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There is an increasing body of
literature, in keeping with the rising
incidence, on human papillomavirus

(HPV) and its causative role in cancers of
the cervix, vulva, vagina, anal canal and
penis. More recently, HPV has been
associated with squamous cell cancers of
the head and neck (HNSCC). This review
focuses on HPV related HNSCC, which is
most often manifested in the oropharynx.
Patients with HPV related HNSCC are
typically younger, with reportedly lower
levels of alcohol intake and tobacco usage
than patients whose cancers are caused by
other mechanisms, such as p53 mutations.
The outcome for HPV oncogenic driven
HNSCC, in terms of local control and overall
survival, are markedly better [1]. They are a
specific subset with distinct clinical,
histological and now radiological features
that will be discussed in more detail.

HPV
There are over one hundred subtypes of
HPV, and a new subtype is defined when
certain regions of the virus (E6, E7 and L1)
domains display less than 90% homology
with another variant. Such viruses are small
nonenveloped double stranded DNA viruses.
In some cases HPV can cause benign
papillomas. The oncogenic genotype of HPV
can cause malignant skin or mucosal
transformation. The first documented
evidence of HPV in head and neck cancer
dates back to 1985. The first meta-analysis
was performed in 1998, in which McKaig et
al reviewed 1205 patients with head and
neck cancer and found 416 cases were HPV
DNA positive, an incidence of 34.5% [2].
The proportion of HPV related tumours

varies greatly depending up the site of
primary tumour, with HPV positivity found
most often in the tonsil. A German study
demonstrated this with the rate of HPV
positive tumour of tonsillar tumours
reaching 76% [3]. There are a number of
theories regarding this. One theory is that
the HPV 16 viral infection specifically

targets the reticulated epithelium that lines
tonsillar crypts. Within the genome, the
HPV DNA dysregulates the expression of
oncoproteins E6 and E7. The E6 protein
leads to degradation of p53 through
ubiquitin mediated proteolysis. p53 is
therefore lost, preventing cell cycle arrest at
the G1 phase and induction of apoptosis,
which allows the host DNA to repair. The
loss of p53 tumour suppressor protein leads
to genomic instability. E7 protein binds to
and inactivates the retinoblastoma (Rb)
protein causing the cell to enter S phase,
leading to cell cycle disruption,
proliferation and malignant transformation.
The incidence of HPV positive tumours

of the tonsil has also been highlighted in a
Swedish study, with 23% of tumours
carrying the HPV DNA compared with 93%
in more recent times [4].
Glombitza et al compared HPV status of

primary tumours with their secondary
lymph node metastases and found that, in
keeping with literature, there is an
increased risk of developing lymph node
metastasis should the primary test positive
to HPV DNA. The authors also found a
concordance in HPV status between the
primary and secondary tumours.
Conversely there were no cases of HPV
positive lymph nodes in the presence of a
HPV DNA negative primary [3].

HPV testing
There are a number of reasons to test for
HPV, and although current treatment for
HPV positive cancers is no different from
other HNSCC, HPV status has a role in
prognositication for patients. It is also
emerging as a valid biomarker for the
presence and progress of disease. Knowing
the HPV status of a tumour can encourage
more accurate tumour staging and possibly
in the future lead to selective treatment.
There are a number of methods used to test
for HPV related tumours. The gold standard
detection method is polymerase chain
reaction (PCR) based detection of the E6
oncoprotein expression in frozen tissue
samples. PCR testing from frozen tissue
samples requires a high level of technical
skill however, and is dependent on
adequate amounts of DNA being provided
for analysis. p16 immunostaining is
another, less expensive method for testing
for HPV 16 infection; however testing for
this alone is not sufficient to determine
HPV status with confidence.
In HPV positive tumours, transcription of

the viral oncoprotein E7 inactivates Rb

protein, which leads to upregulation of p16
to levels that can be detected by
immunohistochemistry. There are
disadvantages for using p16 as a surrogate
for HPV positivity. Namely, detection of
p16 can also indicate disruption of the Rb
pathway by other causes and p16 is also
elevated when other HPV subtypes are
involved, therefore is not deemed to be
specific to HPV 16. DNA in situ
hybridisation is another method to test for
HPV and could be tested along with p16
immunostaining to improve accuracy of
detection [5].

Clinical appearances
Clinically, with HPV associated carcinomas
the primary tumour is often small, with
large cystic multi-level lymph nodes. These
cystic lymph nodes have a tendency to
appear on a very rapid basis. It has been
hypothesised that the cysts occur with the
changes in a pseudocyst resulting in
degradation of cellular components and
breakdown of keratin. In general terms HPV
positive tumours are thought to classically
have small primary tumours with large
advanced nodal disease. Anatomically,
primary tumours are more likely to occur in
the oropharynx and have non-keratinsing
histology. There is a trend for such tumours
to occur in younger patients [6].

Radiological appearances
The radiological appearances of HPV
related HNSCC have been investigated and
similar features have been identified.
Goldberg et al undertook a retrospective
review of patients who underwent neck
dissections for head and neck lymph node
metastasis between 2002 and 2004. One
hundred patients were identified and each
histological sample was reviewed for
evidence of HPV DNA. The appearance on
CT scan and MRI was classified into
solid/necrotic or cystic. The authors found
that 20% of all lymph nodes on imaging
were cystic by their criteria. These criteria
included round or ovoid structure with
homogeneous features and thin walls
(Figures 1 & 2). The majority of these
patients had evidence of HPV DNA within
the primary disease or the lymph node
metastasis. Specifically, biologically active
HPV was found in the majority of tonsil or
base of tongue tumours. Not all HPV
positive primary tumours caused cystic
nodal appearances however; it was shown
that HPV DNA was found in most of the
cystic neck nodes tested [7].
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Clinical implications of cystic lymph nodes
Fine needle aspiration (FNA) is used in HNSCC routinely. The
sensitivity of FNA within lymph nodes of the head and neck has
been recorded at 92% with a positive predictive value of 100%.
There are higher false negative rates associated with cystic lymph
nodes than those with solid metastasis. False negative rates of
FNAs within this subset are documented between 30–50%. This is
thought to be due to the absence of cellular features within the cyst
[7]. Accurate investigations for the purposes of staging in HNSCC
are crucial for devising treatment plans. Excision biopsy of large
cystic lymph nodes is therefore recommended. A study by Haerle
et al. in 2010 looked at the use of 18 FDG PET compared with CT
and contrast enhanced CT and contrast enhanced 18 FDG PET. In
summary the authors found a correlation between the maximal
standardised uptake value (SUV max) of the metastatic lymph
nodes and the degree of necrosis. The higher degree of necrosis
appears to lead to a lower SUV max [8] (Figure 3). This could have
implications for detection of lymph node metastasis, however it
remains that the most accurate method for staging is histological.
Contrast enhanced imaging has shown superior results over non-
contrast.

Patterns of metastasis
A Canadian study looked at a cohort of patients retrospectively from
2003 to 2009, comparing HPV positive and HPV negative tumours in
terms of synchronous primaries and distant metastasis. This group
found that HPV positive tumours were less likely to have
synchronous primary tumours. There was also no difference in
distant metastasis rates in either group. However the HPV positive
subset were more likely to have multiple visceral metastasis and
unusual sites of metastasis such as skin metastases, paraspinal
metastasis, axillary metastasis and brain metastasis [9].

Management and prognosis
The standard management for locally advanced head and neck
cancers is either surgery with post operative radiotherapy with or
without chemotherapy or concurrent chemoradiation alone. There
are a number of characteristic features that infer a better prognosis
to standard treatment. These include non-smokers, low alcohol
intake, no comorbidities and good performance status.
The distinct entity of HPV positive HNSCC has a better prognosis

than HPV negative tumours. This may be in part due to increased
sensitivity of these tumours to chemotherapy and radiation and a
functional p53 gene [5]. Attempts have also been made to stratify
tumours according to HPV status, smoking history and tumour
stages, but although this looks promising, it has yet to be validated
prospectively.
Treatment toxicity, both in regard to acute and long-term effects,

can be extremely debilitating. It is not yet known if the therapeutic
ratio can be altered with the aim to maintain overall survival and
local control rates with a reduction in late morbidity.

Summary
HPV related head and neck cancer is a distinct disease entity. The
HPV status of a patient is a prognostic indicator of overall survival
and may predict response. Clinically and radiologically the cervical
lymph node metastases of these tumours appear to demonstrate
unique cystic features with lower glucose uptake on PET. Further
studies investigating the therapeutic ratio of treatments are required
before standard treatments can be altered. n
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