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Molecular landscape of vulvovaginal squamous cell carcinoma:

new insights into molecular mechanisms of HPV-associated and
HPV-independent squamous cell carcinoma
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Squamous cell carcinomas of the lower female genital tract may be human papillomavirus-associated or independent. We studied
the HPV status, mutational repertoire, histology, and clinical data of 28 samples from 26 patients, 65% with a vulvar primary and
35% with a vaginal primary. These represented invasive vulvovaginal squamous cell carcinomas that underwent clinical tumor-
normal targeted massively parallel sequencing analysis. HPV status was determined using the HPV high-risk RNA ISH assay and/or
by MSK-IMPACT. Eleven patients had HPV-associated squamous cell carcinoma (four vulvar and seven vaginal) and 15 patients had
HPV-independent SqCC (13 vulvar and 2 vaginal). Well-differentiated squamous cell carcinomas were always HPV-independent.
HPV-independent moderately and poorly differentiated carcinomas frequently had alterations in the NOTCH signaling pathway (6/
7), which were also associated with increased tumor budding (P: 0.002). HPV-associated vulvovaginal squamous cell carcinoma had
PIK3CA activating mutations (7/11, 64%) as the most common genomic event, while TERT gene alterations, mainly TERT promoter
mutations (14/15 cases, 93%) featured significantly in HPV-independent carcinomas. Other common abnormalities in HPV-
independent tumors were TP53 mutations (13/15, 87%), CDKN2A alterations (10/15, 67%), and NOTCHT and FATT mutations (7/15,
47% each). A subset of both HPV-associated and -independent tumors had NOTCH pathway alterations (6/11, 55% and 10/15, 67%
respectively), but different genes in this pathway were altered in these tumors. In summary, TERT, TP53, CDKN2A, and NOTCHT gene
alterations strongly point away from an HPV-driven process (odds ratios: 0.01, 0.07, 0, and 0, respectively with p values < 0.02 for all
four genes), while PIK3CA activating mutations without the other mutations strongly favors an HPV-driven tumor (odds ratio: 10.12,
p value: 0.016). HPV-independent carcinomas are more likely to be moderately-poorly differentiated with intermediate to high
tumor cell budding. Cancer cell fraction analysis of HPV-independent squamous carcinomas suggests that TERT and/or NOTCH1
alterations along with TP53 alterations can be the initiating event in these tumors.
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INTRODUCTION

The incidence of invasive vulvovaginal squamous cell carcinoma
nearly doubled over the last 15 years and is expected to rise
because of an aging population. It has been estimated that ~6120
new cases of vulvar cancer will be diagnosed in the US in 2020,
with roughly 1350 attributable deaths, accounting for 5-6% of all
gynecologic cancers'.

There are at least two mechanisms that lead to the develop-
ment of Vulvovaginal squamous cell carcinomas: HPV-associated
squamous cell carcinoma, typically vaginal, lacking TP53 mutation,
with high grade squamous intraepithelial lesion in form of usual-
type vulvar intraepithelial neoplasia (uVIN) as a precursor; and
HPV-independent vulvar SqCC, typically vulvar, associated with
TP53 mutation, with differentiated vulvar intraepithelial neoplasia
(dVIN) as a precursor®™®. HPV-independent vulvovaginal squamous
cell carcinoma is mostly a disease of postmenopausal women and
is frequently associated with chronic inflammatory skin diseases

such as lichen sclerosus and/or lichen simplex chronicus, lesions
thought to be non-obligate precursors of such vulvovaginal
squamous cell carcinomas. The mechanism of the progression of
differentiated VIN or, as suggested by some authors, of lichen
sclerosus to vulvovaginal squamous cell carcinoma is under
investigation®. Approximately one-third of all vulvovaginal squa-
mous cell carcinoma patients suffer from recurrence, for which
therapeutic options are limited’. Recently, an additional type of
HPV-independent pathogenetic pathway has been described,
which involves mutations in the PIK3CA gene and progression
from differentiated exophytic vulvar intraepithelial lesion/vulvar
acanthosis with altered differentiation (DEVIL/VAAD) to verrucous
carcinoma®® and HPV-independent squamous cell carcinoma.

The aim of this study was to characterize the molecular
landscape of vulvovaginal squamous cell carcinoma and identify
the molecular underpinnings of HPV-associated and HPV-
independent tumors.
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METHODS AND METHODS

This study, including review and analysis of data, was approved by
the Institutional Review Board at Memorial Sloan Kettering Cancer
Center (MSKCQ).

Study cohort

All vulvovaginal squamous cell carcinoma that underwent clinical
tumor-normal targeted massively parallel sequencing analysis of
410-468 cancer-related genes (Memorial Sloan Kettering-
Integrated Mutation Profiling of Actionable Cancer Targets; MSK-
IMPACT) were selected for this study. We studied 28 samples of
vulvovaginal squamous cell carcinoma from 26 patients; 17
primary tumors, 4 local recurrences and 7 metastatic tumors
(lung, pelvic soft tissue, bone, lymph nodes, and others) were
sequenced. Clinical sequencing was performed per institutional
guidelines and as required by the clinical team, as such the cohort
is highly selected for tumors with recurrence/disease persistence
or otherwise adverse clinical presentation.

All cases were reviewed by a gynecologic pathologist at MSKCC.
Tumors were graded as well-, moderately-, or poorly- differen-
tiated squamous cell carcinoma based on a combination of
cytologic atypia and keratinization. Briefly, a well-differentiated
vulvovaginal squamous cell carcinoma has no to minimal
cytologic atypia, abundant keratinization, and/or keratin pearls.
Moderately differentiated VSqCC showed moderate cytologic
atypia with less notable areas of keratinization. Poorly differen-
tiated carcinomas showed marked cytologic atypia with no or
minimal keratinization'®"". The evaluation of tumor budding was
based on criteria from International Tumor Budding Consensus
Conference 2016 recommendations. Tumor budding was defined
as a single cancer cell or a cluster of <5 cancer cells in the stroma
found at the periphery of the tumor. If multiple areas where
different grades were found in one specimen, the highest grade
was taken (Hot spot method). Tumor budding was categorized
into low (<5 buds/field), intermediate (=5 to <10 buds/field), and
high (=10 buds/field). Budding was counted using %20 objective
with an adjusted standard field size of 0.785 mm*®. Sections with
no tumor buds were included in the low category group'®'>.
Patients’ demographic characteristics and relevant clinical data
were extracted from the electronic medical records.

DNA extraction and targeted capture massively parallel
sequencing

Genomic DNA from surgically resected tumor and patient-
matched normal samples were extracted from formalin-fixed
paraffin-embedded specimens. Massively parallel sequencing was
performed using Memorial Sloan Kettering-Integrated Mutation
Profiling of Actionable Cancer Targets (MSK-IMPACT™) platform
designed for targeted sequencing of exons and select introns of
410-468 cancer-related genes as previously reported. Allelic-
specific copy number alterations and allelic-specific loss of
heterozygosity were defined using FACETS'®. Cancer cell fractions
of all mutations were inferred using ABSOLUTE (v1.0.6) and tumor
clonal evolution was evaluated using PyClone (v0.13.1), as
described previously'.

HPV status determination

The high-risk human papillomavirus (HR-HPV) status in each case
was determined based on either positivity of P16 immunohis-
tochemistry as diffuse, strong and continuous, nuclear and
cytoplasmic staining'® and/or HPV-HR RNA ISH'’ as presence of
dark-brown, dot-like cytoplasmic and/or nuclear positivity.
Furthermore, sequencing reads from MSK-IMPACT test were
filtered to analyze only reads that do not align to the human
genome. The non-human reads were then analyzed with “blastn”
algorithm utilizing the NCBI NT database. Reads that mapped with
greater than 90% identity to an entry in the database were labeled
as a single read present for the database entry. The database entry
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was cross walked to the NCBI Taxonomy and the read quantity
was calculated as the number of reads that mapped to the HPV
subtype. This method has been validated and shown to have
similar performance to high-risk HPV ISH testing'®.

Statistical analysis

Statistical analyses were performed using the R.22. Clinical
characteristics, and molecular alterations were compared using
Chi-squared Fisher's exact test for qualitative variables, and Mann-
Whitney's U test for nonparametric continuous variables. p values
< 0.05 were considered statistically significant.

RESULTS

Clinicopathologic characteristics and prognosis relative to
HPV status

28 samples from 26 patients were evaluated in this study. These
included 17 (65%) vulvar carcinoma patients and 9 (35%) with a
vaginal primary.

HPV testing was performed in 23 of the 26 patients (25 samples)
with 12 specimens tested using p16 assay and 15 specimens
tested using the HPV high-risk RNA ISH assay. HPV status was
further investigated using the MSK-IMPACT assay in all samples.
The summative results of HPV testing from all assays showed that
11 patients had HPV-associated Squamous cell carcinoma and 15
patients had HPV-independent SqCC. The HPV-associated and
HPV-independent tumors showed site differences with the major-
ity of vulvar squamous cell carcinoma being HPV-independent
(13/17) in contrast to the vaginal tumors where the majority were
HPV associated (7/9) (X* P: 0.008).

The median age of the patients at initial diagnosis was 56.5
years (range: 26-92 years) with no statistically significant
difference observed between the HPV-associated and HPV-
independent tumors (Mann-Whitney U P: 0.889). Clinical staging
information was available for 24 patients which showed that 50%
of the patients presented with stage | disease (n = 12), followed by
stage lll, stage IV, and stage Il disease (n =8, 3, 2, respectively). No
difference in stage distribution was observed based on the HPV
status (X P: 0.871).

Evaluation of the background squamous epithelium (when
possible) showed that lichen sclerosus was only seen in
association with the HPV-independent tumors (X* P: 0.013) with
8 of the 15 tumors showing background LS. dVIN was also mainly
seen in HPV-independent tumors (X P: 0.004) with 11 (73.3%) of
the HPV-independent vulvovaginal squamous cell carcinoma
showing associated dVIN in the pathologic review of the
specimen. In contrast, only one vulvovaginal squamous cell
carcinoma with HPV positivity on ISH evaluation had associated
dVIN (see below for further discussion of this case).

The median tumor size, width and depth of invasion were 3.3
cm (range: 0.7-9.8 cm), 2.0cm (range: 0.5-3.5cm), and 0.67 cm
(range: 0.25-2.2 cm), respectively. The depth of invasion showed
significant difference between the HPV-associated (median: 0.5
cm) and HPV-independent (median: 0.8cm) tumors (Mann-
Whitney U P: 0.023).

The vulvovaginal squamous cell carcinoma in our cohort
consisted of eight (30.8%) well-differentiated tumors with the
remainder being moderately or poorly differentiated tumors (n =
9 (34.6%) each). Well-differentiated tumors were only seen in HPV-
independent tumors; all HPV-associated tumors were either
moderately or poorly differentiated (X* P: 0.013) (Fig. 1A, B). In
HPV-independent tumors, the majority of the moderately/poorly
differentiated tumors were associated with alterations in the
NOTCH signaling pathway (6/7). Furthermore, NOTCH signaling
pathway alterations were associated with increased tumor
budding (Fig. 1C). Budding was able to be assessed in 17 cases,
14/15 HPV-independent and 3/9 HPV-associated. Low tumor
budding was present in six HPV-independent cases (five NOTCH
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Fig. 1

Histopathologic findings in vulvovaginal squamous cell carcinomas. A HPV-associated vulvovaginal squamous cell carcinomas are

often moderately/poorly differentiated and are associated with a usual vulvar/vaginal intraepithelial neoplasm. B HPV-independent
vulvovaginal squamous cell carcinomas can be well/moderately/poorly differentiated and are associated with a differentiated vulvar
intraepithelial neoplasm. C Frequent tumor budding was seen in vulvovaginal squamous cell carcinomas with NOTCH signaling pathway
alterations. D A case of vulvar squamous cell carcinoma is shown, which was positive for HPV infection (tested by high-risk HPV ISH) (E); further
investigation showed this sample to harbor TERT and TP53 mutations and presence of a low-risk HPV (HPV 10) infection. The positive ISH result

is likely a false-positive finding.

mutations and six TERT mutations) and three HPV-associated
cases. Intermediate (n=5; five TERT and one NOTCH) and high
budding (n = 3; three TERT and NOTCH) were only found in HPV-
independent cases.

With a median follow-up of 20 months overall and 28 months
among living patients, all 26 patients (100%) exhibited disease
progression, including 2 patients with local recurrence, 3 with
distant metastasis and 21 with both. The median disease-free
survival was 8 months (interquartile range [IQRI]: 4-21 months). 18
patients had disease progression with the median time to
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progression of 11 months (IQR: 6-27 months). 16 patients died
of disease with median disease-specific survival of 42 months (IQR:
19-122 months). It must be noted that the clinical tumor
sequencing was mainly performed on tumors with disease
persistence or recurrence and as such we have avoided subgroup
analysis for prognostic markers due to possible selection bias.

The clinical and pathologic features of the study cohort are
summarized in Table 1.

One of our cases (Sample 15) consisted of a poorly differ-
entiated vulvar squamous cell carcinoma with a dVIN precursor

Modern Pathology (2022) 35:274 - 282



Table 1. Summary of clinicopathologic features of vulvovaginal
carcinomas.
HPV - HPV+ P value
(n=15) (n=11)
Age, median 57 55 0.889
Site 0.008
Vulva 13
Vagina 2 7
Lichen Sclerosus 0.013
Yes 8 0
No 7 11
Tumor size 0.679
<20 mm 5 2
>20mm 10
Depth of invasion, 8 5 0.023
median (mm)
Tumor focality 0.738
Unifocal 13 10
Multicentric 2 1
Clinical T staging 0.871
T1/T2 8 5
T3/T4
Unknown
AJCC Nodal staging 0.215
Nx 6 8
NO 5 1
N+ 4 2
Radiation 0.364
Yes 14
No 1
Chemotherapy 0.234
Yes 15 10
No 0 1
Overall survival
Deceased
Alive
Progression-free survival status
Dead of disease 11
Alive with disease
Alive without disease
Local recurrence
Absent 1
Present 14
Distant metastasis
Absent 2 0
Present 13 11

lesion (Fig. 1D). HPV high-risk ISH showed diffusely distributed
signals (Fig. 1E). P16 immunostaining showed diffuse staining. Off-
site capture by NGS showed the presence of Alphapapilloma virus
DNA, more specifically human papillomavirus 10, which has been
associated with anogenital warts but not malignant or premalig-
nant lesions. Sequencing also showed that the tumor harbored
TERT promoter and TP53 gene mutations, while PIK3CA alterations
were not found. This leads us to believe that the tumor is an HPV-
independent squamous cell carcinoma with incidental non-high-
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risk HPV infection. The capture of HPV-10 by the HPV ISH assay is
problematic as it raises concern for cross-reactivity of HPV HR ISH
with some of the rare yet non-high-risk HPV strains.

Genomic landscape of vulvovaginal squamous cell carcinoma
NGS results for 26 samples were evaluated. Overall, the most
common genomic alterations in vulvovaginal squamous cell
carcinomas are mutations in TP53 (62%), upstream promoter
region of TERT (58%), PIK3CA (35%), and deletions/truncating
mutations of CDKN2A (38%). Other common genomic events
include alterations of FAT1 (31%), NOTCH1 (27%), JAK3 (15%), and
KMT2D (15%). These findings are summarized in Fig. 2A.

The overall mutational profile of HPV-associated vulvovaginal
squamous cell carcinoma is considerably different from HPV-
independent tumors (Fig. 2B). HPV-associated vulvovaginal
squamous cell carcinoma commonly has PIK3CA activating
mutations (7/11, 64%) involving either codon 545 (p.E545K/G/Q)
(six cases) or codon 542 (p.E542K) (one case) (Fig. 3A). Other
common repetitive alterations in HPV-associated vulvovaginal
squamous cell carcinoma include FBXW7 and BAPT mutations (3/
11, 27% each) followed by CREBBP mutations (2/11, 18%).

The HPV-independent tumors are dominated by the presence
of TERT gene alterations (mainly TERT promoter mutations) that
were present in 14/15 cases (93%). Conversely, only one HPV-
positive case (a spurious result, sample 15, as discussed above)
was shown to harbor a TERT promoter mutation (1/11, 9%). Other
common alterations in HPV-independent tumors include TP53
mutations (13/15, 87%), CDKN2A alterations (10/15, 67%), NOTCH1
and FATT mutations (7/15, 47% each). In fact, the presence of
alterations in any of the TERT, TP53, CDKN2A, and NOTCH1 genes
strongly points away from an HPV-driven process (odds ratios:
0.01, 0.07, 0, and O, respectively with P <0.02 for all four genes).
Conversely, the presence of PIK3CA activating mutations in the
absence of the above-mentioned genes strongly favors an HPV-
driven tumor (odds ratio: 10.12, P: 0.016) (Fig. 2B). It must be noted
that subclonal PIK3CA mutations were observed in two of the HPV-
independent tumors.

Evaluation of co-occurrence/mutual exclusivity in genomic
alterations reveals two distinct molecular profiles of vulvovaginal
squamous cell carcinomas with PIK3CA showing mutual exclusivity
with TP53 and TERT. Other significant associations include
CDKN2A, NOTCH1, and FATI co-occurrence. These findings are
shown in Fig. 3C.

In terms of signaling pathways, HPV-associated tumors often
have PI3K pathway activation (7/11, 64%), while HPV-independent
tumors have P53 pathway alterations (13/15, 87%), and cell-cycle
pathway alterations (11/15, 73%). A subset of both HPV-driven and
HPV-independent tumors have NOTCH pathway alterations (6/11,
55% and 10/15, 67%, respectively), however, different genes in the
NOTCH signaling pathway are altered in these tumors: In HPV-
independent tumors NOTCHI1, NOTCH2, and NOTCH3 mutations
predominate while in HPV-associated tumors FBXW?7, SPEN, and
NCORT mutations are seen (Fig. 3B).

Clonal evolution of HPV-independent vulvovaginal squamous
cell carcinoma
Evaluation of cancer cell fractions of mutations in the HPV-
independent tumors was performed in 15 samples, which showed
that the mutations with highest cancer cell fraction (likely being
the initial genomic alteration) were TERT alterations (n =6/15)
followed by NOTCH alterations (both NOTCHT and NOTCH2) (n =
5/15) and TP53 alterations (n = 4/15). Interestingly, TP53 mutations
were more likely to have the second-highest cancer cell fraction
(n=10/15), i.e,, they are more likely to be the second step in the
tumor evolution of at least some HPV-independent vulvovaginal
squamous cell carcinoma (Fig. 4A).

Two patients with HPV-independent vulvovaginal squamous
cell carcinoma had both primary and recurrence samples
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Fig.2 Somatic mutations and gene copy number alterations in vulvovaginal squamous cell carcinomas. A Oncoprint depicting the most
recurrent genomic alterations in vulvovaginal squamous cell carcinomas. Each column represents a tumor with the bar graph at the top
depicting the number/distribution of alterations per sample, and the Oncoprint rows showing alterations for each gene. The bottom part of
the graph shows the summary of histopathologic and clinical information for each case. The bar graph on the right of the panel shows the
number and distribution of alterations for each gene. Mutation types and clinicopathologic features are color-coded according to the legend.
Samples without alteration in any of the genes included in the Oncoprint are not shown. B Bar plot highlighting the differences in the
genomic landscape of HPV-positive versus HPV-negative vulvovaginal squamous cell carcinomas. Note a single sample of HPV-positive
vulvovaginal squamous cell carcinoma was noted to harbor TERT promoter mutation, further investigation showed the detected HPV to be a

low-risk variant. OR: odds ratio.

sequenced. The first patient had a well-differentiated vulvar
primary squamous cell carcinoma that presented as clinical-stage
Ib disease, which was excised. 6 months later, she developed lung
metastasis and died of disease 19 months after the
diagnosis. Sequencing of the primary tumor showed alterations
in TERT, TP53, FAT1, and CDKN2A genes among others. Sequencing
of the metastatic tumor showed mostly similar mutational
landscape except for absence of the CDKN2A mutation and gain

of a PDGFRB mutation (Fig. 4B).

The second patient had a moderately differentiated vulvar
primary squamous cell carcinoma which presented as clinical
stage Ib disease that was excised. She had disease recurrence after
54 months with recurrent tumor in the vagina and involvement of
lymph nodes. She died after 121 months. Sequencing of the
primary tumor showed mutations in TERT, TP53, FAT1, NOTCH]T,
and CDKN2A genes among others. At recurrence in addition to
these mutations, the tumor showed alterations of ASXL1, KMT2D,

HISTTH3D, and EPHB1 genes (Fig. 4Q).

DISCUSSION

The pathogenesis of vulvovaginal squamous cell carcinoma is
linked to three distinct mechanisms with three different precursor
lesions: UVIN (HSIL); dVIN, and DEVIL/VAAD>®. The latter precursor
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lesion is believed to be associated with verrucous carcinoma
which generally tends to have favorable outcomes® and similar to
HPV-associated squamous cell carcinomas'® are often associated
with PIK3CA alterations®®. None of the cases in our cohort was
verrucous carcinoma nor were they preceded or accompanied by

Vulvovaginal squamous cell carcinoma can be generalized into
two distinct etiologic categories: HPV-associated tumors, as the
name implies, are due to pathogenic HPV infections and often
arise in the setting of high-grade usual vulvar or vaginal
intraepithelial lesions (uVIN/HSIL). In contrast, HPV-independent
tumors occur in elderly post-menopausal patients and are often
associated with differentiated vulvar
(dVIN)?'. The etiology and pathogenesis of HPV-associated
vulvovaginal squamous cell carcinoma are very similar to cervical
squamous cell carcinoma with a large body of evidence dedicated
to understanding of this disease®*?. In contrast, the molecular
mechanisms involved in the development of HPV-independent
vulvovaginal squamous cell carcinoma are yet to be fully
is evidence that these tumors
represent clonal evolution and mutational progression of dVIN
lesions®>*?>. These lesions and their precursor (dVIN) have a
tendency for multifocality and in such cases evidence for a
common clonal origin exists in a substantial proportion of the

there
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tumors®*, Several studies have described the genomic profiles of
HPV-associated and HPV-independent vulvovaginal squamous cell
carcinoma;>?%?573% HpV-independent vulvovaginal squamous cell
carcinoma have been previously shown to harbor mutations in
TP53, CDKN2A, HRAS, KRAS, PIK3CA, PPP2R1A, and PTEN genes,
with TP53 mutations being the most commonly reported
alteration®?*?>*!_ In contrast, TP53 alterations are uncommon in
HPV-associated vulvovaginal squamous cell carcinomas which
often show PIK3CA mutations in a higher proportion of tumors
compared to HPV-independent carcinomas?'?2>%732 |n this study
we have described the genomic findings of a cohort of HPV-
independent and HPV-associated vulvovaginal squamous cell
carcinomas; it must be noted that the HPV-independent and HPV-
associated tumors were primarily seen in vulva and vagina
respectively, which may at least partially explain the distinct
molecular underpinnings of these tumors.

The prognostic significance of HPV in vulvar squamous cell
carcinoma is controversial, some studies have suggested that the
HPV status is not an independent prognostic factor*>34, while
others have shown that HPV-independent vulvar squamous cell
carcinoma is associated with significantly worse outcomes®>3°,
TP53 alterations in vulvovaginal squamous cell carcinomas have
been shown to be associated with worse overall survival®>*” and
recurrence-free survival®’. Although the influence of HPV infection
on the prognosis of vulvovaginal squamous cell carcinoma
remains unclear®®, HPV infection appears to be integral to the
induction of precancerous vulvar/vaginal intraepithelial neoplasia
(VIN) and its evolution to HPV-associated vulvovaginal squamous
cell carcinoma®.

High-risk HPV through the action of viral oncoproteins—E6 and
E7—disrupts the normal function of several important tumor
suppressors including p53, Rb, and p16 in the cells leading to cell
cycle progression and replication®*™*'. The effects of the E7 viral
protein also lead to strong overexpression of the p16 protein®?,
which has been shown to be an adequate surrogate of HPV
infection status in vulvovaginal squamous cell carcinomas®:.

There is an inverse relationship between HPV infection and TP53
mutation; in HPV-associated tumors the inactivation of the p53
protein occurs via the degradation induced by the viral E6
protein®, rendering gene mutations redundant. Degradation of
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the p53 protein by the viral oncoprotein leads to wild-type
staining in most HPV-associated tumors. Conversely, somatic
inactivating missense mutations of the TP53 gene are often
associated with increased stability of the mutant p53 protein in
HPV-independent vulvovaginal squamous cell carcinoma with
resultant overexpression™’.

Furthermore, the HPV E6 protein also interacts with the Myc
protein which in turn activates the TERT promoter, inducing TERT
mRNA transcription in genital keratinocytes, thereby increasing
the cellular telomerase activity®®*’. There is experimental evi-
dence suggesting that the neoplastic transformation of the cells
infected with HR HPV is at least partiallg/ mediated by the viral E6
protein-induced telomerase activation*®,

TERT gene mutations and truncating/deleterious alterations of
the TP53 gene appear to be present in most HPV-independent
tumors (87%) which is in line with prior studies'®. Other common
alterations in this tumor subtype involve CDKN2A, and NOTCH1
genes. These alterations are absent/uncommon in HPV-associated
vulvovaginal squamous cell carcinoma (P < 0.05 for all), suggesting
that HPV exerts a carcinogenic effect in cells that is similar to the
effects of the alterations of these genes. Furthermore, we have
shown that TERT, TP53, and NOTCH1 alterations can all be the
initiating events in HPV-independent vulvovaginal squamous cell
carcinoma, which is contrary to the belief that TP53 alterations are
the sole initiating event***°. It has been suggested previously that
a combination of HPV and p53 status can adequately separate
vulvar squamous cell carcinomas into three distinct subgroups
(HPV-positive, HPV-negative/p53-mutant, and HPV-negative/p53-
wild type) with distinct clinical outcomes”. We argue that TERT
mutational status, rather than TP53, may be the main defining
factor for differentiating between HPV-independent vulvovaginal
squamous cell carcinoma and HPV-associated vulvovaginal
squamous cell carcinoma as mutations in TP53 can be observed
in both subtypes. However, it remains to be seen whether TERT
status determination is any more informative than TP53 status in
terms of clinical outcomes, especially since surrogate immunohis-
tochemical markers for TERT alterations do not yet exist and the
current methodologies such as TERT mRNA ISH can only show
overexpression, failing to distinguish between the underlying
molecular mechanisms leading to overexpression®'>2,
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Similar to our observation in vulvovaginal squamous cell
carcinoma, NOTCHT alterations in head and neck squamous cell
carcinomas are more commonly seen in HPV-independent
tumors>® and it is believed that the loss of function of canonical
Notch signaling drives squamous cell carcinogenesis in these
sites®®. We believe that NOTCH1 loss of function alterations may
have a similar effect in vulvovaginal squamous cell carcinoma and
act as an early initiating event in HPV-independent vulvovaginal
squamous cell carcinoma. Other common alterations in HPV-
independent vulvovaginal squamous cell carcinoma include
mutation/deletion of FATT gene. Previously, it was shown that in
head and neck squamous cell carcinomas FATT alterations are also
more common in HPV-independent tumors compared to HPV-
associated tumors. In that cohort, FATT mutations were associated
better with overall survival®, it remains to be seen whether FAT]
alterations confer any survival advantage in HPV-independent
vulvovaginal squamous cell carcinoma. We also observed that
NOTCH-mutated, HPV-independent carcinomas are more likely to
be moderately-poorly differentiated with a high rate of tumor cell
budding.

Previous studies in head and neck squamous cell carcinomas'?
and colorectal adenocarcinoma'? revealed that tumor budding is
an independent prognostic factor that may be associated with
high tumor grade, presence of lymphovascular invasion, and
consequently lymph node metastasis. Similarly, recent studies
have shown that in patients with locally advanced gynecological
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cancers tumor budding is an independent prognostic biomarker
in predicting tumor recurrence and survival outcomes>®~8, Herein,
we report that only HPV-independent tumors had intermediate to
high budding, but the analysis was limited by a paucity of HPV-
associated tumors for study.

Cancers mediated by HPV infection are enriched in alterations
activating the PI3K/AKT/mTOR pathway with many of these
tumors harboring hotspot mutations in the PIK3CA gene®®. In
our cohort, we showed that PIK3CA mutations commonly occur in
HPV-associated tumors and rarely in HPV-independent tumors.
While an HPV-independent pathogenetic pathway involving
mutations in the PIK3CA gene and progression from DEVIL/VAAD
to HPV-independent squamous cell carcinoma has been
described, our two cases of HPV-independent tumors with PIK3CA
mutation, only had subclonal PIK3CA mutations, i.e., PIK3CA
mutation was likely acquired after TERT and TP53 mutations,
rendering a transformed DEVIL/VAAD unlikely. The dearth of
corresponding PI3K/AKT/mTOR pathway alterations in HPV-
independent tumors is interesting and may suggest a yet
unknown genomic or epigenetic alteration in this subtype.
Furthermore, We showed that significant statistical difference
exists in frequency of alterations in FBXW?7, and BAP1 genes which,
in our limited cohort, were only observed in the HPV-associated
vulvovaginal squamous cell carcinoma.

As we used a clinical-grade NGS assay, our study is limited to
cases with requests for clinical sequencing, which limited our
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cohort to patients with advanced or progressing tumors. As a
result, patients with verrucous vulvar squamous cell carcinoma,
which is much more indolent, were not included in our study.
Further studies, on larger cohorts, are needed to determine the
prognostic significance of the genomic alterations in vulvovaginal
squamous cell carcinoma.

In summary, we have shown that the altered function of p53
and TERT (activation) is pivotal in vulvovaginal squamous cell
carcinoma. In HPV-independent tumors, these altered functions
occur through genomic alterations of the involved genes, while in
HPV-associated tumors the functional alterations are likely
achieved via the effects of the viral proteins. Furthermore, we
have shown that NOTCHT loss of function is another driver in the
carcinogenesis of HPV-independent vulvovaginal squamous cell
carcinoma and may be associated with increased tumor cell
budding. TERT, NOTCH, and TP53 alterations may all be initiating
events in HPV-independent squamous cell carcinomas.
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