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Abstract The sinonasal tract is one of the least frequent
sites for squamous cell carcinoma in the head and neck.
However, it is still a complex tumor type for pathologists
because there are numerous histologic variants with unu-
sual morphologic features, several non-squamous carcino-
mas in the differential diagnosis that can have similar
morphology and even squamous differentiation, and
because of the increasing recognition of human papillo-
mavirus (HPV) in a subset of the tumors. In addition, the
unique and complex anatomy of the sinonasal tract can
make proper staging and management of patients’ tumors
quite challenging. This article reviews sinonasal tract
squamous cell carcinoma in depth and provides the latest
data on Schneiderian papillomas and HPV in their
pathogenesis.
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Introduction

While squamous cell carcinoma (SCC) is the most com-

mon malignancy of the head and neck, its relative inci-
dence across the various anatomic subsites varies. The
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sinonasal tract (specifically the nasal cavity and paranasal
sinuses), compared to other sites, has the lowest fraction of
SCC relative to other carcinoma types (~65 to 70 %).
Since the sinonasal tract is the primary site for only ~3 to
5 % of all head and neck cancers [1], and since most of
these tumors appear to be decreasing in incidence over time
[2], this means that pathologists do not see very many of
them in routine practice. It has also made it challenging to
gather sufficient numbers of patients with these tumors for
studies to define their morphology, molecular aspects, and
proper treatment.

The incidence may be low, but sinonasal tract carcino-
mas have some of the most significant histologic variation
of all head and neck sites, with many unusual and distinct
subtypes, a relatively sizeable fraction of defined SCC
variants, and also with several interesting etiologic and
precursor lesion issues, such as tumors arising in Schnei-
derian papillomas and tumors related to human papillo-
mavirus (HPV). This makes sinonasal tract SCC a
somewhat complicated area for clinical practice and a rich
subject for discussion and research. This article will review
current knowledge on sinonasal SCC and its variants, dif-
ferential diagnosis with other sinonasal tumors that may
have similar features, the relationship to papillomas and
HPV, and how all of these relate to the diagnosis and
reporting of the tumors in clinical practice.

Epidemiology

Rates of sinonasal SCC have been decreasing in recent
years [2]. Tumors occur predominantly in men (twice as
commonly as in women) in their 50’s and 60’s. Profes-
sionals who work with wood have up to a 20 fold increased
risk of developing sinonasal SCC, and leather dust and
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some other chemical substances used in industry have also
been associated with its development [3]. While chronic
inflammation can be invoked as a risk factor for tumor
development in many different parts of the body, data for
sinonasal SCC are limited. Indirect biological studies
support chronic inflammation in the pathophysiology of
industrial compound exposure and SCC development. By
extension, since chronic rhinosinusitis (“allergic sinusitis’)
is so common, one might speculate that it could also be a
risk factor for sinonasal SCC. However, studies have not
associated non-“irritant” chronic inflammation or sinona-
sal inflammatory polyposis with SCC development.
Smoking, a very strong risk factor for SCC across head and
neck subsites, only increases the risk of sinonasal SCC
development by two to three fold [3].

Clinical Features

Patients with sinonasal SCC present with typical, but rel-
atively non-specific, features of any cancer of this region.
Chief complaints are primarily nasal obstruction, facial
pain, rhinorrhea, and epistaxis (bleeding). Approximately
50 % arise in the nasal cavity, and 50 % in the paranasal
sinuses [2], predominantly the maxillary sinus. Tumor
stage is not defined by size, but rather by number and types
of local structures involved for early tumors and, for late
ones, by invasion of adjacent structures including orbital
soft tissue, skull base, brain, and/or facial/nasal skin, all of
which constitute classification of tumors as T4. Nodal
metastases are relatively uncommon (~10 to 20 %) at
presentation [1], and in follow up, ~10 % develop distant
metastases, almost always in the presence of locoregional
recurrence.

Precursor Lesions

Schneiderian papillomas are benign epithelial neoplasms of
the sinonasal tract. There are three types (exophytic,
inverted, and oncocytic) as defined by the World Health
Organization (WHO). SCC can arise in all three, but is very
rare in exophytic papillomas. It is most common in
inverted papillomas, with rates as low as 2 % and as high
as 27 % reported. Most of the literature, including a large
collective literature review by Barnes in 2002 of 1390
patients [4], suggests that it is ~ 10 %. Given that a recent,
large series showed a rate of only 1.9 % [5], the actual rate
is probably between these two figures. Approximately
60 % of the SCC arising from inverted papillomas present
synchronously. Data on rates of SCC in oncocytic papil-
lomas are much less reliable because of their rarity, but

range between 4 and 17 % [4]. The histologic features of
the SCCs, and the role of HPV are discussed below.

Head and neck SCC, in general, arises from precursor
squamous intraepithelial neoplasia. In the sinonasal tract,
where all but the nasal vestibule is lined by respiratory
epithelium, squamous metaplasia must develop prior to the
squamous neoplasia. Interestingly, however, outside of
SCC developing in the setting of Schneiderian papillo-
mas, dysplastic squamous epithelium/squamous carcinoma
in situ is only uncommonly found histologically in the
adjacent mucosa.

Histologic Types

While the subtyping of SCC is pretty standard across the
head and neck, there are certainly aspects unique to the
tumors at specific subsites. In the sinonasal tract, the WHO
classification specifies keratinizing (K or conventional)
SCC, nonkeratinizing (NK) SCC, and then the other more
typical variants such as basaloid, verrucous, papillary, etc.
The relative fraction of KSCC versus NKSCC in the litera-
ture has varied somewhat, probably depending on subtle
variations in definitions of the two. Summarizing results of
the three largest studies to define them (Table 1), there were
99 KSCC (60 %) and 66 NKSCC (40 %) [6-10]. KSCC is
morphologically identical to such tumors arising elsewhere
(Fig. 1), with stellate, irregular nests of tumor cells in a
desmoplastic stroma. Tumor cells have abundant, eosino-
philic cytoplasm filled with keratin filaments. Intercellular
bridges are typically prominent, and keratin production is
frequent. NKSCC is similar to this same tumor type in the
oropharynx. It has a “blue cell tumor” appearance with
tumor cells with high nuclear to cytoplasmic ratios typically
arranged in large, rounded nests or ribbons with smooth,
often well demarcated, borders and little stromal desmo-
plasia. There is minimal maturing squamous differentiation.
Central necrosis is common in the nests, and there is
prominent mitotic activity and apoptosis. A very interesting

Table 1 Transcriptionally-active high risk HPV rates for the various
SCC types in the sinonasal tract

Histologic type Cases HPV positive®
Keratinizing SCC 99 (49.5 %) 4/99 (4.0 %)

Nonkeratinizing SCC 66 (33.3 %) 27/66 (40.9 %)
Basaloid SCC 13 (6.5 %) 6/13 (46.2 %)
Papillary SCC 10 (5.0 %) 8/10 (80.0 %)
Adenosquamous carcinoma 9 (4.5 %) 6/9 (66.6 %)
Spindle cell carcinoma 3 (1.5 %) 0/3 (0 %)

HPV human papillomavirus, SCC squamous cell carcinoma

* Defined as either detectable high risk HPV E6/E7 mRNA or as
combined diffuse p16 expression with detectable high risk HPV DNA
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Fig. 1 Keratinizing and nonkeratinizing squamous cell carcinoma of
the sinonasal tract. Keratinizing (or conventional) squamous cell
carcinoma on low power (a-x4 magnification) showing large,
irregular, and stellate nests of tumor cells in a lightly basophilic
(desmoplastic) stroma and on high power (b-x20 magnification)
showing cells with abundant, eosinophilic cytoplasmic and foci of

feature of these tumors is that they often coat the mucosal
surface with an undulating, irregular contour and, where the
tumors are invading downward, have an inverted appearance
with rounded nests, mimicking a Schneiderian papilloma
with associated carcinoma in situ. This feature, combined
with the lack of stromal desmoplasia around the deeper nests,
can make the tumors look non-invasive. Some tumors can
actually form mass lesions consisting only of exophytic
projections of apparent carcinoma in situ but there is no clear
data to say that, at least in the sinonasal tract, this type of
tumor is clinically and prognostically different than clearly
stromally-invasive tumors. Lesions consisting entirely of
these features are still mass forming and, until better data is
available, should be descriptively diagnosed and probably be
clinically managed similarly to more obviously invasive
tumors.

Probably due to these somewhat unique morphologic
features in sinonasal carcinomas, terminology used for them
has an interesting history. Many older terms for tumors with
these patterns of growth were proposed, such as “cylindrical
cell” [6], “transitional cell”, and “Schneiderian” carcinoma
[11]. Among the descriptors used for these tumors were
palisaded basal cell layers in some of them and how they
could mimic simple carcinoma in situ and/or papillomatous
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keratinization. Nonkeratinizing squamous cell carcinoma on low
power (c-x4 magnification) with large, rounded nests of blue cells
with little stromal reaction, and on higher power (d-x40 magnifica-
tion), oval, hyperchromatic nuclei with minimal cytoplasm and
minimal areas of maturing squamous differentiation

lesions with dysplastic epithelium, such as in the urinary
bladder. Under the most recent WHO classification [11],
such tumors are considered to fall under the umbrella of
NKSCC, without any suggestion for grading or differentia-
tion because of lack of established prognostic significance
for it. Given that the tumors can rarely have mixed pat-
terns with areas of mucinous differentiation in the epithe-
lium, the more broad term “Schneiderian carcinoma” may
come back into favor.

All of the major histologic variants of SCC have been
described in the sinonasal region (Fig. 2). Rates of SCC
variants have varied considerably in the literature, however.
In Bishop et al. [7], of a large sinonasal tumor tissue
microarray cohort with 161 patients and 91 total SCC, 22 (or
24.2 %) of the tumors were specific SCC variants. However,
in a large SEER-based study, other specific SCC variants
accounted for only 7 % of the 4,382 SCC cases [12]. Basa-
loid SCC, spindle cell carcinoma, and papillary SCC are
generally similar in incidence, each constituting a few per-
cent of tumors. Papillary SCC, as mentioned above, consists
of a tumor with diffuse, full thickness, malignant squamous
cells but with the majority (by WHO definition) of cells
lining true papillae and projecting outward into the luminal
space [13] (Table 1). Despite the similarity in growth
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Fig. 2 Histologic variants of squamous cell carcinoma. Basaloid
squamous cell carcinoma consists of nested tumor with rounded profiles
that “mold” to one another in a jigsaw puzzle type pattern (a-x4
magnification) with necrosis and areas of hyalinized, collagenous stroma.
On higher power, the nuclei are round with abundant surrounded hyaline
material forming thin lines between some nests (arrow) (b-x20
magnification). Papillary squamous cell carcinoma consists predomi-
nantly of full-thickness dysplastic squamous cells lining papillary
structures (c-x1.25 magnification), with cells above the basement
membrane. On higher power (d-x 10 magnification), the papillae can be
seen with lining cells with eosinophilic cytoplasm, angulated,

patterns, papillary SCC only rarely represents progression of
a papilloma to carcinoma. Of the Schneiderian papillomas
complicated by SCC in the literature, almost none went on to
develop papillary SCC. Basaloid SCC should be strictly
defined as a tumor of basaloid, hyperchromatic cells with
round nuclei arranged in lobules and rounded nests that push
against each other, divided by thin lines of hyalinized base-
ment membrane material, with comedonecrosis, high mito-
sis and apoptosis, and associated with at least focal definable
squamous differentiation or immunohistochemistry showing
a squamous phenotype [14]. Spindle cell carcinoma consists
of tumor cells with spindled or pleomorphic morphology
which lose the nested, carcinomatous appearance and thus
appear similar to true sarcomas. The tumors can have almost
any histologic pattern with fascicular, collagenous, stori-
form-pleomorphic, and granulation tissue-like being some of
the most common (Fig. 3). Most are biphasic tumors with a
component of recognizable squamous neoplasia, either
invasive SCC or squamous dysplasia. Purely sarcomatoid
tumors require positive immunohistochemistry for epithelial
markers such as p63, p40, and/or cytokeratin in order to make
the diagnosis [15].

Another variant that is rare in the sinonasal tract is
adenosquamous carcinoma. It was the least common SCC
variant in the large SEER-based study, constituting only
0.7 % of sinonasal SCC [12]. It is defined as an invasive
carcinoma with obvious squamous differentiation, but asso-
ciated with punched out, “gland-like” spaces, frequently with

hyperchromatic nuclei and no maturation. Adenosquamous carcinoma
(e-x4 magnification) consists of squamous cell carcinoma, here the
angulated nests in a fibrous stroma, but with “punched out” gland spaces
with smooth linings. On higher power (f-x 20 magnification), flocculent
mucin material can be seen in the large gland space but there are also
several tumor cells with basophilic, intracytoplasmic mucin globules.
Verrucous carcinoma is a “hyper-differentiated” tumor consisting of
very thick squamous lining with hyperkeratosis and “glassy”, brightly
eosinophilic cytoplasm (g-x4 magnification). On higher power (h-x20
magnification), the tumor cells have abundant cytoplasm and pushing
borders without irregular infiltration or stromal reaction

intracellular and intraluminal mucin (the latter not requisite)
of any amount, even if very focal [9]. The final type is ver-
rucous carcinoma which is distinctly uncommon in the sino-
nasal tract [16] with only ~20 to 25 cases reported in the
literature [16]. It has the same diagnostic features in the
sinonasal tract as in other head and neck sites. It must consist
of very mature, thick, ribbons of exophytic and rounded
epithelium with abundant, glassy cytoplasm and minimal
cytologic atypia, mitotic activity limited to the basal layers,
and no stromally-invasive tumor. It invades by pushing
expansion of nests into tissues. It doesn’t metastasize, unless a
typical invasive SCC component develops within it.

Differential Diagnosis

For KSCC, there is no significant differential diagnosis. It
is typical and quite characteristic unless it is particularly
poorly differentiated. However, for NKSCC, the differen-
tial diagnosis is quite broad since it is in the family of
“round blue cell tumors.” There are too many tumors in
this differential diagnosis to discuss in depth here. How-
ever, in brief, a helpful acronym for such tumors is “NOSE
ALARM” where N stands for NUT-midline carcinoma, O
for olfactory neuroblastoma, S for SCC, small cell (high
grade neuroendocrine) carcinoma, and sinonasal undiffer-
entiated carcinoma, E for Ewing’s sarcoma, A for adenoid
cystic carcinoma (solid type) and HPV-related adenoid
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Fig. 3 Spindle cell (sarcomatoid) carcinoma. A gross photograph of
a total rhinectomy specimen for spindle cell carcinoma a shows
violaceous nodules of tumor (asterisks) bulging underneath the skin
of the nasal bridge. Histologically, the tumor was biphasic, consisting
predominantly of keratinizing type squamous cell carcinoma but with

cystic-like carcinoma [7, 17], L for lymphoma, A plus R
for alveolar rhabdomyosarcoma, and M for melanoma.
Interestingly (and challengingly) several sinonasal “blue
cell” malignancies that are not actually considered to be
SCC have focal squamous neoplasia including NUT mid-
line carcinoma, adamantinoma-like Ewing’s sarcoma, and
HPV related adenoid cystic like carcinoma [7, 17]. The
former two have SCC differentiation in the invasive tumor,
and the latter has severe dysplasia/squamous carcinoma
in situ (at least in the few reported cases).

Subtle morphologic features are very important for
telling all of these tumors apart and for narrowing the
differential diagnosis, and immunohistochemistry is criti-
cal. SCC, including keratinizing, NK, and basaloid types,
stains consistently and diffusely for p63 and its more
squamous-specific isoform p40 [18], for pancytokeratin
(AE1/AE3), and for the high molecular weight cytokeratins
such as 5/6 and 34BE12. Other tumors in the differential
diagnosis can express p63 and p40, albeit usually focally,
so caution is warranted [18]. There is no expression of
neuroendocrine, hematopoietic, myoepithelial, melanocy-
tic, or skeletal muscle differentiation markers. Solid ade-
noid cystic carcinoma and the newly described HPV-
related adenoid cystic-like carcinoma both lack diffuse
p63/p40 expression. Solid adenoid cystic carcinoma clas-
sically shows patchy p63 expression that is usually limited
to the focal myoepithelial differentiation at the periphery of
the nests [19]. HPV-related adenoid cystic-like carcinoma
has focal ductal differentiation, expresses p63 in its ablu-
minal cells only, and expresses myoepithelial markers such
as smooth muscle actin, S-100, and calponin [7], features
not seen in basaloid or NKSCC.
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sheet-like areas of spindle cells (b-x4 magnification) in a vaguely
fascicular pattern with hyperchromatic, pleomorphic nuclei, collage-
nous to myxoid stroma (c-x20 magnification) and abundant mitoses,
including atypical ones

NKSCC, with its pushing borders, lack of stromal
reaction, and ribbony nesting pattern, can resemble non-
invasive lesions such as inverted papillomas. The same is
true of papillary SCC with its often extensive papillary
surface with tumor cells (partially or wholly) located above
the basement membrane. Due to these growth patterns,
while the diagnosing pathologist could consider if NKSCC
or papillary SCC represent malignant transformation of an
inverted papilloma, both of these SCC types consist of
diffuse, full thickness, overtly carcinomatous tumor, rather
than being mixed with lower grade areas or with foci of
actual inverted papilloma. Further, the SCCs that arise
from inverted papillomas are almost always keratinizing-
type SCC and not NK or papillary SCC [20].

For spindle cell carcinoma, the differential diagnosis
includes true sarcomas. Fortunately, the majority (up to
80-85 %) of spindle cell carcinomas are biphasic tumors with
some component of squamous neoplasia, either invasive or
in situ carcinoma. While spindle cell carcinomas resemble
true sarcomas histologically, most lack any definable sarcoma
pattern such as leiomyosarcoma, rhabdomyosarcoma, or
osteosarcoma, this representing another histologic clue to the
diagnosis. For those tumors that are not biphasic, immuno-
histochemical expression of p63/p40 and/or cytokeratins in
the malignant cells is required for the diagnosis.

Human Papillomavirus
Transcriptionally-active HPV, as defined by the detection of

both >70 % nuclear and cytoplasmic p16 expression and high
risk HPV DNA by PCR or in situ hybridization (or RNA by



Head and Neck Pathol (2016) 10:60-67

65

RTPCR or in situ hybridization), has been examined in four
studies over the past decade or so (Fig. 4). These have been
reviewed elsewhere [21], but summarizing their results
(Table 1), for NKSCC the rate was 40.9 %, which is much
lower than for oropharyngeal SCC [22]. From the data, one
can see that, while there is a very close (almost implicit)
relationship between NKSCC (as strictly defined) and HPV
in oropharyngeal SCC [23, 24], this is not the case for
sinonasal NKSCC. For KSCC, only 4.0 % of tumors are
related to transcriptionally-active HPV. For the other
specific variants, far fewer cases have been tested, but a
substantial fraction are related to transcriptionally-active
HPV, particularly papillary SCC, basaloid SCC, and
adenosquamous carcinoma. The rare cases of sinonasal
spindle cell carcinoma have been negative. For verrucous
carcinoma, studies are only available looking for HPV DNA
(not combined with p16 testing) and these have shown the
tumors to be negative [25]. A large study on verrucous
carcinoma across the other major head and neck anatomic
subsites showed that tumors are not related to transcrip-
tionally-active high risk HPV [26] so it seems to be a similar
case in the sinonasal tract. The potential prognostic signif-
icance of HPV in sinonasal SCCs is discussed below.

Since SCC not infrequently arises from a preexisting
Schneiderian papilloma, either inverted or oncocytic, and
these papillomas are sometimes associated with high risk
HPV, it seems possible that HPV drives the progression
through these precursor lesions. In a large review of the
literature in 2008, Lawson et al. [27] found that HPV DNA
(low or high risk) was found in approximately 20-25 % of
inverted papillomas. Further, HPV was more common in
recurrent papillomas and ones with dysplasia or frank
invasive carcinoma. For inverted papillomas without dys-
plasia or carcinoma, 22.3 % harbored HPV DNA. For those
with severe dysplasia, it was 55.8 % and for those with
invasive SCC, 55.1 %. Further, the ratio of high risk to low
risk HPV types moved progressively toward high risk as
the lesions became dysplastic or carcinomatous. This
strongly suggests a role for high risk HPV in SCC devel-
opment. However, the story is more complicated. Stoddard
et al. [28] recently studied inverted papillomas using RNA
in situ hybridization for high risk HPV and found that all
19 papillomas were positive, but most at very low signal
levels. Further, as it turns out, when closely examining the
studies on transcriptionally-active high risk HPV in sino-
nasal SCC, the subset of 27 patients with inverted papil-
loma-related SCC had active HPV in only 2 cases (7.4 %)
[7, 20]. This suggests that the high risk HPV may be
important for the growth of inverted papillomas and per-
haps for carcinogenesis within them, but that it typically
does not drive the growth of established tumors as it does
in SCC of the oropharynx.

Fig. 4 Human papillomavirus (HPV) in situ hybridization and p16
immunohistochemistry. HPV RNA can be detected by emerging
in situ hybridization for E6/E7 mRNA in tissue slides, here (a-x20
magnification) with granular, brown staining in all of the tumor cells.
In situ hybridization for high risk HPV DNA is common (b-x20
magnification), here showing multifocal, punctate, blue signals in the
nuclei of tumor cells. p16 immunohistochemistry is a well established
surrogate marker of transcriptionally-active high risk HPV in tumors
with a stain pictured here where there is strong, nuclear and
cytoplasmic staining (c-x4 magnification) in almost all tumor cells
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Treatment and Prognosis

Treatment for sinonasal SCC varies somewhat depending
on the stage, patient performance status, comorbidities, and
somewhat based on the tumor type. However, surgical
resection with postoperative radiotherapy appears to be the
optimal approach [3]. Endoscopic approaches are being
used increasingly because they are less invasive, less
morbid, and have less surgical complications [3]. Inter-
estingly, while positive margin status has been shown to be
adverse in sinonasal cancer resection, surgery with widely
negative margins isn’t clearly better than more conserva-
tive ones, as long as clinically negative margins are
achieved. Further, although no large, or randomized,
studies have been performed for comparison, piecemeal
resection via endoscopic approaches appears to be as
effective as en bloc resection [3, 29]. Precision radiother-
apy, such as intensity modulated radiation therapy and
gamma knife have improved treatment and lessened mor-
bidity, particularly for those patients with tumors adjacent
to the orbits, skull base, and brain. For advanced stage
tumors, particularly those that are inoperable, targeted
treatments have not been defined—these are very much
needed. Chemotherapy clinical trials are few and small
because of the rarity of sinonasal SCC, but induction
approaches are promising. Palliative chemotherapy can be
used effectively for incurable tumors.

The prognosis for sinonasal SCC remains poor, aver-
aging ~50 % at 5 years, with only an insignificant trend
towards improvement over the past many decades [30].
Patients with paranasal sinus primaries have worse prog-
nosis than those with nasal cavity tumors. Regarding his-
tology, it is not clear that any pathologic characterization of
the SCC (differentiation or SCC variant) predicts progno-
sis, although clearly the number of patients with specific
SCC variants is really too small for informative data on
their prognosis relative to each other and to conventional
keratinizing type SCC. Although there is not strong data in
the literature, carcinomas arising from Schneiderian
papillomas may be prognostically somewhat better than de
novo carcinomas [5], but this does not translate into any
meaningful difference in patient management or counsel-
ing, at least currently.

The significance of HPV in these tumors has garnered a
lot of attention in recent years. In the two major study
cohorts that have looked for transcriptionally-active high
risk HPV (i.e. pl6 overexpression plus detection of HPV
DNA or RNA) [7, 8] and examined survival outcomes,
HPV presence was associated with statistically signifi-
cantly improved prognosis in multivariate analysis in one
and a trend (but not statistically significant) towards such in
the other. These studies comprised only 70 (14 HPV
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positive [8]) and 91 (28 HPV positive [7]) patients,
respectively. Thus, the results are promising for the
favorable effect of HPV in sinonasal SCC, but not con-
clusive. Larger studies are needed. In the meantime, testing
of tumors in patients with sinonasal SCC (including vari-
ants) for HPV (or its surrogate marker pl16) in routine
practice is not indicated. It provides no clearly defined
prognostic information nor should it be used for treatment
decisions.

Summary

Sinonasal SCC is the most common form of sinonasal
carcinoma, but it is still relatively uncommon overall.
Some tumors are associated with occupational exposures,
such as to wood dust or other carcinogens. Most tumors are
keratinizing (or conventional) type SCC, but there is a
WHO defined NKSCC type and all of the major SCC
variants also occur in the sinonasal tract. Approximately
25 % of all sinonasal SCC are associated with transcrip-
tionally-active high risk HPV (particularly when NK
morphology), and this seems to be, at least in the few early
studies, associated with improved patient outcomes. The
overall prognosis remains poor, with little improvement
over the past several decades despite a significant decrease
in treatment-related morbidity. Future studies are needed to
define targeted treatments and to better define the role of
high risk HPV.
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