illustrated by studies
showing high LICAM expression (sometimes even exclusively), at the invasive bor-
der of fumours (13;14). Finally, LICAM can induce a more invasive phenotype in
celllines (15).

The prognostic significance of L1CAM expression has been addressed in many
different types of cancer, including gynaecological cancers (14;16-23). Recent-
ly, two large studies showed the prognostic significance of LICAM in low grade
endometrioid endometrial cancers (24;25). LICAM was found fo be expressed in
invasive areas of epithelial ovarian cancer and was correlated with poor clinical
outcome and unfavourable clinicopathological features of the disease (21).
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There are several hypothesis regarding the underlying mechanism of LICAM
upregulation in cancer. The three dominant hypotheses are that LICAM is upregu-
lated by mutant p53 (26), through Wnt-signalling (14;26) or through the induction of
TGF-B family members (26;27). LICAM expression has not been examined in vulvar
cancer before, but some studies have reported a relation between morphological
features of EMT and a worse survival in vulvar cancer (28;29).

In this study, we investigated the expression of LICAM in a large series of 348
VSCC patients from two different academic hospitals and correlated it with surviv-
al. In order to further understand the process of L1CAM upregulation, clinicopatho-
logical characteristics and markers for EMT were studied in one of the cohorts. Fi-
nally, in a pilot in vitro study we have examined the role of LICAM in invasion of
vulvar cancer cells.

Methods

Patient selection and sample collection

All patients samples were handled according to the medical ethical guidelines
described in the Code of Conduct for Proper Secondary Use of Human Tissue of the
Dutch Federation of Biomedical Scientific Societies. (www.federa.org , an English
franslation of the Code can be found here:

http://www.federa.org/sites/default/files/digital_version_first_part_code_of_
conduct_in_uk_2011_12092012.pdf )

Two cohorts of patients from two different referral cancer cenfres were in-
cluded in this study. The first cohort exists of 108 patients with primary vulvar squa-
mous cell carcinoma who were surgically treated at the Leiden University Medical
Center between 2000 and 2009. Of these patients, 5 tissue blocks did not contain
sufficient tumour tissue anymore and were excluded, therefore resulting in a cohort
of 103 samples. Patients were also excluded if they had received chemotherapy or
radiotherapy in the pelvic area prior to the operation, or if they had received sys-
femic immunosuppressive therapy (n=9). Patients who underwent excision biopsies
without further surgery were excluded, because biopsies do not confain enough
tumour material (n=11). Clinical and follow-up data were refrospectively retrieved
from patient medical records and the institutional cancer registration database.
Follow up ended in December 2012.

The second cohort consists of 298 patients with primary vulvar squamous cell
carcinoma who were surgically freated atf the University Medical Center Groningen
between 1981 and 2001. Since 1984, clinicopathological and follow-up data of
all patients referred to the Department of Gynecologic Oncology of the Universi-
ty Medical Center Groningen, the Netherlands are prospectively collected during
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standard treatment and follow-up. All consecutive vulvar squamous cell cancer
patients with T1-2 fumors were selected. Twenty-five patients were excluded be-
cause they did not undergo inuinofemoral lymphadenectomy (which was a selec-
tion criterium in the original study (30)). In 18 cases this was because of general bad
health, in the other 7 cases because of FIGO stage 1A disease. With the tissue sam-
ples of these patients, a tissue micro array (TMA) was built as previously described
(30). Therefore, this cohort will be referred to as the ‘TMA cohort’. Patients were
excluded when they had been freated with preoperative radiotherapy. Fiftythree
patients were removed from analysis because too many cores were missing from
the TMA, resulfing in a cohort of 245 patients in total.

Tumour staging for both cohorts was performed according to the FIGO sys-
tem; the 1995 staging instead of the revised 2009 staging was used because of the
refrospective design of the study (31;32). In the multivariate survival analysis, we
corrected for lymph node metastasis and tumour size instead of FIGO stage, be-
cause these factors are not subject to revisions of staging systems over time. These
cohorts have been described before (29;30;33).

Immunohistochemistry

Formalin fixed, paraffin embedded (FFPE) fissue blocks were collected for all inclu-
ded patients. 4um sections were cut and sections were stained with haematoxylin
and eosin to select representative tumour containing tissue blocks and areas.

The selected sections were stained using anti LICAM antibody clone 14.1,
1:500 (Covance, Princeton, NJ, USA) and counterstained with haematoxylin as de-
scribed before (34). Stained sections were analysed by one PhD-candidate and
one gynaecopathologist (MDT and TB) separately, blinded for patient characteris-
tics and outcome datfa. LICAM expression was marked “positive” if 5% or more of
the tumour cells stained moderate or strong for LICAM. All other staining patterns
were grouped “L1CAM negative”, which included 1) completely negative tumours
with positive internal control, 2) tumours with scattered positive tumour cells (<5%)
or 3) very weak stained tumours (intensity was compared with internal control).

LICAM staining of nerve axons was used as an internal positive control. A
consensus was reached for all samples.

The Leiden cohort was also stained for p-catenin antibody clone 14 1:800,
e-cadherin C20820 1:100 (both BD Biosciences, Franklin Lakes, NJ, USA) and vimen-
tin V9-2B 1:50 (Department of Pathology, Leiden University Medical Center, Leiden,
the Netherlands) according to the manufacturers protocol.

The TMA cohort consisted of 4 Tissue Micro Arrays (TMA) with fumour samples
of 298 squamous cell vulvar cancer patients (30). For the TMA cohort, 4 um sec-
tions of the TMA were cut. Samples on the TMA were scored for each tissue core
separately, later combining the results from the three cores per patient. A patient
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with atf least one core with moderate to strong L1CAM expression was scored pos-
itive for LICAM, and negative for LICAM if at least two cores were present and all
negative. If two or more cores were missing or missing for more than 50%, and the
remaining core was not scored as positive, the patient was marked as missing and
removed from further analysis.

Tumour cell isolation and spheroid invasion assay

From fresh residual fumour fissue (81 year old patient, FIGO stage IVa) collected af-
ter diagnostic use, tumour cells were isolated. Keratin staining of the fumour showed
both solid and spindle shaped tumour cells (supplementary figure 1). The tumour
was fested negative for HPV as described before (29). Cells were harvested after
overnight incubation at room temperature in 5 ml DMEM (Invitrogen, United King-
dom) containing 1 mg/ml collagenase and 1 mg/ml dispase. Next day, cells were
washed and subsequently incubated in RPMI 1640 containing 10% Fetal Calf Serum
(F7524, Sigma-Aldrich, USA) 50 U penicillin per ml and 50 ug streptomycin per mi
(G1397, Sigma-Aldrich, USA. During cell culture cobble shaped and spindle shaped
tumour cells were identified and were separated. Both cell types were culfured
further until pure populations were obtained. Supplementary figure 2 show the mor-
phologic features of the cells. To characterise the cells TP53 Sanger sequencing
was performed, showing a TP53 R248Q mutation identical fo the original tumour
both in the spindle shaped and the cobble shaped cell population, reaffirming the
epithelial origin of both cell types. LICAM expression on both cell types was eval-
uated by western blot analysis as described before (35) using mouse anti- LICAM
anfibodies (clone L1-9.3/2a, 2.3 yg/ml in TBST) and chemoluminescent detection.

The spheroid invasion assay was performed as described before (36). In short,
spindle and cobble VSSCs were grown to spheroids (500 cells per spheroid) by plat-
ing them on agarose-coated 96 well plates. After 48h spheroids were harvested
and embedded in a collagen type-I matrix in the presence of 40 ug/ml isotype
control or LICAM neutralising anfibodies (clone L1-9.3), both kindly provided by
Prof. Dr. Altevogt (37). Invasion of the cells intfo the collagen matrix was analysed
by microscopy and pictures were taken at 1 day after embedding at 10x magnifi-
cation (Olympus microscope). At least 10 spheroids per conditions were analysed
and the experiment was repeated two fimes.

HPV and mutation analysis

Mutation analysis and HPV typing were performed on the study cohort of 103 pa-
fienfs. The pancytokeratin-stained slides were used to select an area consisting of
at least 70% tumour cells. Three 0.6-mm diameter tissue cores of variable length
were taken from the selected area in the FFPE blocks. DNA isolation was performed
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in an automated fashion as described previously using the Tissue Preparation Sys-
tem (Siemens Healthcare Diagnostics, Malvern, Pennsylvania, USA) (38). DNA quali-
ty was tested by multiplex quality PCR that amplified 150-, 255-, 343-, and 511-base
pair products that were visualized using 2% agarose gel electrophoresis and scored
for quality (scale, 0-4) (primer sequences available upon request).

The INNO-LIPA HPV Genotyping Extra Amp kit for in vitro diagnostic use (Inno-
genetics, Gent, Belgium), a highly sensitive hybridization assay, was used for HPV
typing as described previously (39). This assay can defect oncogenic and common
HPV types.

For analysis of somatic mutations in the TP53 gene, DNA sequencing was per-
formed for exons 5-8 as described before (33). Mutation genotyping of CTNNBI
was performed using the GynCarta 2.0 panel (40), which covers 88% of the current-
ly known CTNNBT mutations.

Statistical Analysis

Statistical analyses were conducted using the Predictive Analytics Software packa-
ge (version 17, IBM-SPSS Stafistics, Armonk, New York, USA). The independent t-test
was used fo compare baseline variables and Fisher's exact fest to analyse catego-
rical and normally distributed numerical data. The Shapiro-Wilk test was used to test
for normality, and for data with a skewed distribution, the Mann-Whitney U test was
used. Kaplan-Meier, the log-rank test, and Cox proportional hazard regression ana-
lysis were performed to analyse differences in survival between groups of patients
with and without LICAM expression. A P value of .05 was considered significant,
corresponding to 95% confidence intervals (Cls). All tests were two-tailed. Results
for normally distributed numerical data are presented as the mean with standard
deviation (SD), and results for skewed numerical data are presented as the median
with inferquartile range.

Results

From the Leiden cohort, 103 patients were included, and tumour sections from all
patients were analysed for LICAM. The average age at diagnosis was 71 years and
the mean follow-up time was 4 years. Table 1 lists the characteristics of all included
patients for the study cohort.

Of the 103 patients in the study cohort, 16 (16%) were positive for LICAM (ta-
ble 2). Figure 1 shows an example of an LICAM positive fumour. All moderate fo
strong expressing cells were found at the invasive border of the tumours or areas
with pronounced spindle-cell morphology (figure 1). None of the more differentiat-
ed or solid, keratinizing tumours showed any L1CAM positivity. HPV was detected
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Table 1 Patients characteristics of the Leiden cohort (n=103)

Characteristic valve
Follow upt -mo (SD) 48.7 (36.1)
Age at diagnosist -year (SD) 70.7 (13.6)
Duration of symptoms -mo (IQR) 5.0 (2.0-17.3)
FIGO stage -n (%)
Stage 1 27 (26)
Stage 2 36 (35)
Stage 3 29 (28)
Stage 4 11 (11)
Lymph node metastases -n (%) 39 (38)
Extracapsular growth -n (%) 17 (17)
Tumor sizef -mm (SD) 31.8 (21.7)
Infiltration deptht -mm (IQR) 6.0 (4.0-10.0)
Positive resection margins 21 (20.4)
Disease status -n (%)
Complete remission 80 (78)
Local recurrence 20 (19)
Regional recurrence 9 (9)
Died 56 (54)
Disease specific death 25 (24)
5-yr overall survival -% (SD) 52.5 (5.1)
5-yr disease specific survival -% (SD) 74.7 (4.5)
5-yr disease free survival -% (SD) 30.0 (5.0)

Table 2 Comparison of patient characteristics for L1CAM positive and negative tumours in
the Leiden cohort

Outcome L1ICAM L1ICAM p-value
positive negative
n=16 (16%) n=87 (84%)
Follow upt -mo (SD) 29.0 (34.5) 52.3 (35.4) 0.017*
Age at diagnosist —-yr (SD) 70.5 (13.1) 70.8 (13.8) 0.939
Duration of symptomst -mo (IQR) 4.0 (2.3-73.5) |5.0 (2.0-14.8) |0.573
FIGO stage -n (%) 0.023*
stage 1 2 (13) 25 (29) 0.227
stage 2 6 (38) 30 (35) 0.784
stage 3 3 (19) 26 (30) 0.547
stage 4 5 (31) 6 (7) 0.013*
Lymph node metastases -n (%) 8 (50) 31 (36) 0.401
Extracapsular growth 6 (38) 11 (13) 0.024*
Tumor sizet -mm (SD) 39.5 (19.2) 30.6 (21.9) 0.156
Infiltration deptht -mm (IQR) 8.0 (6.5-13.3) | 6.0 (8.5-9.0) |0.145
Positive resection margins 7 (43.8) 14 (16.1) 0.019*
Disease status -n (%)
Complete remission 9 (56) 71 (82) 0.045*
Local recurrence 2 (13) 18 (21) 0.771
Regional recurrence 0 (0) 9 (10)
Died 13 (81) 43 (49) 0.027*
Disease specific death 7 (64) 18 (24) 0.012*
5-yr Overall survival -% (SD) 18.8 (10) 58.7 (6) 0.001*
5-yr Disease specific survival - % (SD) 428 (15) 79.3 (5) 0.013*
5-yr Disease free survival -% (SD) 30.0 (15) 41.6 (7) 0.266
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Figure 1 L1CAM expression
e R, of \g
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Two vulvar squamous cell carcinomas with spindle cell morphology (A and B) and solid growth

pattern (C and D) stained for keratin (A and C) and LICAM (B and D). Arrowhead: nerve axon as
an internal positive control.

in 17 out of the fotal 103 patients (17%) and TP53 mutations in 56 patients (54%).
Previous research from our group has shown that VSCC with spindle cell morpholo-
gy were more likely to carry TP53 mutations and that spindle cell morphology was
exclusively found in HPV negative patients (29). Although L1CAM expression was
more frequently seen in spindle patterned fumours, there was no relation between
L1CAM upregulation and TP53 mutations and/or HPV infection. No CTNNBI1 muta-
tions or aberrant nuclear p-catenin expression were detected in any of the sam-
ples. LICAM upregulation was not associated with changes in e-cadherin expres-
sion, since all tumours express e-cadherin. Vimentin expression in the tumour was
detected in 29 samples (28.2%) and was correlated to LICAM expression (Spear-
man's rho 0.349, P=0.001) (table 3). An example of vimentin and L1CAM expression
at the invasive border of a tumour is shown in supplementary figure 3.
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Table 3 Correlating molecular markers to L1CAM upregulation in the Leiden cohort

Ovutcome L1ICAM L1ICAM X2 Spearman p-valve
positive negative p-value Correlation
n=16 (16%) |n=87 (84%)
HPV positive -n (%) 1 (12) 16 (18) |0.462  -0.118 0.233
TP53 mutation ~ —n (%) |10 (63) |46 (53) 10278  |0.070 0.482
HPV and/or P53 —n %) | 69) |59 (68)  10.595  |0.007 0.942
Vimentin -n (%) |10 67) 17 (24)  10.004  |0.349 0.001*
Figure 2 Survival curves
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Kaplan Meier survival curves for the Leiden cohort, n=103 (A, B), and both cohorts combined,
n=348 (C, D). P-values for log-rank test.

Comparison of survival data

Clinical data from the Leiden cohort were compared for patients with and without
LTCAM positive tumours and listed in fable 2. Patients with LICAM positive tumours
presented more often at the highest FIGO stage (31.1% vs 6.9%, P=.023) and if they
had lymph node metastasis, it was more likely fo be bilateral (31.3% vs 8.0%, P=.029)
and with extracapsular growth (37.5% vs 12.6%, P=0.024). Patients without L1 CAM stai-
ning were more likely to reach complete remission (81.6% vs 56.2%, P=.045). LICAM
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Figure 3 Spheroid invasion assay

A @ 9 B cobble spindle
= =]
a £
o S
[&] 7]
Pt L1CAM
mo— |-
- GAPDH
35 —
C D
cobble spindle
Day O Day 1 Day 0 Day 1

Isotype Ctrl
Isotype Ctrl

= £ T

Figure 3A:Spindle shaped cells highly express LICAM, while LICAM expression on cobble shaped
cells is very low. Figure 3B: Spindle and cobble cells form spheroids equally well and invade when
embedded in a collagen matrix (C/D). Note that the invasion of the non-L1CAM expressing cob-
ble shaped cells (Figure 3C) is hardly affected by L1CAM neutralising antibodies, while spindle cell
invasion can be strongly inhibited by the LICAM neutralising antibodies (Figure 3D).

anti -L1CAM
Anti-L1CAM

positive patients had a worse 5-year overall and disease specific survival (18.8% vs
58.7%, log rank P=.001 and 42.8% vs 79.3%. log rank P=.013, respectively) (figure 2).

Patients with LICAM-expressing fumours had a 2.9 times higher risk of dying
from their cancer than patients lacking LICAM expression (HR 2.9, 95% CI 1.10 -
7.68) when corrected for the possible confounders lymph node metastasis, tumour
size and TP53 mutations. Also for overall survival, LICAM remained to be an inde-
pendent prognostic factor when corrected for these confounders (HR 2.28, 95% ClI
1.13-4.57) (Table 4).

Validating prognostic data in an independent cohort

Of the 245 patients in the independent TMA cohort, the average age at diagnosis
was 72 years and the mean follow-up time was 5 years. Table 5 lists the characteris-
fics of allincluded patients in the TMA cohort.

Of these 245 patients, 44 (18%) overexpressed LICAM (table 6). The five year
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Table 4 Multivariate Cox regression analysis for the Leiden cohort (n=103)

Disease specific survival  variable HR 95% ClI
Lymph node metastasis 5.58 2.29 -13.62
Tumour size (mm) 1.02 1.00- 1.04
TP53 mutation 2.48 0.98 - 6.24
L1CAM staining 291 1.10- 7.68
Overall survival variable HR 95% ClI
Lymph node metastasis 3.33 1.91-5.78
Tumour size (mm) 1.03 1.02-1.04
TP53 mutation 1.50 0.84-2.67
L1CAM staining 2.28 1.13-4.57
Table 5 Patients characteristics of the TMA cohort (n=245)
Characteristic n=245 valve
Follow upt -mo (SD) 60.0 (50.5)
Age at diagnosist -year (SD) 71.7 (13.1)
FIGO stage -n (%)
Stage 1 51 (21)
Stage 2 94 (38)
Stage 3 67 (27)
Stage 4 33 (13)
Lymph node metastases -n (%) 92 (43)
Extracapsular growth -n (%) 40 (16)
Tumor sizef -mm (SD) 33.0 (17.2)
Infiltration deptht -mm (IQR) 7.0 (3.8-10.0)
Positive resection margins 21 (8.6)
Disease status -n (%)
Complete remission 154 (63)
Local recurrence 50 (20)
Regional recurrence 14 (6)
Distant recurrence 6 (2)
Died 120 (49)
Disease specific death 50 (20)
5-yr Overall survival -% (SD) 59.6 (3.0)
5-yr Disease specific survival -% (SD) 78.2 (2.6)
5-yr Disease free survival -% (SD) 64.5 (3.0)

overall and disease specific survival was worse for patients with LICAM expression,
but it did not reach statistical significance (49.4% vs 61.3%, log rank P=0.074 and 70%
vs 80%, log rank P= 0.159) (table 6). Since no material was available for mutation
and HPV analysis, Cox regression analysis was performed correcting for lymph node
metastasis and tumour size. Patients with L1CAM positive tumours showed a frend
tfowards increased risk of dying, with a hazard ratio of 1.58 (95% Cl 0.79 — 3.19) for
disease specific survival and 1.48 (95% CI 0.93 - 2.35) for overall survival, these haz-

ard ratios however did not reach statistical significance (supplementary table 1).
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Table 6 Comparison of patient characteristics for L1CAM positive and negative tumours in

the TMA cohort

Characteristic L1ICAM L1ICAM p-value
positive negative
n=44 (18%) n=201 (82%)

Follow upt -mo (SD) 55.2 (50.2) 61.9 (50.9) 0.432
Age at diagnosist —yr (SD) 73.1 (13.0) 71.2 (13.0) 0.381
FIGO stage -n (%) 0.031*

stage 1 7 (16) 44 (22)

stage 2 13 (30) 81 (40

stage 3 20 (46) 47 (23)

stage 4 4 (9) 29 (14)
Lymph node metastases -n (%) 21 (48) 71 (39) 0.104

Extracapsular growth 9 (21) 31 (15) 0.219
Tumor sizet -mm (SD) 35.8 (22.4) 32.8 (16.3) 0.303
Infiltration deptht -mm (IQR) 7.0 (4.0-10.0) |7.0 (3.5-10.2) |0.912
Lymfangio invasion -n (%) 11 (25) 28 (14) 0.112
Positive resection margins 5 (m 16 (8) 0.386
Disease status -n (%)

Complete remission 22 (50) 132 (66) 0.059

Local recurrence 9 (21) 36 (18) 0.413

Regional recurrence 2 (5) 10 (5)

Distant recurrence 3 (7) 3 (1)

Died 27 (61) 93 (46) 0.095

Disease specific death 12 (27) 38 (19) 0.219
5-yr Overall survival -% (SD) 49.4 (8.2) 61.3 (3.7) 0.074
5-yr Disease specific survival - % (SD) 70.4 (8.2) 80.3 (3.0) 0.159
5-yr Disease free survival -% (SD) 57.5 (9.4) 71.0 (3.6) 0.188

Table 7 Comparison of patient characteristics for L1CAM positive and negative tumours in
both the Leiden and the TMA cohort

Characteristic L1ICAM L1ICAM p-value
positive negative
n=60 (17%) n=288 (83%)

Follow upt -mo (SD) 48.2 (47.7) 59.0 (46.9) 0.108
Age at diagnosist —yr (SD) 72.8 (13.0) 70.7 (13.3) 0.258
FIGO stage -n (%) 0.124

stage 1 9 (15) 69 (24)

stage 2 19 (32) 111 (39)

stage 3 23 (38) 73 (25)

stage 4 9 (15) 35 (12)
Lymph node metastases -n (%) 29 (48) 102 (35) 0.048*

Extracapsular growth 15 (25) 42 (15) 0.101
Tumor sizef -mm (SD) 36.7 (21.6) 32.1 (18.8) 0.092
Infiltration deptht -mm (IQR) 7.0 (4.4-11.0) |6.5 (38.5-10.0) |0.478
Positive resection margins 11 (18.3) 31 (10.8) 0.122
Disease status -n (%)

Complete remission 31 (52) 203 (71) 0.006*

Local recurrence 13 (2) 58 (20)

Regional recurrence 2 (3) 18 (6)

Distant recurrence 4 (7) 10 (4)

Died 40 (67) 136 (47) 0.007*

Disease specific death 19 (32) 56 (19) 0.023*
5-yr Overall survival -% (SD) 46.1 (7.2) 63.6 (3.0) 0.014*
5-yr Disease specific survival - % (SD) 63.8 (7.4) 80.0 (2.5) 0.018*
5-yr Disease free survival -% (SD) 57.5 (9.4) 71.0 (3.6) 0.188
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Table 8 Multivariate Cox regression analysis for both the Leiden and the TMA cohort

(n=348)

Disease specific survival  variable HR 95% ClI
Lymph node metastasis 6.1 3.35-11.10
Tumour size (mm) 1.02 1.01-1.03
L1CAM staining 1.70 0.97- 2.97

Overall survival variable HR 95% ClI
Lymph node metastasis 2.13 1.54-2.93
Tumour size (mm) 1.02 1.02-1.03
L1CAM staining 1.58 1.08 -2.32

When taking all survival data together, thus creating a combined cohort of
348 patients (supplementary table 2) of which 60 (17%) were positive for LICAM
(table 7). The 5 year overall and disease specific survival was significantly worse for
patients with LICAM positive tumours (46.1% vs 63.6%, log rank P= 0.014 and 63.8%
vs 80.0%, log rank P=0.018) (table 7). Patients with LICAM positive tumours were
more likely to have lymph node metastasis than patients without L1CAM expression
(48.3% vs 35.4%, P=0.048) (table 7).

The multivariate Cox regression analysis for both cohorts combined, correct-
ing for lymph node metastasis and fumour size provided a hazard rafio of 1.58 (95%
Cl 1.08 - 2.32) for overall survival and 1.70 (95% CI 0.97 - 2.97) for disease specific
survival (table 8).

L1ICAM inhibition decreases invasion of VSCC spindle shaped but not cobble
shaped cells

To analyse the potential role for LICAM in fumour cell invasion, we isolated spin-
dle- and cobble-shaped cells from one VSCC which contained both components.
Epithelial origin of the spindle- and cobble cells was confirmed by positive immuno-
histochemical stainings for pan-cytokeratin and presence of identical TP53 muta-
fions detected in the ftumour from which the cells were derived (data not shown).
L1CAM expression was analysed by western blot. Figure 3A shows that spindle sha-
ped cells highly express L1ICAM, whereas L1ICAM expression on cobble shaped
cells is very low. Next, both cell types were grown as spheroids and embedded in
collagen type-I matrix to study the invasive properties (figure 3B). In the presence of
an L1CAM neutralising antfibody the invasion of the spindle cell population can be
strongly inhibited, while the invasion of the non-L1CAM expressing cobble shaped
cells is hardly affected (figure 3C and 3D). This experiment stresses the importance
of LICAM for the invasive potfential of the spindle cells and opens possibilities to
explore these antibodies in a therapeutic setting.
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Discussion

L1CAM expression has shown to be a marker for poor disease outcome in several
types of cancer (14;16-23) and this is study is the first to evaluate the prognostic
capacity in vulvar cancer. Taking both the Leiden and the TMA cohort together,
LTCAM was upregulated in 60 (17%) of all included VSCC. Patients with LICAM
expressing tumours have a significantly worse 5 year disease specific survival com-
pared to patients with normal L1CAM expression (80% vs 64%). Furthermore our pilot
in vitro data show an important role specifically for LICAM in invasive properties of
spindle shaped vulvar cancer cells.

There are three hypotheses how L1ICAM is upregulated in cancer. Studies in
colorectal cancer cell lines have shown that B-catenin (CTNNBI1) mutations, and
the subsequent aberrant activation of the Wnt signalling pathway, result in upregu-
lation of LICAM (14). Despite these findings in colorectal cancer, our work and that
of others on vulvar cancers shows no evidence of CTNNB1 gene mutations, nor nu-
clear B-catenin expression (28;33). Therefore, we do not expect that Wnt-signalling
through B-cateninis a major factor in the upregulation of LICAM in vulvar cancer.

P53 has also been postulated as a regulator of LICAM expression and TP53
is frequently mutated in vulvar cancer (26). In our current study, there was no cor-
relation between TP53 mutations and L1ICAM positivity. Since HPV infection can
alter the function of wild type p53, a relation between L1CAM expression and p53
aberration by either HPV infection or TP53 mutation was investigated, but we did
not find any correlation. We therefore concluded that p53 might not be driving
L1CAM expression in vulvar cancer. An third alternative is that LICAM expression is
upregulated in the process of EMT (41;42). EMT-like changes have been described
in vulvar cancer by us (29) and others (28) and was associated with poor clinical
outcome. Our current findings show that L1CAM expression is exclusively found in
areas with EMT-like growth (at the invasive border), or in tumours with predominant
spray like growth, suggesting an association between EMT and L1CAM. Moreover,
we confirmed that spindle shaped epithelial fumour cells highly express LICAM
protein, in contrast to their cobble shaped counterparts, which show very low or
absent LICAM.

Together, our findings indicate that LICAM upregulation may be a conse-
quence of EMT-like changes in vulvar cancer. Our spheroid invasion assay suggests
that the invasion of these spindle shaped vulvar tumour cells can be strongly in-
hibited by tfreatment with LICAM neutralising antibodies. These findings are is in
line with other tumour models, where freatment with L1CAM neufralising antibodies
seems to inhibit fumour growth and metastasis (37). Therefore our work contributes
to the growing evidence showing efficacy of inhibiting fumour growth by L1ICAM
anfibodies and stresses the need for further evaluating ifs therapeutic potential in
vulvar and other cancers.

129



Chapter 6

The strength of this study is the relatively large number of included patients
with vulvar cancer. When combining the two cohorts, the statistical power of our
analyses increases, which underlines the potential prognostic value of LICAM ex-
pression in vulvar cancer. We do want to encourage other institutes to reproduce
our study in order to validate our hypothesis. Because of the low incidence of vulvar
cancer, we suggest these should be multicentre studies containing at least hun-
dreds of patients.

A potential weakness of this study is its refrospective design. Since therapies
change and improve over time, using samples dating back to 1984 might distort
the survival analysis. Also, by excluding patients who underwent small excision bi-
opsies and needed no further surgical excision, small sized tumours that have a
relatively good prognosis might have been excluded. On the other hand, patients
that did not receive surgical freatment were probably also excluded because of
the large size or metastasis of their tumour. By including tumour size in the mulfivari-
ate analysis, we have corrected for this possible bias. For the TMA cohort, only fissue
micro arrays were available. Although three cores from different locations in the
tumour were included for each patient, chances still are that LICAM positive areas
of the tumour were missed when taking these tissue cores. While the percentage of
L1CAM positive samples was comparable between the study and the TMA cohort
(16 and 18%), patients might have been allocated to the LICAM negative group,
thus diluting the effect LICAM expression has on prognosis. The defected differ-
ences in survival are therefore on the safe side and might in fact be even more
significant if full sides would have been available for this study.

In summary, we have shown for the first time that LICAM is expressed in 17%
of the VSCC's and that it is an independent prognostic factor for both overall and
disease specific survival. Therefore LICAM proves to have potential as a reliable
biomarker that can be used to discriminate high risk from low risk vulvar cancer
patients. We have studied and validated this prognostic significance in a large
cohort of a relatively rare cancer type. Our results implicate that, unlike in other
cancers, p53 and Wnt-signalling do not appear to play a dominant role in the (up)
regulatfion of LICAM. More likely, our data point fowards a link between EMT and
L1CAM expression in VSCC. We can conclude that LICAM expression represents a
promising prognostic biomarker in vulvar cancer. In addition, the potential fo use
LICAM as a target for therapy based on our vulvar cancer cell invasion assays,
warrants further investigation.
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Supplementary tables and figures

Supplementary figure 1
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Original tumour from which two cell line populations were isolated, stained for pancytokeratin
showing both solid an spindle shaped tumour cells.

Supplementary figure 2

Bright light microscopy images of the two cell populations consisting of cobble shaped cells from
the ‘solid’ tumour (A), and spindle shaped cells (B).s.
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Supplementary figure 3

Vimentin and Keratin expression in the tumour border of a spindled vulvar cancer.

Supplementary figure 4
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Overall and disease specific survival curves of the TMA cohort (N=245)
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Supplementary table 1 Multivariate Cox regression analysis for the TMA cohort (n=245)

Disease specific survival

Overall survival

variable HR 95% ClI
Lymph node metastasis 7.26 3.17-16.62
Tumour size (mm) 1.02 1.01-1.04
L1CAM staining 1.58 0.79-3.19
variable HR 95% ClI
Lymph node metastasis 1.91 1.28 - 2.85
Tumour size (mm) 1.02 1.01-1.03
L1CAM staining 1.48 0.93-2.35

Supplementary table 2 Patients characteristics of both the Leiden and the TMA cohort

fogether (n=348)

Characteristic n=348 valve
Follow upt -mo (SD) 57.1 (47.1)
Age at diagnosist -year (SD) 71.1 (13.2)
FIGO stage -n (%)
Stage 1 78 (22)
Stage 2 130 (37)
Stage 3 96 (28)
Stage 4 44 (13)
Lymph node metastases -n (%) 131 (38)
Extracapsular growth -n (%) 57 (16)
Tumor sizet -mm (SD) 32.9 (18.8)
Infiltration deptht -mm (IQR) 7.0 (4.0-10.0)
Positive resection margins 42 (12.1)
Disease status -n (%)
Complete remission 234 (67)
Local recurrence 71 (20)
Regional recurrence 20 (6)
Distant recurrence 14 (4)
Died 176 (51)
Disease specific death 75 (22)
5-yr Overall survival -% (SD) 60.4 (2.8)
5-yr Disease specific survival -% (SD) 77.5 (2.4)
5-yr Disease free survival -% (SD) 68.7 (3.4)
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Abstract

Vulvar squamous cell carcinoma (VSCC) patients can suffer from rapid progres-
sion and recurrence. A higher risk of lymph node metastases and worse survival
has been attributed to VSCCs with spindle cell morphology. To determine whether
the spindle cell component is the origin of metastasis, we analyzed the mutational
status of 66 primary VSCCs and their spindle cell components, lymph node meta-
stases, and recurrences.

Mass spectrometry screening was performed for 13 relevant genes (BRAF,
CDKN2A(p16), CTNNBI, FBXW7, FGFR2, FGFR3, FOXL2, HRAS, KRAS, NRAS, PIK3CA,
PPP2R1A and PTEN). Solid components of VSCCs with and without spindle cell mor-
phology were also screened for mutations in TP53.

TP53, CDKN2A and HRAS were most frequently mutated. Mutational profiles
differed from the primary tumor in 64% of lymph node metastases and 81% of re-
currences. There was no difference in mutation frequency between VSCCs with
and without spindle cell morphology (77 vs 58%, NS). Spindle cell components were
more likely to have the same profile as adjacent solid components (86% of cases).

Our study reveals that VSCCs likely consist of multiple, genetically different,
clones. There is no proof of a selective role for somatic mutation(s) in the onset
of spindle cell morphology. VSCCs with spindle cell morphology have a higher
risk of lymph node metastasis and a worse 5-year survival. However, based on the
mutational spectra, we have not been able to identify spindle cell components as
the origin of metastasis or recurrence. Our findings could be of importance when
developing targeted therapy.
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Introduction

Vulvar cancer is a relatively rare gynecological malignancy, with approximately
2 new cases per 100,000 women each year (9;15;18;22). It is mostly seen in post-
menopausal women, with an average age at diagnosis of 70 years. The most pre-
valent subtype of vulvar cancer is squamous cell carcinoma (VSCC), but other
types such as basal cell carcinoma and melanoma also occur. VSCC is known to
develop through two different etiologic pathways (8;34). The first pathway is clearly
associated with infection by oncogenic high risk human papilloma viruses (HPV)
and is mainly seen in younger patients. HPV produces proteins Eé6 and E7 that in-
teract with the tumor suppressor proteins p53 and pRB (37), resulting in loss of wild-
type function. The second pathway, which usually affects older patients, develops
independent from HPV infection, and is associated with the chronic skin condition
lichen sclerosus (3;33;34). HPV-negative VSCCs often carry somatic mutations in,
amongst others, the TP53 gene (30). The HPV dependent and the HPV independent
pathway differ greatly in onset, but they do share a key role of p53.

Although surgical freatment is curative in most early stage cases, some pa-
tients suffer from rapid progression and recurrence (2;6;11) due to yet unknown
reasons. In higher staged VSCC, radiotherapy and chemotherapy can be applied,
but these freatment modalities have high morbidity rates (11). It is important to find
risk factors that can help clinicians to identify those patients that are most at risk of
progressive or recurrent disease, but to date the presence of lymph node metasta-
ses is the only accurate prognostic factor for survival and recurrence (12;20).

Approximately 20% of VSCCs have a subpopulation of cells with a distinct type
of morphology called ‘spindle cell morphology’. This subgroup of, almost exclusive-
ly HPV negative, VSCCs has a tumor component with loose, elongated tumor cells
budding from the invasive front of the tumor. VSCCs with spindle cell morphology
(VSCC-S) have a higher risk of lymph node metastasis and a worse 5-year survival
when compared to VSCC that consist of a ‘solid’ component alone (31). (Figure 1)

The etiology of vulvar spindle cell morphology is not yet fully understood. Spin-
dle shaped epithelial tumor cells seem to have lost part of their epithelial char-
acteristics, and gain mesenchymal traits and metastatic capacities, known as
epithelial-to-mesenchymal transition (EMT) (1;16). These metastatic capacities are
reflected by the fact that VSCC-S have a higherrisk of ymph node metastases (31).
Itis thought that changes in the TGFR pathway might play arole in the onset of EMT
and spindle cell morphology (26), but other molecular or genetic processes such as
somatic mutations may also be of importance. Although itis a plausible hypothesis,
it has not been proven that the spindle shaped cells are the origin of metastasis and
recurrences, or that the fumor as a whole has gained aggressive traits.
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Figure 1 Vulvar squamous cell carcinoma with spindle cell morphology

o LA

Representative images of vulvar squamous cell carcinoma (A) and vulvar squamous cell carci-
noma with spindle cell morphology (20x magnification) (B).

In this study, we have compared the mutational profile of VSCCs with and
without spindle cell morphology to gain insight in the recurrence and metastatic
process of VSCC-S. We used the genetic alterations as identfifiers to recognize a
progressive pathway from solid primary fumor to spindle cells, which in ferm might
be the origin of lymph node metastases and recurrences.

Methods

Patients

All patients that were surgically freated for primary VSCC in the Leiden University
Medical Center between 2000 and 2010 were selected. All fissue samples were
screened for mutations and spindle cell morphology before (31;32). Clinical fol-
low up data were examined up to December 2012. Patients who were surgically
treated for recurrence or lymph node metastasis within this follow up period were
included in this study. Patient samples were handled according to the Code of
Conduct for Proper Secondary Use of Human Tissue of the Dutch Federafion of
Biomedical Scientific Societies.

Identification of spindle cell morphology

All surgically removed recurrences and lymph nodes from the patients that were
selected as described above, were screened for spindle cell morphology on all
available fissue blocks. In short, 4 um sections were cut from paraffin embedded,
formalin fixed tumor tissue blocks, and stained for pankeratin, keratin 10 and keratin
14, respectively (27) clones AET1/AE3, MAB3412, 1:2000, Millipore, Billerica, Massa-
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Figure 2 Figure showing immunohistochemical staining of primary, lymph node and recur-
rence with spindle cell morphology

77 &

Tissue taken from the primary tumor (A), the lymph node metastasis (B) and the recurrence (C) of
the same vulvar squamous cell carcinoma patient, stained for pancytokeratin (1), cytokeratin 10
(2) and p53 (3). Note the presence of both spindle cell morphology and solid tumor in the lymph
node metastasis. Spindle cells can be distinguished from ‘normal’ VSCC cells by the presence of
pancytokeratin staining (1), and the absence of cytokeratin 10 staining (2). Slides 3 are stained for
tp53 and show a mutational staining pattern in all three tissue specimens.

chusetts, USA; DE-K10, 1:50, DAKO Glostrup, Denmark; and LL002, 1:2000, Abcam,
Cambridge, UK). Spindle cell morphology was determined as described before
(31). In short: loose, elongated cells with a minimum distance of 0.5 mm to the solid
component of the tumor and with a positive staining for pankeratin and keratin 14,
but negative for keratin 10 were marked as spindle cells. Figure 2 shows an example
of the expression of these proteins in a VSCC with spindle cell morphology.
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DNA Isolation and FACS

The stained tissue slides were used to select and mark solid and spindle cell regions.
The marked areas were transferred to the corresponding FFPE tissue blocks. Next,
4-50.6 mm diameter tissue cores were taken from the selected areas and transfer-
red into a micro vessel.

DNA from solid fumor component tissue cores was isolated using a Tissue Pre-
paration System (Siemens Healthcare Diagnostics, Malvern, Pennsylvania, USA) as
described previously (14). The fissue cores where carefully punched from solid tu-
mor fissue fo prevent high amount of ‘contamination’ with stromal fissue.

Spindle cell morphology has a diffuse growth pattern in which spindle shaped
cells are frequently intermingled with other types of tumor and normal infiltrating
cells. This has consequences for further downstream genetic analysis using fotal
DNA extracts. To circumvent this problem we used multiparameter fluorescence-
activated cell sorting (FACS) to obtain pure tumor subpopulations using a disso-
ciation protocol (4) with modifications that allowed the simulfaneous analysis of
pan-keratin, keratin 10, keratin 14, vimentin and DNA confent.

Tissue cores from spindle cell morphology areas were cut into small pieces and
were dewaxed using xylene, and were rehydrated. Next, fissues were subjected to
heat-induced, anfigen refrieval (HIAR) by heating the samples to 80°C in 10 mM so-
dium cifrate buffer for 60 minutes. Samples were digested for 60-20 minutes at 37°C in
a 0.1% mixture of collagenase and dispase in Rosswell Park Memorial medium (RPMI),
with infermitted grinding at 15 minute infervals using the GentleMACS ftissue grinder
(protocol spleen 03_02) (Miltenyi Biotec, Bergisch Gladbach, Germany). When sam-
ples were sufficiently digested and the solution gained a cloudy appearance, sam-
ples were washed in PBA-Tween and filtered through an 80 um mesh filter. Cell con-
centration was determined using the Muse Cell Analyzer (Merck Millipore, Darmstadt,
Germany). 10Aé cells were incubated overnight at 4°C with 50 L of primary antibody.
Next day, samples were washed in PBA-Tween and incubated with a mixfure of se-
condary goat anti-mouse subclass specific fluorescently labelled antibodies onice for
60 minutes. Labelling concentrations and manufacturers are stated in Table 1. Cells
were washed with NST buffer. (146 mM NaCl, 10 mM Tris-HCI, pH 7.5, 1 mM CaCl2, 0.5
mM MgSO4, 21 mM MgCI2, 0.05% bovine serum albumin, 0.2% Nonidet P40 (Sigma))
with 4,6-diamindino-2-phenylindole (DAPI; 10 uM (Sigma))For every 10A6 cells, 0.5mL
(10 uM) of DAPIin NST buffer was incubated in the dark at 4°C for at least 2 hours.

Flow cytometric analysis was performed using an LSRII low cytometer (BD Bio-
sciences, San Jose, CA). A UV 355 nm, blue 488 nm and the red 635 nm laser were
used for excitation. DAPI, FITC, R-PE, APC and APC-Cy7 fluorescence were collect-
ed using the following band pass filters, respectively: 450/50 nm, 530/30 nm, 572/25
nm, 670/14 nm and 780/60 nm. Diva 6.3.1 software was used for acquisition. Data
files containing information from at least 50,000 single cell events were analyzed us-
ing ModFit 4.0, remotely linked to WinList 8.0 (Verity software House, Topsham, ME).
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Table 1 Anfibody concentrations

primary |clone isotype |concen-|company secondary |concen- company

antibody tration antibody tration

panke- |Kspan 1-8 |IgG2A |1:5 Acris Anfibodies, APC 1:200 SBA, Birmingham,

ratin Herford, Germany AL, USA

keratin 10 |DE-K10 IgG1 1:5 DAKO, Glostrup, FITC 1:100 SBA, Birmingham,
Denmark AL, USA

keratin 14 |LLO02 1gG3 1:100 Abcam, Cam- APC-Cy7 1:100 SBA, Birmingham,
bridge, UK AL, USA

vimentin |V92b IgG2B |1:50 ARA, Alphen a/d RPE 1:200 SBA, Birmingham,
Rijn, the Netherlands AL, USA

DNA DAPI

APC allophycocyanin

FITC fluorescein isothiocyanate

RPE R-phycoerythrin

DAPI 4',6-diamidino-2-fenylindool

Table 2 Staining patterns

solid spindle cells stromal tissue

pankeratin + +

keratin10 W+ - -

keratin14 + +

vimentin +/-

DNA + +

For sorting, a FACSAria lll was used equipped with a 50 mW 407 nm violet laser,
a 20mW 488nm blue laser, a 50 mW 561 green laser and an 18 mW 635 red laser. For
fluorescence collection the same filter settings were used as in the LSRIIl. Tumor cells
were sorted using a 100 um nozzle at 20 psi and a drop frequency of 31.2 kHz and a
purity precision sorting mode (purity mask: 16, yield mask: 16). Three types of tumor
subpopulations were isolated: spindle cells, fumor cells from the solid component
and stromal cells, each having their own characteristic staining pattern (table 2).
DNA isolation of the sorted cells was performed as described before (7) followed by
DNA purification (NucleoSpin Tissue kit, Machery-Nagel, Germany).

Mutation analysis

MALDI-TOF

All samples were screened for hotspot mutations using the GynCarta 2.0 MALDI-TOF
Mass Spectrometry panel (28). This panel contains the most relevant loci for gyneco-
logical malignancies on 13 different genes (BRAF, CDKN2A(p16), CTNNBI, FBXW?7,
FGFR2, FGFR3, FOXL2, HRAS, KRAS, NRAS, PIK3CA, PPP2R1A and PTEN, see Supple-
mental table 3 for specific mutations). Data was analyzed by two investigators sepa-
rately with MassARRAY Typer Analyser software (TYPER 4.0.22, Sequenom, Hamburg,
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Table 3 Somatic mutations in solid components of VSCC

Patient primary lymph node recurrence
1 TP53 + CDKN2A + PTEN TP53 + CDKN2A TP53 + CDKN2A
2 CDKN2A WT na

3 TP53 + KRAS na WT

4 TP53 na TP53

5 TP53 na TP53

6 TP53 WT na

7 HRAS na CDKN2A

8 TP53 na na

9 WT TP53 na

10 WT WT WT

11 TP53 + PIK3CA + HRAS HRAS na

12 TP53° + CDKN2A TP53° + CDKN2A na

13 TP53 na na

14 WT na TP53

15 WT na WT

16 WT na WT

17 TP53 na WT

18 TP53 + HRAS WT na

19 WT WT * TP53 + CDKN2A
20 WT TP53 na

21 CDKN2A + HRAS na na

22 TP53 WT na

23 TP53 + CDKN2A na na

24 TP53 na na

25 TP53 TP53 na

26 WT na na

27 CDKN2A WT WT

28 TP53 na failed*

29 WT na failed*

30 TP53 + PIK3CA + HRAS WT * na

31 TP53 na WT

32 TP53 WT na

33 PIK3CA + PPP2R1A na PIK3CA

34 TP53 + HRAS TP53 + HRAS na

35 TP53° na TP53°

36 WT WT na

37 TP53 na WT

38 TP53° na TP53° + PPP2R1A
39 TP53 WT na

40 WT na na

41 TP53 + HRAS WT na

42 TP53 na CDKN2A
43 CDKN2A +PTEN na CDKN2A
44 TP53 na TP53 + CDKN2A
45 TP53 WT na

46 WT WT na
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Table 3  Continued

Patient primary lymph node recurrence
47 TP53 + CDKN2A + HRAS na na
48 TP53 WT na
49 TP53 na na
50 TP53° + CDKN2A TP53° + CDKN2A na

51 HRAS HRAS na
52 TP53 + CDKN2A TP53 + CDKN2A CDKN2A
53 WT WT na
54 TP53 na WT
55 WT na WT
56 WT na na
57 TP53° TP53° na
58 WT WT HRAS
59 WT na na
60 WT WT na

61 WT na WT
62 WT TP53 WT
63 TP53° + CDKN2A TP53° + CDKN2A na
64 WT WT na
65 TP53 + CDKN2A na na
66 TP53 WT na

*: part of the assay failed, WT is therefore not 100% sure.
O: a different mutation is detected on the same gene

Germany). Less than 5% of samples where scored differently by the two investiga-
ters. These samples were analyzed by a third person working for the software provi-
der company. This way, a consensus mutational typing was reached for all samples.

Sanger sequencing

All solid fumor components were also screened for TP53 using Sanger sequencing
for exon 5-9 as described before (32). The adjecent spindle cell components did
not contain enough cells o perform Sanger sequencing, so for these components
only MALDI-TOF mass spectfrometry was performed.

Results

Patients

Of the original cohort of 108 primary VSCCs, 22 were of the VSCC-S subtype of
which one was too small for analysis and was excluded. All VSCC-S tumors were
HPV negative. Of these primary VSCC-S tumors, 15 (68.2%) patients had lymph
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Figure 3 Flowchart on the included primary tumors, lymph node metastases and their adja-
cent spindle cell components.
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Of the original cohort of 108 patients, 22 were of the VSSC-S subtype, of which 1 was excluded for
low quantity. Eleven of the VSSC-S and 22 patients of the VSSC subgroup suffered from primary
lymph node metastases. 5/11 and 1/22 primary lymph node metastases contained a spindle cell
component, respectively.

Five of the VSSC-§ and 23 patients of the VSSC subgroup suffered from recurrent disease. 4/5 and
3/20 recurrences contained a spindle cell component, respectively.

node metastasis af time of diagnosis, whereas 26 (30.2%) of the VSCC patients had
lymph node metastasis. Thirty-two patients developed recurrent disease (27.3% of
VSCC-S vs 30.2% VSCC patients). Eight of the lymph nodes metastases and 4 of
the recurrences contained insufficient numbers of tumor cells for our analysis and
were excluded from further analysis. Six patients had spindle cell morphology in
their ymph node metastasis (5 of which the primary tumor was also of spindle cell
morphology). and 8 had a component of spindle cell morphology in their recurren-
ces. In total, 66 patients were included in this study. (Figure 3)
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Mutations

TP53 and CDKN2A were most frequently mutated in this cohort of primary tumors.
The mutations defected in spindle cell morphology components, and in lymph no-
des and recurrences are listed in supplemental Table 1. In lymph node metastases
and recurrences TP53 mutations occurred most frequently (10/33 lymph nodes and
8/26 recurrences), followed by CDKN2A (5/33 lymph nodes and 7/26 recurrences)
and HRAS mutations(2/33 lymph nodes and 1/26 recurrences). These mutation fre-
quencies are comparable to those in primary tumors, as described before (32).
There was no difference in mutation frequency between VSCCs with and without
spindle cell morphology (77 vs 58%, NS).

Recurrences

In two samples of recurrent tumour, the mutation analysis had failed. Thirty-one
percent (8/26) of the recurrences showed a similar mutational profile as the primary
tumor. (Figure 4 and Table 3) Another 4 (15%) recurrent tumors showed additional
mutations compared to the primary tumors, while 10 (38%) recurrent tumors sho-
wed to be wild-type for a gene that was found to be mutated in the primary tumor.
Four recurrent samples (15%) had simultaneously acquired a new mutation, but at
the same fime were wild type for a previously mutated gene, when comparing the
primary and recurrent fumor.

Lymph node metastases

Lymph node metastases more often had the same mutational pattern as the pri-
mary fumor, but still 21 out of 33 (64%) of the lymph node metastases had differen-
ces in mutations. In fourteen of these (42%) a mutation in the primary tumor was not
detected in the lymph node, which most often was TP53 mutation. Four patients
(12%) carried a different TP53 mutation in their primary tumor than was detected in
their lymph node metastases. In lymph nodes metastases from 3 cases (9%) a TP53
mutation was detected, which was not present in the primary tumor.

Spindle cell components

Sufficient quantities of DNA suitable for somatic mutation analysis could be exfrac-
ted from 83% (29/35) adjacent spindle cell components and were analyzed for so-
matic mutations by mass spectrometry. Spindle cell components showed an iden-
tical mutational profile as the solid component of the tumor in most cases (86%). In
4 out of 29 cases (14%) the profile differed. In 3 of these, additional mutations were
detected in the spindle cell component of the tumor. In one case, the spindle cell
component did not show any mutations, whereas the solid component of the tu-
mor did harbor a TP53 mutation and an HRAS mutation. There was no clear correla-
tion between the mutational pattern of the spindle cells and that of the metastases
and recurrences.
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Figure 4 Schematic representation of comparative mutational profiles
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Figure 4 shows a schematic illustration of the differences in mutational pat-
ferns between primary tumors and spindle cell components, lymph node metasta-
ses, and recurrences. Supplemental table 3 shows the full list of detected mutations
and supplemental Table 4 shows the DNA confent of all FACS-sorted samples.

Discussion

We studied primary, metastatic and recurrent VSCC with spindle variants by far-
geted sequencing of 14 genes that are most relevant to gynaecological cancers.
The results from this study show that VSCC is a disease that can harbour a large
variety of mutations, with TP53, CDKN2A and HRAS being most frequently mutated.
The spindle cell components appeared to have mutational profiles that are com-
parable to those of the solid component of primary tumors, so a driver mutation for
spindle cell morphology could not be specified. In contrast, lymph node metasta-
ses and recurrences showed different mutational profiles compared to their solid
primary tumor and spindle cell components. This might reflect the clonal selection
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and / or progressive disease that acquires new mutations. Thus, somatic mutation
analysis did not identify the spindle cell component as the origin of lymph node
metastasis and recurrences. However, the results of this study high light that VSCCs
often consist of multiple tumor clones that have different mutational spectra.

A previously published review of the literature on somatic mutations in VSCC
has shown that several mutations from different pathways might be affected in
VSCC (30). The mutations detected in these cohorts can be atfributed to three
different pathways: CDKN2A is an upstream regulator in the p53 pathway, PIK3CA,
PTEN and PPP2R1A are factors in the PI3K/AKT/mTOR pathway tumor, while HRAS
and KRAS are both part of the MAPK/ERK pathway. Each of these pathways is be-
ing studied as a possible target for tailored therapy, with differences in success rate
(10;19:23-25;29).

In order to study molecular changes in VSCC-S subpopulations, it was first cru-
cial to discriminate invasive fumor cells from the surrounding stromal tissue. Flow
cytometry has proven to be a powerful tool in selecting different subtypes of cells
(4), but its application in formalin fixed, paraffin embedded (FFPE) tissue has been
limited. In a maijority of studies the Hedley method was used which is based on the
isolation of single nuclei from FFPE tissue blocks for DNA content analysis. Howev-
er, in 2005 we published a protocol that enables the simultaneous measurement
of keratin-positive carcinoma cells, vimentin-positive stromal cells as well as DNA
content (5). Now we extended our protocol with two additional markers allowing a
further immunophenotipically dissection of, in this case, FFPE vulvar squamous cell
carcinomas into its subpopulations. (Figure 5)

A paradigm in carcinoma metastasis is that epithelial cells undergoing EMT
decrease the expression of epithelial proteins such as cadherins, and gain mesen-
chymal traits such as vimentin expression. Spindle cells have characteristics of EMT,
such as loss of cuboid shape and cell-cell junction and frequently express vimentin.
Other studies have shown a relationship between upregulated vimentin expression
in tumor cells and a worse prognosis (26). In VSCC too, spindle shaped tumor cells
are associated with a worse prognosis (31). Here, we have successfully used these
phenotypic characteristics to separate spindle cells from the solid tumor compo-
nent and stfromal fissue.

The low cell yield of FACS-sorted spindle cell components impaired the de-
ployment of Sanger sequencing for TP53 analysis on these samples. Thus, TP53 mu-
tation analysis was limited to the solid tumor components only. In this proces of solid
tumor Sanger sequencing an estimated 20% of TP53 mutations will be undetected
since not all, but only the most frequently mutated exones were sequenced. An-
other shortcoming of this study might be the fact that fargeted sequencing, as we
did using mass spectometry, will always leave untargeted genes and mutations
undetected. Future developments in mutation analysis fechniques will hopefully
overcome this problem in investigating low quality and low quantity tumor samples.
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Figure 5 Flow cytometry
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Flow cytometry of a lymph node metastasis containing spindle cell morphology showing separate
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population expressing vimentin, a marker of epithelial-to-mesenchymal transition. 4D: diploid DNA
index from stromal tissue. 4E: aneuploidy DNA index (1.65) from tumor population.

Several studies have shown that primary tumors often consist of multiple clones
of tumor cells that, through consecutive alterations in their genome, gain distinctive
variations in mutational pattern and metastatic capacity (13;21). Because we col-
lected several tissue biopsies from different locations of the tumors, we have shown
that there are many different clones of cancer cells in VSCC. The multiple mutations
found in the same tumor do not necessarily reside side-by-side in one cell, but could
very well originate from different clones within one tumor. As an example, case nr 53
hasboth aKRAS and an NRAS mutation that are typically mutually exclusive in tumors.
Given the fact that metastases and recurrences often carry less mutations than the
primary tumor, these results do imply that recurrences and metastases might arise
from a clonal selection from the primary tumor (17). Another hypothesis could be
that some of these recurrences are actually new primary tumors. The fact that we
have found that nearly 30% of recurrences and nearly 10% of lymph node metas-
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tases have acquired additional mutations compared to the primary fumor, might
have great implications for the options for targeted therapy. When, in the future,
mutations in the primary fumor are targeted by specific therapy, we have to be
aware of the risk of selection of tumor cells that represent a different clone with
additional, untargeted or yet untargetable mutations. It is therefore crucial to use
multimodal anticancer therapies, that block mulfiple levels of different cancer
pathways(35;36).

Although the current adagium in VSCC etiology states that vulvar cancer aris-
es through either an HPV infection or a mutation of the TP53 gene, our data again
show that other mutations such as CDKN2A and HRAS also play a role in VSCC. The
results from the present study show that lymph node metastases and recurrences
from VSCC have a broad variety of mutations that are not necessarily of the same
profile as the primary VSCC. VSCC-S is not associated with a specific type of muta-
tion or mutated pathway. Also, adjacent spindle cells are likely to have the same
mutational pattern as the solid component in the primary fumor. Therefore, somat-
ic mutations are unlikely to be the causing factor for EMT or the origin of VSSC-S.
Changes in the TGF-beta pathway through other mechanisms than genetic alter-
ations could be of importance and need to be studied in more detail.

Conclusion

Mutationsin TP53, CDKN2A and HRAS were frequently found in primary VSCC, lymph
node metastases and recurrences. The results from this study show that VSCCs
consist of multiple tumor clones that have different mutational spectra. There is no
proof that spindle shaped cells are the origin of lymph node metastasis and recur-
rences. Future research on targeted therapy is needed, but we should be aware
of the risk of clonal selection of cells carrying undetected or untargeted mutations.
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Supplementary tables

Supplemental table 1 Somatic mutations in spindle cell components

Patient |primary spindle primary* lymph spindle lymfe recur- spindle recur-
node node* rence rence*

5 WT na na na WT WT

6 WT WT WT na na na

8 WT WT na na na na

9 WT na WT WT na na

13 WT WT na na na na

14 WT na na na WT CDKN2A + KRAS+

PPP2R1A

17 WT WT na na WT WT

24 WT WT na na na na

25 WT WT WT na na na

26 WT WT na na na na

27 CDKN2A CDKN2A WT na WT na

36 WT failed WT na na na

37 WT na na na WT WT

40 WT failed na na na na

41 HRAS WT WT WT na na

44 WT WT na na CDKN2A |CDKN2A

47 CDKN2A + HRAS |CDKN2A + HRAS na na na na

50 CDKN2A CDKN2A CDKN2A |na na na

51 HRAS HRAS HRAS na na na

52 CDKN2A CDKN2A CDKN2A |na CDKN2A (failed

53 WT CDKN2A + CTNNB1 |WT failed na na

56 WT WT na na na na

58 WT na WT na HRAS failed

62 WT failed WT PTEN WT WT

64 WT na WT WT na na

65 CDKN2A CDKN2A na na na na

66 WT WT WT WT na na

157



Chapter 7

1S7£600°2UOd'IDUINOI/ [ £E1°01:10P "[§7£69 :(£)6 INO SOTd "SI182UDD) [DIIBOJ0DBDUAS 10§ Ajj0dy108ds [ound Bullyoid uoy
-DiNW dioWos indybnouyl-ybiH o Buubiseq (y10z) 0 $8 ‘W3 8SSO ‘Q oWy *J 00|[84§ ‘S Yo0goID ‘AW YISIaLL ‘WA suppds :4[0Z U SOId ul payslignd sy

9 44 el 9 L 8 1 8 S v 4] S T (66) sApssy
3 14 (174 LL 6l 8L 1 6 9 S -4 oL v (1£1) voL
ASySd
dsysd
46¥s'd
«5eeyd 05ysd
1ZsSiczeNd Slyrd
T+SIETEN'd NiyLd
gesshlzerd| AZyOLHd IyLd
S181e1d| ¥/p0LHd y19od viyld
1+8J06CAd|  1Ly0LHd dlood|  yeod ALgsd
Le4sh/920°d| AgpOLWd 1190d|  4dl9od 1/¢5d
6+84£92)°d (1<2) q9odl  1190d d/gsd
2+840520°d| Igrolwd|  ¥19od (o<1)|  Md19od 4/€5'd
GSi8yed'd (V<) dI19od| HIvod (9<2) 2/£5d
mrezad| ierolwd)  T19od (v<1)| zHI9Od v/gsd
«ecdd| xszolrd|  d9od|  HIvod (v<2) AreDd
Flcod] vszolrd)  390d] 3190d| HI9Od Jyeod
Hezlyd| DlzolAd]  Aglodl  Aglod]  xelod Wweod
og/1yd] 19psod|  selod|  ¥e1od] Aglod Agesd
ooclyd depsod|  ¥e1od  aelod)  selod 36590°d deesd|  xplldd
Hgszy'd|  doclyd| wepsod|  aelod)  oe1od]  ¥e1od 0£699°d (9<1) Jeesd|  Iwildd
oL5Tmd Joelyd| Noysodl  oglod|  velod aelod ©0soNd|  MeySNd ogesd| xolimd
A9szsd|  ooclyd) Forsod)  velod  Azlod)  Oglod 3069x°d (v<1) veesd|  Lolimd
4952s'd| pisjocldd|  Nsps3dl Azlod]  sziod|  Azlod JLeevd|  NepSNd Azead| osolad
oegLyd L0e1yd|  aspsad)  sgiod) ¥elod] sziod og/ead|  ¥zeedd| Dgosyd|  Azead| wvgolad
mesLyd oygyd| 96y63d|  ¥z1od 219d|  ¥e1od ol/esd|  O6/eAd|  164p¥d] Nzead| Agoldd|  1009Ad
o¢glLyd s/e4d| vsys3d,  delod)  agglod]  aglod 20/£9d|  1gsedd| ©ssryd Hzead «084°d|  ¥oo9Ad
¥6L1dd «£3d| Meps3d|  oziod|  oziod)  oziod D6vzsd|  ¥esedd|  Hsordyd|  ozead Xg8sy'd|  M009Ad
16L1d'd]  ps90d] ogedd|  vezlod|  velod|  velod myelddl Ogyzyd| mzszsdl ogopyd|  vgead «863'd|  3009Ad| suouoInW
V1¥2ddd Nld| VDeNId SVIN N2 SV¥H Z1X04 £3494 24494 LMX84| L9NNLD| VZNXAD 4vyg| (€L) SaNao

4OLIQTYW 0°'Z PHODUAD 1oj uBiseq  Z 3|qel |eauswa|ddng

N

(e}
1p}



Targeted sequencing of primary, metastatic and recurrent spindle cell variant vulvar cancer

HSZ1yd £5dl /1

pajoslap uolpinud ou 91

pajosisp uolpinw ou gl

A952Sd|  VIdzddd 7l
selod SV 4!
X8S¥'d| VZNNAD| HS/lyd £6dl pajoslep uoLDPINW OU 7l
Ssygod €5dlL el

0L+S}9T1Ad €GdL M8yzyd €5dl zl

«083'd|  VZNNAD «08yd VZNYAD el

105¢d°d €5dL [l

JS5ys3d VOeNId il

J19od SVH d190d SVaH [

pajoslap uolpinw ou 0l

0LsS}9TIAd €5dl pa}o9}ep UoLDINW OU 6

HSZ1yd €5dL 8

«0834'd|  VZNNAD sz1od SVaH /

46¢10d €6dl1 9

46¢10°d €5dL S

9LsSj05LLd €5dL 918405 11d €5dL 4

M8yzyd €Gdl1 €

ACLlod SV €

«08y°d VZNNAD 4

og/zyd €5dlL oz d £5dl og/zyd £5dl L

Myegyd Nald |

«85¥'d] VZNNaD «853'd| VZNNaD +85y°d VZNYAD L

Jsgqwinu

9|pulds 8oualndal pIlos 82ualndal s|pulds apou ydwA| pIjos apou YduwA| s|puids Aipwiud plios Alowud| jusipd

SUOHDINW P3}0843P UO UOKDWLOJUL JO Isif [IN4 € 3|qe |euawa|ddng

159



Chapter 7

og/zyd €Gdl 3

Sérzyd €Gdl Le

oeLzyd €Gdl 0

PlergeENe! vOoedld 0¢

sz1od SYaH 0

pa}o8}8p UoKPINUW OU 62

o8reyd €Gdl 8¢

Tesldd €Gdl 8z

Hgszy'd V1dZddd 8¢

«084°d|  wZNMAaD «084°d|  WZNMAD «08y'd VZNAAD a4
Xr6z3d €Gdl 9T

asgead €Gdl 9C

ye1od SVaH ST

ogLeyd €54l oeszyd €Gdl ST

HS/1yd €Gdl 144

oe/zyd €Gdl €z

«08y'd VZNNAD €2

ogreyd €Gdl 44

sisldd €Gdl 1z

Je1od SVaH [k

£08yd VZNNAD 1z

36/29d £5dl poajo8lep UoKDINW OU oz

o8y d €Gdl 6l
«089°d|  VZNMNAD pajoaiep uolpiNW ou 61
aelod SYaH 8l

Jequunu

o|puids @ouaundal pljos @ousunDal|  J|puIds apou YdwA| P1j0S opou YdwA| o|puids Aiowud pljos Alowud|  juaiipd

panunuo) ¢ a|qe3 |ejuswajddng

160



Targeted sequencing of primary, metastatic and recurrent spindle cell variant vulvar cancer

JesLind €5dl1 8y
180ZAd €GdL Va4
sz1od SVIH szlod SVIH Vi
LLIMd| VZN)aD| «0llmd VZNNAD Va4
¥eys3d)  vOoedld P®}08}8p UOHDINW OU 9
1061dd €Gdl Sy
£8534'd] VZNNaD 44
£854'd| VZNMAD|  d4/GIAd €5dL He/lyd N3ld| 4/G1Ad £5dl 144
SADSSD 1|0 10J pa|Io) (%74
D9V sul
x0834'd|  VZNNAD si9g1ad €5dL 44
o¢/INd €5dl 4
SSygod €5dl1 1%
sclod SVaH 14
selod SV pa}o8}ep UoHDINW OU (04
399¢od €5dlL 6€
Oe8Ldd| VIdzddd 8¢
oelzyd €6dl1 X9/10'd €5dl 8¢
W9IZA'd €5dL /€
SSyzod €6dl /€
pPajoalsp uolpinud ou 9¢
M8rzyd €5dL Hészad €5dL Ge
Hezzyd €Gdl e
selod SVAH ve
Hgszy d V1¥2ddd €e
dv0lHd]  vOedld ALYOLHd vOedId €e
Jaquinu
o|puids @ouaundal plj0s @2uaunDal|  J|puIds 8pou YdwA| P1j0S opou YdwA| o|puids Aiowud pljos Alowud|  juaipd

panunuo) ¢ a|qes |ejuswajddng

161



Chapter 7

xselod €5dl 99

Hezzyd £5dl 9

«083'd|  VZNNAD «08yd VZNNAD 59

pajoslap uolpinw ou 79

Xv6z3d £5dl Xyé¢3d €Gdl €9

«86¥d|  WZNNAD 86y°d VZNNAD €9

Seyldd €5dL [ZZIAd €5dL 29

yasjoelyd N3ld| ©srzyd €5dL o8y d €5dl 29

pPaloalap uolpinud ou 19

pajoslap uolpinw ou 09

Pajoslap uolpinw ou 6S

paloslap uolpinw ou 3G

o8yrzyd €5dL Mmezgedd €5dL (S

Seyldd Gedl Ngylad €5dl [S

paloslap uolipinud ou QG

Po}08}ep UOIDINW OU [ole]

Alygsd €Gdl1 S

se1od SVIN ALESD] 1ANNLD €S

selod Sy «853'd| VZNNAD pajosjep uoypiNW ou €S

H8SZd'd|  V1¥zddd oz d £5dl og/zyd £5dl s
selod SV «084'd|  WeNdaD «084d|  WeNdadD «084'd|  VeNdAdD «08y°d VZNNAD s
daclod SVdH|  azlod SVYiaH|  azlod SVaH 1S

olglyd €5dL €:84/9TNd €5dL 0S

«8534'd| WZNNaD «8534'd| VZNNAD +85y°d VZNNAD 0s

M8yzyd €Gdl1 134

Jaquinu

o|puids @oua.undal pIj0S @2uUduNDal a|puids apou YduwA| P1j0S opou YdwA| o|puids Aiowud pljos Alowud|  jusiypd

panunuo) ¢ a|qes |ejuswajddng

162



Supplemental table 4 Copy number alterations

Targeted sequencing of primary, metastatic and recurrent spindle cell variant vulvar cancer

Patient |primary spindle lymph node spindle lymph recurrence spindle
primary node recurrence
5 aneuploid aneuploid
6 aneuploid aneuploid
8 aneuploid aneuploid
9 aneuploid aneuploid
13 aneuploid diploid +
aneuploid
14 aneuploid diploid
17 failed aneuploid aneuploid aneuploid
24 diploid diploid
25 diploid + diploid
aneuploid
26 diploid diploid
27 diploid diploid
36 diploid + aneuploid
aneuploid
37 diploid + diploid +
aneuploid aneuploid
40 aneuploid diploid
41 failed aneuploid diploid + failed
aneuploid
44 aneuploid aneuploid aneuploid diploid +
aneuploid
47 diploid + aneuploid
aneuploid
50 aneuploid aneuploid
51 aneuploid diploid
52 aneuploid aneuploid diploid + aneuploid
aneuploid
53 aneuploid aneuploid aneuploid aneuploid
56 diploid + aneuploid
aneupploid
58 aneuploid aneuploid
62 aneuploid diploid + aneuploid diploid + diploid aneuploid 7
aneuploid aneuploid
64 aneuploid aneuploid
65 aneuploid diploid
66 aneuploid aneuploid diploid + aneuploid
aneuploid
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Chapter 8

Summary and general discussion

Vulvar cancer is a relatively rare gynaecologic malignancy, which accounts for
approximately 3% of all cancers of the female genital tract (1). Most vulvar can-
cers are squamous cell carcinomas (VSCC), a cancer arising from epithelial cells.
Currently, it is commonly accepted that VSCC can arise through two separate pa-
thways (2;3). The first is strongly associated with a persistent infection with high risk
human papilloma virus (hrHPV), which affects younger patients than the second
type of VSCC does. The second, HPV independent type of VSCC is associated
with lichen sclerosus and mutations in the TP53 gene. The aetiology of HPV positive
vulvar cancer is quite well understood, but the HPV independent axis remains to
be unravelled. This thesis aims to gain knowledge on the origin of this type of vulvar
cancer. Using genetic and morphologic profiling, we investigated prognostic and
efiologic factors in HPV positive and negative vulvar cancers.

Technical developments in genetics are rapidly improving. While many years
ago, it would take weeks to investigate a single exon of a single gene, we are now
able to study the full genome of a human being within days. These tests generate
massive amounts of data, much of which we do not know its value yet. For the
fime being, it is therefore crucial fo think ahead before spending lots of money,
fime and tissue on ‘random’ genetic testing. Instead, it might be more useful to
make a preselection of genes that are likely to be relevant for the specific type of
cancer and the specific research question. Chapter 2 describes the design of a so-
matic mutations profiling panel using mass spectrometry that is created especially
for gynaecological cancers, focussing on the mutations that are most relevant or
prevalent in cervical, endometrial, ovarian, and vulvar cancer. Mass spectrometry
is a reliable technique that requires low quantities and quality of DNA, which is
perfect for the scarce VSCC samples that are usually formalin fixed and paraffin
embedded.

A review of the literature and frequency data from online mutation datao-
bases pointed out that for vulvar cancer, only a few genes have been studied (4).
TP53 is of course a major player, but mutations in CDKN2A and PTEN have been de-
scribed too. HRAS, KRAS and NRAS have also been studied, but no mutations have
been detected in these genes. Because the limited amount of research on somatic
mutations in vulvar cancer, we had to rely on mutational frequencies from other
gynaecological cancers, and from cancer types that have similarities with vulvar
cancer, such as squamous cell carcinoma of the skin and of the head and neck.
Using a fraining set of 51 samples from different types of gynaecological cancers,
we were able to adjust and improve the panel fechnically. Also, recent literature
on newly discovered somatic mutations could be used to add and replace new
assays. The final ‘GynCarta’ panel consisted of BRAF, CDKN2A, CTNNBI, FBXW7,
FGFR2, FGFR3, FOXL2, HRAS, KRAS, NRAS, PIK3CA, PPP2R1A, and PTEN. TP53 is miss-
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ing from this list, because mutations occur over the full length of the gene instead
of on hot spots and is therefore not suitable for this technique. The panel has been
used to fest and was validated in a fotal of 546 tumours, of which 25 were VSCCs.
Even with very low DNA quality, we were able to detect small amounts of mutated
alleles. To assess assay reproducibility, we tested a percentage of the samples in
duplicate and in friplicate, resulting in a reproducibility of more than 95%. In the
first 25 VSCC samples that we used to test and validate the panel, CDKN2A, PIK-
3CA and HRAS were found to be mutated, of which the last two mutations had
not been described in vulvar cancer before. Unexpectedly, we did not detect
any PTEN mutations in the 25 VSCC samples. In conclusion, the newly designed
‘GynCarta’ panel had shown to be functional and reproducible, but still has its
limitations. Only hot spot mutated genes that are preselected can be studied, so
non-hot spot genes such as TP53 or ARIDTA cannot be investigated using this meth-
od. As other techniques such as whole genome sequencing and Next Generation
Sequencing are rapidly improving in terms of processing time and cost, we expect
that mass spectrometry can be used for now, but will in the end be replaced by
techniques that give more information, maybe even more than needed.

Chapter 3 contains the results from using the GynCarta panel to study a co-
hort of 108 vulvar cancer patients. The GynCarta panel was supplemented by
Sanger sequencing of TP53, because of its known role in the pathogenesis of HPV
negative VSCC. Samples were collected from the Leiden University Medical Center
pathology archives from vulvar cancer patients that have been surgically treated
between 2000 and 2009. Follow up data until December 2012 were collected from
medical records and from the institutes oncologic database, thus creating a large
cohort of VSCC patients that was used throughout this thesis. For the mutational
analysis, a sufficient quantity and quality of DNA had to be extracted from the
samples. One of the fumours was of such low quality that it could not be used for
further mutational analysis. Of the remaining 107 VSCCs, 66 tumours (62%) con-
tained at least one mutation. Mutations were detected in 7 different genes: TP53
was mutated in respectively 58 of the cases, CDKN2A(p16) in 14, HRAS in 10, PIK-
3CAin7,PPP2R1A in 3, KRAS in 1 and PTEN in 1 case. Surprisingly, we did not find as
many PTEN mutations as expected based on mutation frequencies that have been
reported before by Holway et al (5), a frequently cited paper on somatic mutations
in vulvar cancer. Knowing that our technique can only find hot spot mutations that
have been selected for the GynCarta panel, we are aware of the fact that some
PTEN mutations may have stayed undetected. We therefore also stained full FFPE
section using a PTEN antibody, but still we found no more than 5% of the fumours
to have lost PTEN expression. PTEN can be downregulated by mutations in the PTEN
gene, but also by epigenetic mechanisms, so the 5% aberrant staining might only
partially be caused by somatic mutations that have been undetected by the Gy-
nCarta panel. Therefore, the possibility exists that the frequency of PTEN mutations
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has been overestimated by Holway et al., possibly because of an unknown selec-
fion bias or by pure chance.

Allsamples in our cohort have been screened for presence of HPV. Seventeen
percent of them tested positive for high-risk HPV. Mutations were most frequently
found in HPV negative samples, but in three cases of HPV positive samples, a muta-
fion in TP53 was also found. These results confirm the hypothesis that HPV infection
and TP53 mutations play a key and almost separate role in the pathogenesis of
vulvar cancer, but they also show that TP53 is not alone. HPV caninactivate p53 by
inducing its degradation by Eé protein (4), so, even though the two pathways have
very separate starting points, there are also many similarities in cell cycle disruption
and oncogenesis (3;7). Our data showed that the five-year survival was significantly
worse for patients with a somatic mutation (47% vs 59%, p=0.035). When corrected
for possible confounders age, fumour size and HPV infection, an HRAS mutation
is an independent prognostic marker with a hazard rafio of 2.848 (95% CI 1.113-
7.290). TP53 mutations and HPV infection were no independent prognostic markers.
TP53 mutations are the mutations that are found most often in vulvar cancer and
are thought to be early events in the genesis of vulvar cancer because it is also
found in dVIN and lichen sclerosis lesions (8-17). Possibly, additional mutations such
as CDKN2A and HRAS represent the cascade of fumour instability and progression.
Ourresults are of great importance, since much research is being performed on the
potential targeting of the downstream pathway of RAS mutations (18-20).

The data from chapter 3 were compared to the previously published studies
in chapter 4. A review of the current literature gives an overview of what is currently
known of genetic and epigenetic alterations in vulvar cancer and its precursor
lesions. Genetic alterations, such as somatic mutations, but also allelic imbalances,
microsatellite instability or copy number alterations have been studied. Epigenetic
alterations are defined as heritable changes in the gene expression without chang-
es in the DNA sequence. For vulvar cancer, 9 papers were found on epigenetic al-
terations, all focussing on hypermethylation. Hypermethylation frequencies varied
greatly between LS, VIN and VSCC. Much more research has been done on genet-
ic alterations, as 59 publications were included in our review, of which 34 focussed
on somatic mutations, 24 on copy number changes and allelic imbalances and 3
on microsatellite instability. Somatic mutations and copy number alterations were
observed more frequently in higher stages of both precancerous and cancerous
lesions. HPV negative vulvar cancers harboured more mutations than HPV positive
fumours, which is in line with the results we presented in chapter 3. These findings
confirm the two-pathway hypothesis in which vulvar cancer arises either through
an HPV infection or through lichen sclerosus and/or a mutation in TP53. TP53 was
studied most, and therefore alterations in this gene make a substantial portion of
the reported mutations in our review of the literature. We do have to be aware
that these results might be a ‘self-fulfilling prophecy’: if TP53 is the only gene you
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are looking af, it will be the only gene that you find to be mutated. Decades ago,
when the first studies on genetic alterations in vulvar cancer were performed, the
methods to detect mutations were limited and studying just one single gene could
take a very long fime. Because of this, the ‘low hanging fruit’, i.e. the genes that are
likely to be mutated based on research in other types of cancer, have been picked
first. More recent studies, including the papers we described in chapter 3, show
that several other genes are frequently mutated in vulvar cancer. Future research
using Next Generation Sequencing or other fechniques that can process the whole
genome, might find many more mutations of which we do not know ifs existence
and importance yet.

The maijority of vulvar cancers are squamous cell carcinomas, but within this
cancer type, morphological sub classifications can be made with a possibly dif-
ferent clinical behaviour and prognosis. Understanding more of the differences in
behaviour of various carcinomas may help us to predict the risk of recurrence or
progression and may influence freatment strategies. Chapter 5§ describes a vulvar
squamous cell carcinoma type called carcinoma with spindle cell morphology.
Spindle cell carcinoma, sometimes referred to as pseudosarcoma or carcinosarco-
ma, has been described in many different types of cancer and is associated with a
worse prognosis in head-and-neck squamous cell carcinoma and in oesophageal
and lung cancer (21-25). Spindle shaped epithelial cancer cells have lost their epi-
thelial characteristics and seem to gain the ability to infilfrate the underlying sfroma
more easily (26). True spindle cell carcinomas are quite rare and are estimated fo
occur in 1-5% of VSCC cases. More offen, a mixed morphology is seen in vulvar
squamous cell carcinomas: a conventional, solid component of the fumour with
an adjacent component of spindle cell morphology. We hypothesise that this type
of VSCC is related to spindle cell carcinoma and shares some of its aggressive po-
tential. In this chapter, we suggest criteria for VSCC with spindle cell morphology
and we describe a cohort of 108 consecutive VSCC patients, of which 20% turned
out to have a component with spindle cell morphology, all of these being HPV
negative. These patients had a worse prognosis when compared to conventional,
solid VSCC. Overall survival differed significantly between patients with and without
spindle cell morphology, with a 5-year overall survival of 27.3% vs 58.2% (P=0.00041),
respectively. Disease-specific survival was significantly worse for patients with spin-
dle cellmorphology compared to patients with non-spindle cell morphology VSCC,
with a 5-year disease-specific survival respectively 45.2% and 79.7% (P=0.00057).
When correcting for potential confounders such as age, HPV infection and tumour
characteristics, spindle cell morphology was an independent prognostic factor for
poor survival, with a hazard rafio of up to 4.1 (95%Cl 1.61-10.60). Despite the fact
that our cohort was relatively large in the context of a rare disease such as vulvar
cancer, our findings need to be confirmed in larger groups of VSCC patients before
we can truly interpret its clinical value.
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To further investigate risk factors and morphologic predictors of a poor prog-
nosis we investigated LICAM expression in vulvar cancer. Chapter é reports the
prevalence and prognostfic value of LICAM expression in two groups of patients
with vulvar cancer from two different university medical centres in the Nether-
lands. LICAM is a cell adhesion molecule that plays a crucial role in in the de-
velopment of nerve fissue, but is also expressed by certain types of ftumours (27-
29). In vitro studies have shown that LICAM can also function as a promoter of
cell motility (30). In this chapter, we have stained two sets of 103 and 245 vulvar
cancer samples, respectively, for LICAM expression and correlated it to surviv-
al. We found that LICAM expression was related to a poor prognosis. Five-year
survival was worse for patients with LICAM expression (overall survival 46.1% vs
63.6%, P=.014, as was disease specific survival (63.8% vs 80.0%, P=.018). Multivari-
ate analysis indicated LICAM expression as an independent prognostic marker
(HR 2.9, 95% CI 1.10-7.68). We found that LICAM was most often expressed at
the invasive border of the tumour or by spindle shaped tumour cells. To under-
stand more about the role of LICAM expression on prognosis, we performed an
in vitro spheroid invasion assay, which showed decreased invasion of L1CAM-ex-
pressing VSCC spindle cells after treatment with L1CAM-neutralising antibodies.
Currently, there are three hypotheses on how L1ICAM is upregulated in cancer.
We investigated which of these hypotheses might apply to our cohort of vulvar
cancers. First, in colorectal cancer, B-catenin (CTNNBIT) mutations result in up-
regulation of LICAM (31). None of our samples contained any B-catenin muta-
tions, so this is not likely to be the driving cause for LICAM expression in VSCC.
Secondly, p53 has been suggested fo be a regulator of LICAM expression (32).
In our cohort, there was no relation betweenTP53 mutations and L1ICAM expres-
sion, so this also does not seem to be a likely explanation in our study cohort.
This leaves us with the third and last hypothesis, which states that LICAM is upreg-
ulated in the process of Epithelial fo Mesenchymal Transition (EMT) (33;34). During
EMT, epithelial markers such as e-cadherin are lost, whilst mesenchymal markers
such as vimentin are gained. These changes dissolve the cell-cell adhesions, giving
cancer cells the opportunity to bud out of the epithelial matrix. Hereby, they can
infilirate underlying tissue and metastasise further into the body. Spindle cell carci-
noma and cancers with spindle cell morphology have an invasive and potentially
metastatic growth. This type of cancer progression is in some cases also thought fo
develop through the process of EMT (35). Our findings show that L1CAM was exclu-
sively expressed at the invasive border of the fumour in areas with EMT-like growth
patterns, suggesting an association between EMT and L1CAM. In vitro studies in our
laboratory confirmed this hypothesis by showing that spindle shaped vulvar cancer
cells highly express L1CAM protein, whereas their cobble shaped counterparts ex-
press LICAM in very limited amounts, or do not express LICAM at alll.
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In Chapter 7, the relation between mutational and morphological data
was further analysed. All primary vulvar cancer samples in our cohort had been
screened for somatic mutations in Chapter 3 and for spindle cell morphology in
Chapter 5, and we expanded this fo lymph node metastases and recurrences.
We have already shown that VSCC with spindle cell morphology is more likely to
be aggressive than the non-spindle cell morphology VSCCs. We hypothesized that
the spindle shaped tumour cells are the precursors of metastasis and recurrences.
If spindle cells have a distinct mutational profile from solid tumour components,
this could provide us with a label that could help recognise which part of the pri-
mary tumour is the precursor of lymph node metastasis and recurrences. We have
designed a new flow cytometry technique to separate spindle cells from the sur-
rounding tissue. This way, we could extract DNA purely from spindle cells, instead
of mixing it with other, non-spindle, fumour cells or stromal cells. Allelic imbalances
occurred in both the spindle and the non-spindle cells. Studying somatic mutations
also did not provide a distinct profile for spindle shaped fumour cells, but it did
show that recurrent and metastatic tumours were likely to differ from their primary
tumour. We were unable to prove our hypothesis of a selective role for somatic
mutation in the onset of spindle cell morphology, nor for its progression to metasta-
ses and recurrences, but did show that vulvar cancers probably consist of multiple
clones with multiple mutational spectra. This has implications for further research
on targeted therapy, since one clone might be targeted, while the others might
remain unaffected by the therapy.

Glance into the future of vulvar cancer research:

The data gathered in this thesis has provided us with novel insight in the pathoge-
nesis of vulvar squamous cell carcinoma. As described before by van der Avoort et
al. (3) we have also shown that HPV related VSCC and VSCC induced by somatic
mutations are two very different diseases (3;7). The key role of mutations in TP53 has
been confirmed in numerous studies, but this thesis stresses that there are multiple
ofther mutations that might contribute to vulvar carcinogenesis. Technical develop-
ments in basic oncological research are improving fast. The use of Next Genero-
tion Sequencing will soon be affordable and fast enough to thoroughly investigate
VSCC and its precursor lesions. Finding new somatic mutations in vulvar cancer will
help us further understand its sometimes aggressive behaviour, and could help us
discriminate high risk from low risk tumours.

Surgical excision will probably remain the corner stone of vulvar cancer freat-
ment, but targeted chemo-, antibody- or biological response modifier freatment
could be of clinical value for patients with inoperable tumours and precursor le-
sions. A possible example is the recent work by Kiessling et al. (36) which shows that
MEK and mTOR inhibitors reduce cell growth in HRAS mutated cancer cell lines, a
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gene we found to be mutated in nearly 10% of vulvar squamous cell carcinomas
(36). We must carefully choose combinations of freatment modalities, because
targeting only one alteration might induce clonal selection and resistance (37;38).

As shown in our work on L1CAM expression, some of the steps of the cascade
of cancer development from vulvar intraepithelial neoplasia towards invasive vul-
var cancer might be tackled by targeted therapy. We have developed several vul-
var cancer cell lines, with and without spindle cell morphology, and with different
expression levels of LICAM. Our pilot in vitro study has demonstrated that blocking
L1CAM inhibits tumour growth, as described in chapter 6. We are currently devel-
oping a novel orthotopic vulvar cancer mouse model to study the effect of LICAM
inhibition in vivo. The first results are very promising and confirm our hypothesis that
blocking L1CAM inhibits tumour growth.

Another possible targetable factor is the Transforming Growth Factor-B path-
way. TGF-p is a major inducer of EMT, which could be an important inducer of spin-
dle cell morphology in vulvar cancer. TGF-p family members influence proliferation,
differenfiation and apoptosis in healthy epithelial tissue and should have a fumour
suppressive role. In advanced stage tumours, however, TGF-B seems to gain a fu-
mour promoting role, where it stimulates cell motility and angiogenesis (39;40). One
of the modulators of TGF-f signalling is Endoglin. This co-receptor is highly expressed
by proliferating endothelial cells and is crucial in angiogenesis (41-43). Endoglin is
therefore found in high amounts on tumour vasculature, but is also expressed by
some other tumour cell types, such as in prostate cancer, where it is thought to in-
hibit the metastatic and migratory capacity of cancer cells (44;45). Surprisingly, we
found strong expression of endoglin on spindle shaped vulvar cancer cells, where
it seems to have an opposite association: infilfrating spindle shaped tumour cells
express endoglin in higher amounts than solid, coble shaped and non-infiltrating
fumour cells do. Endoglin inhibition in advanced cancer patients has been studied
in a phase 1 frial, using the anti-endoglin-antibody TRC105 (46). In vifro studies that
we have performed on vulvar cancer cell lines showed that neutralising endoglin
with TRC105 markedly decreases the invasion of tumour cells. Interestingly, this ef-
fect was only seen in spindle cell morphology, and not in LICAM negative cobble
shaped tumour cells. This might be a new path to explore, which will hopefully lead
fo new treatment strategies of the more aggressive subtypes of vulvar cancer. We
do hope that our data will contribute to a new chapter in vulvar cancer research,
which will open doors to new possibilities in understanding and treating vulvar can-
cer patients.
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Nederlandse samenvatting

Inleiding

De vulva is het uitwendige deel van het vrouwelik geslachtsorgaan en bestaat
vit de kleine schaamlippen, rond de opening van de vagina, de uitgang van de
urinebuis en de clitoris. Vulvacarcinoom is een kwaadaardige aandoening van de
huid van de vulva die gelukkig weinig voorkomt, maar wel een grote invioed heeft
op het leven van de vrouwen die het treft. In Nederland wordt ieder jaar bij 2 op
de 100.000 vrouwen vulvacarcinoom vastgesteld. Als een vulvacarcinoom in een
vroeg stadium wordt ontdekt, is curatieve behandeling goed mogelik en heeft
de patiénte een goede prognose. De standaardbehandeling bestaat uit chirurgi-
sche excisie van de tumor en het omliggende weefsel (radicale excisie) en in veel
gevallen het verwijderen van de lymfeklieren in de lies. Sommige vrouwen krijgen
echter snel een recidief of hebben een tumor die snel en progressief groeit. Wan-
neer de tumor zich heeft uitgebreid fot de urinebuis, de anus of de lymfeklieren
zal de tumor ruimer moeten worden uitgesneden om een veilige tumorvrije marge
te kunnen bereiken. Dit resulteert helaas ook in schade aan gezonde weefsels.
Deze soms verminkende behandeling heeft om die reden een grote impact op
de kwaliteit van leven van patiéntes, omdat zij last kunnen hebben van wondge-
nezingsstoornissen, lymfoedeem en zenuwschade. Dit kan weer leiden fot seksuele
problemen en incontinentie.

De ontstaanswijze van vulvacarcinoom wordt op dit moment nog niet goed
begrepen. Er bestaan verschillende vormen van schaamlipkanker, en de meest
voorkomende is het plaveiselcelcarcinoom. Inmiddels staaf vast dat ongeveer 40%
van deze plaveiselcelcarcinomen is geassocieerd met een persisterende infectie
met een hoog-risico variant van het Humaan Papilloma Virus (HPV). De resterende
60% draagt geen HPV en is geassocieerd met mutaties in het gen fp53.

Op dit moment is het wel of niet hebben van lymfekliermetastasen de enige
goed bruikbare maat waarmee voorspeld kan worden of iemand een goede of
slechte prognose heeft. In dit proefschrift proberen we beter te begrijpen hoe vul-
vacarcinoom onfstaat en zoeken we naar een methode om te voorspellen welke
vulvacarcinomen zich agressief zullen gedragen.

Behandeling van vulvacarcinoom

De Internatfionale Federatie voor Gynaecologie en Obstetrie (FIGO) heeft een
stadieringsysteem ontwikkeld waarmee patiénten kunnen worden ingedeeld in
risicocategorieén op basis van weefselkenmerken en klinische parameters. Pati-
enten met een fumor in het laagste stadium hebben een vijfjaarsoverleving van
79%. terwijl patiénten in het hoogste stadium een viffjaarsoverleving van slechts

13% hebben.

178



Addendum

De behandeling van eerste keus voor het laagste stadium vulvacarcinoom
is chirurgische excisie. Afhankelijk van de grootte en de doorgroei van de tumor
komen patiénten in een hoger FIGO stadium en zal de behandeling ook agressiev-

er zijn, waarbij de lymfeklieren kunnen worden verwijderd, of bestraling en chemo-
therapie kan worden gegeven.

Ontstaan van vulvacarcinoom: twee verschillende routes:

Wanneer cellen ongecontroleerd gaan delen ontstaat kanker. Dit kan gebeuren
wanneer er in het DNA in de cel een fout onfstaat die niet hersteld wordft. In prin-
cipe kan ditin elk type celin het menselijk ichaam gebeuren. Huidkanker is wereld-
wijd een van de meest voorkomende vormen van kanker. In de meeste gevallen
onfstaat huidkanker nadat er DNA-schade is veroorzaakt door ulfraviolette straling
it zonlicht. Veelvoorkomende types huidkanker zijn onder andere melanoom, ba-
saalcelcarcinoom en plaveiselcelcarcinoom.

Ook in de huid van de vulva kan kanker ontstaan. Dit gebeurt echfer niet
door zonlicht zoals in de huid op de rest van het lichaam, maar door een com-
pleet ander mechanisme. Zoals eerder genoemd, zijn de meeste gevallen van
vulvacarcinoom plaveiselcelcarcinomen. Plaveiselcelcarcinomen ontstaan vanuit
het plaveiselepitheel van de huid.

Ongeveer 40% van alle vulvacarcinomen ontstaat na een langdurige infec-
tie met hoog risico HPV. HPV's zijn veelvoorkomende en besmettelijke virussen die
abnormale celgroei kunnen veroorzaken. Hierdoor kunnen bijvoorbeeld wratjes
ontstaan, maar in sommige gevallen ook kanker. Meer dan 100 verschillende vari-
anten van HPV zijn al beschreven. Ongeveer 15 hiervan zijn ‘hoog risico’ varianten
die kanker kunnen veroorzaken. Deze hoog risico HPV's staan vooral bekend als
veroorzaker van baarmoederhalskanker en voorlopers daarvan. Veel minder vaak
veroorzaken deze virussen ook vulvacarcinomen. Geschat wordt dat ongeveer 80%
van alle vrouwen tenminste eens in haar leven een HPV-infectie doormaakt. Slechts
een heel klein deel van deze vrouwen zal HPV-gerelateerde kanker ontwikkelen. In
de meeste gevallen is de HPV-infectie voorbijgaand van aard en ruimt het lichaam
het virus binnen 1 tot 2 jaar op. Sommige vrouwen blijken echter niet in staat dit virus
te klaren, bijvoorbeeld als het immuunsysteem niet goed functioneert. Het virus kan
zich dan in het DNA van de aangedane cellen nestelen. De cellen zullen hierdoor
ongecontroleerd gaan groeien en kunnen uiteindelijk uitmonden in kanker. Vrouw-
en die roken en vrouwen die een verminderd immuunsysteem hebben door bijvo-
orbeeld HIV/AIDS hebben vaker een persisterende HPV-infectie en dus ook vaker
HPV-geassocieerde vormen van kanker. We begrijpen nog niet goed waarom het
sommige vrouwen zénder deze risicofactoren ook niet in staat zijn het virus te klaren.
HPV-positieve vulvacarcinomen worden voorafgegaan door een premaligne
huidaandoening ‘usual vulvar intraepithelial neoplasia’, afgekort uVIN. Vrij vertaald
staat dit voor ‘meest voorkomende nieuwvorming in het epitheel van de huid van
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de vulva', met als kenmerk dat er wel afwikende cellen in de epitheellaag van de
huid aanwezig zijn, maar dat deze niet doorgroeien door de basaalmembraan die
de huid van het onderliggende weefsel scheidf. De voorlopers van baarmoeder-
halskanker die door HPV worden veroorzaakt gaan meestal onopgemerkt, terwijl
UVIN juist vaak klachten van jeuk en pijn kan geven. Onbehandelde patiénten
met UVIN ontwikkelen in 9-16% van de gevallen een maligniteit die wél doorgroeit.
Bij patiénten die wel behandeling krijgen is dit nog 3%. Dit HPV-positieve type vul-
vacarcinoom komt vaker voor bij jonge vrouwen met een gemiddelde leeftijd van
40 jaar. Het is geassocieerd met roken en promiscuiteit.

De overige 60% van de vulvacarcinomen is niet geassocieerd met HPV en
komt juist vaker voor bij oudere vrouwen, met een gemiddelde leeftijd van 70 jaar.
Dit type kan worden voorafgegaan door lichen sclerosus, een chronische autoim-
muunontsteking van de huid. In sommige gevallen kan de voorloper ‘differentiated
vulvar intfraepithelial neoplasia’ (dVIN) worden gevonden. Gedifferentieerd betek-
ent in dit geval dat de tumorcellen ver zijn uitgerijpt en sterk lijken op het oorspron-
kelijke weefsel. Dit type VIN is dan ook zeer moeilijk te herkennen, en wordt vaak
pas gezien als er al vulvacarcinoom is ontstaan. Drie tot 5% van alle vrouwen met
lichen sclerosis ontwikkelt uiteindelik kanker. Deze groep vrouwen met vulvacar-
cinoom hebben een slechtere prognose dan de vrouwen met een HPV-geasso-

cieerde tumor.

Genetische mutaties in HPV negatieve vulvacarcinomen

De HPV-negatieve vulvacarcinomen worden geassocieerd met lichen sclerosis,
maar ook met genetische mutaties. Het meest bestudeerde gen waarin ook de
meeste mutaties zijn gevonden is het gen p53. TpS3 is de bewaker van de cel-
cyclus: wanneer er een fout wordt ontdekt in het DNA van een cel, zal tp53 de
celdeling afremmen. Wanneer tp53 beschadigd is geraakt door een mutatie kan
de cel ongecontroleerd gaan delen en ontstaat er instabiliteit in de chromosomen.
Er is bij vulvacarcinomen weinig onderzoek gedaan naar mutaties in andere ge-
nen dan in tp53. In kleine studies hebben Holway en Growden laten zien dat een
deel van de vulvacarcinomen mutaties in het gen PTEN dragen. O’Nions, soufir
en Gasco hebben mutaties in CDKN2A aangetoond. PTEN en CDKN2A zijn allebei
fumorsuppressorgenen die onderdeel vitmaken van de signaalstructuur die de cel-
cyclus kunnen afremmen en cellen zelfs fot apoptose kunnen doen overgaan. In
melanomen, long-, colorectaal- en borstkanker is al aangetoond dat tumorspeci-
fieke mutaties gebruikt kunnen worden als voorspeller voor overleving, en zelfs voor
fumorspecifieke behandelstrategieén. Een aantal studies naar dit soort gerichte
therapieén hebben veelbelovende resultaten laten zien, zoals bijvoorbeeld in de
PI3K/AKT/mTOR route bij colorectaalkanker.
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Epigenetische veranderingen

Een genetische mutatie houdt in dat een deel van de DNA volgorde in een cel
veranderd is. Vulvacarcinomen ontstaan mogelijk ook ten gevolge van een ander
soort verandering, namelik ‘epigenetische’ verandering. Epigenetische verande-
ringen zoals hypermethylatie zijn overerfbare veranderingen in genexpressie, zon-
der dat er een verandering in de DNA volgorde opfreedt. Hypermethylatie werkt
als een schakelaar die genen aan en uit kan zetten. Hiermee kan bijvoorbeeld een
tumorsuppressorgen uitgeschakeld worden. In vulvacarcinomen is hypermethyla-

tie van onder andere RASSF2A, MGMT en TSP 1 beschreven.

Morfologische factoren met voorspellende waarde

Zoals eerder genoemd gebruikt de FIGO stadiering klinische en histologische pa-
rameters. Deze stadiering heeft zijn voorspellende waarde bewezen in grote groe-
pen patiénten. Om de mortaliteit en morbiditeit bij pafiénten met vulvacarcinoom
nog lager te kunnen krijgen is het belangrik onderzoek te blijven doen naar nieu-
we, aanvullende risicofactoren. Op dit moment zijn lymfekliermetastasen de enige
betrouwbare maat voor overleving en de kans op een recidief. In dit proefschrift
beschrijven we morfologische karakteristieken die mogelijk kunnen bijdragen aan
het maken van een juiste voorspelling. Vulvacarcinomen met een sprieferig groei-
patroon hebben mogelik een slechtere prognose dan ‘gewone’, in solide veld-
jes groeiende vulvacarcinomen. Deze sprieferige spoelvormige cellen, of spindle
shaped cells in het engels, zijn dunner en groeien niet in eilandjes, maar als losse
langgerekte cellen of in sprieterige uitlopers. Spoelcellige ftumoren komen voor bij
veel soorten tumoren en worden bij slokdarm-, long-, mond- en keelkanker geas-
socieerd met een slechtere prognose. De spoelvormige cellen lijken hun epitheliale
karakter te verliezen en hebben een groter vermogen zich los fe maken van de

oorspronkelijke tumor en in het onderliggende weefsel te infilfreren.

Epitheliale naar Mesenchymale Transitie

Onderzoek wijst uit dat invasief groeiende vulvacarcinomen wellicht ten dele Ep-
itheliale naar Mesenchymale Transitie (EMT) ondergaan. EMT is een proces dat tij-
dens de embryonale ontwikkeling plaatsvindt, maar soms ook wordt waargenomen
bij kankercellen. Cellen die EMT ondergaan verliezen epitheliale kenmerken, en
gaan steeds meer op mesenchymale cellen lijken. Zo verandert de vorm van de
cel, verliezen de cellen hun onderlinge samenhang en wordt het voor de cellen
mogelik om los te komen van de primaire tumor. Hierdoor kunnen de cellen in-
groeien in het onderliggend weefsel en zo via bloed- of lymfevaten metastaseren.
Door EMT kunnen vaste tumoren dus losse, invasieve cellen vormen. Verschillende
signaalroutes spelen een rol bij EMT, waaronder de Wnt en NOTCH-routes. Een van
de grote aanstuurders van EMT is Transforming Growth Factor-p (TGF-B). In gezonde

cellen is TGF-p een tumorsuppressor, maar in maligne cellen kan TGF-f juist cel-
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motiliteit en angiogenese stimuleren. Ook LICAM is een promotor van celmofiliteit
die mogelik een rol speelt in EMT. LICAM wordt in steeds meer tumortypes gezien
als een marker voor prognose. LICAM is een membraanglycoproteine dat tijdens
neurale ontwikkeling kan zorgen voor zowel celmotiliteit als celadhesie. In gezond
weefsel wordt LICAM met name tot expressie gebracht door zenuwweefsel, maar
soms wordf het ook gevonden op het opperviak van tumorcellen. Cellen gaan
invasiever groeien wanneer tumoren in vitro worden blootgesteld aan L1CAM. Ook
in vivo is dit proces herkenbaar, doordat LICAM met name en soms zelfs alleen
maar tot expressie wordt gebracht door de cellen aan de invasieve rand van fu-

moren. De rol van L1ICAM is al onderzocht bij gynaecologische fumoren zoals en-
dometrium- en ovariumcarcinoom, maar nog niet bij vulvacarcinoom.

Inhoud van dit proefschrift

de efiologie van HPV-positieve vulvacarcinomen wordt inmiddels goed begrepen,
maar de HPV-onafhankelijke route moet nog worden onfrafeld. Dit proefschrift be-
vat resultaten van onderzoek waarmee wij proberen meer inzicht te verkrijgen in
de ontstaanswijze van vulvacarcinoom.

In hoofdstuk 2 wordt beschreven hoe een mutatieanalyse-panel werd ontwik-
keld dat specifiek geschikt is voor gynaecologische maligniteiten. Dit panel richt
zich op de meest relevante mutaties in cervix-, endometrium-, ovarium- en vul-
vacarcinoom. Om genetische mutaties in vulvacarcinomen te kunnen bestud-
eren werd een techniek geselecteerd (massaspectometrie) die geschikt is voor
het kleine aantal patfiénten met vulvacarcinoom en de daarbij behorende kleine
hoeveelheid DNA-materiaal, dat vaak ook nog eens van matige kwaliteit is. Het is
grotendeels nog onduidelijk welke genetische mutaties voorkomen in vulvacar-
cinomen. TP53 is een bekende speler, maar mutaties in CDKN2A en PTEN zijn ook
beschreven. De genen HRAS, KRAS en NRAS zijn eerder al bestudeerd in vulvacarci-
nomen, maar er werd tot nu toe nog geen mutatie in deze genen gevonden. Om-
dat er slechts kleine aantallen studies naar mutaties in vulvacarcinomen zijn ver-
richt, hebben wij bij het samenstellen van het mutatiepanel gebruik gemaakt van
kennis over mutaties bij vergelijkbare tumortypes, zoals gynaecologische tumoren,
plaveiselcelcarcinomen van de huid, en hoofd-halstumoren. 171 somatische
hotspot mutaties in 13 verschillende genen werden in het panel geincludeerd.
(BRAF, CDKN2A, CTNNBI, FBXW7, FGFR2, FGFR3, FOXL2, HRAS, KRAS, NRAS, PIK3CA,
PPP2RTA en PTEN). In totaal werden 564 tumoren (205 cervixcarcinomen, 227 en-
dometriumcarcinomen, 89 ovariumcarcinomen en 25 vulvacarcinomen) gebruikt
om het panel te testen en valideren. In 20% van de 25 vulvacarcinomen die in
deze studie werden geanalyseerd werden mutaties gevonden in CDKN2A, PIK3CA
en HRAS. Mutaties in PIK3CA en HRAS waren niet eerder beschreven bij vulvacar-

cinomen. Tegen verwachting in werden geen mutaties in PTEN gevonden. De re-
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sultaten werden gevalideerd door enkele samples in duplo of in friplo te analy-
seren. Het panel bleek geschikt om grote aantallen samples tegelik te bestuderen,
was reproduceerbaar en bruikbaar voor paraffinemateriaal van lage kwaliteit en
kwantfiteit.

In hoofdstuk 3 werd dit panel toegepast op een cohort van 108 patiénten
met vulvacarcinomen. Deze patiénten werden tussen 2000 en 2009 behandeld
voor een primair vulvacarcinoom in het Leids Universitair Medisch Centrum. Fol-
low-up gegevens tot december 2012 werden verzameld uit patiéntendossiers. Hi-
ermee is een groof cohort ontstaan, dat verder in dit proefschrift vaker gebruikt zal
worden. Tumorweefsel van de patiénten in dit cohort werd onderzocht op aan-
wezigheid van HPV en middels massaspectrometrie onderzocht op de mutaties
genoemd in het voorgaande hoofdstuk (BRAF, CDKN2A, CTNNBI, FBXW7, FGFR2,
FGFR3, FOXL2, HRAS, KRAS, NRAS, PIK3CA, PPP2R1A en PTEN). Daaraan werd het
gen TP53 tfoegevoegd dat middels Sanger sequencing werd bestudeerd. In 7 van
de bovengenoemde genen werden mutaties aangetroffen. Van de 107 patiénten
waarvan genoeg tfumorweefsel was om mutatieanalyses te verrichten bevatten
er 66 (62%) tenminste één mutatie. (TP53 = 58, CDKN2A(p16) = 14, HRAS = 10, PIK-
3CA =7, PPP2RIA = 3, KRAS =1, PTEN = 1). Zeventien procent van de tumoren in
dit cohort was HPV-positief. Mutaties kwamen het meest voor bij HPV-negatieve
tumoren. De 5-jaarsoverleving was significant slechter voor pati€énten mét een mu-
tatie (47% versus 59%, P = 0.035). Het duidelijkst was dit verschil bij patiénten met
een HRAS-mutatie.

In hoofdstuk 4 werden de uitkomsten van hoofdstuk 3 vergeleken met de hui-
dige kennis over genetische en epigenetische veranderingen in vulvacarcinomen
en de voorlopers van vulvacarcinomen. Deze literatuurstudie liet zien dat veel
onderzoekers hebben aangetoond dat genetische mutaties vaker voorkomen bij
HPV-negatieve vulvacarcinomen dan bij HPV-positieve vulvacarcinomen. Het gen
dat het meest gemuteerd was is TP53. *Allelic imbalance’ en ‘loss of heterozygosity’
werden vaker gevonden in hogere stadia van dysplasie en invasieve carcinomen
en kwam voor bij zowel HPV-positieve als HPV-negatieve tumoren. Een klein aantal
studies beschrijft epigenetische veranderingen in vulvaire laesies. Hypermethylatie
werd het meest bestudeerd en dan met name hypermethylatie van het gen CD-
KN2A.Voor de meeste genen geldt dat hypermethylatie vaker voorkomt in carci-
nomen dan in voorloperlaesies.

De meerderheid van vulvacarcinomen zijn plaveiselcelcarcinomen, en bin-
nen dit type kanker kunnen morfologische subclassificaties worden gemaakt die
kunnen helpen te voorspellen en begrijpen wat de prognose voor patiénten is. In
hoofdstuk 5 beschrijven we het spoelcellige of spindle cell carcinoom, een sub-
type van plaveiselcelcarcinoom. Dit subtype wordt in verschillende soorten kank-
er beschreven en geeft in plaveiselcelcarcinomen van de long, slokdarm en het
hoofd-halsgebied een slechtere prognose. Spindle cellen hebben hun epitheliale
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kenmerken deels verloren en lijken makkelijker door te dringen in onderliggende
weefsels. Het cohort van 108 patiénten werd onderzocht door middel van kera-
finekleuringen op weefselcoupes. In 20% van de gevallen bleek een component
met spoelvormige cellen aanwezig. Deze patiénten hadden een slechtere prog-
nose, met een 5-jaarsoverleving van 27.3 versus 58.2% (P = 0.00041) en een ver-
hoogd risico op lymfekliermetastasen (relatief risico 2.26 met een 95% confidence
interval van 1.47-3.47). Ook ziekte-specifieke overleving was significant slechter
voor pafiénten met spindle cell morfologie (45.2% versus 79.7% 5-jaarsoverleving, P
=0.00057). Wanneer gecorrigeerd werd voor mogelike confounders bleek spindle
cell morfologie een onafhankelijke prognostische factor voor overleving, met een
hazard ratio van 4.1 ( 95% CI 1.61-10.60) Dit tumortype lijkt in sommige gevallen te
ontstaan onder invioed van EMT, een proces dat onder invloed staat van onder
andere LICAM.

In hoofdstuk é werd de prevalentie en prognostische waarde van L1ICAM
onderzocht in twee cohorten uit het Leids en het Groningse Universitair Medisch
Centrum. LICAM kan de celmotiliteit in tumoren stimuleren en blijkt bij steeds meer
kankertypes een prognostische rol te spelen. Het Leidse cohort van 103 geschikte
fumorweefsels en een tweede cohort uit Groningen van 245 primaire vulvacarci-
nomen werden gekleurd voor LICAM, vimentine en E-cadherine. Het Leidse cohort
was eerder al onderzocht op HPV-infectie en de aanwezigheid van TP53 en CTN-
NBT mutaties. LICAM werd gezien in het invasieve front van 17% van alle fumoren
die werden onderzocht. L1CAM-positieve fumoren brachten vaker vimentine tot
expressie, wat een maat is voor verlies van epitheliale kenmerken. L1CAM expres-
sie was niet gecorreleerd met TP53 of CTNNBT mutaties. De 5-jaarsoverleving was
slechter voor patiénten met L1CAM-expressie (overall overleving 46.1% vs 63.6%,
P=.014, ziekte specifieke overleving 63.8% vs 80.0%, P=.018). Multivariate analyse
wijst LICAM expressie aan een onafhankelijke prognostische marker is voor over-
leving (HR 2.9, 95% CI 1.10-7.68). Een in vitro assay met sferoiden van door ons
gekweekte L1CAM-positieve vulvacarcinoomcellen laat zien dat de mate van in-
vasieve groei afneemt wanneer L1CAM geneufraliseerd wordt.

In hoofdstuk 7 werd de relatie tussen genetische mutaties en morfologische
kenmerken onderzocht. Inmiddels is aangetoond dat pafiénten met spindle cell
carcinomen een hoger risico op lymfekliermetastasen hebben. Het is echter nog
niet duidelik of het de spoelvormige cellen zelf zijn die naar de lymfeklieren me-
tastaseren. Als de spindle cel component van een tumor een uniek mutatieprofiel
heeft dat verschilt van dat van de solide component in de primaire fumor, kan
dit profiel gebruikt worden om te onderzoeken welke component van de tumor
metastaseert of recidiveert. In dit hoofdstuk werden 66 tumoren uit het basisco-
hort geselecteerd die een lymfekliermetastase of een recidief hadden. Om spindle
cellen te isoleren uit de andere tumorcellen en gezond weefsel werd gebruik ge-
mackt van Fluorescence Activated Cell Sorting. Alle samples werden onderzocht
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op de aanwezigheid van een mutatie in de genen BRAF, CDKN2A(p16), CTNNBI,
FBXW7, FGFR2, FGFR3, FOXL2, HRAS, KRAS, NRAS, PIK3CA, PPP2R1A en PTEN. Er was
geen verschil in mutatiefrequentie tussen vulvacarcinomen met of zonder spindle
cell morfologie (775 versus 58%). Ook in recidieven en metastasen bleken TP53,
CDKN2A en HRAS het meest gemuteerd. De mutatieprofielen van de primaire tu-
mor waren in 58% verschillend van de lymfekliermetastasen en in 71% van de re-
cidieven. Het mutatieprofiel van spindle cell componenten leek vaker op dat van
de solide groeiende cellen in de primaire fumor dan metastasen en recidieven,
maar was in 14% van de gevallen foch verschillend van de solide component in
de primaire tumor. Mutaties die primaire spindle cellen konden verbinden meft reci-
dieven of metastasen werden niet gevonden. Hiermee konden we niet aantonen
dat er een selectieve rolis voor genetische mutaties in het ontstaan van spindle cell
carcinomen of voor progressie naar metastasen en recidieven. Wel laat dit onder-
zoek de aanwerzigheid van verschillende klonen binnen een tumor zien, die ieder
een eigen spectrum van mutaties bij zich dragen. Het is van belang bewust te zijin
van klonaliteit van tumoren, omdat bij gerichte therapie selectie kan plaatsvinden
van klonen die een afwijkend spectrum hebben ten opzichte van de rest van de
tfumor. Vrijwel alle vulvacarcinomen met spindle cell morfologie bleken bij FACS
analyse aneuploid.

De gegevens die bij de tofstandkoming van dit proefschrift zijn verzameld
hebben ons nieuwe inzichten gegeven in het gedrag van vulvacarcinomen. We
hebben bevestigd dat HPV gerelateerde plaveiselcelcarcinomen van de vulva in
de basis een ander type tumor is dan plaveiselcelcarcinomen van de vulva die zijn
onfstaan vanuit genetische mutaties. Dat TP53 een belangrijke speleris staat buiten
kijf. In dit proefschriff wordt aangetoond dat er meerdere andere mutaties zijn die
bijdragen aan het ontstaan en de progressie van vulvacarcinomen.

We hopen dat de resultaten in dit proefschrift een begin zullen zijn van een
nieuw hoofdstuk in het onderzoek naar vulvacarcinomen, en dat dit nieuwe mo-
gelijkheden zal bieden waarmee we vulvacarcinoom beter kunnen begrijpen,
maar vooral ook beter kunnen behandelen.
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