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Distribution of human papillomavirus
genotypes in invasive squamous carcinoma

of the vulva
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Many studies have established a critical role for human papillomavirus (HPV) in the development of anogenital
squamous neoplasia. In this report, we show the distribution of 37 high- and low-risk HPV types in 116 cases of
invasive squamous vulvar carcinoma. Sections from paraffin-embedded tissue blocks were dissected as
necessary to select areas of invasive carcinoma. Clinical and pathologic variables were analyzed using t-tests,
univariate odds ratios and logistic regression analysis. Seventy percent of cases were HPV-positive, with an
average patient age of 65 years (n=281). HPV-negative cases (n=35) had a higher average age (70 years), but
these populations were not statistically different (=1.65, P=0.10). HPV16 was most common (n=65). Other
HPV types were less frequent (HPV33, n=12; HPV45, n=4; HPV52 and 6, each n=3; HPV18, 53 and 62, each
n=2). Additional HPV types were identified only once. Multiple infections typically included HPV16 (12/14
cases). Tumors showing low-risk HPV (11 cases) and low-risk HPV only (three cases) were uncommon.
Regional node metastasis was documented in 29 of 116 tumors, and 8/9 HPV-positive nodes contained HPV
types identical to the primary tumor. Of tumor types, warty carcinoma was most strongly associated with high-
risk HPV (odds ratio 4.34, 95% confidence interval 1.32—18.45), particularly high-risk HPVs other than type 16
(odds ratio 9.04, 95% confidence interval 1.60-54.00). Tumors associated with any HPV type (odds ratio 0.40,
95% confidence interval 0.14-1.17), any high-risk type (odds ratio 0.36, 95% confidence interval 0.12-1.08),
or type 16 alone (odds ratio 0.34, 95% confidence interval 0.11-1.12) were less likely to metastasize than
HPV-negative tumors. Correcting for possible confounding variables, such as patient age and tumor histology,
linear logistic regression analysis confirmed this association (high-risk HPV odds ratio 0.28, 95% confidence

interval 0.09-0.89).
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According to American Cancer Society statistics,
carcinoma of the vulva accounts for about 4% of all
malignancies in the female reproductive tract. In the
United States, there will be an estimated 3490 new
cases identified and 880 deaths due to the disease
during 2007." This relatively uncommon malig-
nancy is predominantly seen in older women in
the sixth to ninth decades of life; however, women
aged 35 and under may also be affected, and recent
data suggest that the incidence of vulvar neoplasia
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in younger women is increasing.”* The standard
treatment for vulvar cancer remains surgical, but
there has been a trend toward more limited resection
due to a number of factors, including the significant
morbidity associated with radical vulvectomy, the
application of other treatment modalities, and the
substantial psychosexual adjustment often required
after genital surgery.” The 5-year survival ranges
from 29-98% for the malignancy depending on
stage, but individual prognoses are affected by
multiple factors, principally the type of tumor and
the patient’s age, and general health.™®

By far the most common type of vulvar tumor is
squamous cell carcinoma, which accounts for al-
most 90% of cases. Like squamous carcinoma found
at other anogenital sites such as the cervix, there is
accumulating evidence that human papillomavirus
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(HPV) infection is associated with the development
of vulvar neoplasia, both in-situ and invasive;
although, patients with a history of sexually trans-
mitted disease or smoking also tend to be more
prone to the malignancy.” In excess of 100HPV
genotypes are recognized based on specific DNA
sequence variations and 30—40 are associated with
anogenital lesions. However, the oncogenic capacity
of individual HPV types differs considerably.®®
Accordingly, anogenital HPVs have been divided
into high- and low-risk types based on the related
disease risk. Most cases of cervical precancerous
and cancerous lesions are associated with persistent
infection involving one or more of approximately 15
high-risk genotypes. Four genotypes in particular,
HPV types 16, 18, 31, and 45, account for the great
majority of cervical cancer worldwide although
regionally a substantial role is also contributed by
HPV types 52 and 58 in Asia and HPV33 in
Europe.*®'"

Unlike cervical cancer where the association with
HPV is virtually absolute, HPV DNA has been
detected in cases of invasive squamous vulvar
carcinoma with a broad reported range (0-85%) of
positive results.>”**7** Some of the variation in HPV
prevalence between studies may be due to age or
variability in patient populations assessed. Multiple
authors have suggested that vulvar cancer comprises
two separate diseases, the first type occurring
with high prevalence among young women and
developing from vulvar intraepithelial neoplasia
caused by HPV, and a second type afflicting older
women and developing from non-neoplastic epithe-
lial disorders such as lichen sclerosus or chronic
inflammation.> 1315182425 However, these studies
of HPV prevalence in invasive squamous vulvar
carcinoma also utilized different methods of detec-
tion, including in-situ,"**® dot blot,*>*' and South-
ern blot*® hybridization, immunohistochemistry,*®
and PCR-baSGd assays,2,7,12,18,19,22—24,26—31,33—36 each
with different analytic sensitivities. Moreover, the
particular HPV genotype(s) targeted in previous
work is inconsistent between studies; many early
reports documented only HPV16, 18, 33, and/or
6/11,'8:20-21:26:28-30 yyhile later work targeted more
than 20 different HPV types.'*** Also, some studies
tested only a few cases of invasive squamous vulvar
carcinoma, which limits the predictive value of the
resulting data.’'7*"23 Despite these shortcomings,
this body of work indicates that HPV16 is the most
common genotype present in invasive squamous
vulvar carcinoma.>”'6719-22:2426=31 Thg prevalence of
other high- and low-risk HPV types in invasive
squamous vulvar carcinoma, however, remains less
certain.

The present study describes the distribution of 37
anogenital HPV types in 116 cases of invasive
squamous vulvar carcinoma using a sensitive
PCR-based, reverse blot hybridization detection
method. The resulting data are correlated with other
clinicopathologic prognostic variables.
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Materials and methods
Tumor Cohort

With local Institutional Review Board approval, 116
cases of invasive squamous cell carcinoma of the
vulva were identified in the surgical pathology
records of the OU Medical Center, Oklahoma City,
dating from 1987 to 2007. Computerized record
searching was not available for the oldest cases;
therefore, the 116 cases represent a subset of all
vulvar carcinomas treated at this institution during
this time period.

Cases were included in the study only when
appropriate pathology materials were available:
standard neutral-buffered formalin-fixed tissue
embedded in paraffin block(s) demonstrating inva-
sive tumor, with corresponding surgical pathology
reports. However, not all of the original slides and
blocks were available for review in every case. Cases
were reviewed by a surgical pathologist (BCS) to
confirm the diagnosis of record. All tumors in this
cohort were invasive squamous cell carcinomas.
These cases were further subdivided into specific
morphologic variants of squamous cell carcinoma
known to occur in the vulva. Basaloid carcinoma
and warty carcinoma were the only variant squa-
mous cell carcinoma types encountered in this data
set and have been previously described.'®*? Briefly,
basaloid carcinoma consists of variably sized cords,
sheets, and nests of immature-appearing tumor cells
resembling basal squamous cells with little or no
maturation, abundant mitotic activity, and a densely
hyalinized supporting stroma (Figure 1a). Warty
carcinoma often has a papillomatous tumor surface,
and is composed of neoplastic cellular nests, some-
times with centralized keratin whorls, and indivi-
dual cell keratinization. Warty carcinoma typically
shows nuclear features characteristic of HPV infec-
tion: enlarged, pleomorphic nuclei with nuclear
membrane irregularities, and perinuclear halos
(Figure 1b). Any squamous cell carcinoma that did
not meet the morphologic criteria of these two
specific categories was designated squamous cell
carcinoma, not otherwise specified (Figure 1c).

Complete clinicopathologic staging information
fulfilling American Joint Committee on Cancer
staging criteria (TNM classification) for wvulvar
carcinoma was not available in all cases. We only
analyzed information that was routinely available in
archival surgical pathology reports, such as tumor
size, depth of tumor invasion, and presence/absence
of lymph node metastasis.

Tissue Processing and DNA Extraction

Hematoxylin and eosin (H&E) stained sections from
each block were used to identify areas of squamous
cell carcinoma for DNA extraction. Unstained, 5-ym-
thick tissue sections were dissected manually when
necessary to ensure selection of the invasive tumor
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Figure 1 Representative H&E histologies of invasive squamous vulvar carcinoma. (a) Basaloid carcinoma composed of cords and
irregularly shaped aggregates of closely packed neoplastic cells showing little evidence of squamous maturation, which are set within a
fibrous stroma. Inset shows higher magnification view of the relatively uniform, oval nuclei, and mitotic activity. (b) Warty carcinoma
island composed of abnormal squamous cells with abundant pale cytoplasm and central parakeratosis. Inset highlights an area of
pleomorphic nuclei with features associated with HPV infection; irregular nuclear contours, perinuclear clear zones or halos, and
individually dyskeratotic cells. (c) Conventional invasive squamous cell carcinoma, not otherwise specified, with an infiltrative margin

and keratinous whorls. (Magnification x 100 with x 400 insets.)

component. Any vulvar intraepithelial neoplasia
noted adjacent to an invasive tumor was avoided
when selecting an area for DNA extraction. Techni-
ques to prevent carry over contamination, as
previously described,?***3” were routinely applied
throughout tissue handling. Whole or manually
dissected tissue sections were deparaffinized with
xylene (three 10-min changes), rinsed with absolute
ethanol (three 5-min changes), then digested with
proteinase K in ATL tissue lysis buffer (DNeasy
Tissue kit; Qiagen, Valencia, CA, USA) at 55°C for
at least 24 h. Digests were subsequently processed
for DNA extraction using the DNeasy Tissue Kit
according to the manufacturer’s instructions. When-
ever possible, a second H&E-stained slide was
prepared subsequent to cutting sections for DNA
extraction to reconfirm the histologic pattern of the
tumor. Extracted DNA was quantified by spectro-
photometry for each case; concentrations ranged
from 4 to 127ng/ul. For HPV-positive tumors with

regional lymph node involvement, DNA from nodes
containing metastatic squamous carcinoma was also
extracted in a similar fashion.

HPV Genotyping

Isolated DNA was subjected to PCR and HPV
detection using the Roche LINEAR ARRAY® HPV
Genotyping Test (Roche Diagnostics, Branchburg,
NJ, USA), as previously described.®® This test was
designed to allow for the simultaneous identifica-
tion of 37 carcinogenic and non-carcinogenic ano-
genital HPV types (6, 11, 16, 18, 26, 31, 33, 35, 39,
40, 42, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64,
66, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 84, 1S39,
and CP6108) from liquid-based cervical cell pre-
parations (PreservCyt™ Solution, Cytyc Corp.,
Boxborough, MA, USA). The performance of the
Linear Array HPV Test using DNA extracted from
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paraffin-embedded tissue has not been evaluated by
the manufacturer but the assay has demonstrated
robust performance (as demonstrated by high
reproducibility of results from the same samples)
in our laboratory using this tissue type and in the
hands of others using DNA extracted from frozen
tissue.® The assay uses a pool of biotinylated
primers that targets the polymorphic L1 gene for
PCR amplification. Biotinylated amplicons (ap-
proximately 450bp) are then hybridized to 37
immobilized capture probes representing different
HPV genotypes. Simultaneous amplification of a
268 bp fragment of the human f-globin and subse-
quent hybridization of these biotinylated amplicons
to low- and high-sensitivity f-globin capture probes
serves as an internal control to monitor for optimal
amplification of each sample. Any specimen that
failed to yield a positive reaction with the high-
sensitivity f-globin probe was considered a test
failure and results were not included in the study.
When the high-concentration pf-globin band was
weak or there was a very weak HPV-specific band
present, DNA was re-extracted from the same block
and the test was repeated, or alternatively the same
DNA was reanalyzed. A negative (no DNA template)
control was included with every PCR to monitor for
sample contamination and never showed any reac-
tion. For quality assurance purposes, the same tissue
block was extracted more than one time or the same
DNA from some cases was amplified on more than
one occasion, and these samples were re-tested in
the Linear Array HPV assay.

Statistical Analysis

Categorical variables such as tumor histology, HPV
genotypes, and nodal metastasis status were sum-
marized by frequencies and percentages. Conti-
nuous variables such as patient age at diagnosis,
tumor size, and depth of invasion were summarized
by mean, range, and s.d. y* tests and odds ratios with
exact confidence intervals were used to compare
categorical variables among vulvar carcinomas with
or without high- and low-risk HPV genotypes, tumor
histology, and presence or absence of nodal metas-
tasis. Independent two-tailed Student’s t-tests were
used for comparisons of age, tumor size, and depth
of invasion by HPV status. Multivariate linear
logistic regression analysis was used to assess the
relationship of independent variables to nodal
metastasis. Statistical analysis was performed using
NCSS 2007 (NCSS, Kaysville, UT, USA) and Stata
Statistical Software: Release 9.0 (Stata Corp., College
Station, TX, USA).

Results

Eighty-one (70%) of the 116 invasive squamous
carcinomas of the vulva analyzed were positive for
one or more HPV genotypes using the Linear Array
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Table 1 Prevalence of HPV genotypes in invasive squamous
vulvar carcinoma cases

Cases  Frequency

(n) (%)
HPV-positive cases 81 69.8*
All cases with®
High-risk HPV(s) 78 96.3
HPV16 65 80.2
HPV 33 12 14.8
HPV 45 4 4.9
HPV 52 3 3.7
HPV 18 2 2.5
Low-risk HPV 11 13.6
Multiple HPV types 14 17.3
Multiple HPV types, including HPV 16 12 14.8
Cases only with
High-risk HPV(s) 70 86.4
Low-risk HPV 3 3.7
Single HPV type 68 83.9

“Expressed as percentage of total cases (n=116). All other frequencies
are expressed as a percentage of HPV-positive cases (n=81).

bHigh—risk HPV cases reflect each time that the genotype was
detected. Multiple infections may therefore be counted more than
once.

HPV Test (Table 1). HPV16 was the most commonly
detected genotype, occurring in 80% of HPV-
positive cases, followed by HPV33 (15%). Other
high-risk genotypes detected included HPV45, 52,
and 18 which were each present in less than 5% of
HPV-positive cases. Low-risk HPV genotypes were
identified in 11 cases (14%). Only three cases (4%)
revealed solely low-risk HPV types, and included
one case each of HPV®, 26, and 61. Infections with a
single HPV type were most common (83% of HPV-
positive cases), with HPV16 comprising the most
frequent type of single infection (79% of HPV-
positive cases). Of 14 cases infected with multiple
HPV genotypes, 12 (86%) also harbored HPV16
(Table 2). A maximum of three different HPV
genotypes were identified in two separate cases.

The average age of all patients in the study was
66 years. Patients with HPV-positive tumors (n=281)
had an average age of 65 years while HPV-negative
cases (n=35) had a slightly higher average age (70
years); however, these two populations were not
statistically different (t=1.65, P=0.10). Seventy-six
of the 116 patients underwent primary vulvectomy
(often radical or modified radical), with regional
inguinofemoral lymph node sampling. Twenty-two
surgical procedures were vulvar excisions of vari-
able extent without lymphadenectomy. Four pa-
tients with advanced disease underwent excision of
the vulva as well as other adjacent organs such as
urethra, vagina, and/or rectum. In 14 patients, the
primary diagnostic vulvar biopsy was used for
study.

The cases were divided morphologically into
71 conventional squamous cell carcinomas, not



otherwise specified, 35 warty carcinomas, and 10
basaloid carcinomas. Representative examples of
each of these histological categories are shown in
Figure 1. Of the 81 HPV-positive tumors, 44 (54%)
were classified as squamous cell carcinoma, not
otherwise specified, 30 (37%) were warty carcinoma
and seven were basaloid carcinoma (9%). Of these
tumor types, warty carcinoma was HPV-positive
in 86% (30/35) of cases. HPV was also identified in
70% of basaloid carcinomas (7/10 cases), and in
62% (44/71) of squamous cell carcinoma, not
otherwise specified, cases. Compared to the other
tumor variants (squamous cell carcinoma, not
otherwise specified, and basaloid carcinomas com-
bined), warty carcinoma was most highly associated
with high-risk HPV infection (odds ratio 4.34, 95%
confidence interval 1.31-18.45), particularly high-
risk HPVs other than type 16 (odds ratio 9.04, 95%
confidence interval 1.60-54.00).

Of 82 cases where regional lymph node status was
documented, 29 (35%) were positive for metastatic
squamous carcinoma. Of the 29 cases, 11 had an
HPV-positive primary tumor and lymph node tissue

Table 2 Distribution of HPV genotypes in invasive squamous
vulvar carcinoma cases

Single genotype Multiple genotype
HPV infection HPV infection
HPV type Cases (n=67) HPV types Cases (n=14)
16 53 16 and 33 5
33 5 16 and 6 2
18 2 16 and 45 1
45 2 16 and 53 1
52 2 16 and 62 1
6 1 16 and 67 1
26 1 33 and 84 1
61 1 16, 33, and 53 1
45, 52, and 62 1
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blocks that were available for study. Of these 11
cases, two were HPV-negative in the lymph node
tissue. Eight of the remaining nodes demonstrated
HPV genotypes identical to the primary tumor
(HPV16, n=5; and one case each of HPV types 18,
26, and 52). In one node-positive case, HPV types 16
and 33 were detected in the node, while the primary
tumor demonstrated only HPV33.

Tumors associated with any HPV type (odds ratio
0.40, 95% confidence interval 0.14—1.17), any high-
risk type (odds ratio 0.36, 95% confidence interval
0.12-1.07), or type 16 alone (odds ratio 0.34, 95%
confidence interval 0.10-1.12) were less likely to
metastasize than HPV-negative tumors. Correcting
for possible confounding variables, such as patient
age and tumor histology, logistic regression analysis
confirmed this association (high-risk HPV odds ratio
0.28, 95% confidence interval 0.09-0.89). Other
tumor morphologic parameters, such as measured
tumor size and invasive tumor depth, did not
correlate with metastatic disease or HPV status (data
not shown). However, overall depth of invasion was
significantly less in warty carcinoma (mean=
0.49cm+0.32s.d.) than that of squamous cell
carcinoma, not otherwise specified (mean =0.78 cm
+0.69 s.d.; t=2.77, P=0.007) (Table 3).

DNA was extracted from a total of 133 tissue
blocks (primary tumor and metastatic lymph nodes)
representing 121 cases of invasive squamous vulvar
carcinoma that met study criteria. Assay failure,
possibly due to low DNA concentration, degraded
DNA, or the presence of PCR inhibitors, occurred
repeatedly with samples extracted from six blocks
(5%), representing five cases. Repeat analysis of
failed specimens rarely yielded additional informa-
tion. Repeat analysis of the same tissue block or
the same DNA as part of assay quality assurance
occasionally produced discordant results, typically
when a weak hybridization band disappeared on the
repeat run. This phenomenon has been previously
reported for the Linear Array HPV Test.®®

Table 3 Histological features of invasive squamous vulvar carcinoma cases

Variable Squamous cell carcinoma Warty Basaloid
Mean s.d. Mean s.d. Mean s.d.
Median Median Median
Tumor size (cm)? 2.55 1.58 2.81 2.81 1.88 1.35
2.5 2.5 1.75
(n=60)" (n=27) (n=6)
Kruskal-Wallis ANOVA: y? 0.56,4;, P=0.76
Depth of invasive tumor (cm)® 0.78 0.69 0.49 0.32 0.62 0.34
0.54 0.49 0.60
(n=60) (n=31) (n=7)

Kruskal-Wallis ANOVA: y? 3.57q5, P=0.17

4Tumor dimensions based on pathology report and/or the tumor block examined, whichever value greatest.

PData not available on all specimens due to omission of measurements in pathology reports, or when biopsies studied.
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Discussion

High-risk, potentially tumorigenic HPV types
were frequently identified in invasive squamous
vulvar carcinoma in this study, and by far the
most common type was HPV16, a finding that
agrees with the work of others.?716-1922.24.26-31 Thg
next most frequently identified high-risk type
was HPV33, which has also been previously docu-
mented in invasive squamous vulvar carcino-
ma.**?7:293435 HPV18, a high-risk genotype that has
been typically searched for in invasive squamous
vulvar carcinoma by earlier investigators (Table 4),
was identified infrequently in the current study (3%
of HPV-positive cases). While a previous investiga-
tion®® reported HPV18 to be commonly asso-
ciated with invasive squamous vulvar carcinoma
(12 of 15 cases), other authors and data from the
present study show that HPV18 is detectable in one
third or less of total HPV-positive invasive squa-
mous vulvar carcinoma cases?®'®?"921:22:26.27.29.31.34 gp
is absent.'®'7:%%3%49 The significance of these differ-
ences is uncertain, but is likely related to methodol-
ogies employed and possible variations in HPV
prevalence within the individual populations
tested. Other high-risk HPV types identified in the
current study included HPV45 (5% of HPV-positive
cases) and 52 (4% of HPV-positive cases). HPV45
has been infrequently reported in association with
invasive squamous vulvar carcinoma.'®***"' The first
described case of an HPV52-positive invasive squa-
mous vulvar carcinoma occurred in an 18-year-old
female, who developed invasive disease in less than
3 years.*? Interestingly, one of three HPV52-positive
invasive squamous vulvar carcinoma cases in the
current study demonstrated HPV52 in a regional
lymph node containing metastatic tumor. These
observations, while anecdotal, suggest the possibi-
lity of potent oncogenicity for HPV52 in invasive
squamous vulvar carcinoma.

It should be noted that high-risk HPVs may also be
associated with high-grade vulvar intraepithelial
neoplasia, with HPV16 being found in greater than
90% of cases.?” HPV types 18, 31, 33, 35, 51, 52, and
68 have also been infrequently identified in vulvar
intraepithelial neoplasia 3.?”?” While care was
exercised in selecting areas of invasive carcinoma
for study which did not have histologic evidence of
vulvar intraepithelial neoplasia, we acknowledge
that our manual tissue microdissection technique
could have had microscopic vulvar intraepithelial
neoplasia contamination in some cases, and thus
falsely increase the detection of some HPV geno-
types. However, overall our results of high-risk HPV
prevalence in invasive squamous vulvar carcinoma
correlate with previous work. Review of recent
literature where highly sensitive PCR-based techni-
ques were applied to the detection of multiple HPV
types in larger invasive squamous vulvar carcinoma
case series identified a broad reported range of HPV-
positive cases, from 0 to 85% (Table 4). Notably,
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several of these studies, including the current data,
show a 50-70% HPV-positive rate for invasive
squamous vulvar carcinoma. Detection of multiple
HPV types in a single tumor, particularly HPV16
combined with another type or types, has also been
regularly identified by multiple groups and is noted
in the current report (Tables 2 and 4).

Multiple attempts have been made to detect
low-risk HPV types 6 and 11 in invasive squamous
vulvar carcinoma, with wvariable results (Table
4).7121471719-22.27.31 Tp - this report, low-risk HPV
types in general were infrequently encountered,
and only three invasive squamous vulvar carcinoma
cases were identified that contained only low-risk
HPV  genotypes, correlating with previous
work.”1921:2227.31 Tnterestingly, one case where low-
risk HPV26 was identified in a primary warty
carcinoma also demonstrated HPV26 in a lymph
node which contained metastatic squamous carci-
noma. Also, a second patient with only low-risk
HPV6 detected in the primary tumor went on to
develop metastatic disease in an inguinal node.
However, the metastatic squamous cell carcinoma
was identified by fine needle aspiration cytology
rather than by surgical pathology, and determination
of HPV status in the metastatic deposit was not
possible for this case.

Recent literature suggests that invasive squamous
vulvar carcinoma may be divided into two general
categories based on a variety of epidemiologic
and clinicopathologic factors.?=*#13182%25 (lassical
HPV-associated squamous carcinoma variants, such
as basaloid carcinoma and warty carcinoma, tend to
occur more frequently in younger women, contain
high-risk HPV types, often have adjacent in situ
squamous neoplasia with basaloid or warty fea-
tures,>*'®2%3%37 may be multifocal or multi-
centric, and can involve other anogenital
sites.*?*** In accordance with this previous data,
warty carcinoma showed the strongest association
with HPV infection in the current study, particularly
high-risk HPV. In contrast, squamous cell carcino-
ma, not otherwise specified, is generally believed
to be less likely HPV-related,*'®%* often does not
have associated vulvar intraepithelial neoplasia or
has simplex type, differentiated, non-HPV asso-
ciated vulvar intraepithelial neoplasia,'®***>*> and
occurs in older women in their seventh to ninth
decades. The reported difference in average,***>** or
median ***® patient age between HPV-positive and
-negative invasive squamous vulvar carcinomas ranges
from 12 to more than 20 years in some studies.
However, our set of 116 cases demonstrated an average
age of patients with HPV-positive invasive squamous
vulvar carcinoma that was only slightly lower (65 +
16 years) than that of patients with HPV-negative
invasive squamous vulvar carcinoma (70 £ 15 years),
and this difference was not statistically significant.
Similar findings were noted in a recent study of
48 invasive squamous vulvar carcinoma cases by
Hampl et al” who reported an average age of

43,44
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Table 4 Prevalence of HPV as detected by PCR in larger published invasive squamous vulvar carcinoma case series

Ref. Description/technique Cases (n) HPV- HPV 16* HPV 18 HPV 33° HPV 45* HPV 6 and/ Multiple types® Unclassified
positive or 11* types®
rate
20 PCR with Southern blot for HPV types 23 30% 4 0 0 NAP 0 0 3
6, 11, 16, 18, 31, 33, 35, 51, and
unclassified
8 PCR with Southern blot for HPV types 22¢ 54% 10 2 NA NA 0 HPV16 and 18, NA
6, 11, 16, and 18 one case
34 PCR with dot blot for HPV types 6/11, 19 31% 13 3 3 NA 0 0 NA
16, 18, and 33¢
35 PCR with dot blot for HPV types 6/11, 78 31% 21 0 2 NA 0 HPV16 and 33, NA
16, 18, and 33 one case
o PCR with Southern blot for HPV types 60 32% NA NA NA NA NA NA NA
6/11/13/16/18/30/31/32/33/45/51
22 PCR with Southern blot for HPV types 55 60% 27 3 NA NA 1 0 2
6, 16, 18, and unclassified
29 PCR with gel electrophoresis for HPV 74 36% 19 9 1 NA 0 HPV16 and 18, two 1
types 6, 11, 16, 18, 33, and unclassified cases; HPV16 and 33,
one case
7 PCR with Southern blot for HPV types 55 51% 24 1 2 1 1 HPV16 and one 26
6/11, 16, 18/45, 31/33/52, and unclassified, 21 cases;
unclassified HPV16 and two
unclassified, two
cases; HPV6/11 and
one unclassified,
two cases
24 PCR with sequence analysis 66 20% 11 0 1 1 0 0 0
81 PCR with dot blot for HPV types 16, 18, 158 24% 21 10 0 1 1 HPV16 and 18, four NA
45, 6/11, 31/33/34/35/39, 40/42/43/44/ cases; HPV6/11 and
45, and 51/52/54/56/58 16, one case
2 PCR with gel electrophoresis for HPV 20 85% 9 4 NA NA NA HPV16 & 18, two cases 2
types 16, 18, and unclassified
12 PCR with reverse hybridization line 16 0% 0 0 0 0 0 0 NA
probe assay (LiPA) for HPV types 6, 11,
16, 18, 31, 33, 34, 35, 39, 40, 42, 43, 44,
45, 51, 52, 53, 54, 56, 58, 59, 66, 68, 70,
and 74
27 PCR with sequence analysis 48 60% 19 1 4 0 NA 4 5
Current PCR with Linear Array HPV for HPV 116 70% 65 2 12 4 3 14 0
study types 6, 11, 16, 18, 26, 31, 33, 35, 39,
40, 42, 45, 51, 52, 5 3, 54, 55, 56, 58, 59,
61, 62, 64, 66, 67, 68, 69, 70, 71, 72, 73,
81, 82, 83, 84, IS39, and CP6108
#Values for the HPV-positive subcategories do not necessarily sum to the totals because of multiple types identified in individual samples.
bNA, HPV genotype not specifically assessed in study.
®Out of 30 reported invasive squamous vulvar carcinoma cases, eight were negative for both HPV and f-globin control, for a total of 22 cases.
dGocktail probes for detection of multiple HPV types are indicated by a slash between types.
w
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51t 15years for HPV-positive patients, and an
average age of 61t14years for HPV-negative
patients.

Conventional squamous cell carcinoma, not other-
wise specified, has been shown to contain detect-
able HPV in up to 39% of cases in previous work.?*
In this study, the HPV-positive rate for squamous
cell carcinoma, not otherwise specified, cases was
substantially elevated (62%; 44 of 71 cases) relative
to previous reports. One possible explanation for
this higher than expected HPV-positive rate is the
fact that not all slides were available for review from
every case in the current study; therefore, some
tumors classified as squamous cell carcinoma, not
otherwise specified, may have contained small foci
of warty carcinoma or basaloid carcinoma which
could potentially skew the results. Squamous cell
carcinoma, not otherwise specified, with admixed
histologic features of warty carcinoma and/or basa-
loid carcinoma was previously noted in some
invasive squamous vulvar carcinoma cases by Toki
et al'® and Kurman et al’*? It is also possible that
stringent application of morphologic criteria to
define basaloid carcinoma and warty carcinoma
variants in the current study may have led to an
over-representation of squamous cell carcinoma, not
otherwise specified. However, another study failed
to show a strong relationship between tumor
subtype and HPV infection.** Additionally, Ansink
et al*' identified lichen sclerosus adjacent to about
37% of HPV-positive invasive squamous vulvar
carcinomas in older women, and Madeleine et al’
reported an increased risk for invasive squamous
vulvar carcinoma among women greater than 60
years of age when associated with HPV16 seroposi-
tivity and having more than two sexual partners.
Perhaps HPV-associated invasive squamous vulvar
carcinoma is increasing among the elderly, as it
apparently is in younger women,>* and is not as
limited by histologic pattern as previously thought.

Attempts to attach prognostic significance to HPV-
positive status in invasive squamous vulvar carci-
noma have met with mixed results. Pinto et al*®
reported that 5-year patient survival was not
significantly different in HPV-positive invasive
squamous vulvar carcinoma than in HPV-negative
invasive squamous vulvar carcinoma, and that no
significant association could be identified between
tumor HPV status and prognosis. These findings are
in agreement with the work of others.'®*%3' How-
ever, Kagie et al** noted that patients with HPV-
positive vulvar squamous carcinoma often present at
a lower clinical stage, which could improve prog-
nosis. Also, Monk et al** used life-table analysis to
determine that the absence of HPV DNA in invasive
squamous vulvar carcinoma and the presence of
nodal metastasis were predictive of tumor recur-
rence and death from vulvar cancer, and Ansink
et al*® reported that patients with HPV-positive
invasive squamous vulvar carcinoma had a better
prognosis than those with HPV-negative tumors.
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In contrast, one report®* indicated that women with
basaloid carcinoma, a tumor type strongly asso-
ciated with HPV infection in some studies*® were 3.5
times more likely to die from vulvar cancer than
those with squamous cell carcinoma, not otherwise
specified. In the current study, the available clinical
data were not always complete, which severely
limited any prognostic associations with tumor type
or HPV status. However, the presence of nodal
metastasis, which has been shown to significantly
decrease 5-year survival in patients with invasive
squamous vulvar carcinoma®® was reliably docu-
mented in pathology reports reviewed for our study.
Our results indicate that invasive squamous vulvar
carcinoma cases associated with any HPV type, any
high-risk HPV, or HPV16 alone, were significantly
less likely to metastasize than HPV-negative tumors.
Correcting for possible confounding variables, such
as patient age and tumor histology, logistic regres-
sion analysis confirmed this association (high-risk
HPV odds ratio 0.28, 95% confidence interval
0.09-0.89). Whether these observations reflect a less
biologically aggressive tumor type when associated
with HPV infection, or are related to clinical issues
that we cannot approach with these data, such as
earlier disease presentation or an evolving surgical
approach with less aggressive, more individualized
node sampling, is not clear. Other data available for
our study, such as measured tumor size and invasive
tumor depth, which may have some prognostic
significance, did not correlate with metastatic
disease or HPV status. However, the current series
revealed that warty carcinoma tended to have a
thinner invasive tumor component than squamous
cell carcinoma, not otherwise specified (Table 3)
which is in contrast to the observations of others.*?

HPV DNA was detected in regional lymph node
metastatic tumor deposits in 9 of 11 cases (82%) of
HPV-positive invasive squamous vulvar carcinoma.
This positive rate is higher than reported by Pinto
et al,*® who identified HPV DNA in only 23% of
similar cases using L1 consensus HPV primers sets.
In the current study, the HPV genotypes detected in
nodes were identical to those present in the primary
tumors in all but one case, which is consistent
with previous reports."®?" In the single discrepant
case, one HPV type (HPV33) was identical in both
primary tumor and node, while a second type
(HPV16) was only present in the metastatic tumor.
This high rate of correlating genotypes between
primary tumor and metastases demonstrates the
reliable performance of the Linear Array HPV Test
using paraffin-embedded tissues in our laboratory.
Of the nine HPV-positive metastatic tumor deposits
in regional lymph nodes, five were warty carcinoma
and one was basaloid carcinoma. In previous work,
it was noted that warty carcinoma lesions rarely
metastasized, although only seven cases were
examined in the study.?’ The significance of this
apparent discordance between the prior study and
our data is uncertain.



A limitation of this and similar studies that have
investigated the prevalence of HPV types associated
with invasive squamous vulvar cancer is that small
sample sizes constrain the statistical power to detect
small differences between test groups. This same
limitation also affects the precision of statistically
significant findings as evidenced by the broad
confidence intervals surrounding some of our risk
estimates. However, the overall sample size in our
study is substantially larger than that of most
previous investigations of HPV genotypes associated
with invasive squamous vulvar cancer and likely
suffers less from such limitations. Nevertheless, all
results and conclusions of our study should be
tempered with an awareness of the contribution that
statistical power, precision and effect that sample
size must play in interpreting the results.

In conclusion, we applied a sensitive, PCR-based
method that detects 37 anogenital HPV genotypes
to archived surgical pathology materials, and our
results confirm a high prevalence of HPV16 in
invasive squamous vulvar carcinoma. HPV 33 was
the next most common genotype but other high-risk
HPV types were fairly uncommon. Low-risk HPV
types were rarely identified as the sole HPV present
in invasive squamous vulvar carcinoma, but were
occasionally noted in combination with high-risk
HPV. While warty carcinoma and basaloid carcino-
ma histologic patterns correlated with positive HPV
status, a surprisingly high percentage of conven-
tional squamous cell carcinoma cases was also
positive for HPV, a finding that contrasts with
previous studies. Finally, any HPV-positive invasive
squamous vulvar carcinoma appeared less likely to
metastasize than an HPV-negative tumor, suggesting
that HPV status in invasive squamous vulvar
carcinoma may have some impact on prognosis.
More work is needed to clarify further the relation-
ship between HPV infection and the development
and biologic behavior of invasive squamous cell
carcinoma of the vulva.
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