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A B S T R A C T

Recent studies have revealed an important and intriguing role for human papillomavirus

(HPV) in head and neck squamous cell carcinoma (HNSCC). There are indications that

the prevalence of HPV-positive HNSCC has recently increased, and genetic analyses point

to a completely distinct class of HNSCCs. Most studies suggest that patients with this type

of tumour have a better prognosis and some argue that an adjusted therapeutic approach is

needed. One crucial point in the research of HNSCC–HPV involvement has often been

neglected, which is the lack of a standardised assay to detect HPV. This has resulted in a

considerable variation in the frequency of HPV-positive tumours between studies reported

thus far. Especially for PCR-based tests, the risk exists that the assay is too sensitive and

detects virus without implying a causal involvement in HNSCC. A reliable algorithm to

detect a clinically relevant HPV infection in formalin-fixed paraffin embedded tissue has

recently become available. Here, we address important biological and analytical aspects

of HPV involved in the development of HNSCC and it is emphasised that a standardised

HPV assay is a prerequisite for assessing the clinical importance of a HPV infection in

HNSCC.

� 2009 Elsevier Ltd. All rights reserved.
alcohol consumption are well established risk factors for
1. HPV in HNSCC

Oral and oropharyngeal squamous cell carcinomas constitute

together with hypopharyngeal and laryngeal squamous cell

carcinomas and several other entities the group of head and

neck squamous cell carcinomas (HNSCCs). HNSCCs comprise

about 5% of all newly diagnosed cancer cases in North-Wes-

tern Europe and the United States, and they are the fifth most

common cancer worldwide.1 Tobacco smoking and excessive
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HNSCCs. Recent studies have revealed human papillomavirus

(HPV) infection, particularly HPV type 16 (HPV-16), as an aeti-

ological factor for HNSCCs.2 Data from numerous (nested)

case-control studies, in part based on serology, point to HPV

infection being a risk factor for most notably oropharyngeal

cancer.3 Molecular differences were found between HPV-posi-

tive and HPV-negative HNSCCs, at the DNA,4–6 the mRNA,7–10

and the protein level,11 supporting the idea of two separate
.
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carcinogenic pathways to HNSCC: one determined by life-

style carcinogens and the other by HPV.5,7,12 Patients with

HPV-positive HNSCC are generally younger, have a history of

less tobacco usage, have had a higher exposure to marijuana,

and have had more oral sex partners as compared to those

with HPV-negative carcinomas.13,14 Moreover, most studies

show a better prognosis for HPV-positive HNSCCs, although

there is some controversy.15,16 The demonstration of HPV in

a HNSCC may have essential consequences.3

A serious problem in research in this field, which may

undermine the true importance of HPV for HNSCC patients,

is that no consensus consists on how to identify HNSCCs that

are attributable to HPV. There are many assay variables that

differ between studies making it intricate to compare various

studies and generalise results. For instance, the variation in

prevalence between studies is surprisingly large; some stud-

ies report 14% HPV-positive oropharyngeal cancers,17 whereas

others observe 72%.14 Nevertheless, when analysing sixty dif-

ferent studies, Kreimer et al. found several distinct trends.18

Overall, HPV-16 prevalence was significantly higher in oro-

pharyngeal SCCs (mean value of 35%) than in oral (23%) or lar-

yngeal SCCs (24%); in particular SCC of the tonsil is often

caused by SCC. Prevalence of HPV-16 is higher in the United

States and Asia than in Europe (mean values of 47% versus

28%).18

This perspective addresses important biological and ana-

lytical aspects of HPV involved in the development of HNSCC

and it is concluded that a standardised HPV assay is a prere-

quisite for assessing the full clinical importance of a HPV

infection in HNSCC.
2. Aetiology and biology of HPV in HNSCCs

Human papillomaviruses are epitheliotropic DNA viruses

with a genome of approximately 8 kb. Over 100 genotypes

of HPV have been recognised, of which about 15 are consid-

ered to be oncogenic (high risk, HR) in squamous epithe-

lium.19 HR-HPV is aetiologically involved in almost all

cervical cancers. HNSCC belongs together with vulvar and

penile cancers to the cancer types in which a proportion

can be attributed to HR-HPV. The virus produces two onco-

proteins encoded by the E6 and E7 genes, which are respon-

sible for the induction of the transformed phenotype of the

epithelial cells. Both E6 and E7 bind to multiple cellular tar-

gets, leading to abrogation of important cellular processes

like cell cycle control and apoptosis.20 The interactions that

are proposed to be most relevant are the binding of E6 to

the tumour suppressor gene product p53,21 and the binding

of E7 to the retinoblastoma tumour suppressor gene product

pRb.22,23 Abnormal expression of E6 and E7 in proliferating

cells of squamous epithelium is believed to initiate transfor-

mation mediated by this virus24,25 and this phenomenon is

associated with an accumulation of p16INK4a, a product of

CDKN2A regulating pRb activity, in the proliferating cell lay-

ers of the epithelium.25–27 In vitro studies have shown that

HR-HPVs are able to immortalise primary human keratino-

cytes, including those of the oral cavity, and upon prolonged

culturing it was found that fully tumourigenic clones can

emerge.28 This process of in vitro progression to a tumouri-
genic phenotype coincides with an accumulation of specific

(epi-)genetic alterations of cancer genes, mediated by genet-

ic instability induced by continuous expression of E6 and

E7.29 Interference with E6 and E7 expression in cancer cell

lines results in the loss of the transformed phenotype, indi-

cating that HR-HPV is essential not only for the initiation,

but also for the maintenance of the malignant phenotype.30

It must be noted that the development of HR-HPV-induced

cancers may last for decades, and that multiple additive

crucial (epi-)genetic alterations are considered to be essen-

tial throughout the carcinogenic process.25
3. Detection of HPV

The frequency of HR-HPV positive tumours in HNSCC shows a

considerable variation between the studies reported thus far.

Tumour site and many technical aspects influence the out-

come of these analyses. In addition, different results may be

obtained when using frozen or paraffin material.31 Another

problem is associated with the type of assay and the criterion

of positivity. With the presently available assays with extre-

mely high analytical sensitivities, the term ‘positive’ must

be regarded with caution. There is the risk that the test is

too sensitive and detects virus without underlying biological

or clinical consequences. In this respect, the analytical sensi-

tivity and specificity should be discriminated from the clinical

ones, the latter pointing to virus-induced disease instead of to

coincidental virus infections.32 There is sufficient evidence

that increased analytical sensitivities of assays result in de-

creased clinical specificities (i.e. more positive test results in

the absence of virus-induced disease).32,33 Thus, a positive

HR-HPV-test does not automatically mean that the virus has

been involved in the initiation or maintenance of

carcinogenesis.

Many assays for HPV detection are available at present,

each with its own analytical sensitivity.34 There are the PCR-

based assay systems, often linked to a specific genotyping

system. Very sensitive systems are Amplicor35 and SPF1036

as well as various type-specific PCR methods, whereas

GP5+/GP6+-PCR37 and PGMY38 are somewhat less sensitive

in detecting HPV. In addition, methods are available that are

based on DNA hybridisation with specific labelled RNA

probes, such as HC2 (from Digene).39 ISH (in situ-hybridisa-

tion) can also be applied to detect HPV in slides (scrapes or tis-

sue sections)40 and examples are Inform� HPV test from

Ventana and the GenpointTM system from Dako. There is

strong evidence that various methods differ in their perfor-

mance of detecting HPV-related disease,32 and for cervical

screening purposes guidelines have been formulated for

HPV test requirements to ensure high specificity and at the

same time high sensitivity for clinically relevant disease.41

Notably, detection of very low viral copy numbers in cervical

specimens does not reflect (risk of) high grade disease.42 This

likely also holds true for head and neck cancer, and is sup-

ported by recent findings of Cohen and colleagues, indicating

that amongst tonsillar cancers with detectable HPV, only the

presence of higher HPV copy numbers was associated with

a different clinical course compared to that of HPV-negative

carcinomas.43
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4. Standardised detection of clinically relevant
HPV in HNSCC

What is the best way to detect aetiological involvement of HR-

HPV, meaning that the virus was implicated in the initiation

and maintenance of the cancer phenotype? Data from recent

studies suggest that detectable expression of E6 and E7 mRNA

in carcinomas is a reason to assume that the virus has been

aetiologically involved.44 Convincing arguments in favour

are provided by genetic studies: the mRNA expression of E6

and E7 runs parallel with a characteristic geno- and pheno-

type that can be detected by loss of heterozygosity (LOH), ar-

ray comparative hybridisation and array expression

analysis.4,5,7 Measuring this, however, has limited applicabil-

ity, as high quality freshly frozen material is needed with in-

tact mRNA. A recent multi-centre study compared various

HPV detection techniques that used paraffin-embedded tis-

sue and had frozen tissue as the reference.45 LOH analysis

had been used as evidence for viral involvement. HPV-E6

could be measured with an RT-PCR-based method with prim-

ers especially designed for the use in paraffin material, but its

application was restricted to HPV-16. More importantly, an

algorithm was developed for HPV detection in paraffin mate-

rial that combines satisfactory performance with the option

for high-throughput analysis. This is based on the combina-

tion of two tests: a p16INK4a immunostaining upfront, fol-

lowed by HPV-DNA PCR (e.g. GP5+/6+) on the p16 INK4a-

positive cases. In this published series a 100% sensitivity

and 100% specificity could be reached, taking an aberrant

LOH profile and the mRNA expression of E6 on fresh-frozen

material as reference.45 Other methods were compared, but

were less sensitive (FISH) or less specific (antibody detection

in serum). This study was based on a small series and only

a part of all available HPV detection methods were addressed.

It cannot be excluded that other technique(s) or combina-

tion(s) of assays are just as good or even better. Choice of

the best assay method is facilitated by the fact that HPV-posi-

tive HNSCCs possess a unique genetic profile.4–6 The ultimate

aim is to establish a standardised HPV–HNSCC assay. In addi-

tion, to be able to compare different studies, we would like to

advocate that the authors provide details in their publications

on the protocols that have been used for identification of HPV-

positive HNSCCs.
5. Clinical importance of HR-HPV in HNSCCs

Thus far, the definitive picture has not yet emerged regarding

the relation between survival and a HR-HPV infection, and

some important issues remain unsolved. The majority of

the studies done before 2007 indicated a trend towards a bet-

ter survival and a lower risk of recurrence for patients with a

HR-HPV-positive HNSCC, and the average risk of death col-

lected in large number of studies was reduced by 18% in pa-

tients with HR-HPV positive carcinomas in comparison with

those with HPV-negative carcinomas.15 This positive HR-

HPV-effect has also been observed in other more recent re-

ports studying oropharyngeal carcinomas.26,46,47 Still, there

are issues to be resolved: some studies report a worse survival

in case of HR-HPV positive carcinomas, because of a higher
risk of local recurrence.15,48 In addition, the positive effect of

HR-HPV on overall and disease-specific survival was only ob-

served for oropharyngeal carcinomas,15 suggesting that HPV-

positive oropharyngeal carcinomas are aetiologically differ-

ent from tumours from non-oropharyngeal sites. Also, it can-

not be excluded that HR-HPV has been scored falsely positive

in the latter group. As stated above, part of the controversy

may be attributed to variations related to the type of tissue

investigated and assay employed.

Improved survival observed for patients with a HPV-posi-

tive carcinoma may be related to type of treatment. Prelimin-

ary data from small studies indicate that HPV-positive

tumours are more likely to respond to induction chemother-

apy47 and to radiation.49 However, in another study a possible

better effect of radiation in HPV-positive tumours was not ob-

served.50 The biological basis of the improved survival among

the HPV-positive patients is unclear at present.

To make headway in HPV–HNSCC research three perti-

nent issues should urgently be clarified: (1) what is preva-

lence of HNSCC with aetiologically involved HPV, (2) do

these patients have improved survival and (3) is there an ef-

fect of therapy? There are basically two approaches to solve

these questions and these could run in parallel. The first

option is to perform a retrospective study in a cohort of

treated HNSCC patients (preferably from multiple centres).

This population should contain a number of patients that

would allow for comparing various treatment arms and

the difference by HPV-status. Paraffin blocks of the tumours

will be needed and the HPV status should be determined

with a reliable detection assay. Considering treatment arms

it would be interesting to compare protocols with and with-

out radiotherapy. The second option is to perform a pro-

spective study with HPV status as the study variable. This

would be an observational study in which all patients will

receive the same treatment. A more practical approach

along the same line is a randomised trial comparing two

treatment arms, with stratification for HPV status. A sec-

ondary aim of the study would be the analysis of the inter-

action between HPV and type of treatment.
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