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N

Nodes (extent of lymph node involvement by
metastatic disease in TNM staging)

OPSQCC  Oropharyngeal squamous cell carcinoma

PCR Polymerase chain reaction

Rb Retinoblastoma

RNA Ribonucleic acid

SQCC Squamous cell carcinoma

T Tumor (primary tumor description in TNM

staging)

Key Terminology

IHC A laboratory technique that allows the visualization
of specific antigens in tissue by conjugating them to
complementary antibodies with a reporter molecule.
Common reporters are enzymes such as horseradish
peroxidase. Enzymatic activation of the reporter leads
to the production of a colored product that can be
visualized with light microscopy

ISH A DNA or RNA detection method that uses comple-
mentary probes to bind and identify specific DNA or
RNA sequences. The probes can be conjugated to
fluorescent or chromogenic reporter molecules, which
can be detected using fluorescence or light micros-
copy, respectively

PCR Molecular method that exponentially amplifies DNA

sequences targeted by specific primers using a heat-
stable DNA polymerase. This allows identification of
targeted DNA sequences and their subsequent
sequencing or other manipulations, if required
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Key Points

e HPV-positive OPSQCC have a better prognosis and
outcome than conventional head and neck SQCC

e HPV 16 is the most common HPV type associated
with OPSQCC

e pl6 IHC is a commonly used surrogate marker for
hrHPV detection and is highly sensitive and moder-
ately specific in surgical pathology specimens; how-
ever criteria for detecting hrHPV using pl6 in
cytology specimens is not well defined

¢ In surgical pathology specimens, p16 IHC is recom-
mended as the first-line test for HPV and may be
supplemented with other testing modalities if needed

e hrHPV can be detected using DNA and RNA isola-
tion techniques that are highly specific and have vari-
able sensitivity

e Current CAP guidelines recommend HPV testing in
all cytologic material in cases of known or suspected
OPSQCC when the HPV status is unknown or in
cases of metastatic SOCC of unknown primary

e There is currently no preferred first-line test for
cytology specimens

e While a positive pl6 IHC result is considered to be at
least 70% nuclear and cytoplasmic staining of at least
moderate intensity in surgical pathology specimens, in
cytologic material, the threshold for a positive p16 result
needs to be individually validated in each laboratory

e Equivocal p16 IHC can be followed up by HPV PCR
or ISH testing

e hrHPV testing performed on cytology specimens should
be rigorously validated and interpreted with caution

e Negative HPV testing results in cytologic material
should be repeated if a subsequent surgical pathol-
ogy specimen becomes available

¢ In cases of metastatic SQCC of unknown primary,
EBER testing should be performed either concur-
rently with HPV testing or in cases that prove to be
HPV negative
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Head and neck cancers encompass a variety of tumor
types of the upper aerodigestive tract and salivary glands.
Work over recent decades has shown significant molecular
and clinical differences among head and neck tumor types.
One of the most notable advances has been the recognition
of human papillomavirus (HPV)-associated oropharyngeal
squamous cell carcinoma (OPSQCC) as a distinct epidemio-
logic, morphologic, and molecular variant from non-HPV-
associated head and neck squamous cell carcinoma [1].
High-risk HPV (hrHPV) has been detected in 70% of oro-
pharyngeal carcinomas and is often associated with a nonke-
ratinizing basaloid morphology and a distinct clinical course
with a more favorable outcome [2-5]. In particular, HPV type
16 has been shown to be most commonly associated with
OPSQCC, being found in approximately 90% of cases, with
HPV 18 being present in the majority of the remainder of
cases [1, 6]. Although HPV has been detected in other head
and neck carcinomas, the role and significance of HPV in
these tumor types is less well defined [7]; therefore, HPV test-
ing is currently only recommended for known or suspected
cases of primary OPSQCC [8].

The HPV status of OPSQCC has been shown to be an
independent prognostic factor for survival [5], and patients
are now considered for deintensified therapy regimes in clini-
cal trials based on tumor HPV status [4]. The recently pub-
lished American Joint Committee on Cancer (AJCC) 8th
Edition Cancer Staging System now considers high-risk
HPV-associated (pl6-positive) OPSQCC in its own chapter
and incorporates different staging based on whether an
OPSQCC is p16 positive or p16 negative [9]. These important
insights have been gained from studies evaluating p16/HPV
status on surgical pathology specimens.

There are two main scenarios in which the role of fine-
needle aspiration (FNA) is increasingly important in the
diagnosis and management of these HPV-associated
OPSQCC patients. Firstly, many patients have metastatic
nodal disease at initial presentation, as HPV-associated
OPSQCC commonly presents with low tumor (T) but high
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nodal (N) stage disease. FNA of involved lymph nodes, rather
than a biopsy of the known primary site, is often the diagnos-
tic method of choice. The second scenario is in patients pre-
senting with metastatic disease of unknown primary site. This
is the mode of presentation in 34% of patients with HPV-
associated OPSQCC [10], making cytologic material often
the only substrate available for both diagnosis and molecular
work-up. In patients with metastatic SQCC of unknown pri-
mary site, Epstein-Barr virus (EBV)-associated nasopharyn-
geal carcinoma is also an important consideration. In situ
hybridization for EBV-encoded RNAs (EBER) should be
performed in HPV-negative specimens or tested concurrently
with HPV.

The use of FNA material for HPV detection poses its own
unique advantages and challenges. Metastatic OPSQCC can
often present as necrotic and cystic nodal deposits with scant
viable material for testing and a necrotic background that
may interfere with testing [11]. Nevertheless, FNA remains an
effective, low-cost, and minimally invasive method to rapidly
evaluate a patient presenting with lymphadenopathy of
unknown primary. Molecular testing of FNA material is also
of particular value in patients presenting with SQCC follow-
ing a history of a prior HPV-positive OPSQCC. In the lung,
pl6 testing can be used on FNA specimens to distinguish
between metastases from an OPSQCC and a primary lung
basaloid SQCC, which may be difficult to distinguish on mor-
phological or clinical grounds alone. In this scenario, a posi-
tive p16 result is not entirely specific for HPV but suggests a
metastasis in patients with a known history of HPV OPSQCC
[12]. The recently published College of American Pathologists
(CAP) guidelines for HPV testing in head and neck carci-
noma now recommend hrHPV testing in all FNA specimens
of SQCC in patients with known but previously untested
OPSQCC, in patients with a suspected OPSQCC, or in a
patient with metastatic SQCC of unknown primary [8].
Currently there is no specific recommendation for a pre-
ferred testing methodology in cytology specimens, but regard-
less of which testing method is used, internal laboratory
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validation must be performed. If a hrHPV test is negative in
a cytology specimen, follow-up hrHPV testing should be per-
formed on subsequent surgical pathology specimens, if and
when they become available. The discussion below addresses
the main types of testing methodologies available and how
they relate to HPV testing in cytologic material, predomi-
nantly referring to cell block preparations with additional
discussion of newer liquid-based testing modalities (summa-
rized in Table 9.1).

pl6 Immunohistochemistry

The most frequently used HPV testing modality in surgical
pathology material is p16 immunohistochemistry (IHC). This
method detects the presence of the pl6INK4a protein, a cell
cycle regulator, which is upregulated during HPV infection
and has been shown to be a reliable surrogate marker for
hrHPV infection [13]. p16 THC is the preferred first-line sur-
rogate marker for the detection of hrHPV in surgical pathol-
ogy specimens as it is highly sensitive, widely available, and
relatively inexpensive to perform. The most commonly used
pl6 antibody is the E6H4 clone (Ventana Medical Systems,
Inc., Oro Valley, AZ), which has recently been found to be the
most specific and reliable p16 antibody in OPSQCC speci-
mens, even at dilute concentrations [14, 15]; however, CAP
guidelines do not specifically endorse any specific antibody
or technique for p16 IHC [8]. In histologic tissue specimens,
p16 is a highly sensitive marker (up to 100%) for the detec-
tion of HPV but has a specificity of approximately 80% [16-
18]. CAP guidelines recommend at least 70% moderate to
strong nuclear and cytoplasmic p16 positivity in tumor cells in
order to report a positive result [8]. Currently, these guide-
lines refer mainly to surgical pathology specimens, with all
testing carried out on formalin-fixed, paraffin-embedded
(FFPE) tissue; there is no clear consensus on the interpreta-
tion of pl6 IHC on cytologic material. Recent studies have
attempted to answer this question and found p16 testing on
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cytologic material resulted in variable sensitivities and speci-
ficities with suggested cutoffs for positivity ranging from 10%
to 90% [11, 19, 20]. It is, therefore, prudent to interpret lim-
ited p16 IHC staining on cytologic material with caution, as
specimen processing, low cellularity, and the presence of
necrosis may all affect staining. CAP guidelines indicate that
the threshold for determining a pl6-positive result in cyto-
logic material needs to be individually validated in each labo-
ratory. We favor reporting pl6 positivity on a cytology
specimen when there is strong nuclear and cytoplasmic stain-
ing in the majority of cells in an at least moderately cellular
specimen (Fig. 9.1). In cases with an equivocal result, subse-
quent HPV detection methods can be performed, as dis-
cussed below. A potential pitfall in the interpretation of p16
immunostaining is that p16 positivity has been reported in a
number of non-HPV-related SQCC, in addition to other
tumor types, including oropharyngeal small cell carcinoma,
sinonasal undifferentiated carcinoma, clear cell carcinoma of
the salivary glands, and HPV-related multiphenotypic sinona-
sal carcinoma [21-24]. Indeed, p16 positivity has also been
reported in benign lymphoepithelial cysts [25]. Therefore, as
pl6 is a surrogate marker for HPV infection, a positive p16
result should always be interpreted in the context of the cyto-
morphology and the given clinical and radiological informa-
tion. Despite these potential confounders, CAP guidelines
consider pl6 positivity alone adequate evidence of an HPV-
associated OPSQCC when there is a known oropharyngeal
primary or when there is a metastatic SQCC of unknown
primary in upper or middle jugular lymph nodes with typical
nonkeratinizing morphology [8].

»

Ficure 9.1 FNA of HPV-associated OPSQCC. (a) The cell block
demonstrates characteristic basaloid cells with mitotic activity and
apoptotic debris (x1000). (b) Positive p16 immunocytochemistry on
cell block material demonstrates strong and diffuse nuclear and
cytoplasmic staining in the majority of cells (x1000). (¢) Concurrent
positive HR DNA ISH is seen as punctate dot-like hybridization
signals in tumor nuclei (x1000)
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RNA [In Situ Hybridization (ISH)

The demonstration of transcriptionally active hrHPV is con-
sidered a gold standard for the diagnosis of a HPV-related
malignancy. Viral oncoproteins E6 and E7 play an essential
role in pathogenesis as they bind and disrupt cell cycle
regulators TP53 and retinoblastoma (Rb) proteins, respec-
tively [26]. The detection of E6/E7 mRNA by in situ hybrid-
ization (ISH) allows the direct visualization of hrHPV
transcripts in FFPE tissue using chromogenic probes and
light field microscopy. RNA ISH has been shown to be a sen-
sitive marker for the presence of hrHPV and may be more
sensitive than DNA ISH due to amplification of mRNA in
the sample. RNA ISH has been shown to have strong agree-
ment with pl6 immunostaining, with a concordance rate of
96.4% [27]. RNA ISH may be able to detect cases of HPV
infection when low copy numbers result in a negative DNA
ISH result [28]. Until recently, RNA ISH has not been widely
available as the hybridization and staining process were not
automated. Recent work has demonstrated the utility of an
automated hrHPV E6/E7 RNA ISH method which can
detect the 18 most common types of HPV in a single assay,
with sensitivity approaching 100% in OPSQCC specimens
[29]. RNA ISH can be performed on cytology cell block
material (FFPE), although there are no specific studies exam-
ining any potential differences between HPV RNA ISH in
cytology cell blocks and surgically obtained FFPE tissue.

DNA In Situ Hybridization (ISH)

DNA ISH uses DNA probes, which are complementary to HPV
viral DNA sequences, to detect HPV DNA in FFPE.
Chromogenic probes allow direct visualization of HPV DNA in
tumor cells using light microscopy, whereas fluorescent probes
can also be used with fluorescence microscopy. DNA ISH is a
highly specific method for HPV identification, with only a 1%
false-positive rate reported [30]. It has been recommended that
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a combination of sensitive p16 IHC and specific DNA ISH test-
ing be employed for HPV detection [17]. A recent study evalu-
ated the interpretation of DNA ISH on cytology cell blocks and
found that approximately 30% of the cases were scored as dif-
ficult or moderately difficult to interpret [31]. The authors cited
weak or non-specific staining as a barrier to interpretation and
noted that there is often background debris or necrosis which
may hinder interpretation. In cases where the result of DNA
ISH appears negative or equivocal in a pl6-positive cytology
case, further hrHPV polymerase chain reaction (PCR)-based
testing could be performed as a confirmatory test.

HPV Polymerase Chain Reaction (PCR)

HPV PCR can be performed on FFPE or non-formalin-fixed
cytology specimens (smears, liquid-based cytology) and is one of
the most commonly used methods for HPV detection. Studies
have shown that PCR for HPV DNA is highly sensitive when
performed on OPSQCC biopsies [32]. Commonly used primers,
GP5+ and GP6+, detect both low- and high-risk HPV DNA [33].
A drawback of the PCR method is that it cannot distinguish
between episomal and integrated DNA and therefore may
detect the presence of HPV that is not transcriptionally active
and therefore not clinically relevant. Specificity can be improved
by utilizing multiplex assays such as PCR mass array and target-
ing the L1 gene of HPV [34]. One study examined PCR testing
of scraped FNA smear material and demonstrated that this
method had approximately 95% sensitivity and 100% specificity
when compared to p16 testing of paired surgical specimens [35].

Liquid-Phase Assays

In addition to immunohistochemical and molecular testing on
FFPE tissue, evaluation of HPV status can be performed using
liquid-based assays. There are currently five FDA-approved
assays that are widely used for the detection of hrHPV in
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cervical cytology brushings and could be readily applied to
head and neck OPSQCC FNA material. One such method is
the Hybrid Capture 2 assay (Digene Corporation, Gaithersburg,
MD), which is a liquid-phase hybridization assay using RNA
probes to detect up to 13 hrHPV types. Pilot studies have dem-
onstrated that the Hybrid Capture 2 assay is comparable to p16
immunohistochemistry and ISH for hrHPV detection in FNA
material [36]. Another FDA-approved liquid-phase test for
hrHPV types 16 and 18 is the Cervista assay (Hologic Inc.,
Bedford, MA), which uses a proprietary signal amplification
method for the detection of specific DNA sequences. The
Cervista assay has been found to have >90% agreement with
concurrent p16 or ISH testing for hrHPV in FNA specimens of
head and neck OPSQCC [37]. The Cobas 4800 test (Roche
Molecular Systems, Pleasanton, CA) is an automated platform
that performs real-time PCR on extracted DNA to detect
hrHPV 16/18 and 12 additional high-risk strains. It has been
demonstrated that the Cobas 4800 test has >90% agreement
with concurrent p16 or DNA ISH testing for hrHPV in FNA
specimens of head and neck OPSQCC and has a sensitivity of
100% and specificity of 86% [38]. The overall benefits of lig-
uid-phase testing include the fact that special specimen pro-
cessing requirements are minimal and the process is automated,
resulting in greater reproducibility and short turnaround times.
The high sensitivity and quick turnaround make liquid-based
testing especially attractive as a screening test for patients with
suspected hrHPV-associated OPSQCC.

Summary

The implementation of HPV testing in head and neck carci-
nomas, namely, OPSQCC, has revolutionized the manage-
ment and prognosis for patients with hrHPV-positive
OPSQCC. These patients may be spared extensive chemo-
therapy and radiotherapy regimes and overall have better
outcomes than patients with conventional OPSQCC. There
are a number of testing modalities available for the detection
of hrHPV including evaluation of the surrogate marker p16
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by IHC and direct detection of the virus by RNA and DNA
isolation methods. Both the AJCC and CAP now recommend
hrHPV testing as part of the work-up of OPSQCC. A posi-
tive p16 is reported for surgical specimens when at least 70%
moderate to strong nuclear and cytoplasmic staining is pres-
ent in tumor cells. The clinical relevance of HPV testing of
head and neck carcinomas outside the oropharynx has not
been established, and therefore routine HPV testing of these
tumors is not currently recommended. The reporting of the
HPV status of an OPSQCC should be included in the top-line
diagnosis. Tumor grade or differentiation status is not reported
as this does not impact prognosis in HPV-positive tumors.
Preferred terminology is HPV-positive or pl6-positive SQCC
with a description of the testing method used and result
included in the report.

For cytology specimens, CAP guidelines recommend hrHPV
testing on all FNA specimens of known or suspected OPSQCC
when hrHPV status has not previously been established and
for metastatic SQCC of unknown primary. However, the
choice of method of hrHPV testing in cytology specimens is
left up to the pathologist or laboratory performing the test.

There is no single perfect test for HPV detection, and as dis-
cussed above, each test type has its own limitations and advan-
tages (Table 9.1). Rigorous laboratory validation is essential for
all HPV testing methods. The adequacy of the cytology speci-
men is paramount to reliable HPV testing, and evaluation of
adequacy at the time of FNA is recommended to ensure optimal
sampling. Until widely validated criteria for HPV testing in cyto-
logic material are established, it is incumbent upon practicing
pathologists to judiciously report HPV status and ensure that
testing performed at the individual institution is thoroughly vali-
dated in order to provide optimal patient care.
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