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Chapter 4

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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Genetic and epigenetic changes in vulvar squamous cell carcinoma and its precursor lesions

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.

86



Genetic and epigenetic changes in vulvar squamous cell carcinoma and its precursor lesions

YINYAD %Ly
YOd-sw Adva %L YZNIAD +dvd| Pajssljou N Gl 0loe SpIv
y1d %0
dOd-sw 'VZNMAD %0 71d 'VZNNAD| -9l AdH DDSA %
714 %0
JDd-sw "VZNNAD %0 y1d 'VZNNAD|  + 91 AdH DOSA 4
71d %0
JOd-sw 'VZNMAD %0 71d 'VZNNAD|  + 9L AdH ENIA %
714 %0
JDd-sw 'WZNMAD %S°CL y1d 'VZNNAD|  -9L AdH S 8
y1d %0
JOd-sw 'VZNMAD %0 71d 'VZNNAD|  +9L AdH S Z|  £002 lynog
JOd-sw %89 YINNAD| Pajse}jou DOSA 8¢
JOd-sw %2 69 YZNNAD| Pajsa}iou| NIAP ¥ ‘NIAN 6 el
3Dd-sw %87y VZNYAD| palseljou Sl lz| 200z pula]
YINXAD %8'Ly
JOdsw ‘UYHDUS %5'9S YZNXAD ‘Uylols| - 91 AdH DOSA €
YINAD %v'S 1
JOdsw "UYHDUS %8'ES YINNAD ‘UYHOUS|  +91 AdH DOSA el
YINNAD %L'TL
JOdsw "UYHDUS %L'TL YZNXAD ‘UylolS| - 91 AdH € NIA L
YZIN)AD %1'6
JOdsw "UYIOUS %S'SY YZNNAD ‘UyloUS|  + 91 AdH € NIA Ll
YZNYAD %0¥
JOdsw "UYHPAS %0V YZNXAD ‘UylolS| - 91 AdH ZNIA S
YZNXAD %0
JOdsw "UYHAS %0 YZNNAD ‘UyloUS|  + 91 AdH ZNIA L
YZNYAD %0
Jodsw "UYHDAS %0 YZNXAD ‘Uyliols| =91 AdH L NIA i4
YZNYAD %0
JOdsw "UYHAS %0 YZNXQD ‘UYHRUS|  +91 AdH L NIA 0| zooe 02509
JOdsw %8'Ly YINYAD| - 91 AdH DOSA €
JOdsw %v'Sl YINXAD|  +91 AdH DOSA €L/ 100Z| SUOIN,O
bWy | pasn anbiuyos] | uoypjAyjousdAH % dua9 | snpjs-AdH sisou-Bpiq sjusypd Jo 'ON|  ID3IA loyiny

'$1081N281d S$}I PUD J8DUDD IDAINA Ul UOIDIAYIaWISdAY uo saipnys

S 9|9eL

87



Chapter 4

uolpjAyawIBdAY J0) Paysa) Sauab D 10) PaYIDSdS JOU SDM |1 Jl UMOUNUN SO pajaldiajul SDM SNIDIS AdH ‘AN
UolJoDaI UIbYD 8spIawA|od Dyioads-uolpjAyaw =y Ddsw ‘pispjdoau [playidaniul
IDAINA =NJA ‘PWOUIDIDD (182 SNOWDNDS IDAINA =D DSA ‘SUDDIUOIYD SNSOISJOS UBYDJ| =DST ‘SNSOISIOS UBYDJ =§T JOquinu =N ‘Sniabwojidod uowny =AdH

‘218 pPaguUIsap 810 SjNsas mau
AUO "1 10T 019N SD I0YOD SWDS dOd-suw [-D7SL %Y vy [-D781 +%L'91 DOSA 0¢
uolpAytewladAy
104 pajobiseul suab Jad payoads
OU SNYDYS AdH ] ‘SAIHSOd AdH %5T JOd-sw [-D7SL %ST [-D7SL| %ST + AdH N l¢| €l0¢| olausng
Zld41 %09
13431 %001
‘IWAVD %55
‘| ISIML %S€ ¢lddL pub
IWOW %Sv| 1331 ‘IWavD “LISIML
JOdsw 'VZNAAD %59 INOW 'VZNNTD| pPaiseljou D0OSA 0c| ¢loe juoo
VZNNAD %S¢
JOd-sw NdVA %L1 VINIAD + AdVd| paise} jou N €¢|  c¢loe aply
INOW %L'TL
‘1-dSL %0¥
'VINIAD %S'vS INOW
sjuslypd 6 'VZ4SSVY %L'TL|  PUD [~dSL 'YZNIAD
UO p3ysa} som uolpjAyjouiadAy -dSL ¥Dd-sw V4SSV %S'SY| VTSV VISV - AdH DOSA il
INOW %0
‘1-dSL %02
‘VINAAD %0 1INOW
sjusypd g ‘VZ4SSYY %0| PUP [-dS1 'VZNNAD
Uo Pajsa} som uoypjAutewIedAY [-dSL JOd-sw ‘V14SSVY %0 VZ4SSVY V4SSV + AdH DOSA L
INOW %L LY
‘1-dS1 %08
'VINIAD %991 INOW
'VZ4SSYY| PUD [-dSI ‘VZNIAD DOSA Uim
JOd-SW| %E'8 'VI4SSVY %E'CE|  'VZ4SSVY ‘VI4SSVY| Paisellou| P8IoId0sso S zl
INOW %0
‘1-dSL %¥'TS
uolpjAyjewIadAy 'VINIAD %61 INOW
10} pajpbisaAul ousb Jad payoads 'VZ4SSVY %0| PUD [-dSL 'VZNXTD DOSA Yim pa}
OU SNYDYS AdH ] ‘SAIISOd AdH %5T JDd-sw ‘VI4SSVY %V TS VZ4SSVY 'V I4SSVY| %ST + AdH | -PID0SSD jou S 4 L10Z| olausny
spbway | pasn anbjuyss] | uoypjAyjawiadAH % auao | snypjs-AdH sisou-6piq | sjusypd jo 'ON| ID3IA loyiny

psnupuo) g w_n_m._.



Genetic and epigenetic changes in vulvar squamous cell carcinoma and its precursor lesions

UOIDIAY}oULIBAAY JO) PBISa] SaUSB (1D J0j PaYIDads JOU SOM I J UMOUNUN SD PaJaIdiajul SOM SNIDIS AdH ‘AN

SnIADWOJIdDA UDWNY =AdH ‘OWOUIDIND (|82 SNOWDNDS IOAINA =DDSA ‘PIsP|dIadAY [playiIdan.iul IDAINA =N|A ‘SNSOI]S UBY2l| =57

%y'vy  OE/LL %6'Cy 1216 10181

%G9S €C/LL | %8'€S €l/L %05 0z/ol | »L'ly  Tl/S Uyliouis

%SG €€/L1 1-dSL

%0'€ £e/l VZ4SSvd

%SGy €€/S1 V4SSV

%09 0z/el alddl

%001 0z/0C RE

%S5 oz/LL IWavo

%S€ 0z/L LISIML

%Sy 02/6 %0 €¢/0 1IWOW

%8Sl 8¢€/9 Adva

%0 /0 %0 ¢/0 %0 ¢/0 %0 8/0 %0 ¢/0 y1d

%C'L9  8S/6E | %S'Ly  65/8C | %8EL 6T/ %C'69 €116 | %08 oz/oL | sl v/l %E'8T  T6/9T | %STL  8/1 %0 ¢/0 VINJIAO
uMouNUN AdH Bou AdH sod AdH uMoudUN AdH Boau AdH sod AdH umoudun AdH Bau AdH sod AdH

DOOSA NIA S1

'sejousnbaily uolpjAylewISdAyY [[DJISAO 9 3|qe]

89



Chapter 4

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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