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Abstract Human papillomavirus (HPV)-related oropharyn-
geal squamous cell carcinoma is a distinct tumor entity with
clinical, epidemiologic, genetic, histologic, prognostic, and
treatment differences from smoking- and alcohol-related head
and neck squamous cell carcinoma. This is now well known
by the pathology and medical community. What is not yet
widely known is that several emerging variants of HPV-
related carcinoma of the head and neck exist apart from the
prototypical non-keratinizing morphology. Further, there is
currently considerable variation in methodologies used and
clinical scenarios in which to test for HPV-related head and
neck squamous cell carcinoma, and no standard approach has
emerged. In this article, we will review the morphology of
prototypical HPV-related squamous cell carcinoma of the oro-
pharynx and other HPV-related variants of head and neck
carcinoma with an emphasis on their differential diagnosis,
grade, and prognosis, as well as outline the current best prac-
tices for testing for HPV in head and neck carcinomas.
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Introduction

Human papillomavirus (HPV) is a causative agent in about 25%
of all head and neck squamous cell carcinomas (HNSCCs) [1],
and the oropharynx (OP) is the head and neck site most enriched
for HPV-related carcinomas, with HPV type 16 causing about
80% of oropharyngeal squamous cell carcinomas (OPSCCs)
[2]. These HPV-related OPSCCs carry a better prognosis than
HPV-negative head and neck squamous cell carcinoma, arise in
younger patients—often males—with certain high-risk sexual
behaviors, often with no significant smoking or alcohol use
history, and usually display a non-keratinizing morphology [3,
4]. HPV-related OPSCCs show enhanced sensitivity to radiation
treatment, which is at least in part related to their wild-type p53
status [5]. One large study showed that HPV-positive OPSCCs
have a statistically significant improved overall survival at
3 years as compared to HPV-negative OPSCC (82.4 vs
57.1%, respectively) [4]. This same study also showed an im-
proved progression-free survival at 3 years for HPV-positive
OPSCC vs HPV-negative OPSCC (73.7 vs 43.4%, respective-
ly). Therefore, HPV-related OPSCCs are often candidates for
treatment Bde-escalation,^ underscoring the importance of accu-
rate identification of this distinct subtype of head and neck squa-
mous cell carcinoma by pathologists [6, 7].

HPVachieves this carcinogenesis largely via its E6 and E7
oncoproteins. E6 inactivates the p53 tumor suppressor protein
and activates telomerase activity, while E7 inactivates the ret-
inoblastoma protein (Rb). Inactivation of Rb causes the re-
lease of the transcription factor E2F. The net effect of these
HPV oncoproteins is therefore cellular proliferation and less
reliance on other genetic alterations for carcinogenesis [8].
Indeed, smoking- and alcohol-related/HPV-negative
HNSCCs have a greater mutational burden than HPV-related
HNSCCs, with the former showing alterations of TP53,
NOTCH, PIK3CA, cyclin D1, and CDKN2A, etc. [5].

* Todd M. Stevens
tstevens@uabmc.edu

1 Department of Pathology, University of Alabama at Birmingham,
3548North Pavilion, 1802 6th Ave. S, Birmingham, AL 35249, USA

2 Department of Pathology, The Johns Hopkins University School of
Medicine, 401 N. Broadway, Weinberg 2249, Baltimore, MD 21231,
USA

Virchows Arch (2017) 471:295–307
DOI 10.1007/s00428-017-2118-y

http://crossmark.crossref.org/dialog/?doi=10.1007/s00428-017-2118-y&domain=pdf


The strong predilection of HPV for the oropharynx is due
to the microanatomy of the OP, namely the reticulated epithe-
lium of the base of the tongue and tonsils (Fig. 1a, b). For
example, the reticulated epithelium of the OP is known to
express PDL1, resulting in a reduced cytotoxic Tcell response
and thus an environment conducive to HPV infection [7]. In
addition to the OP, the sinonasal tract is the other head and
neck site with a relative predisposition to HPV infection,
where about 21% of sinonasal carcinomas are positive for
high-risk HPV [2]. While high-risk HPV has been detected
in up to 30% of carcinomas of the nasopharynx, a significant
subset of these likely represents a direct extension from the
oropharyngeal primaries [9]. About 5% of oral cavity, larynx,
and hypopharynx carcinomas show the presence of high-risk
HPV infection [7, 10, 11]. Therefore, the oropharynx and
sinonasal tract are the Bhot spots^ of HPV-related carcinogen-
esis in the head and neck. Whereas HPV-related OPSCC is
known to carry a better prognosis and allow for treatment de-
escalation, it is not currently clear if this same prognostic
benefit applies to non-oropharyngeal HPV-related HNSCC
[12].

In this review, we will discuss the histologic features of
classical HPV-related OPSCC along with morphologic vari-
ants of HPV-related carcinoma and their associated differen-
tial diagnosis and prognostic import. Histologic grading and
prognosis of HPV-related carcinoma variants will be detailed.
Finally, best current practices for when and how to test for
HPV in head and neck lesions will also be discussed.

Morphologic variants of HPV-related carcinomas

In addition to the classical non-keratinizing, Bbasaloid^ mor-
phology, several other histologic variants of HPV-related head

and neck carcinoma have been described, including papillary,
lymphoepithelial, adenosquamous, small cell, large cell neu-
roendocrine carcinoma, spindle cell/sarcomatoid, HPV-related
carcinoma with adenoid cystic-like features, ciliated HPV-
related carcinoma, and HPV-associated adenocarcinoma of
the base of the tongue.

Prototypical non-keratinizing HPV-related squamous cell
carcinoma of the oropharynx

The typical, classic HPV-related squamous cell carcinoma of
the head and neck arises in the oropharynx and histologically
displays solid sheets and broad ribbons of carcinoma cells
(Fig. 2a), not uncommonly with central cystic necrosis. The
neoplastic cells somewhat resemble the reticulated epithelium
of the oropharynx in that they display high nuclear to cyto-
plasmic ratios, often with penetrating lymphocytes and syn-
cytial cytoplasm, thus giving them an overall basaloid appear-
ance. The nuclei are oval to round and have evenly distributed
chromatin (Fig. 2b) [6, 7]. Scattered, random nuclear pleomor-
phism and anaplasia are common findings (Fig. 2c).
Parenthetically, scattered anaplasia has been associated with
increased disease recurrence and poorer survival, although
this has yet to be widely validated [13]. Keratinization is either
absent or focal and when present is often in the form of in-
creased dense orange cytoplasm and/or focal keratin whorls, a
pattern referred to by some as non-keratinizing squamous cell
carcinoma Bwithmaturation^ (Figs. 2c and 3a) [14]. These so-
called non-keratinizing squamous cell carcinomas with matu-
ration are more likely to harbor high-risk HPVand have better
prognosis than overtly keratinizing HNSCC and, therefore,
are probably a variation of typical HPV-related OPSCC.
Overt widespread keratinization is much less common.
Some examples of HPV-related HNSCC may, in addition to

Fig. 1 a The normal palatine tonsil displays an undulating mucosal
surface with surface invaginations forming crypts, surrounded by
lymphoid follicles. b The crypts are lined by a reticulated epithelium

made up of squamous cells with higher nuclear to cytoplasmic ratios
and trafficking lymphocytes that are involved in antigen presentation
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the above features, show peripheral palisading and production
of basement membrane material, raising the differential diag-
nosis of a true basaloid variant of squamous cell carcinoma
(Fig. 3b). However, basaloid squamous cell carcinoma, as
strictly defined, is an aggressive HPV-unrelated carcinoma,
typically of the supraglottic larynx and hypopharynx [15].
For this reason, the term basaloid should not be used in pa-
thology reports to refer to p16 and/or HPV-positive non-
keratinizing squamous cell carcinoma of the head and neck
[6], so as to avoid confusion with the distinct entity basaloid
squamous cell carcinoma.

Unlike tobacco- and alcohol-related HNSCCs, where evo-
lution to invasive carcinoma through a dysplasia to carcinoma
sequence is accepted, the presence of a precursor, dysplastic
stage in HPV-related HNSCC has not yet been fully delineat-
ed. HPV-related OPSCC arises from tonsillar crypts, and
when surface mucosal involvement of HPV-related HNSCC
occurs, it is thought to represent secondary surface coloniza-
tion by the underlying carcinoma [6, 7].

Diagnosing invasion in classic HPV-related HNSCC is not
always straightforward given that it does not elicit the
desmoplastic stromal reaction that HPV-negative HNSCC
does, and that HPV-related HNSCC arises from the reticulated
epithelium, which is already situated deeply within the lamina
propria, lacks a continuous basement membrane, and the in-
terface of the epithelium and stroma is often blurred by the
trafficking lymphocytes native to the Waldeyer’s ring. For
these reasons, it is not uncommon to encounter examples of
HPV-related HNSCC in the oropharynx that are not clearly
invasive but that show metastatic disease in the neck.
Therefore, cases of HPV-related OPSCC as described above
should be regarded as invasive by definition, even in the ab-
sence of clear-cut conventional signs of invasion (i.e., destruc-
tive stromal invasion) [6, 7].

HPV-related HNSCC frequently presents as neck metasta-
sis, most typically to levels 2 and 3, and often cystic. The neck
metastases often retain the non-keratinizing morphology and
often show an undulating, partially cystic architecture which
can somewhat resemble a tonsil involved by HPV-related
HNSCC (personal observation). Occasionally, the neck node
metastasis may be entirely cystic and lined by a flattened,
attenuated squamous lining (Fig. 3c, d) and even show focal
cilia, invoking the differential diagnosis with branchial cleft
cyst [16].

HPV-related squamous cell carcinoma of the head and neck
will show diffuse overexpression of p16 by immunohisto-
chemistry (Fig. 3e) and the presence of high-risk HPV by
one of the HPV-specific tests such as PCR, DNA, or RNA
in situ hybridization.

The presence of extranodal extension in HPV-negative
HNSCC is often an indication for chemotherapy. However,
in HPV-related HNSCC, extranodal extension is of uncertain
clinical significance and interobserver variability for this

Fig. 2 a The typical low-power appearance of prototypical HPV-related
squamous cell carcinoma of the oropharynx shows solid sheets and rib-
bons of blue cells with pushing type invasion. b A high-power exam
shows oval to round squamous cells with indistinct cell borders and
evenly distributed chromatin with admixed trafficking lymphocytes, giv-
ing HPV-related squamous cell carcinoma a resemblance to the normal
reticulated crypt epithelium, making them well-differentiated neoplasms.
c Scattered random nuclear pleomorphism is not uncommon in HPV-
related head and neck squamous cell carcinoma. This example also shows
cells with orange cytoplasm and focal keratinization, so-called non-
keratinizing squamous cell carcinoma with maturation
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finding is poor [17]. Nevertheless, extensive extranodal exten-
sion in HPV-related carcinomas may be clinically significant
and should probably be reported [17]. Future studies may shed
light on the significance of extranodal extension in HPV-
positive HNSCC.

HPV-related head and neck squamous cell carcinoma
with papillary features

Approximately 50% of PSCC of the head and neck (HN-PSCC)
are HPV-related, and these tend to show non-keratinizing

Fig. 3 a Example of an HPV-related squamous cell carcinoma showing
focal keratinization. Note the lack of a desmoplastic response. bHPV-related
squamous cell carcinoma showing peripheral palisading and production of
pink basement membrane-type material, invoking the differential diagnosis
with basaloid squamous cell carcinoma. HPV studies are required to distin-
guish HPV-related squamous cell carcinoma from the aggressive HPV-
unrelated basaloid squamous cell carcinoma, as both can show identical

morphology. c Lymph node metastasis of HPV-related squamous cell carci-
nomas is often cystic. d The cystic spaces can be lined by an attenuated
bland squamous lining (left side), inviting confusion with a branchial cleft
cyst. More typical nuclear atypia can often be seen in cystic metastasis,
however (right side). aAprototypical HPV-related squamous cell carcinoma
of the oropharynx showing diffuse overexpression of p16 by
immunohistochemistry
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morphology, unlike the HPV-negative HN-PSCC, which often
show keratinization [3, 7]. Most HPV-related HN-PSCC arise in
the oropharynx, but also commonly occur in the sinonasal tract,
and less commonly in the larynx. In fact, up to 80% of sinonasal
PSCC areHPV-related [2]. HN-PSCC,whether HPVpositive or
negative, are felt to have a better prognosis compared to non-
papillary HPV-unrelated HNSCC, and there is limited data that
suggests that HPV-positive HN-PSCC show a slight trend to-
ward improved disease-free survival compared to HPV-negative
HN-PSCC [3].

HPV-HNSCC with papillary features should be distin-
guished from verrucous carcinoma. Verrucous carcinoma, un-
like HPV-HNSCC with papillary features, shows an endo-
phytic, bland squamous proliferation with a flat, broad deeply
pushing base and cells with abundant glassy cytoplasm and
little nuclear atypia. HPV-HNSCC with papillary features,
however, shows exophytic papillae lined by basaloid, mostly
non-keratinizing (Fig. 4a), cells with high nuclear to cytoplas-
mic ratios. Schneiderian papillomas and carcinomas arising
from Schneiderian papillomas also must be distinguished
from HPV-HNSCC with papillary features. While there is
sinonasal site overlap between benign and malignant
Schneiderian papillomas and HPV-HNSCC with papillary
features, Schneiderian papillomas will typically show some
areas of columnar and ciliated, mucous cell and/or transitional
type morphology, often with neutrophilic microabscesses, and
will typically be negative for high-risk HPVand p16 (although
it should be noted that exophytic Schneiderian papillomas
often contain low-risk HPV) [2].

HPV-related lymphoepithelial-like carcinoma
of the oropharynx

In 2010, Singhi et al. described a group of 22 oropharyngeal
carcinomas that displayed sheets, cords, and individual carcino-
ma cells with syncytial cytoplasm, vesicular nuclei, and large
central nucleoli set in an inflammatory background (Fig. 4b)
[18]. These cases, while morphologically indistinguishable from
EBV-driven nasopharyngeal carcinoma, uniformly expressed
p16, and 86%were positive for HPV-16 by in situ hybridization
(ISH) (Fig. 4c) [18]. All were negative for EBV. These HPV-
related lymphoepithelial-like carcinomas of the oropharynx (re-
ferred to by some authors as Bundifferentiated^) shared similar
clinical associations as those of typical HPV-related HNSCC, in
that most occurred in non-smokers and in younger men. Given
this newly described variant of HPV-related head and neck car-
cinoma, any lymphoepithelial carcinoma identified in a neck
lymph node or other head and neck site should be tested for
HPV and EBV in order to arrive at a correct diagnosis and to
facilitate the proper treatment. It should be noted, however, that
lymphoepithelial carcinomas that arise in the larynx and hypo-
pharynx are strongly associated with tobacco use and are
regarded as a highly malignant disease. HPV-related

lymphoepithelial carcinoma of the oropharynx, on the other
hand, appears to show the same improved prognosis as typical
HPV-related HNSCC [18].

HPV-related head and neck carcinoma
with adenosquamous histology

Head and neck adenosquamous carcinoma is an aggressive,
rare biphasic neoplasm composed of malignant glandular and
squamous elements (Fig. 4d), most commonly occurring in the
larynx, followed by the oral cavity, sinonasal tract, oropharynx,
and hypopharynx. Bishop et al. [2] found five of six sinonasal
adenosquamous carcinomas to harbor HPV type 16 (Fig. 4e),
and Masand et al. [19] found two of three oropharyngeal
adenosquamous carcinomas and one of three nasal cavity
adenosquamous carcinomas to overexpress p16 and show pos-
itivity for HPV oncoproteins E6 and E7 by RNA ISH.
Experience with HPV-related adenosquamous carcinoma is
too limited to determine if it shares the same improved prog-
nosis as that of typical HPV-related HNSCC.

HPV-associated adenocarcinoma of the base of the tongue

Rare examples of adenocarcinomas arising in the tongue
base have been described that showed p16 expression and
the presence of high-risk HPV; these lesions were coined
HPV-associated adenocarcinoma of the base of the tongue
[20–22]. These cases all showed a malignant gland-
forming lesion featuring cuboidal to columnar cells with
areas of intraluminal mucin, along with variable cribriform
and solid architectures. Cytologically, the cells contained
nuclei with vesicular to clumped chromatin with small-to-
medium-sized nucleoli, and the cytoplasm was described
as eosinophilic and variably abundant [20–22]. All the
cases described as HPV-associated adenocarcinoma of the
base of the tongue were negative for p63, high molecular
weight keratins, and neuroendocrine markers. Before mak-
ing a diagnosis of HPV-associated adenocarcinoma of the
base of the tongue, one must first exclude one of the named
salivary gland tumors such as mucoepidermoid carcinoma,
mammary analogue secretory carcinoma, polymorphous
low-grade adenocarcinoma, and cribriform adenocarcino-
ma of the minor salivary gland, in addition to metastasis.
Too few cases of HPV-associated adenocarcinoma of the
base of the tongue have been described to understand its
true prognostic import [20–22].

HPV-related small cell carcinoma of the oropharynx

In 2011 and 2012, a series of oropharyngeal carcinomas show-
ing small cell carcinoma morphology, i.e., small-to-medium-
sized hyperchromatic cells with nuclear molding, scant cyto-
plasm, brisk mitotic and apoptotic activity, necrosis, and
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expression of neuroendocrine markers (Fig. 5a, b, c), were
reported [23, 24]. In almost half of these cases, the small cell

carcinoma component was juxtaposed to areas of prototypical
HPV-related HNSCC. Both small cell and prototypical

Fig. 4 aHPV-related papillary squamous cell carcinoma of the head and
neck shows surface papillae and typically a non-keratinizing morphology.
b HPV-related lymphoepithelial-like carcinoma of the oropharynx shows
carcinoma cells with prominent nucleoli and syncytial cytoplasm set in an
inflammatory background. c HPV-related lymphoepithelial-like

carcinoma showing integrated high-risk HPV by DNA in situ hybridiza-
tion. d An HPV-related adenosquamous carcinoma showing malignant
glandular and squamous components. e Both components of the HPV-
related adenosquamous carcinoma show integrated high-risk HPV by
DNA in situ hybridization
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components harbored HPV by ISH (Fig. 5d). This entity was
coined HPV-related small cell carcinoma of the oropharynx as

all such cases were of oropharyngeal origin [23, 24]. Given
that typical HPV-related HNSCCs also show hyperchromatic

Fig. 5 a, b HPV-related small cell carcinomas show small-to-medium-
sized carcinoma cells with nuclear molding, evenly distributed chromatin,
and necrosis. c Expression of neuroendocrine markers (synaptophysin as
shown here). d Integrated high-risk HPV RNA signals by in situ

hybridization. e An example of a HPV-related large cell neuroendocrine
carcinoma showing coarse chromatin and prominent nucleoli. f Integrated
high-risk HPV RNA signals by in situ hybridization were identified in
this HPV-related large cell neuroendocrine carcinoma
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cells with high nuclear to cytoplasmic ratios and evenly dis-
tributed chromatin, identifying small cell carcinoma histology
in this context can be challenging. However, small cell carci-
noma of the oropharynx will show evidence of neuroendo-
crine differentiation and typically show loss of squamous
markers CK5/6 and p63 [24], unlike areas of prototypical
HPV-related HNSCC. It is important to identify the small cell
carcinoma component in an HPV-related tumor as this pheno-
type is associated with highly malignant behavior, like small
cell carcinomas from other sites, and the small cell component
overrides any prognostic benefit provided by the HPV status.
Accordingly, patients with HPV-related HNSCC with small
cell features are not offered de-escalation therapy. Further
study is needed to determine if HPV-related small cell carci-
nomas occur in non-oropharyngeal head and neck sites.

HPV-related large cell neuroendocrine carcinoma
of the head and neck

Like their more well-known counterparts in the lung and cer-
vix, large cell neuroendocrine carcinomas (LCNEC) of the
head and neck show evidence of neuroendocrine differentia-
tion both histologically and immunophenotypically. Unlike
the prototypical HPV-relatedHNSCC, LCNEC (Fig. 5e) show
larger, polygonal cells with well-defined cell borders along
with a more organoid architecture, peripheral palisading, ro-
settes, and coarser chromatin with more prominent nucleoli
and more well-defined cell borders [25]. LCNEC of the head
and neck will show a high mitotic rate (>10 mitosis/10 high-
powered fields) and frequent necrosis; however, prototypical
HPV-related squamous cell carcinomas will also show a brisk
mitotic rate and necrosis. Immunohistochemical expression of
neuroendocrine markers (synaptophysin, chromogranin, and/
or CD56) and negative or focally positive p63 allows further
distinction from prototypical HPV-related HNSCC.
Thompson et al. tested ten LCNEC of the head and neck for
p16 and HPV ISH and found six to be positive for p16 and
three to be positive for high-risk HPV by ISH (Fig. 5f). All
three HPV-positive LCNEC were p16 positive, and two were
from the oropharynx and one was from the sinonasal tract, the
two Bhot spots^ of HPV-related HNSCC [25]. Importantly, the
three HPV-positive LCNEC of the head and neck clinically
showed aggressive behavior. Therefore, it appears that HPV-
related large cell neuroendocrine carcinomas of the head and
neck share a similar dismal prognosis with LCNEC of the lung
and cervix.

HPV-related head and neck squamous cell carcinoma
with spindle cell/sarcomatoid features

Sarcomatoid carcinomas of the head and neck are most com-
mon in the larynx, but can occur at any site, including the
oropharynx. Bishop et al. detected high-risk HPV by ISH in

three of ten sarcomatoid carcinomas of the oropharynx [26],
but no HPV in sarcomatoid carcinomas from other head and
neck sites. Watson et al. tested 31 sarcomatoid carcinomas of
the head and neck and found that 1/12, 1/14, and 0/5 oral
cavity, larynx, and oropharyngeal sarcomatoid carcinomas,
respectively, were positive for high-risk HPV E6 and E7 tran-
scripts by RNA ISH [27]. Both patients with HPV-positive
sarcomatoid carcinoma showed high-stage disease and death
within 2 years. The authors concluded that HPV-related
sarcomatoid carcinomas are very rare, and while data is lim-
ited, do not appear to carry the same improved prognosis as
prototypical HPV-related HNSCC.

HPV-related carcinoma with adenoid cystic-like features

In 2013, Bishop et al. described a group of sinonasal tumors
that showed some features of adenoid cystic carcinoma, name-
ly hypercellular proliferations of basaloid carcinoma cells ar-
ranged in round nests and solid areas with cribriform and
microcystic architecture with fibrous stroma in between
(Fig. 6a) [1]. These tumors showed evidence of abluminal
myoepithelial differentiation along with microcystic spaces
containing basophilic material, similar to that seen in adenoid
cystic carcinoma. However, unlike classical adenoid cystic
carcinoma, these cases showed squamous dysplasia of the
overlying surface mucosa, a lack of MYB gene rearrange-
ments, expressed p16, and showed the presence of high-risk
HPV by ISH (Fig. 6b, c). Unlike prototypical HPV-related
HNSCC, HPV type 33 was most commonly identified. The
authors named this entity human papillomavirus-related car-
cinoma with adenoid cystic-like features. The prognostic sig-
nificance of this carcinoma type is not yet known.

Ciliated HPV-related carcinoma

While typically indicators of a benign process, the presence of
cilia has been described in adenocarcinomas of the gyneco-
logic tract, esophagus, stomach, and lung, and in 2015, two
groups described a total of ten cases of HPV-related oropha-
ryngeal squamous cell carcinomas that displayed focal respi-
ratory type columnar cells with cilia (Fig. 7a, b), both in the
primary site and in neck metastasis [16, 28]. The columnar
ciliated cells were p16 positive and contained high-risk HPV
by ISH (Fig. 7c). As neck metastasis from HPV-related
HNSCC is often cystic with an attenuated lining, the possible
presence of cilia in these tumors further confounds their dis-
tinction from branchial cleft cyst. Further, branchial cleft cysts
can also express p16. Therefore, in a neck mass where the
differential diagnosis is between branchial cleft cyst and cystic
metastasis from squamous cell carcinoma, definitive HPV
(PCR or ISH) studies can be very helpful, as branchial cleft
cysts are negative for HPV [6, 7].
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Nomenclature and grading of HPV-related head
and neck squamous cell carcinomas

Given their non-keratinizing and basaloid morphology, HPV-
related HNSCCs are often diagnosed as poorly differentiated

squamous cell carcinoma. However, this poorly differentiated
designation is at odds with the facts that typical HPV-related
HNSCC resembles the reticulated crypt epithelium from
which most of them arise, and that they carry a better

Fig. 7 Like branchial cleft cysts, ciliated HPV-related carcinomas (a)
contain focal cilia (b) and show expression of p16 (not shown), but unlike
branchial cleft cysts, ciliated HPV-related carcinomas contain high-risk
HPV (positive RNA in situ hybridization) (c). Area shown at high power
in b is marked with an arrow in a

Fig. 6 a HPV-related carcinoma with adenoid cystic-like features dis-
plays hypercellular nests of blue cells with microcystic and cribriform
architecture, surface dysplasia, b p16 expression, and c integrated high-
risk HPV RNA signals by in situ hybridization
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prognosis than HPV-negative HNSCC. Therefore, HNSCC
showing prototypical HPV-related morphology (excluding
the small cell and large cell neuroendocrine and sarcomatoid
variants) and evidence of HPV infection should be referred to
as Bsquamous cell carcinoma, HPV-related^ or Bsquamous
cell carcinoma, p16-positive,^ and a grade should not be given
[6, 7]. The term Bnon-keratinizing^ can be added as appropri-
ate, but as mentioned above, use of the term basaloid is dis-
couraged given the potential confusion with the HPV-
unrelated basaloid squamous cell carcinoma that shows a
much more aggressive clinical behavior than classic HPV-
related HNSCC of the oropharynx.

When and how to test for HPV in head and neck
carcinomas

A wide range of methods are available for HPV testing in
HNSCC, from routine histology, p16 immunohistochemistry,
PCR, and ISH for high-risk HPVDNA, PCR for the E6 and E7
proteins, RNA ISH, and combinations of these methodologies.
While, at the current time, there is no universally agreed-upon
method or algorithm for testing for HPV in HNSCC, it is un-
derstood that testing for HPV in HNSCC should only be direct-
ed at the high-risk HPV subtypes and the decision to test should
not be influenced by a patient’s smoking history.

The E7 protein, a result of transcriptionally active HPV
infection, inactivates the Rb protein, which normally inacti-
vates p16. Therefore, HPV-induced tumorigenesis leads to ac-
cumulation of the p16 protein, a protein that normally inhibits
cyclin-dependent pathways of cellular proliferation. In contrast,
smoking- and alcohol-related HNSCCs typically show reduced
levels of p16 owing to mutation and hypermethylation of the
p16 gene. Therefore, p16 immunohistochemistry is a cheap and
readily available surrogate marker for the presence of HPVand
in the oropharynx is approximately 100% sensitive for detect-
ing HPV-induced tumorigenesis. While p16 immunohisto-
chemistry shows reduced specificity (∼80–85%) as compared
to DNA- and RNA-based methods of HPV detection, the pres-
ence of p16 overexpression in oropharyngeal squamous cell
carcinomas is biological evidence of HPV tumorigenic effect
with its resultant prognostic benefits. p16 is considered to be
positive in HNSCC when ≥70% of tumor cells show strong
nuclear and cytoplasmic staining [29].

PCR for high-risk HPVDNA is highly sensitive but suffers
from uncertain specificity given the ability of PCR to amplify
small amounts of Bpassenger^ non-tumorigenic HPV DNA.
On the other hand, ISH for HPV DNA has the advantage of
directly visualizing integrated HPV DNA signals in a tumor
cell’s nucleus, eliminating the problem of passenger DNA that
confounds PCR results. Further, ISH for HPV DNA can be
automated and is easily integrated into routine histology lab-
oratories. However, DNA ISH tests suffer from reduced

sensitivity compared to p16 immunohistochemistry and
PCR-based methods [29, 30]. RNA ISH offers the same lo-
calization to tumor cell nuclei but confirms that HPV DNA is
being actively transcribed, further confirming its tumorigenic
role. However, at the current time, HPV RNA ISH must be
performed by hand, limiting its use in most laboratories [31].

Given the reduced specificity of p16 and the reduced sen-
sitivity of ISH-based tests, some have advocated for an ap-
proach to HPV testing in HNSCC that uses a combination of
methods. For example, if an oropharyngeal SCC shows pro-
totypical non-keratinizing morphology but shows focal or
equivocal p16 expression, an additional HPV-specific method
such as ISH for HPV DNA or RNA should be employed as a
final arbitrator [32]. If such a prototypical non-keratinizing
SCC of the oropharynx showed overexpression of p16, how-
ever, no additional testing would be needed.

Several different clinical scenarios where HPV testing in
HNSCC is used will be presented with recommendations,
based on current consensus guidelines [32], for the best plat-
forms used to test for HPV given each scenario.

Non-keratinizing squamous cell carcinoma of the orophar-
ynx In cases of oropharyngeal squamous cell carcinomas that
display non-keratinizing histology, p16 positivity carries a
near 100% positive predictive value for HPV infection.
Therefore, in OP HNSCC with typical HPV morphology,
p16 positivity alone can be used to identify the tumor as
HPV related.

Keratinizing squamous cell carcinoma of the oropharynx
While keratinizing squamous cell carcinomas of the OP that
show overexpression of p16 have been shown to carry the
same prognostic benefit as confirmed HPV-positive OP
HNSCC [33], the numbers of such cases are small.
Therefore, any oropharyngeal squamous cell carcinoma that
shows histologic deviation from the prototypical HPV-related
morphology (e.g., significant keratinization) and is p16 posi-
tive should probably be tested for HPV by another HPV-
specific methodology (PCR, DNA, or RNA ISH) before di-
agnosing HPV-related squamous cell carcinoma. However, if
a keratinizing squamous cell carcinoma of OP is negative for
p16, no further testing is needed.

Squamous cell carcinoma of non-oropharyngeal sites
Overall, about 9% of squamous cell carcinomas of non-
oropharyngeal sites are positive for HPV, and the presence
of HPV in squamous cell carcinomas of non-oropharyngeal
sites has not yet been shown to carry the same prognostic
benefit as it does in OP sites. Therefore, it is not currently
recommended to routinely test HNSCC of non-OP sites for
HPV by anymethodology. If a clinical scenario or clinical trial
demands HPV testing in non-oropharyngeal HNSCC, then a
HPV-specific assay such as PCR or ISH should be employed,
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given that p16 overexpression in a squamous cell carcinoma
from a non-OP site does not show a strong correlation with the
presence of HPV infection [6, 7, 29, 31, 34].

Squamous cell carcinoma of unknown primary Thirteen
percent of HPV-related OPSCC present initially as neck
masses, and demonstrating that a squamous cell carcinoma in
a neck node is HPV positive shows a strong correlation with an
OP primary, which is important given that many OPSCCs are
clinically and radiographically occult [35]. p16 positivity alone
in a squamous carcinoma in a level 2 or 3 neck node (jugular
chain), especially in the setting of prototypical HPV-related
morphology, is probably sufficient to point toward the OP as
the primary site. p16 positivity alone in a squamous cell carci-
noma in neck nodes outside of level 2 or 3, however, is insuf-
ficient evidence to both definitively point to the OP as primary
site and label it as HPV-related; in this circumstance (p16 pos-
itivity in a squamous cell carcinoma outside of levels 2 and 3),
additional HPV-specific testing should be performed .

In patients with newly diagnosed squamous cell carcinoma
in the lung with a history of head and neck squamous cell
carcinoma, p16 positivity alone would favor a metastasis to
lung if the patient had a history of HPV-related OPSCC. In
patients with history of non-OP HNSCC with a p16-positive
squamous cell carcinoma in the lung, additional HPV-specific
testing should be performed if one is to conclude the newly
diagnosed squamous cell carcinoma in lung is a metastasis
from the head and neck and not a lung primary [6, 7].

Squamous cell carcinoma in head and neck FNA speci-
mens In patients with known OPSCC with unknown HPV
status or in cases of squamous cell carcinoma of unknown
primary, cell blocks prepared from FNA samples should be
tested for high-risk HPV. As cell block samples are often of
scant cellularity and of degenerate nature, p16 immunohisto-
chemistry on cell block material suffers from problems with
interpretation. Indeed, percent thresholds for regarding p16 as
positive are not well established in FNAmaterial as they are in
tissue. In addition, branchial cleft cysts, which may be sam-
pled by FNA, are often p16 positive. Therefore, HPV-specific
methodologies are recommended for HPV testing on FNA
specimens. Liquid-phase HPV assays used in cervical pap
smears are increasingly being used in this context, but they
have yet to undergo widespread validation [29].

Cystic squamous lesions in the neck It is well known that
metastatic HPV-induced head and neck squamous cell carci-
nomas often form cystic neck metastasis and the epithelium
lining these cysts can be quite bland and even show cilia,
invoking the differential diagnosis of a branchial cleft cyst
[16]. It also has been shown that branchial cleft cysts not
uncommonly express p16 [7]. Therefore, in circumstances
where the differential diagnosis of a neck mass is between

branchial cleft cyst and cystic squamous cell carcinoma,
HPV-specific tests are required.

Recurrent and/or metastatic squamous cell carcinoma for
which HPV status has already been established In cases of
HNSCC where the HPV status is known, it is not currently
recommended to retest for HPV should the tumor recur or
metastasize.

Small nest of atypical cells in an oropharyngeal specimen
In oropharynx specimens that show focal small nests of atyp-
ical basaloid epithelial cells that are not clearly recognized as
carcinoma, demonstration of HR-HPV would identify the fo-
cus as carcinoma [7].

Nasopharyng ea l c a rc inoma vs HPV-re l a t ed
lymphoepithelial-like carcinoma of the oropharynx A
lymphoepithelial carcinoma in a head and neck site or neck
lymph node is no longer specific for EBV-driven nasopharyn-
geal carcinoma, given the lymphoepithelial variant of HPV-
related OPSCC. Therefore, both HPV and EBV (EBER ISH)
testing should be performed when a pathologist encounters a
lymphoepithelial carcinoma in a head and neck site. The pres-
ence of HPV in a lymphoepithelial carcinoma points to the
oropharynx as primary. Further, p16 should be negative in
EBV-driven nasopharyngeal carcinoma [18].

Ma in points:

& The oropharynx and sinonasal tract are the head and neck
locations most often affected by HPV-related carcinomas.

& HPV-related small cell carcinomas and HPV-related large
cell neuroendocrine carcinoma of the head and neck are
examples of HPV-related neoplasia of the head and neck
where any prognostic benefit afforded by HPV infection is
overridden by morphology.

& Prototypical HPV-related squamous cell carcinomas of the
oropharynx should not be referred to as poorly differenti-
ated, given their resemblance to the normal reticulated
epithelium of the tongue base and tonsil and their overall
improved prognosis.

& The term ‘basaloid’ should not be used when referring to
an HPV-related squamous cell carcinoma, as it invokes
confusion with basaloid squamous cell carcinoma, an
HPV-unrelated tumor with dismal prognosis.

& Lymphoepithelial carcinomas of the head and neck should
be tested for both HPV and EBV to allow distinction be-
tween HPV-related lymphoepithelial-like carcinoma of
the oropharynx and EBV-driven nasopharyngeal
carcinoma.

& p16 expression by an oropharyngeal squamous cell carci-
noma with prototypical HPV-related morphology is suffi-
cient to diagnose it as HPV-related.
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& Oropharyngeal squamous cell carcinomas showing mor-
phology suggestive of HPV infection but with negative
p16 should be tested for HPV by an HPV-specific
methodology.

& p16-positive oropharyngeal squamous cell carcinomas
that are heavily keratinizing or show variant morphology
should also be tested for HPV by an HPV-specific
methodology.

& p16-negative oropharyngeal squamous cell carcinomas
that are heavily keratinizing or show variant morphology
do not need additional HPV-specific testing.

& Routine HPV testing of a squamous cell carcinoma arising
outside of the oropharynx is not currently recommended.

& Branchial cleft cysts can be p16 positive and therefore
HPV-specific testing is required when the differential di-
agnosis of a cystic neck lesion is between a branchial cleft
cyst and a cystic well-differentiated HPV-related
carcinoma.
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