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Abstract

The impact of TP53 gene mutations in recurrent HPV-negative vulvar squamous cell carcinomas is unclear. TP53 gene
mutations were analyzed in archival tissues of 24 primary squamous cell carcinoma and local vulvar recurrences arising in
chronic inflammatory dermatoses by analyzing the full coding sequence of the TP53 gene and correlated with disease-free
survival. After resection of the primary squamous cell carcinoma with clear margins 19/24 patients had one and 5/24 had
multiple recurrences. The first recurrence occurred after median of 46 months (range 12—180 months). In all, 17/24 (71%)
primary squamous cell carcinomas had 7P53 gene mutations and recurred after median disease-free intervals of 33 months
(range 12—-180). 14/17 (88%) recurrent squamous cell carcinomas carried again 7P53 gene mutations, five with identical and
nine with different, more complex 7P53 gene mutations. 7/24 (29%) patients with a pS3 wild-type primary SCC had the first
recurrence after median 65 months (range 14-144) featuring p53 wild-type in 3/7 (43%) and TP53 gene mutations in 4/7
(57%) recurrent squamous cell carcinomas. Disease-free intervals of >5 years (60—180 months) were observed in 10/24
patients total (42%; equally divided among p53 wild-type (5/7; 71%) and TP53 gene mutated (5/17; 29%) squamous cell
carcinomas). In summary, squamous cell carcinomas recurred in the residual vulvar dermatosis independent of TP53 gene
mutational status of the primary squamous cell carcinoma. The majority of T7P53 gene mutated cancers recurred with
different 7P53 gene mutations, some of them more complex, and patients with p53 wild type developed TP53 gene
mutations in the recurrent squamous cell carcinomas, possibly indicating increased genetic instability in longstanding
chronic inflammatory dermatoses. A change of TP53 gene mutational status after >5 years suggests de novo oncogenic
events/carcinogenesis. Longer disease-free intervals in patients with p53 wild-type primary squamous cell carcinoma suggest
that TP53 gene mutational status may serve as a prognostic marker for disease-free intervals.

Introduction

Invasive Human Papilloma Virus (HPV) -negative squa-
mous cell carcinomas commonly arise in the back ground of
chronic inflammatory disease lichen sclerosus and lichen
planus [1-3]. They have a high recurrence rate despite
complete excisions [4]. In contrast to HPV-induced
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squamous cell carcinomas HPV-negative invasive vulvar
squamous cell carcinomas harbor a wide variety of random
somatic TP53 gene mutations [5]. TP53 gene mutations
represent a final common pathway in about 50% of cancers,
and have been linked to poorer survival and shorter disease-
free intervals when compared to HPV-induced squamous
cell carcinomas in various organ systems including vulvar
cancers [6—12]. The inferior outcome is attributed to chemo-
and radio-resistance as the effects of radiation and many
chemotherapeutic agents are mediated through the p53
pathway [13, 14]. Mainly due to the rarity of vulvar cancer
and subsequent lack of randomized trials the most recent
FIGO and ESGO guidelines do not recognize different
oncogenic pathways, in particular presence/absence of
TP53 gene mutations, as treatment relevant [15, 16]. To
date, no data are available if and how TP53 gene mutational
status of vulvar squamous cell carcinomas influences
disease-free survival. It is unknown if the mutational status
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(wild-type or mutation) is maintained in recurrent invasive
vulvar squamous cell carcinomas and if primary and
recurrent squamous cell carcinomas carry identical TP53
gene mutations. Immunohistochemical staining allows
identification of missense 7P53 gene mutations via
demonstration of nuclear accumulation of hyperstable
mutant p53 protein. A negative staining result cannot reli-
ably distinguish between TP53 gene mutations with fra-
meshift or stop-gain mutations without p53 protein
production or squamous cell carcinomas with p53 wild-type
protein. We therefore investigated presence and type of
TP53 gene mutations in primary and recurrent invasive
vulvar squamous cell carcinomas by analyzing the entire
coding region of the TP53 gene.

Materials and methods

All primary and recurrent invasive vulvar squamous cell
carcinomas included in this study were diagnosed at the
Institute of Pathology at the Medical University Graz,
Austria. The term “recurrence” in this paper refers to a new
local vulvar cancer after complete resection of the primary
squamous cell carcinomas with clear margins. The clinically
widely used term “distant recurrence” reflects biologically a
metastasis and correctly should be labelled as such, but they
were not analyzed in this paper. All cancers were evaluated
for etiology during routine surgical work-up and divided
into (i) HPV-induced vulvar squamous cell carcinomas
based on demonstration of HPV DNA along with con-
comitant pl16™*%overexpression and (ii) squamous cell
carcinomas arising independent of transforming HPV
infections (no HPV-DNA and no p16™+* overexpression),
referred to as HPV-negative cancers in this paper. Tumor
samples were taken from a central portion of the cancer.

HPV genotyping was performed on formalin fixed and
paraffin embedded tumor tissue and is based on the prin-
ciple of reverse hybridization and the SPF10 primer set
which amplifies a 65-bp region in the L1 open reading
frame of the HPV genome (INNO-LiPA HPV GENO-
TYPING EXTRA; Innogenetics Diagnostic, Heiden, Ger-
many and CHIPRON GmbH, Berlin, Germany). Multiplex
PCR and duplex hybridisation allows detection of DNA of
32 HPV-subtypes including HPV-high risk subtypes 16,18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59; HPV-low risk sub-
types 6,11; and potentially carcinogenic HPV subtypes 26,
30, 34, 53, 66, 67, 68, 69, 70, 73, 82, 85, 97. DNA was
extracted on a Maxwell, MDx Research System (Promega,
Fitchburg, Wisconsin, USA).

Initially, we screened the previously published 24 patients
[4] with recurrent squamous cell carcinomas arising in the
background of mostly advanced untreated chronic inflam-
matory dermatoses and excluded eight patients with
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recurrences < 12 months (with the aim to avoid analysis of
possibly missed precancerous lesions in the surrounding dis-
eased skin rapidly evolving to invasive cancer), and one
patient with non-invasive d-VIN. Sufficient DNA quality for
TP53 gene mutational analysis was available for 13 of the
remaining 15 patients. Since then we identified 11 more
patients with at least one recurrent invasive SCC after >
12 month disease-free intervals. In total we analyzed 24
patients with a lichen sclerosus or lichen planus-associated
primary squamous cell carcinoma and their recurrent invasive
squamous cell carcinoma. NGS libraries were prepared using
the AmpliSeq library kit 2.0 (Thermo Fisher Scientific) and
the Ion Ampliseq TP53 primer pool covering all exons of the
TP53 gene. Sequencing was performed on an Ion Proton
benchtop sequencer (Thermo Fisher Scientific) to a length of
200 base pairs. Initial data analysis was performed using the
Ion Torrent Suite Software Plug-ins (Thermo Fisher Scien-
tific, open source, GPL, https://github.com/iontorrent/).
Briefly, this included base calling, alignment to the reference
genome (HG19) using the TMAP mapper and variant calling
by a modified diBayes approach taking into account the flow
space information. Called variants were annotated using open
source software ANNOVAR [17] and SnpEff [18]. All cod-
ing, non-synonymous mutations were further evaluated and
visually inspected in IGV (http://www .broadinstitute.org/igv/)
and variant calls resulting from technical read errors or
sequence effects were excluded from the analysis. All anno-
tations of TP53 mutations are based on reference transcript
NM_000546. “Hot spot” mutations were defined as missense
mutations that occur at an unusual high frequency (top 10%
of the most commonly mutated amino acid positions in the
TP53 gene according to the IJARC TP53 database). Their
effect of increased invasion/ migration, angiogenesis, ded-
ifferentiation, anchorage-independent growth, rapid metas-
tasis by interaction with other cellular proteins and regulation
of cancer cell transcriptional programs is referred to as
oncogenic gain-of-function (GOF). Conversely, mutations
which lead to frameshift, stop-gain or otherwise abolished the
function of the TP53 are referred to as loss-of-function (LOF)
mutations. Paraffin blocks of primary and recurrent vulvar
squamous cell carcinomas were evaluated for nuclear p53
expression with antibody clone DO-7 (DAKO, Denmark).
Approval of the institutional ethics review board and research
ethics committee for this study was obtained (Medical Uni-
versity Graz, Austria, EK20-255 ex 08/09).

Results
Overall characteristics

All 24 patients (median age 69 years, range 40-84 years)
had a primary HPV-negative squamous cell carcinoma
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Table 1 Time course of recurrences in TP53 mutated and p53 wild-type primary vulvar invasive squamous cell carcinoma

Recurrent invasive SCC after disease-free intervals in months

144-154 180

108-119 120-131 132-143

36-47 48-59 60-71 72-83 84-95 96-107

24-35

12-23

4

Total

Primary invasive SCC

Primary p53 wild-type SCC
Primary TP53 mutated SCC

17

One missense mutation non-GOF

One missense mutation with GOF

One LOF TP53 mutation

Two missense mutations with GOF

1
1

Two missense mutations GOF / non-GOF

One LOF and one missense mutation with GOF

Time intervals in months

LOF stop-gain mutations with “loss-of-function”, GOF missense TP53 mutations with “oncogenic gain-of-function”

Time course of recurrences in TP53 mutated and p53 wild-type vulvar invasive cancers

Bold values indicate total numbers per row / column

arising in the background of an untreated chronic lichenoid
dermatosis. After resection of the 1° squamous cell carci-
noma with clear margins, 19/24 patients had one and 5/24
patients had multiple recurrences. The first recurrence was
resected after a median of 46 months (range
12-180 months; details see Table 1). The second recurrence
occurred after a median of 22 months (range
12—46 months). In all, 3/24 patients had a third recurrences
after a median of 29 months (range 12-46 months); 1/24
patient suffered five recurrences. Time intervals for second
and further recurrences reflect time from last recurrence, not
overall elapsed time. The local recurrences arose in skin/
mucosa affected by residual chronic inflammatory diseases
(lichen planus and lichen sclerosus). The spatial relationship
between primary and recurrent squamous cell carcinoma
was dependent on type of primary treatment and extent of
surgery. In patients with primary radiation squamous cell
carcinoma recurred close to the original site. In surgically
treated patients site of recurrences and distance to the pri-
mary squamous cell carcinoma was determined by the
amount of residual diseased skin/mucosa and differed
between only 0.5-1cm from the site of primary cancer or
scar of resection and larger distances of several cm with
recurrences on the other side of the vulva or in perineum
after primary periclitoral squamous cell carcinoma.

In all, 17/24 (71%) primary squamous cell carcinomas
harbored somatic TP53 gene mutations, while 7/24 (29%)
primary squamous cell carcinomas had wild-type p53 protein.
The median age at diagnosis of the primary squamous cell
carcinomas was 70 years in the 7P53 gene mutated cancer
group und 68 years in the p53 wild-type cancer group.

Seventeen primary squamous cell carcinomas with
somatic TP53 gene mutation

The primary squamous cell carcinoma of 17/24 (71%)
patients (Table 2; pt# 1-17; median age 70 years, range
40-83 years) harbored one (n=14) or two (n =3) somatic
TP53 gene mutations. Missense TP53 gene mutations were
identified in 12/17 squamous cell carcinomas and most
occurred only once. GOF “hot spot” mutations were identified
at codons R175H, R248Q, R273, R278A, R282, P278A;
details see Table 2). In all, 5/17 squamous cell carcinomas
harbored 7P53 gene mutations with LOF (2 stop-gain, 3
frameshift). The first recurrence was diagnosed after a median
of 33 months (range 12-180 months). Only 5/17 (29%)
patients had disease-free intervals >5 years, of whom three
patients (3/17 = 18%; pt.# 5,11,15) showed a switch from
TP53 gene mutation to wild-type p53 in the recurrence.
Identical 7P53 gene mutations in the first recurrent squamous
cell carcinoma were observed in 5/17 (29%) of patients (pts.#
4,10,12, 14,17; 1x LOF Q317* stop-gain, and 4x missense
mutation without GOF) after intervals of 1-3 years. The
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R175H Wide excision

66

Figo 1b Wild-type p53 Wide excision

DOD after 198 months FIGO 1b Wild-type pS3 Vulvectomy

Alive after 70 months
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#20 63

Radiation only

Wild-type
p53

FIGO 1b Wild-type p53 Wide excision

DOD after 48 months

#21 72

R175H
V157A
C135F

FIGO 1b Wild-type p53 Vulvectomy

DsD after 78 months
Wide excision

#22 77

Wide excision

64

FIGO 1b Wild-type p53 Rad. vulvectomy bilat.

#23 78

inguinal LA

FIGO 1b Wild-type p53 Wide excision radiation 14

No inter-
vention

Wide excision 18

Wild-type
pS3

DOD after 38 months

#24 84

to groin

Bold letters indicate stop-gain mutations with “loss-of-function” TP53 mutations or missense TP53 mutations with “oncogenic gain-of-function”

DOD dead of disease, DsD dead independent of disease, fs frame shift TP53 mutations with “loss-of-function”, LA lymphadenectomy, SLN sentinel lymph node

patients was median 46 months (range 12-180 months), but
intervals were 33 months within the TP53 gene mutated
squamous cell carcinoma group and 65 months in the
patient group with pS3 wild-type squamous cell carcinomas.
Disease-free intervals of >5 years (60-180 months) were
observed in 10/24 patients (42%; five patients each with a
p53 wild-type primary squamous cell carcinomas (5/7 =
71%) and TP53 gene mutated squamous cell carcinomas (5/
17 =29%)). All but two of these recurrent squamous cell
carcinomas after 5 years showed a change of mutational
status. All patients with long intervals >5 years had a sur-
gically treated squamous cell carcinoma without regional
lymph node metastases, or individual tumor cells and
micro-metastases only. Extent of surgery, however, varied
greatly from radical (hemi) vulvectomies to wide excisions
owing to the recent trend towards conservative surgical
treatment.

Discussion

In this first chronological documentation of the TP53 gene
mutational status in recurrent HPV-negative vulvar cancers,
we show that vulvar squamous cell carcinomas with and
without 7P53 gene mutations recur in the residual derma-
tosis, but that disease-free intervals differ greatly between
patients with 7P53 gene mutated primary squamous cell
carcinomas (33 months) and patients with p53 wild-type
squamous cell carcinomas (65 months). Long disease-free
intervals > 5 years were observed in 42% of patients, and
were over represented in patients with p53 wild-type pri-
mary squamous cell carcinomas (71%) when compared to
TP53 gene mutated squamous cell carcinomas (29%).
Interestingly, 80% recurrences after>5 years showed a
change of mutational status which we interpret as de-novo
carcinogenesis.

The majority of TP53 gene mutated cancers had a single
TP53 gene mutation. The presence of multiple 7P53 gene
mutations suggests multiple independent genetic events
within one squamous cell carcinoma, while identical TP53
gene mutations in primary and recurrent vulvar squamous
cell carcinomas are indicative of clonal / genetic origin. The
majority of TP53 gene mutated squamous cell carcinomas
in our study, however, recurred with different, partly more
complex 7P53 gene mutations, i.e. LOF mutations and
GOF (hot spot) missense 7P53 gene mutations and/or
multiple 7P53 gene mutations were more common in
recurrent squamous cell carcinomas. The distribution of
GOF “hot spot” mutations in primary and recurrent vulvar
squamous cell carcinomas was similar as in human tumors
in general, with R175H and R273C being most common. It
is also interesting that almost 60% of patients with p53
wild-type 1° squamous cell carcinoma had TP53 gene
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mutations in the recurrent squamous cell carcinomas. Our
observations are in line with investigations of exons 2-11 of
the TP53 gene of 11 HPV-negative precursor lesions dif-
ferentiated vulvar intraepithelial neoplasia revealing dif-
ferent TP53 gene mutations in distinct areas within one
clinical lesion of some but not all differentiated vulvar
intraepithelial neoplasia as well as in associated invasive
squamous cell carcinomas [19]. The increasing complexity
and/ or new acquisition of 7P53 gene mutations reflects an
increased genetic fragility and instability in advanced
untreated chronic inflammatory vulvar dermatoses rather
than the initial carcinogenic event. This also has been
suggested previously by detection of chromosome 17
aneusomy and polysomy in non-tumoral “normal ‘“skin
surrounding vulvar squamous cell carcinomas [20].

Nuclear accumulation of hyperstable mutant p53 protein
as result of missense TP53 gene mutations can be demon-
strated by immunohistochemical analysis with antibody to
p53 as uniform nuclear staining/overexpression in tumor
cells. Increased, but focal and discontinuous staining above
the baseline level can occur in basal keratinocytes of
hypertrophic vulvar lichenoid dermatosis after long duration
of ischemia, repeated epithelial injury and regeneration, and
chronic inflammation [21]. A chronic perpetuating inflam-
mation/reactive T-lymphocytic proliferation to a yet uni-
dentified antigen in lichen sclerosus, lichen planus and
associated squamous cell carcinomas [22] may contribute to
genomic instability [23, 24]. Treatment of inflammatory
dermatoses aims at reduction of the inflammatory infiltrate
[25, 26]. Reduction of disease activity / inflammatory
infiltrate can be visualized by reduced p53 accumulation in
the basal keratinocytes [27] and has a positive effect on
cancer development [28].

Treatment of choice for vulvar cancer is surgical
resection, but primary radiation or chemo-radiation is
indicated in advanced stages [16]. As the cytoreductive
effects of radiation and some chemotherapeutic regimens
rely on an intact p53 pathway therapy resistance can be
expected in TP53 gene mutated cancers [13, 29]. There-
fore, analysis of TP53 gene mutations of vulvar squamous
cell carcinoma may assist in planning individualized
therapy. Pharmacological treatment of 7P53 gene mutated
cancers is still difficult, but research focuses on reacti-
vating TP53 wild-type allele, and restoring or degrading
mutant p53 [30-32]. The widely available synthetic lethal
drug Paclitaxel for TP53 gene mutated cancers [33],
however, has not been tested in vulvar squamous cell
carcinomas. Interesting approaches include the inhibition
of signaling pathways of glycolysis and lipid pathways,
which are often upregulated as result of GOF TP53 gene
mutation [34, 35].

In summary, despite the small numbers of patients in
this retrospective study our results suggest that 7P53 gene

mutational status in primary and recurrent squamous cell
carcinomas may serve as a prognostic marker predicting
disease-free intervals. Although the clinical relevance is
unclear at this point, TP53 gene mutational status may pos-
sibly assist in therapy planning and thus influence oncological
outcome of HPV-negative squamous cell carcinomas.
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