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General discussion and summary

Despite major advances in the past decade, treatment of vulvar cancer (VC) remains 
challenging and is still associated with significant mortality and morbidity. VC is a 
cancer type with a particularly high age of onset, with a peak incidence around seventy 
years of age. The fact that this cancer predominantly affects older women has important 
implications for treatment and recovery, as co-morbidities are not infrequent. VC is also 
a rare cancer with only around 300 new cases a year in the Netherlands. Due to this rarity, 
this cancer subtype is under researched and little is known about the carcinogenesis and 
its molecular features compared to other more frequently occurring cancers. 

For this thesis we intended to shed light on some significant clinical issues as well as 
advancing our basic understanding of VC. The work presented in this thesis follows 
the current trend in medical oncology, in which we have sought for avenues towards 
individualising treatment for this particularly fragile patient population. In the first 
section, we challenge current guidelines regarding the extent of the surgical procedure 
for both the primary lesions as well as the groin area.  Also, treatment options in case of a 
recurrence are discussed. In the second section the discussion continues with studies that 
increase our understanding of the VC carcinogenesis (e.g. initiating events and driver 
alterations) and how this may provide avenues towards personalised treatment. 

Section I. Clinical challenges in the treatment of vulvar cancer (chapter 2, 3 and 4)
In the first section of this thesis we have focussed on two critical questions regarding 
the primary surgery of VC.  In chapter 2 we asked ourselves what the limits are for safe 
tumour-free margins in VC. Arguably, this is the most important question in primary 
surgery of VC, because there’s a fine balance between being radical and overtreatment. 
In recent years, following a trend seen in many other tumour types, surgery of VC 
has become more and more conservative (1, 2). The question of the minimal tumour-
free margin has been asked before. At this moment a tumour-free margin of ≥ 8 
mm is considered the norm to prevent local recurrence, which has been adopted in 
many guidelines (3-8). In our investigation we challenged this advice and examined 
whether a tumour-free margin of < 8 mm is indeed associated with an increased chance 
of developing a local recurrence as compared to ≥ 8 mm (chapter 2). In this study 
we first performed a meta-analysis of current available literature and found a clear 
increase in local recurrence risk in the group of patients with a tumour-free margin of 
< 8 mm (pooled risk ratio 1,99, p=0.02), supporting the current guidelines (3, 4, 9, 
10). However, the studies included in this meta-analysis were heterogeneous regarding 
tumour and treatment characteristics. A particular weakness we noticed was the lack 
of a clear definition of local recurrence. We then decided to perform a cohort study 
on VC patients treated in the LUMC, using a strict definition for local recurrence. We 
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defined a local recurrence as a histologically confirmed recurrence of VC within 2 years, 
located on the ipsilateral side of the vulva. In this cohort study we found that the chance 
of a (strictly defined) local recurrence was not different in patients with a tumour-free 
margin of < 8 mm (10%) versus ≥ 8 mm (12%). In fact, patients truly at high risk 
of a (strictly defined) local recurrence are those with tumour-positive margins (31%). 
From this we concluded that aiming for a tumour-free margin of 8 mm might be too 
stringent. This was further supported by a recent large study (11) on 289 VC patients 
with FIGO stage IB and higher, in which the authors found a local recurrence rate of 
12.6% for patients with a tumour-free margin of < 8 mm and 10.2% for patients with 
a tumour-free margin of ≥ 8 mm (p=0.392). None of the patients received adjuvant 
treatment after primary treatment (11). 

Despite these convincing results on the limited role of a minimal tumour-free margin 
of 8 mm for prevention of local recurrence, clinicians are reserved in changing current 
guidelines and adjusting treatment strategy. The data presented in chapter 2 and the 
study of Woelber et al. (11) argue that a tumour-free margin of < 8 mm should not be 
the determining factor for adjuvant treatment. Other tumour characteristics, such as 
tumour size, the presence of lymph vascular space invasion and tumour-positive lymph 
nodes have proven to be much stronger prognosticators with regard to the development 
of a local recurrence, and therefore these factors should determine the decision for re-
excision or adjuvant radiotherapy (12-14). However, for the field to make such a change, 
the data on the prognostic impact of the tumour-free margins are probably insufficient. 
Not only are the available data conflicting, they are also based on retrospective cohorts. 
To overcome these limitations, a possible next step could be to perform a prospective 
randomised controlled trial aiming to investigate the benefit of adjuvant treatment for 
patients with a tumour-free margin of < 8 mm. Such a  trial can be named ‘Surgical 
Margins in the Treatment of Vulvar Cancer’ (the SuMaToV-trial, figure 1). All patients 
who are surgically treated for primary VC can be included in the trial. Patients without 
an indication for adjuvant treatment based upon clinical or tumour characteristics other 
than a tumour-free margin of <8mm will be randomised between adjuvant treatment 
(standard arm) or no adjuvant treatment (experimental arm). Adjuvant treatment in the 
standard arm should consist of re-excision when possible or otherwise radiotherapy in 
accordance with the current guidelines (5-8). After a minimum of two year follow-up the 
first results can be analysed. The primary outcome is recurrence free survival. Secondary 
outcomes are treatment related morbidity and overall survival. Local recurrences should 
be registered according to a previous established strict definition as we used in our study; 
histologically confirmed recurrence on the ipsilateral side of the vulva within two years 
after primary treatment. As a translational component to this study, molecular analysis 
to define clonal relationship with the primary tumour may be considered. Treatment 
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related morbidity and overall survival should be registered in all patient groups. Through 
such a prospective study a final answer on this important clinical question is possible.
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Figure 1: Proposed radomization strategy for the SuMaToV trial (Surgical Margins in the Treatment 
of Vulvar cancer)

Of course, our strict definition for local recurrence can be debated. So far, there is 
no golden standard definition, and therefore our definition is based upon common 
sense and the experience that most recurrences develop within two years after primary 
treatment (40-80%) (15, 16). Interestingly, a recently published long term follow-up 
study from the GROningen INternational Study on Sentinel nodes in Vulvar cancer 
(GROINNS-V) also found a relatively high percentage of late recurrences. Median time 
until local recurrence was 27 months and local recurrence rate was 27.2% 5 years after 
primary treatment and even 39.5% 10 years after primary treatment. Most of these 
local recurrences occurred more than two years after primary treatment (63.9%) (17). 
It can be argued, however,  that many of these late recurrences are second primary 
tumours instead of true recurrences. It is assumed that the complete vulva is at risk 
for the development of multiple tumours due to a so called “field effect” or “field 
cancerization”. This assumption is supported by the clinical course of VC patients. It is 
not uncommon that VC patients present with multifocal tumours on the vulva, which 
are probably unrelated to each other. The concept of field cancerization is not unique 
to the vulva, and has also been described in other organ systems where (pre-)neoplastic 
processes are present at multiple sites. For example, field cancerization is a concept used 
in several other organ systems such as head and neck, lung, esophagus, cervix, colon, 
breast, bladder and skin (18-23). It has been shown that a contiguous (epi)genetically 
altered field can be the basis of multiple genetically related but independent lesions, 
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which probably should be regarded as second primary tumours rather than local 
recurrences. Such a field has been shown for metachronous lesions that were > 7 cm 
apart (18, 22). Given the strong association between VC and chronic lichen sclerosus 
(LS), LS may be regarded as “the field” that predisposes for the development of latent 
vulvar precancerous lesions.  Whether these latent precancerous lesions progress is likely 
dependent on the acquisition of additional genetic alterations, which in turn result in 
subclones with uncontrolled cellular proliferation, such as TP53 mutations in dVIN. 
Eventually, these subclones are likely to evolve into invasive cancer (18, 24). This 
sequence of events can occur at multiple different sites within the fields and at different 
points in time. Although data in support of this model in VC are still limited, it appears 
very likely to be applicable in this disease too. 

The presence of a field has important implications when we consider the above described 
studies on local recurrences. We have proposed a clinical definition of true recurrence 
(ipsilateral and within 2 years), reflecting those lesions that are the result of incomplete 
removal of the primary tumour. New lesions that occur at the contralateral side of the 
vulva or after more than 2 years are unlikely the result of inadequate primary surgery, 
but rather the consequence of an incompletely excised field at risk. We currently don’t 
know how to recognise, demarcate and remove or treat this field to prevent second 
primary tumours to occur, which would be a topic of great interest for future research. 
Precancerous lesions such as differentiated vulvar intraepithelial neoplasia (dVIN) or 
vulvar acanthosis with altered differentiation (VAAD) in the margins are currently 
not an indication for re-excision. In our study on the value of the histological margin 
(chapter 2) we also evaluated the influence of dVIN presence in the resection margin 
on local recurrence rate. We were not able to prove that the presence of dVIN increases 
local recurrence risk. Still, given the above described hypothesis, this seems plausible 
and should be further investigated in a more comprehensive study. In a study on 28 
patients with head and neck squamous cell carcinoma (HNSCC) all margins of the 
surgical specimen were analysed to determine the extension of a genetically altered field. 
Genetic alterations were detected in 10/28 (36%) of the patients and in 7 patients these 
alterations were present in the surgical margins. After a median follow-up time of twelve 
months, none of these patients had developed a local recurrence (22). 

Field cancerization might also explain the differences found in our meta-analysis (4, 
9-11, 25, 26) and cohort study (chapter 2). The width of the tumour-free margin does 
not influence the chance of developing a true recurrence, a histologically confirmed 
recurrence within two years after primary treatment and on the ipsilateral side of the 
vulva. On the other hand, a tumour-free margin of > 8 mm increases the chance of 
removing “the field” and thereby theoretically decreases the chance of developing second 
primary tumours. This might explain the results found in our cohort study, in which 
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we held on to a very strict definition of local recurrence. The studies included in our 
meta-analysis often did not define a local recurrence, which probably means that all new 
tumours on the vulva were seen as local recurrences, independent of time or localization 
on the vulva. 

Contradictory to our proposal for less radical surgery in the SuMaToV trial, but 
supportive for the presence of a field is a theory proposed by Höckel et al (27). The 
authors have studied early embryology to analyse local tumour spread and found that 
the pattern of local tumour spread for cervical and VC is confined by compartments 
defined by their embryonic development. This is called ontogenetic anatomy and the 
compartment theory (27, 28). Crossing the border of these compartments is a relative 
late step during malignant progression. In order to do this phenotypical changes of the 
tumour cells are necessary. Following this theory even more radical surgery to maintain 
local tumour control would be required. In one of their studies the authors performed 
vulvar field resection based upon the ontogenetic anatomy in 54 VC patients in order to 
investigate if this surgical approach results in an improvement of local tumour control. 
After a median follow-up time of nineteen months, none of the patients had developed a 
local recurrence. Unexpectedly, perioperative complication rate was low (29). So, perhaps 
indeed even more extensive surgery is necessary for prevention of a local recurrence as 
well as second primary tumours. On the other hand, less radical surgery will increase 
the chance of a second primary tumour, but reduces morbidity. The question arises 
whether the morbidity associated with more extensive surgery outweighs the benefits of 
preventing recurrent disease and thus which approach is best for the patient and results 
in a better overall survival. 

In order to further investigate this it is necessary to make a genuine differentiation 
between true local recurrences and second primary tumours based upon molecular 
features rather than an arbitrary clinical definition. The development of our VC Next 
Generation Sequencing (NGS) panel (chapter 7) may serve this purpose as it can 
provide objective molecular data that can be used to define clonal relationships between 
two lesions, although a correct distinction between true recurrences and second primary 
tumours will be challenging and perhaps impossible in some cases. Hypothetically, a 
true local recurrence most likely will have an identical mutational profile, potentially 
accompanied with one or two additional somatic mutations. This would be the most 
likely situation based upon the hypothesis that a true local recurrence  develops from 
tumour cells that were left behind during primary surgery. Second primary tumours will 
show a different mutational profile compared to the mutational profile of the previous 
tumour. These second primary tumours have developed after a different second hit 
elsewhere in the vulnerable field. If we are able to make a genuine distinction between 
true recurrences and second primary tumours we might also be able to implement this 
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difference in clinical practise and to advise different treatment strategies. Literature on 
HNSCC has shown that a second primary tumour has a more aggressive course than 
true local recurrences (23). This may also be true for VC patients which suggests that 
more radical surgery is indicated for patients with a second primary tumour followed by 
more stringent follow-up in comparison to patients with a true local recurrence. 

A second  clinical challenge in which the extent of surgery is under debate is the primary 
treatment of the groins in patients with VC, as extensive groin surgery is associated 
with high morbidity (30, 31). Yet, adequate treatment of the groins is critical, because 
a recurrence in the groin(s) is associated with an exceptional high mortality rate of 
up to 90%  (32, 33). This high mortality rate is confirmed in our study on groin 
surgery in VC patients, in which we describe a nine times increased chance of dying 
for patients who develop a groin recurrence compared to patients who did not develop 
a groin recurrence (chapter 3). The introduction of the sentinel node (SN) procedure 
as a treatment alternative for the groins has proven to be safe and led to a dramatic 
decrease in postoperative morbidity of groin treatment (31, 34). Still, approximately 
half of the patients do not fulfil the criteria for undergoing a SN-procedure, i.e. a 
unifocal tumour, smaller than 4 cm (31, 34). For patients with a multifocal tumour 
and/or a tumour larger than 4 cm more extensive treatment is necessary. Currently, most 
guidelines advise a full inguinofemoral lymfadenectomy (IFL) for all these patients (2, 
31). However, our analysis of the risk of recurrence in lymph node positive VC patients 
shows that nodal debulking followed by radiotherapy is a safe alternative treatment 
for patients with clinically suspicious lymph nodes and/or macrometastases (chapter 
3). Our findings are supported by a previous study published by Hyde et al (35), with 
the difference that our study also addressed the morbidity in these patients. Our study 
shows a reduction in short term and long term postoperative morbidity in patients 
treated with nodal debulking, without adversely influencing the chance of developing a 
recurrence in the groin(s). A recently published review thoroughly investigated different 
surgical approaches and postoperative morbidity in VC patients who underwent an IFL. 
The authors found an overall post-operative wound complication rate of up to 85%. 
Furthermore, the authors found that this complication rate can be reduced slightly 
following specific surgical techniques such as: using separate incisions, unilateral IFL, 
sparing of the saphenous vein, preservation of the fascia lata and continuous skin sutures 
(31). Still, based on our study and the study from Hyde et al. (35) we propose nodal 
debulking to be the preferred treatment in patients with clinically suspicious lymph 
nodes and/or macrometastases, resulting in lower morbidity than full IFL. This advice 
is not yet included in the current guidelines (5, 6, 8). When the guidelines are revised 
these studies should be included in composing an advise. 
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The third clinical challenge in the treatment of VC addressed in this thesis, is the 
optimal treatment when VC does recur. The chance of developing a recurrence is high 
(12-37%) (12, 15) and this is relevant, as 5-year survival dramatically decreases for 
patients who develop a recurrence (25-50% versus 50-90% for patients with primary 
VC). The prognosis of patients with recurrent VC has not improved over the years (8, 
13, 36).  Therefore, there is an ongoing discussion on how to treat recurrent disease. 
In order to structure this discussion, this thesis provides an overview of up-to-date 
literature on the treatment of recurrent VC in order to give an evidence based advise 
for treatment of recurrent VC (chapter 4). In the context of a local recurrence, there is 
general consensus, that when feasible re-resection with clear margins is the treatment of 
choice. If surgery is not an option, (chemo)radiotherapy is a good alternative. Patients 
with a local recurrence with a depth of infiltration > 1mm are advised a full IFL when 
primary treatment of their VC did not comprise a full IFL (15, 37). This treatment 
strategy of the groins causes high morbidity rates and the question arises whether the 
SN-procedure is also a good alternative when treating patients with a local recurrence. 
Alternative treatment strategies are currently being investigated. A recently published 
study found that a repeat SN-procedure is feasible, although technically challenging 
(38). The GROINSS-V study group is aiming to investigate the safety of the SN-
procedure for patients with a local recurrence in the next national GROINSS-V trial. 
The outcomes of this trial will probably contribute in further reducing treatment related 
morbidity if it proves that this procedure is also safe for patients with a local recurrence 
(34). In this context it might also be clinically relevant to distinguish between true local 
recurrences and second primary tumours. 

Treatment of a groin recurrence is even more challenging, especially because a groin 
recurrence used to be considered as almost always fatal (14, 15). Yet, a recent study 
found a 50% survival rate for patients with a groin recurrence after 7 years and concludes 
that treatment of a groin recurrence is no longer merely palliative (39). At this moment, 
the advised treatment for a groin recurrence is surgery, consisting of either a full IFL or 
debulking, followed by radiotherapy when possible (33). Due to the improved survival 
rates for patients with a groin recurrence (39) further developments in the treatment of 
a groin recurrence are highly important.

Pathogenesis of VC (chapter 5, 6 and 7)
The second section of this thesis concentrates on the pathogenesis of VC with a focus 
on genetic alterations that might be involved. A gynaecologist in the outward patient 
clinic can encounter patients with various forms of vulvar complaints in different stages 
of vulvar disease. Patients who present with a vulvar precursor lesion are at risk of 
developing a VC in the course of their lives. The chance of developing VC depends on 
the type of the precursor lesion. Knowledge of the underlying mechanisms of initiation 
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and progression from a precursor lesion towards an invasive lesion is limited, and may 
inform preventive strategies. Up until now, VCs have been subdivided into two different 
biological subtypes; those that are associated with high risk Human Papilloma Virus 
(hrHPV) and those that are not (40-42).This dichotomy view, however, may be too 
simplistic and particularly little is known about the initiating and early driving events in 
the pathogenesis of non-HPV associated cancers  

For HPV-dependent VC, in many ways the literature parallels that of HPV-dependent 
cervical cancer and head and neck cancer (43, 44). In that respect, the current application 
of HPV vaccination in the prevention and treatment of cervical cancer may also be 
used to prevent and treat VC (44). The nomenclature for vulvar precursor lesions has 
been somewhat confusing, however currently the hrHPV precursor vulvar high-grade 
squamous intraepithelial lesions (HSIL) is the preferred term (formerly known as usual 
VIN 2/3). Differentiation between HSIL, which has a 9-16% chance of progression 
to VC when left untreated (45) and low-grade squamous intraepithelial lesions (LSIL) 
(46, 47) is important, since vulvar LSILs are not pre-cancerous and treatment is only 
necessary if a patient has complaints (48).  In chapter 6 we investigated the diagnostic 
value of stathmin immunohistochemistry (IHC) as an adjunct marker to differentiate 
between LSIL and HSIL, and found a high sensitivity and specificity for HSIL lesions. 
Therefore, stathmin expression can be used as an additional marker in difficult cases, in 
which p16 and Ki67 are not conclusive (49). 

Little is known about the pathogenesis of HPV-independent VCs and their precursor 
lesions called “differentiated VIN (dVIN)” (42, 45). Recent work, clearly demonstrates 
that dVIN has a high malignant potential, with 80% of all dVINs reported to progress 
to (invasive) cancer (42, 45, 50). Given the high malignant potential of untreated dVIN 
it is important to recognise these lesions early and assure patients of adequate treatment 
and follow-up. At this moment immunohistochemical staining with p53 is commonly 
used as a marker for dVIN, because TP53 is frequently mutated in dVIN lesions. In other 
cancers, an aberrant expression pattern of p53 (either complete absent staining or a strong 
diffuse staining pattern) has been shown to be an excellent surrogate marker for TP53 
mutation (51). P53 IHC is therefore in pathology practice often used to differentiate 
between (HPV-associated) vulvar HSIL and dVIN (52). An interesting question that was 
raised during our studies was whether p53-IHC would also be a surrogate marker for the 
presence of a TP53 mutation in the context of VCs. In this light we investigated the p53 
staining pattern in the 36 VC patients in our NGS cohort (chapter 7) and compared these 
results with the mutational TP53 status. Although this is a limited cohort size, we found a 
substantial concordance (kappa = 0.72) between IHC and NGS. Extension of these data 
is probably possible for vulvar precursor lesions and therefore, p53-IHC may be an easy 
to implement surrogate marker for TP53 mutations in vulvar precursor lesions. We did 
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notice that p53 staining patterns in TP53 mutant vulvar cancers can vary, and educating 
gyneacopathologists will be required, as the interpretation of p53 staining is somewhat 
different from ovarian or endometrial adenocarcinomas. Recognizing the specific p53-IHC 
patterns will require further study and will likely improve the kappa, and thereby the utility 
of p53-IHC as a an adequate surrogate. 

Chapter 5 of this thesis gives an overview of the current literature on (epi)genetic 
alterations and summarizes available molecular data in vulvar (pre)cancer thus far. Clearly, 
the (epi)genetic landscape of VC, and particularly its major precursor dVIN is largely 
unknown and limited to some studies confirming frequent TP53 mutations (53-55). 
Therefore, we next aimed to explore the mutational landscape of vulvar (pre)cancer using 
targeted NGS (chapter 7). We found a high mutation frequency in HPV-independent 
dVIN and LS lesions in TP53 (48% and 31%, respectively), NOTCH1 (20% and 50%, 
respectively) and HRAS (10% and 31%, respectively). Interestingly, HRAS and NOTCH1 
mutations were relatively frequent in vulvar precancers that were TP53 wildtype. The 
recurrent NOTCH1 mutations in VC was a novel finding in this study. The exact role 
of NOTCH1 in vulvar (pre)cancers remains uncertain. Reports on NOTCH1 function 
describe NOTCH1 as an oncogene as well as a tumour suppressor gene, depending on 
the tissue type. The canonical Notch pathway is probably oncogenic and mainly involved 
in cell proliferation, differentiation and survival (56). Dysregulated Notch plays a crucial 
role in tumour development by altering the developmental state of a cell and consequently 
maintaining the cells in a proliferative or undifferentiated state (57).

The findings in the HPV-independent VCs largely overlapped with the findings in 
the precancerous lesions with recurrent somatic mutations in TP53, NOTCH1 and 
HRAS. This suggests that these gene alterations are likely relevant early events in 
the development of VC and supports a, not previously appreciated, third molecular 
subtype of VC. This subtype is HPV-independent and does not carry a pathogenic 
TP53 mutation. In our study 10 of 29 VCs (35%)  were HPV-independent and TP53 
wildtype. Earlier studies had implicitly identified this subtype, but did not give it any 
attention (53, 58, 59). Interestingly, HPV-independent and TP53 wildtype cancers have 
also been identified in two large studies on HNSCC (60, 61), a tumour type that greatly 
resembles the oncogenesis of vulvar cancers. In the TCGA-study on 279 HNSCC , 36 
cancers (13%) fell within the category (60). The earlier published study by Stransky et 
al. on 74 HNSCC patients, identified 16 (22%) of these cancers (61). A recent study 
in which full coding sequencing of TP53 was performed found no somatic mutation 
in TP53 in 14/59 (24%) HPV-independent VCs, supporting a third VC subtype (58). 
The initiating events and genetic alterations driving this subtype are unknown, but our 
work supports a role for NOTCH1 and HRAS mutations in this subtype. Our study was 
limited to targeted mutational data, and therefore lacks information on genes that were 
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not in our panel. Therefore, we may have missed relevant copy number alterations or 
epigenetic changes, which should be a theme of future studies. 

So, following the results from chapter 7, we can speculate on a refined VC oncogenesis 
model (Figure 2) in which we also incorporated field cancerization. We propose that LS 
is the oncogenic field of vulvar epithelial surface required to initiate tumorigenesis. This 
chronic inflammation results in an increased burden on the basal epithelial keratinocytes, 
effected the fidelity of DNA replication. This results in areas in which (epi)genetic 
changes accumulate and result in latent precancerous without a specific histological 
substrate. Subsequently, when the basal keratinocytes in these latent precancers 
encounter a somatic mutation in TP53 or in NOTCH1 the carcinogenesis is accelerated 
and results in  histologically changes that fall within the spectrum of dVIN/VAAD. 
In the absence of TP53 mutation it is possible that additional genomic alterations are 
required to progress towards invasive VC, however a pathogenic TP53 mutations is 
likely sufficient for invasion. This model would favour resection of not only the invasive 
cancer, but also any visible precancer, in order to reduce the chance of a true recurrence. 
Second primary tumours arising from the oncogenic field and its latent precancers can’t 
be prevented unless the field is completely excised .
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Figure 2: Proposed model for the pathogenesis of vulvar cancer 

LS: lichen sclerosus, dVIN: differentiated vulvar intraepithelial neoplasia, VAAD: vulvar acanathosis 
with altered differentiation, mut: mutant, WT: wildtype, VC: vulvar cancer, hrHPV: high risk human 
papilloma virus, HSIL: high grade squamous intraepithelial lesion
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Obviously, a model of three molecular subtypes would only be of clinical value, if 
these three subtypes display a differential clinical behaviour (eg. risk of recurrence and 
or differential treatment response). Therefore, we evaluated  the prognostic value of 
hrHPV on local recurrence rate and overall survival in chapter 7. We found a significant 
improved prognosis for HPV-dependent VCs compared to HPV-independent VCs. The 
group of patients with HPV-dependent VC developed a local recurrence in 5.3% of 
the patients and had a better disease specific five-year survival (p-value 0.049). HPV 
remained a favourable prognostic factor in multivariable analysis (hazard ratio 0.29, 
p-value 0.02), despite the association with better clinico-pathological characteristics. 
These results are supported by a recently published study by McAlpine et al, who also 
found a better progression free and disease specific survival in 217 patients with HPV-
dependent VC (62). Previous studies on tumours that greatly resemble the pathogenesis 
of VC, i.e. penile squamous cell carcinoma (PSCC) and HNSCC also show comparable 
results, with an unequivocal difference in prognosis between HPV-dependent and 
HPV-independent patient groups. Patients with HPV-dependent tumours have less 
recurrences and a better overall survival (63, 64). Given these results it is tempting to 
consider universal HPV testing for patients with VC. However, due to the retrospective 
nature of these studies, the question whether the indolent behavior is independent of 
treatment remains unresolved. Currently, all patients with VC, irrespective of HPV 
status, are treated identical. Interestingly, studies in HNSCC patients have shown a 
better response of HPV-dependent tumours on adjuvant treatment (chemotherapy and 
radiotherapy) (64-66). In addition, one recently published study on 57 VC patients 
treated with radiotherapy with or without surgical resection found a better progression 
free and overall survival for patients with HPV-dependent tumours, suggesting 
sensitivity to radiation (67). Although further research in a prospective cohort is 
necessary to validate these outcomes, these results are promising and may inform future 
trial designs. It appears that patients with HPV-dependent VC may benefit from less 
extensive primary surgery and are more likely to respond to radiation. This may become 
relevant for both local treatment as well as for treatment of the groins. Furthermore, 
follow-up schemes of patients with HPV-dependent VC might be less intensive because 
of the minimal chance of developing a recurrence. In addition to a prognostic benefit 
for HPV-dependent VC patients, we evaluated the influence of aberrant or normal p53 
staining on prognosis in the HPV-independent VC patients. Local recurrence rate was 
16.3% for HPV-independent tumours with a p53 normal staining pattern and 22.6% 
for HPV-independent tumours with an aberrant staining pattern for p53. This difference 
was not significant (p-value 0.246), probably due to the number of patients included 
in our cohort. Expansion of a VC cohort with adequate follow-up will provide further 
insights on the clinical value of distinguishing three VC subtypes in future research. 
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Conclusion
In conclusion, the molecular heterogeneity of VCs offers novel avenues for the 
introduction of  more individualized treatment strategies in the near future. HPV status 
and the presence of TP53 mutations will likely become critical variables required to 
determine the extent of primary treatment and the necessity of adjuvant treatment, as 
well as the treatment strategy for recurrent VC. Furthermore, targeted therapy against 
certain somatic mutations as well as immune therapy will probably undergo a huge 
development in the next decades and will undoubtedly become part of the treatment 
plan of VC patients. These developments can contribute to a better prognosis for these 
patients and to less invalidating surgical and adjuvant treatment. To get these novel 
developments to our patients, however, prospective trials in which molecular analyses 
are an integral part, will be required. 
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