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Abstract

Head and neck cancer is the sixth most common cancer with over 500,000 
annually reported incident cases worldwide. Besides major risk factors of 
tobacco and alcohol, oropharyngeal squamous cell carcinomas (OSCC) 
show increased association with human papillomavirus (HPV). HPV-as-
sociated and HPV-negative OSCC are 2 different entities regarding biolo-
gical characteristics, therapeutic response, and patient prognosis. In HPV 
OSCC, viral oncoprotein activity as well as genetic (mutations and chro-
mosomal aberrations) and epigenetic alterations play a key role during 
carcinogenesis. Based on improved treatment response, the introduction 
of therapy de-intensification and targeted therapy is discussed for pa
tients with HPV OSCC. A promising targeted therapy concept is immu-
notherapy. The use of checkpoint inhibitors (e. g., anti-PD1) is currently 
investigated. By means of liquid biopsies, biomarkers such as viral DNA 
or tumor mutations will be available for disease monitoring as well as 
detection of treatment failure. By now, primary prophylaxis of HPV OSCC 
can be achieved by vaccination of girls and boys.
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1. Introduction and Summary
Oropharyngeal squamous cell carcinoma (OSCC) is the only head 
and neck tumor entity with clearly increasing incidence. Infections 
with oncogenic high-risk (HR) human papillomaviruses (HPV) are re-
sponsible for this development as they are increasingly found in 
OSCC. The transmission pathways and persistence of HPV in the oro-
pharynx are still unknown. However, there are numerous hints that 
the transmission of HR HPV occurs through sexual contact. The car-
cinogenesis of HPV-positive OSCC (HPV OSCC) is mainly promoted 
by viral oncoproteins. However, genetic modifications also play a key 
role and often additional risk factors of classic carcinogenesis are ob-
served (tobacco). Up to now, genetic examinations do not show a 
clear picture of HPV OSCC-specific mutations. Investigations of epi-
genetic modifications (DNA methylation, microRNA, tumor meta-
bolism, immune escape, gene expression) identified HPV-specific 
aberrations that reveal approaches to future targeted therapies. Pa-
tients with HPV OSCC are often rather young, relatively healthy, and 
have accumulated less lifestyle risks; in comparison to HPV-negative 
OSCC, the overall survival (OS) of those patients is significantly bet-
ter. The better OS and less additional risk factors make these patients 
suitable to benefit from de-intensification of the treatment or targe-
ted therapy options. Since January 2017, revised TNM classifications 
and staging are applied for HPV OSCC. As test procedure, the p16IN-
K4a (p16) test is suggested internationally. However, testing of HPV 
OSCC should be performed by means of dual detection of HPV DNA 
and p16 expression if possible. HPV OSCC will then, in contrast to 
former times, be classified into lower UICC stage groups. After the-
rapy, patients with HPV OSCC have about 30 % better 5-year OS rates 
in all therapeutic modalities. HPV is no predictor for surgery or ra-
diotherapy (RT) so that surgical tumor resection still has a high sig-
nificance. Currently, numerous studies are conducted with less in-
tensive therapy; however, up to now results have not been publis-
hed. Other trials focus on the significance of new immunotherapies 
for HPV OSCC. Surgical therapy options for distant metastasis are 

noteworthy; there are still possibilities of curative therapy in cases 
of distant failure. Beside the assessment of functional impairment, 
this is relevant for the follow-up of our patients. In the future, it is 
very probable that specific as well as de-intensified therapies are 
available for patients with HPV OSCC. Regarding the assignment to 
specific therapies, risk models are currently developed and discussed. 
Possibly, the viral carcinogenesis provides a valuable option for mo-
lecular early detection and follow-up by means of blood samples (so-
called liquid biopsy). Finally, ENT-specialists should promote HPV 
vaccination for girls and boys because probably nearly all cases of 
HPV OSCC might hereby be avoided.

2. Epidemiology

2.1 Update on increased incidence of oropharyngeal 
cancer
Increasing incidence rates are described for HPV-associated head and 
neck tumors whereas the incidence of all other head and neck carci-
nomas decreases in developed countries. A comparative analysis of 
data of US American registries from 1973–2012 and 2000–2012 re-
vealed a doubling for OSCC (frequently HPV-associated) with simul-
taneous decrease of the incidence for cancer of the oral cavity (rare-
ly HPV-associated) [1]. Canadian registries currently also report a 
decrease of the general incidence of head and neck cancer with si-
multaneous increase of OSCC [2]. This epidemiological trend is ex-
plained by the increasing prevalence of oncogenic HPV in OSCC, 
based on nearly all published original papers [3]. Depending on the 
study design and detection procedures, the prevalence of oncoge-
nic HPV in OSCC reaches up to 85 % in recently published series from 
Scandinavia [4]. It may at least be assumed that the increased pre-
valence described is already overestimated because of methodical 
flaws. With regard to the design, for example older specimens were 
compared with newer ones, this might explain a systematic incor-
rectness. In German-speaking countries, a HPV prevalence for OSCC 
is currently assumed with 20–40 % [5–7]. For tonsillar carcinomas, 
oncogenic HPV was detected in more than 50 % of the cases already 
15 years ago [8], here the percentage of HPV-associated OSCC can 
be expected to be much higher. A comparative investigation of 599 
patients of our own patient population (▶Fig. 1) with OSCC showed 
an increase of the HPV prevalence of about 20 % of the early patients 
to currently over 50 % [7]. A comparative analysis of the HPV preva-
lence in cervical CUP syndrome could reveal a clear increase of cur-
rently nearly 75 % HPV-positivity rate at our department. In summa-
ry, the published data show a continuous increase of OSCC incidence 
rates and correspondingly, the increased incidence rates are due to 
the HPV epidemic.

2.2 Significance of HPV detection outside the 
oropharynx
From a health economic point of view, the percentage of HPV-associa
ted head and neck tumors in other anatomical locations than the oro-
pharynx is of high interest, too. For example, those cases might be 
avoided by HPV vaccination. Furthermore, patients could also benefit 
from de-intensified therapy and reduced side effects. The first ques-
tion that is relevant in this context is, if the detection of HPV in tissues 
outside the oropharynx reveals true HPV-associated carcinogenesis 
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or if it is an incidentally detected infection without further relevance. 
The second question in this context is, if the detection of HPV in non-
OSCC is associated with an improved prognosis of the patients.

A recent US American publication from 2015 could reveal a high 
rate of HPV-positive DNA test results (70.1 % in the oropharynx, 
32.0 % in the oral cavity, and 20.9 % in the larynx) also outside the 
oropharynx [9]. However, considering all publications and meta-
analyses on HPV positivity outside the oropharynx, the results are 
inconsistent [10–12]. A data set of a meta-analysis of 12,263 pa
tients showed HPV association in the oral cavity (24.2 %) and the 
larynx (22.1 %) based on DNA test. Outside the oropharynx, how-
ever, very few data sets with dual test results (HPV DNA and p16 
test) are published [13]. Currently, an extensive investigation from 
Spain was presented with results from 3,680 patients with head 
and neck tumors after combined testing for DNA, RNA, and p16. 
Hereby, the HPV prevalence for oral cavity cancer amounted to 
4.4 % and for laryngeal cancer to 3.5 %; in cases of positivity of all 3 
tests, the results were even much lower. This relativizes significant-
ly the mentioned, sometimes very high rates of HPV-associated 
head and neck tumors outside the oropharynx [14]. A high percen-
tage of positive HPV test results outside the oropharynx probably 
does not show HPV-associated carcinogenesis but acute infections 
or false-positive test results.

Prospective investigations on the relevance of HPV detection 
outside the oropharynx with regard to prognosis of the patients 
are not available. However, based on retrospective data of patients 
who underwent radiotherapy (RT) or combined radiochemothera-
py (RCT) in the context of clinical studies, it can be assumed that a 
positive p16 test outside the oropharynx has low prognostic signi-
ficance. The DAHANCA consortium in Denmark treated 1,294 pa-
tients with advanced head and neck cancer by means of RT or RCT; 
and in head and neck cancer outside the oropharynx no prognostic 
significance could be elaborated [15]. In addition, p16 positive non-
OSCC patients were evaluated after treatment in 3 RTOG studies. 
In comparison to p16 positive OSCC patients, non-OSCC patients 
had a mortality risk increase of 50 % [16]. For patients with laryn-
geal cancer and positive p16 test, even poorer survival rates have 

been published [17]. Serological examinations also contradict to a 
correlation between the risk of head and neck tumor disease (apart 
from oropharynx) and HR HPV infection. In an analysis of HPV 16 
specific antibodies, the odds ratios for the risk to develop OSCC 
amounted to 14.6 compared to 3.6 (oral cavity) and 2.4 (larynx) 
[18]. A more recent investigation (ARCAGE study) evaluated 1,496 
head and neck cancer patients. Positivity for HPV16 L1 and E6 an-
tibodies increased the risk for the development of OSCC by factor 
8.6 and 132.0, respectively. In contrast, marginal values of 1.54 and 
4.18, respectively, were described for laryngeal cancer [19].

In summary, the prevalence of HPV-induced tumors outside the 
oropharynx is clearly lower than assumed and roughly estimated 
to be less than 5 %. There is no reliable evidence that the prognosis 
of those patients is better in comparison to OSCC patients.

2.3 Epidemiology of carcinogenic HPV infections
Since nearly all adults in Germany have contact to oncogenic HPV du-
ring adolescence, it is important to understand why HPV OSCC incre-
ases during the last decades and develops mainly in male patients. The 
most common manifestation of HPV infection are warts and genital 
condylomas. In more than 90 % of cases, these diseases are caused by 
non-oncogenic HPV types 6 and 11. The infection can already be trans-
mitted at birth and presents to ENT specialists in particular as respira-
tory papillomatosis. True neoplastic lesions of the cervix are someti-
mes caused by type 6 and type 11, too. However, in the majority cer-
vical lesions typical oncogenic HPV types 16, 18, 31, and 45 are found.

Regarding the prevalence of oral infection with HPV in the ge-
neral population, cross-sectional studies are available, but only few 
data are published on the temporal dynamics. A review of 18 trials 
with 4,581 healthy adults described an estimated incidence of oral 
HR HPV infection with 1.3 % [20]. The age distribution of oral HPV 
infection shows a bimodal distribution. The first peak could be 
found between 30 and 34 years of age and the second peak bet-
ween 60 and 64 years. The infection occurred significantly more 
frequently in males [21]. Generally, the data situation is not evident 
because in another investigation, females had genital oncogenic 
HPV infections with the same frequency than males [22], only the 
duration to “clearance” was (slightly) different to the disadvantage 
of the men. Incidence and type of sexual contact (oral sex, deep 
kisses, promiscuity) as well as age at first sexual intercourse, mari-
huana consumption, cigarette consumption, and genital HPV in-
fections could be identified as risk factors [23]. The average dura-
tion of an oral HPV infection was assessed in 1,626 male persons 
and amounted to about 7 months; the follow-up, however, was 
only 13 months [24]. The majority of oral HPV infections heal within 
several months without further consequences. Reinfections occur 
only rarely. It is worth mentioning that even partners of HPV OSCC 
patients only have an infection rate slightly above 1 % [25]. In ad-
dition, immunodeficiency (HIV infection), cigarette consumption, 
and high age are reported as risk factors for persisting oral HPV in-
fection [26]. For better understanding the increased incidence of 
oral HPV infections in males, other data describe a higher number 
of sexual partners, younger age at the first sexual contact, and nu-
merous oral sexual contacts [27]. Another hint to the susceptibili-
ty of males for HPV type 16 (HPV16)-caused OSCC is that genital 
HPV infections in men are mainly due to HPV 16 and not type 18 
[28].

S84

▶Fig. 1	 Prevalence of oncogenic HPV in OSCC patients who were 
treated in Giessen is increasing. Currently the prevalence amounts to 
more than 50 %. The data points represent the mean value of 4 years 
each.
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Reliable data why mostly men develop HPV 16-induced OSCC 
are not available, but numerous hints are found for an accumula
tion of risks (kinetics of the infection, nicotine, sexual risks, see 
chapter 4). Overall, this may explain why currently an estimated 
percentage of 75 % of the patients with HPV OSCC are male. In con-
trast to the data for an increased incidence of OSCC, no data are 
available that confirm an increase of oral HR HPV infections.

2.4 Development in regions with consequent  
primary prophylaxis
Primary prophylaxis against carcinogenic HPV is available as HPV 
vaccination. The Sanofi Pasteur MSD Company produced the quad-
rivalent vaccine Gardasil that was approved in the USA and Europe 
in 2006. One year later, the bivalent vaccine Cervarix was approved. 
Both vaccines contain the recombinant capsid protein L1 of the HPV 
types 16 and 18, and 6, 11, and 18, respectively. Since April 2016, 
the 9-valent vaccine Gardasil 9 is available and additionally protects 
against the HR HPV strains 31, 33, 45, 52, and 58. The advantages 
are an extended protection given by vaccination and a 2 dose sche-
me (in intervals of 5-13 months). The HPV vaccines are approved as 
of the age of 9 years and vaccination should be performed before 
the first sexual contact. The approval applies for girls and boys, how-
ever, currently the German Standing Committee on Immunization 
(Ständige Impfkommission, STIKO) currently recommends only vac-
cination of girls, which is also paid by the health insurers.

In Germany, the HPV vaccine is currently not widely administe-
red. According to an analysis of health insurance data of the AOK 
of Baden-Württemberg, only 37 % of young women born in 1996 
had complete protection provided by vaccination. In comparison, 
the vaccination rate against mumps and rubella is about 92 % ac-
cording to the Robert Koch Institute. Comparable data with vacci-
nation rates of  < 40 % in girls were published by the ministry of 
health in 2014 [29]. The data clearly indicate vaccination of boys. 
However, the registration trials was naturally conducted based on 
precancerous lesions of the cervix and accordingly, the cost-bene-
fit analyses refer to the diseases of the uterine cervix [30].

In 2015, 34 % of the countries worldwide had a HPV immunization 
program. However, population-related only less than 5 % of all nations 
(in countries with high incidences often no program was established) 
benefited from vaccination in this time. From countries with a high co-
verage, numerous data are available that report an effect on HPV-as-
sociated diseases even apart from cervix cancer. For example, a review 
of the literature from 2015 could reveal that HR HPV infections were 
reduced by 68 % and anogenital warts decreased by 60 %, in countries 
with an immunization rate of more than 50 % [31]. The highest decre-
ase of HR HPV-related new diseases apart from cervix cancer were con-
sistently reported from countries with vaccination programs and so-
called catch-up vaccination of older, non-vaccinated people (Austra-
lia, Canada, Denmark, and New Zealand). The programs were 
implemented nearly always accompanying school education.

Convincing data on respiratory papillomatosis (RRP) are availa-
ble from Australia [32]. Between 2011 and 2015, pediatricians and 
otolaryngologists collected data of newly diagnosed cases of juve-
nile RRP and published them in a meeting report. Only 13 cases had 
been registered (7 in 2012, 3 in 2013, 2 in 2014, and 1 case in 
2015). None of the mothers of those cases had received vaccina
tion. Two strategies are additionally discussed regarding the pro-

phylaxis of RRP in children: first, vaccination of newborns if the mother 
had condylomas, and second, vaccination of pregnant women with 
confirmed HPV 6 or 11 infection in order to protect the child against 
infection by transmission of antibodies. In cases of vaccinated mothers, 
a similar antibody titer could be measured in newborns [33].

Oropharyngeal cancer mostly occurs in male patients, in RRP 
the gender distribution is nearly the same. Numerous other disea-
ses with high stress for the affected patients are related to carcino-
genic and non-carcinogenic HPV. What is the benefit that can be 
expected for other diseases apart from cervix cancer? If consequent 
vaccination prophylaxis is performed, a dramatic effect might be 
expected for the incidence of HPV OSCC. Hence, many publications 
also recommend vaccination of boys, which is absolutely suppor-
ted by the authors.

3. Carcinogenesis
Carcinogenesis is a process consisting of several steps where gene-
tic and epigenetic modifications in cancer-associated signaling pa-
thways accumulate over time. This results in the typical phenotype 
of malignant cells characterized by: unlimited replication potential, 
independence of growth factors, suppressed ability of apoptosis, in-
vasive growth, and metastatic potential as well as increased angio-
genesis [34, 35]. The individual risk to develop cancer disease de-
pends on extremely diverse and sometimes interdepending factors 
and is therefore difficult to be determined. The most important risk 
factor groups include: environmental influences (UV and other na-
tural radiation, anthropogenic substances/radiation), noxae (tobac-
co/alcohol consumption, HPV infection), genetic predisposition 
(e. g., BRCA1/2 mutations in hereditary breast and ovarian cancer), 
immune factors (vaccination, immunosuppression), and age.

The majority of head and neck cancers are squamous cell carci-
nomas that are mainly associated with the risk factors of tobacco 
and alcohol consumption or oncogenic HPV. The carcinogenesis of 
HPV-associated and HPV-negative head and neck cancer is associ-
ated with other specific risk factors (see chapter 2). A separate risk 
to develop one of those two cancer diseases is difficult to estimate 
because none of the risk factors appears isolated and overlapping 
of risks is not the exception but the rule.

3.1 Leukoplakia – premalignant alterations
Regarding HPV-negative head and neck cancer, premalignant alte-
rations have been known for several decades, especially in the oral 
cavity [36, 37]. Depending on different risk factors (gender, extent 
of the lesion, and WHO stage of dysplasia), a transformation rate of 
1-2 % is estimated. Genetic changes seem to be most probably res-
ponsible for malignant transformation while HPV could only be found 
in 1 % of the leukoplakia [38, 39]. Generally, the aberration probabi-
lity of premalignancies cannot be safely predicted and precancerous 
stages in HPV OSCC could not be reliably identified (see below).

3.2 Field cancerization
Leukoplakias are visible changes that are preceded by macroscopi-
cally invisible premalignant lesions. Those invisible lesions may pos-
sibly explain the tendency to develop locoregional recurrences after 
treatment. The correlation of locoregional recurrences with the oc-
currence of dysplastic changes in neighboring regions coined the 
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term of field cancerization in 1953 [40]. Meanwhile this term could 
be defined with molecular biological and genetic methods. A multi-
step development model consisting of morphological and genetic 
modifications was already suggested in 1996 including typical ge-
netic alterations of dysplasia (loss of heterozygosity [LOH] on the 
chromosomes 3p, 9p, and 17p) and carcinomas (LOH on chromoso-
mes 11q, 4q, and 8) [41]. After some time, it could be shown that at 
least 35 % of oral and oropharyngeal tumors had genetic mutations 
in mucosal cells in the environment of the carcinomas whereas the 
epithelium in this area appeared to be normal. This allows the as-
sumption that the carcinogenesis comprises a range of different pre-
cancerous stages that are macroscopically invisible and go beyond 
the resection margins developing locoregional recurrences. Further-
more, focal areas with immunohistological p53 positivity were iden-
tified in the neighborhood of carcinomas that characterized “clonal 
units” and originate from a common precancerous lesion [42]. Mu-
tations in TP53 lead to the expression of an (inactive) tumor suppres-
sor protein p53 and are considered as the earliest oncogenic modi-
fication. Together with field cancerization, the multistep develop-
ment represents the current model of carcinogenesis of 
HPV-negative head and neck cancer [43].

3.3 HPV
The classic assumption is that viral DNA is integrated into the host 
cell´s genome during a latently persisting infection with oncogenic 
HPV. This integration requires linearization of the viral DNA that often 
occurs as break within the E2 reading frame. The viral E2 protein con-
trols the activity of the viral oncoproteins E6 and E7 and the disrup-
tion of the E2 reading frame leads to its enhanced expression. In the 
natural epidermal life cycle of HPV, E6 and E7 inhibit apoptosis and 
promote the cell cycle, which leads to proliferation of the epithelial 

cells, and the infections persists (▶Fig. 2). As a consequence, infec-
ted cells are moved into higher skin layers where the activity of E6 
and E7 decreases and envelope proteins of the viral capsids are pro-
duced. During HPV-associated carcinogenesis, p53 is marked for pro-
teolytic degradation by E6 activity and thus inactivated. E7 binds to 
the retinoblastoma protein (RB) that triggers the cell cycle and re-
leases the transcription factor E2F. This increases the transcription 
of genes that are relevant for cell proliferation.

In contrast to the stepwise accumulation of genetic modifications 
in HPV-negative head and neck cancer, these two significant steps 
occur due to the activity of viral oncoproteins in HPV OSCC. Muta-
tions in TP53 (and the associated overexpression of p53) and HPV in-
duced fields of carcinogenesis are unknown in HPV-associated head 
and neck cancer. This could be confirmed experimentally by the ab-
sence of viral E6 transcription at the resection margins of HPV-asso-
ciated head and neck cancer [44]. In contrast to cervix carcinoma, 
where premalignant stages can be detected by staining with acetic 
acid, premalignancies of HPV-associated OSCC are unknown.

3.4 Genetic modifications
3.4.1 Mutations
In solid tumors, TP53 is the gene most frequently affected by muta-
tions. In a comparative study, whole exome analyses were performed 
in 15 types of solid tumors, 11 of them revealed TP53 as the most fre-
quently mutated gene, in the other entities it ranked second twice and 
third once (preceded by KRAS or BRAF and NRAF, respectively) [45]. In 
HNSCC, the mutation rate of TP53 is in the upper third of solid tumors 
with about 40 %. Interestingly, the cervix carcinoma shows a particu-
larly low percentage of only 6 % TP53 mutations, which depends on 
the very high rate of HPV-associated carcinomas [46]. Mutations ap-
pear in many locations of TP53; 12 hotspots are known with more than 

Mechanisms of carcinogenesis
Effect of HPV oncoproteins Noxae-associated OSCC 

Interaction (        Int. abrogated) Activation (       Act. abrogated) Inhibition (       Inhib. abrogated) Degradation

p53
chromosomal  
aberrations 

methylation 

mutations 

Overexpression of
mutated p53 protein

Rb / p16 Mutation 
or deletion

Apoptosis
(deactivation)

Senescence
(deactivation)

Cell cycle
(activation)

E6AP

E6 p21

[Rb:E2F]

p53

E7 Rb

p16CDKN2A

KDM6B
E2FRb

CDK4/6
Cyklin D

DNMT1,
HDAC1,..

DNA methylation
histone modification

NF-kB modulation

E5
Immune system

(attenuation)
HLA I
HLA II
PD -L1?

CXCL14, IFN-k, 
TLR9, IRF1, Cytokines

Oncogenes
p53

Tumor suppressors

▶Fig. 2	 The molecular mechanisms of carcinogenesis of HPV- and noxae-associated OSCC (simplified). Dysfunction of the same cellular programs 
(apoptosis, cell cycle, senescence, and immune system) leads to carcinogenesis in both groups. Multiple genetic mutations that may affect nu-
merous components of the signaling pathways, lead to activation of oncogenes in noxae-associated OSCC and inactivation of tumor suppressors. In 
contrast, the HPV oncoproteins E5, E6, and E7 lead to interventions in the signaling pathways which dysregulate the same cellular programs. Charac-
teristic for noxae-associated OSCC are mutations of TP53 resulting in inactive p53 overexpression, as well as mutations in the genes coding for Rb and 
p16INK4A (p16) so that both proteins are reduced. Generally, those mutations are not found in HPV-associated OSCC, and due to the activity of E7, 
p16 is overexpressed.
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1 % of all mutations each. Nine of those hotspots concern amino acids 
that contribute directly to the specific DNA binding domain of TP53 or 
those that are responsible for correct folding of the DNA binding do-
main. Other mutations are located in introns and influence an alter-
native splicing of TP53 which has an effect on TP53 isoforms.

Besides TP53, mutations of CDKN2a and RB1 (RB, retinoblasto-
ma-associated protein) are often observed in HPV-negative head 
and neck cancer, however, they are missing in HPV-associated 
OSCC. RB1 encodes RB and such as in p53, the activity of this sig-
naling pathway is dysregulated in HPV-associated head and neck 
cancer by viral oncoproteins, which may explain the low mutation 
rate. CDKN2a (cyclin-dependent kinase inhibitor 2 A) encodes the 
tumor suppressor protein p16; its effect in HPV-associated head 
and neck cancer is eliminated by downstream inactivation of RB. 
Activating mutations of catalytic subunits of PI3K (phosphoinsitid-
3-kinases), in particular in PIK3CA, have been described in several 
studies, mainly for HPV OSCC [47, 48]. In contrast, inactivating mu-
tations in the PIK3CA inhibitor PTEN were often found in HPV-nega-
tive HNSCC [49]. PI3K is a multiprotein complex that is involved in 
the regulation of important functions such as cell growth/prolife-
ration, cell adhesion/migration, differentiation, and survival and 
that is important for HPV-negative and HPV-associated HNSCC to 
the same extent.

In several studies, other activating mutations were detected in 
FGFR3 and FBXW7 in HPV OSCC [47, 48, 50, 51]. The membrane-
bound fibroblast growth factor receptor 3 (FGFR3) is an activator 
of the PI3K signaling pathway and FBXW7 is involved in the inacti-
vation of cyclin E, c-Jun, c-Myc, and Notch 1. Mutations in KRAS 
were also described for HPV OSCC [47, 48], however, this could not 
be confirmed by own studies [49]. Currently, mutations in HLA and 
β2 microglobulin genes seem to be relevant that are more often 
found in HPV OSCC [50]. This could be confirmed by immunohis-
tochemical examinations [52] and might become relevant with re-
gard to immune checkpoint therapies.

3.4.2 Genetic aberrations (copy number variation, CNV)
Because of their extent reaching up to the loss of entire chromosomes 
or their arms, chromosomal aberrations were the first genetic muta-
tions that could be confirmed in malignant cells. Complex karyotypes 
with comprehensive numeric and structural chromosomal aberrations 
are characteristic for head and neck cancer [53]. According to the 
model of field cancerization, distinct chromosomal modifications with 
progression of a dysplasia up to invasive carcinoma could be correla-
ted in CGH (comparative genomic hybridization) analyses. The tran-
sition from light to moderate dysplasia was characterized by gains on 
chromosomes 3q26-qter, 5p15, 8q11-21, and 8q24.1-qter and losses 
on 18q22-qter. Gains on 11q13, 14q, 17q11-22, and 20q and losses 
on 9p, however, were typical for the transition from moderate to 
severe dysplasia. Invasive growth correlated with losses occurring 
together on chromosomes 3p14-21 and 5q12-22 and lymphogenic 
metastasis with loss on 4p [54]. For the latter ones, also gains on chro-
mosomes 10p11-12 and 11p as well as losses on 4q22-31, 9p13-24, 
and 14q were described that were not present in respective primary 
tumors [55]. Interestingly, in the mentioned areas, genes are found 
that are involved in cell adhesion as well as factors of the MAP (mito-
gen-activated protein) kinase and PI3K (phosphoinositide-3-kinase) 
signaling pathway that are also frequently affected by mutations.

Amplifications that are often described for head and neck can-
cer, are found on the chromosomes 3q-, 8q-, and 20p, independent 
from the HPV status [47, 48, 50, 56]. Important genes in this regi-
on are for example PIK3CA, TP63, SOX2 as well as the oncogene MYC 
that probably has enhanced activity due to gene amplification. 
However, 3q amplification was described in the context of the in-
tegration of the HPV genome in cervix cancer [57]. In addition, de-
letions of 13q in HPV-associated and HPV-negative HNSCC have 
been described, but more rarely in HPV-associated ones which 
could also be confirmed by whole genome NGS (next generation 
sequencing) analysis [50]. The chromosomal segment 11q codes 
genes such as RB1 and CCNA1 (cyclin A) that are involved in the re-
gulation of the cell cycle and that seem to be dysregulated in HPV 
OSCC by viral oncoproteins.

Generally, an increased chromosomal instability in head and 
neck cancer seems to be associated with inferior prognosis, which 
could also be demonstrated in HPV OSCC [58]. Even if nearly the 
same, but differently dysregulated signaling pathways may be cru-
cial for carcinogenesis of HPV OSCC and HPV-negative head and 
neck cancer, a series of specific genetic aberrations can be defined 
for both subgroups. For example, amplifications of 5p, 7p, 8p, 11q, 
17q, and 18q could not be verified for HPV OSCC. Clearly more ra-
rely, also losses of 3p, 4q, 5q, 18, and 9p are found. On the last one, 
for example p16 is encoded which allows the interpretation why 
the p16 expression works as marker in HPV-associated carcinomas 
[8, 59–62].

HPV-specific aberrations are losses on chromosome 16q that 
are associated with a better prognosis of the patients [50, 56, 63]. 
Interestingly, the tumor suppressor gene WWOX is located on 16q. 
WWOX spans one of 3 most frequent “common chromosomal fra-
gile sites” (FRA16D). Aberrations of FRA16D with dysregulated 
WWOX expression are known for different tumor types and are as-
sociated with a poor prognosis of the patients [64]. Data of the can-
cer genome project (TCGA, The Cancer Genome Atlas) identified a 
HPV-specific amplification on chromosome 20q11 (E2F1 gene) and 
a deletion on chromosome 14q32.32 (TRAF3 gene, TNF receptor 
associated factor 3) by means of NGS in 279 head and neck carci-
nomas [50]. An overexpression of E2F caused by amplification of 
20q11 might develop synergistic effects in the context of viral on-
coproteins (E6&E7 that also activate E2F). TRAF3 loss interferes with 
the NFκB signaling pathway and thus plays a role in inflammatory 
reactions as well as the innate and adaptive immune response 
against viruses [65].

3.4.3 HPV integration
Although linearization in the E2 reading frame of the HPV genome 
is understood as first step in the classic model of HPV-induced carci-
nogenesis, the expression of the oncogene E6 and E7 is independent 
from the number of copies or the integration of viral DNA, and in 
more than 60 % of HPV OSCC only episomal virus DNA was detected 
by means of PCR [66, 67]. Data of current sequence analyses show 
that all 3 possible stages of the HPV genome (only episomal or inte-
grated, or a mixture of both) occur with nearly the same frequency 
and probably several mechanisms lead to dysregulated expression 
of the viral oncoproteins [68], including methylation of E2 in the re-
gulator region of E6 and E7 (see below).
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It could be shown in HPV transfected keratinocytes that viral DNA 
integration occurs at many positions within the cellular genome, and 
also in or near important regulator genes of cell proliferation [69]. In 
one case of malignant transformation of juvenile (HPV type 6 asso-
ciated) RRP, HPV DNA integration into the human AKR1C3 gene was 
described. AKR1C3 encodes an enzyme (aldo-keto reductase family 
1 member C3) of the androgen and estrogen metabolism and is de-
scribed for prostate cancer in the context of PSA production, howe-
ver, it is mostly undescribed in HNSCC [70]. The role of the virus DNA 
integration in HPV-associated carcinogenesis is not finally clarified. 
There seems to be a correlation between chromosomal instability 
and tumor progression. In contrast, in the same study, HPV DNA in-
tegration was associated with a better prognosis of patients with 
tonsillar carcinomas [58].

3.5 Epigenetic modifications
3.5.1 Epigenetic modifications of nucleic acids
Epigenetic modifications describe modifications of the hereditary in-
formation, whereby the “gene activity” but not the sequence of the 
nucleic acid is changed. The modification of the nucleic acid influen-
ces the phenotype and can be transferred to daughter cells. The most 
important types are methylation of the DNA and modification of his-
tones. Methylation of DNA (such as the modification of histones) is re-
versible and its function is to use static information of the nucleic acid 
sequence in a variable manner. By methylation of transcription factor 
binding site, the activity of single genes, groups of genes, or entire 
chromosomes can be controlled, for example in the context of gen-
der-specific inactivation of the X chromosome or genomic imprinting 
in dependence of the parents’ origin of certain alleles.

Different methylation patterns were described in the context of 
tumor viruses including HPV [71, 72]. The most important examp-
le of epigenetic gene regulation with regard to HPV is CDKN2A that 
is located on the chromosome 9p and encodes the tumor suppres-
sor gene p16. p16 inhibits the cell cycle and its expression is often 
inhibited in head and neck cancer by gene promotor methylation, 
mutation, or homozygous deletion of the gene [50, 73]. In cont-
rast, a strong overexpression of p16 is observed in HPV OSCC that 
is understood as surrogate marker for this entity. Contrary to ear-
lier assumptions, this overexpression is not due to the E7-related 
transcriptional activation of p16 by releasing E2F. Moreover, a di-
rect activation of the cellular senescence by expression of E7 was 
detected. In this way, the histone H3K27-specific lysine demethy-
lase 6B (KDM6B) and its downstream target gene CDKN2A is acti-
vated [74]. In HPV-associated tumor cells, Rb is inhibited by E7. 
Thus, the overexpression of p16 does not lead to an inhibitory ef-
fect on tumor cells (▶Fig. 2). Moreover, the activity of the cyclin-
depending kinases 4 and 6 (CDK4/6) seems to be intolerable in the 
context of Rb inhibition of tumor cells, which causes dependence 
from the expression of CDK4/6 inhibitor protein p16 and its over-
expression promotes carcinogenesis in contrast to HPV-negative 
tumors [75].

Besides p16, alternative splicing of CDKN2A produces another 
gene product, p14ARF. The protein sequence of p14ARF develops 
through reading an alternative reading frame (ARF) of CDKN2A and 
differs fundamentally from p16. p14ARF inhibits ubiquitin ligase 
MDM2, whereby p53 is stabilized and the cell cycle regulator p21 
is expressed. p21 interacts with and inhibits cyclin CDK complexes, 

which stops the cell cycle between G2 and the metaphase. The re-
gulation of p14ARF expression occurs by modification of CpG loci 
downstream the transcription start of p14ARF and p16. Correla
tion was found regarding their methylation in OSCC with positive 
HPV status and increased expression of p14ARF but not p16 [76]. 
A relationship of the increasing methylation degree of CDKN2A with 
increasing grade of dysplasia was observed in the cervix, which in 
fact does not concern the according promotor region [77]. Also in 
patients with head and neck cancer, a correlation exists between 
the methylation pattern and the clinical course. For example, the 
therapy success could be successfully predicted in head and neck 
cancer patients based on promotor methylation of only 5 genes 
(ALDH1A2, OSR2, GRIA4, IRX4, and GATA4) [71, 78].

The classic explanation model of HPV-associated carcinogene-
sis is based on an integration of viral DNA into the human genome, 
which leads to an interruption of the E2 reading frame and an eli-
mination of the inhibition of viral oncoproteins E6 and E7. Frequent-
ly, further episomal HPV copies are present beside integrated HPV 
DNA; and in about one third of HPV-associated OSCC, exclusively 
episomal virus DNA is detected. Here, the classic explanation model 
is apparently not satisfactory and a methylation of the E2 binding 
site in the regulation region for E6 and E7 in the HPV genome was 
identified as further integration-independent regulatory mecha-
nism for the expression of E6 and E7 [79, 80].

3.5.2 microRNA expression
microRNAs (miRNA) develop from hairpin bend-like precursor 
transcripts of 60-70 nucleotides that are shortened to a length of 
about 22 nucleotides. Together with the proteins DICER1 and Argo-
naute (AGO) they are integrated in the miRNA-induced silencing 
complex (miRISC) and guide it, based on their sequence, to corres-
ponding target sequences of the mRNA that is subsequently cleaved 
enzymatically and thereby inactivated. This relatively simple regula-
tory mechanism of gene expression is clearly more complex in rea-
lity because miRNAs – depending on the conservation grade of their 
target sequence – may bind to different mRNAs and mRNA may dis-
pose of binding sites for more than one miRNA.

Despite methodical progress during the last years, only few 
comparative studies have been conducted on the differential ex-
pression of miRNAs with regard to the HPV status in head and neck 
cancer; only a “handful” of miRNAs have been mentioned in more 
than one study [81]. In one of the most recent trials, 1,719 miRNA 
sequences were evaluated in 15 HPV-negative and 11 HPV-associ-
ated OSCC by means of microarrays. A total of 25 differentially ex-
pressed miRNAs could be identified, their functions were elabora-
ted in silico in the context of the PI3K and Wnt signaling pathways, 
the regulation of the cytoskeleton, and the focal adhesion [82]. The 
mostly known miRNAs include Has-miR-363 that is upregulated in 
HPV-associated HNSCC in contrast to HPV-negative ones [83–85]. 
Target sequences of Has-miR-363 are found for example in CDKN1A 
(cyclin-dependent kinase inhibitor 1), CASP3 (Caspase-3), and 
CD274 (programmed cell death 1 ligand 1, PD-L1) and they indica-
te regulatory functions in apoptosis, cell cycle, transcription, and 
immunology. Another example is miRNA203; its expression is 
downregulated by the HPV oncoprotein E7 during cellular differen-
tiation. A target gene of miRNA203 is the transcription factor p63; 
and the expression of p63 as well as its downstream target genes 
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like CARM-1, p21, and Bax, are increased by the inhibition of 
miRNA203 by E7 [86]. Hereby, epithelial cells remain proliferative 
and in an undifferentiated stage which is required for the natural 
lifecycle of HPV. In the HPV E6/E7 induced tumor model in human 
keratinocytes, p63 enhances the invasiveness by modulation of the 
Src-FAK (focal adhesion kinase) signaling pathway by dissolving 
focal cell contacts (cell adhesion) and restructuring the extracellu-
lar matrix (ECM) [87].

Beside cellular miRNAs, miRNAs were detected encoded in the 
HPV genome, which could be confirmed experimentally. Potential 
target sequences of those miRNAs are found in the HPV genome but 
also in the human genome [88]. Interestingly, target sequences of 
two less frequent human miRNAs were also identified in the HPV-E6 
gene (miR-875 and miR-3144). In HPV16-positive cell cultures, both 
inhibit growth and induce apoptosis [89], which demonstrates the 
complex regulatory possibilities by means of miRNAs.

3.6 Dysregulation of tumor metabolism
Tumor hypoxia was described as being important for the survival and 
therapy response of head and neck cancer [90–92]. It is well-known 
that patients with tumor hypoxia respond poorly to irradiation because 
of the reduced presence of reactive oxygen species (ROS). During the 
tumor growth, also a tumor-specific metabolism develops in order to 
assure the supply and the proliferation of the cells. A specific feature 

of this metabolism is the increased decomposition of glucose to lac-
tate which was first described under aerobic conditions as “Warburg 
effect” in 1924. The decomposition of glucose to lactate, however, 
only provides 2 Mol ATP per Mol of glucose, which is compensated by 
an increased glucose rate [93–95]. Beside energy, this adapted gluco-
se metabolism of the tumor serves for providing important basic buil-
ding blocks (e. g., nucleic acids, amino acids, and lipids) [96].

Hypoxia occurs frequently in many solid tumors and arises be-
cause tumor cells proliferate rapidly,exceeding a critical mass which 
leads to obstruction and compression of the blood vessels in the 
direct neighborhood of the tumor. This finally results in poor oxy-
gen supply of the tumor centers so that the tumor cells adapt to 
this oxygen deprivation and several signaling pathways are swit-
ched on in order to secure cell survival and to change the glucose 
metabolism from efficient oxidative phosphorylation to inefficient 
glycolytic metabolism [97]. Hereby, the group of HIF (hypoxia-in-
ducing factor) transcription factors, in particular HIF-1 (HIF-1α & 
HIF-1β), play a key role for the cellular adaptation to hypoxic con-
ditions. HIF-1 activates a series of target genes that secure cell sur-
vival, serve for the modification of the metabolism, and promote 
invasion, cell proliferation, metastasis, erythropoiesis, and angio-
genesis [97–99]. Beside real tumor hypoxia, it could be demonst-
rated in cell lines that HPV oncoproteins contribute to hypoxia pa-
thway dysregulation by stabilizing HIF-1α (▶Fig. 3) [100–102].

▶Fig. 3	 Frequently, in solid tumors an activation of the hypoxia signaling pathway is found that is obvious due to the central expression of respecti-
ve marker proteins (here: Glut I) in tumor nests and that can be confirmed by immunohistochemistry (hypoxia-related). Some tumors, however, 
show a consistently high expression of the same marker that suggest other activation mechanisms of the signaling pathway (endogen-related). The 
central regulator protein of the hypoxia signaling pathway HIF-1α is present in HPV associated tumor cells in an overexpressed way compared to 
HPV-negative tumor cells (Western-blot, bottom left). In analogy to ▶fig. 2, the viral activity leads to activation of the hypoxia signaling pathways 
and thus to processes that are favorable for carcinogenesis.

Activation of the hypoxia signaling pathway 
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Thus, oncogenic viruses are able to influence the tumor meta-
bolism by direct and indirect interaction with cellular regulators 
such as HIF-1α, in order to adapt cellular pathways for viral replica-
tion and synthesis, which also promotes carcinogenesis and pro-
gression. This metabolic phenotype allows tumor cells to prolife-
rate despite adverse circumstances like oxygen deprivation [103]. 
Hence, the signaling pathways that are used for modification of the 
metabolism and their regulators such as e. g., HIF-1 represent po-
tential targets for an inhibition, in particular for those tumors that 
largely depend on glucose and aerobic glycolysis.

3.7 Tumor environment/immune escape  
mechanisms
During the development of invasive, HPV-associated squamous cell 
carcinoma, several lines of defense mechanisms have to be over-
come. Viral infection is the first step, for which the physical barrier 
of skin/mucosa plays a crucial role. After absorption of viral partic-
les, those have to traverse the cell and reach the nucleus. In the fol-
lowing persisting infection, the HPV oncoproteins E5, E6, and E7 have 
important functions to remain undetected by the immune system 
as long as possible and to maintain the production of new viruses in 
the epithelial cells. In the microenvironment of HPV-infected cells, 
increasingly cells of the innate immune response are found such as 
dendritic cells (DC) Langerhans cells (LC), natural killer cells (NK), and 
natural killer T cells (NKT) [104].

To a high percentage, HPV infections heal by themselves, and 
only in a small part, cancer develops. In such cases, further modi-
fications have to take place that enable infected cells to overcome 
the physical barrier of the basement membrane and to be resistant 
against the continuous attacks of the immune system. For examp-
le, higher rates of HPV infections and HPV-associated carcinomas 
are known in patients with different NK cell dysfunction [105]. In 
the context of viral reproduction and evolution, this last step of car-
cinogenesis has a dead end, because due to the missing differentia
tion of the epithelial cells, virus particles can neither be produced 
nor transmitted to the outside. HPV-associated tumors, as well as 
HPV-negative tumors, are in a steady-state with the immune sys-
tem and when the disease is diagnosed, this equilibrium has alrea-
dy been shifted to the benefit of the tumor, and growth is obser-
ved that cannot be controlled by the immune system. The under-
standing of the immune escape mechanisms can be used to 
restore the equilibrium or to shift it to the benefit of the immune 
system.

A physical immune escape mechanism of HPV consists in ope-
rating its complete lifecycle within the epithelial cells and not re-
leasing virus particles into blood or tissue. Thus, HPV antigens are 
barely exposed to the immune system and antibody titers are not 
high enough during natural HPV infection to have a protective ef-
fect [106]. Nonetheless, apparently T cell response is required for 
regression of an infection because it correlates with the presence 
of granzyme B positive cytotoxic T cells in the context of cervix pre-
malignancies [107].

The oncoproteins E5, E6, and E7 have an effect on many cellular 
mechanisms, among others they suppress signaling pathways that 
are necessary for the recognition of virus-infected cells by the im-
mune system. For example, the surface protein CXCL14 works as 
chemokine and attracts different cells of the immune system such 

as DC, LC, NK, and NKT cells. E7 interacts with the cellular DNA me-
thyltransferase DNMT1; and an E7 dependent promotor methyla-
tion and thus repression of CXCL14 could be shown [108]. Further-
more, E7 modulates the methylation and acetylation of histones, 
which lead (among others) to the reduction of the TLR9 (toll-like 
receptor 9) expression and transcriptional activity of IRF1. TLR9 is 
able to recognize viral DNA and to activate the innate immune sys-
tem [109]. IRF1 response elements are found in promotors of a se-
ries of genes such as TAP1 (transporter associated with antigen pro-
cessing 1), which plays a role in antigen charging of HLA-I in the 
endoplasmatic reticulum [110]. In addition, E7 interacts with NFκB 
and inhibits its translocation in the nucleus. Hereby, for example 
activation of IFN-α, IL-6, and TNF-α is stopped, which leads to at-
tenuation of the inflammatory reaction [111].

Inflammation inhibiting functions could be revealed for E6 in 
the context of the pro-inflammatory cytokine IL-1β. Depending on 
E6AP, E6 causes the ubiquitination of the precursor of IL-1β (pro-
IL-1β), which is followed by its proteasomal degradation [112]. For 
the E5 protein, an interaction with the heavy chain of HLA-A and 
-B could be detected, which leads to retention of the HLA-I com-
plex in the Golgi apparatus and in the endoplasmatic reticulum 
[113, 114]. HLA-C and HLA-E seem to be downregulated by other 
mechanisms. The loss of HLA-I on the cell surface correlates with a 
reduced response of CD8 +  T cells in E5 expressing cells. However, 
loss of HLA-I leads to attraction and activation of NK cells, which 
was already described for HPV-associated OSCC and correlates with 
an improved overall survival of the patients (▶Fig. 4) [115]. Besi-
de HLA-I, the functional surface location of HLA-II as well as CD1d 
is also inhibited by E5 [116, 117]. The viral capsid protein L2 seems 
to block the maturation and antigen presentation of DC and LC by 
disturbing the intracellular transportation and processing of virus 
particles after integration of DC and LC [118].

3.8 Molecular subtypes and gene expression profiles
Whole genome gene expression analysis are generally based on a 
comparative hybridization (microarrays) or sequencing of mRNA. 
The capacity of microarrays as well as the sequencing techniques 
have continuously improved over time, which leads to an increasing 
coverage of the genome, but also to limited comparability of former 
and current data.

In one of the first gene expression studies of head and neck can-
cer, 60 differentially expressed genes were identified from 1,187 
examined tumor-associated genes on a cDNA microarray. They cor-
related with the radioresistance or the response to radiotherapy 
[119]. Already 3 years later, 60 head and neck tumors were exami-
ned on a cDNA microarray with probes against 12,814 human 
genes. In this study, 4 subtypes could be identified based on the 
gene expression. Signatures were found with a focus in the EGFR 
signaling pathway, a mesenchymal subtype, a subtype with expres-
sion pattern of normal epithelium, and a subtype with enhanced 
antioxydase enzymes [120]. However, in all early studies, no atten-
tion was paid to the HPV status of the samples. Similar gene ex-
pression profile groups, called basal, mesenchymal, atypical, and 
classic types, were identified in another study by means of Agilent 
44 K microarrays. An enhancement of HPV associated specimens 
was observed in the group of atypical gene expression (e. g., with 
increased expression of CDKN2A) [121]. By means of another plat-
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form (Illumina Expression BeadChips) also 4 subtypes were identi-
fied. However, only the classic expression type was confirmed as 
being comparable to the above-mentioned study [122], which is 
probably due to technical differences or the heterogeneity of the 
specimens.

In 2015, a clinically relatively homogenous cohort of 134 head 
and neck tumors with a percentage of 44 % HPV-association, was 
examined with an Agilent 4 × 44Kv2 expression array. Afterwards, 
the data were summarized with already published data to a cohort 
of more than 900 patients. In this trial, 5 subtypes were identified 
that included 2 groups of HPV-associated and 3 groups of HPV-ne-
gative head and neck tumors. One HPV-associated and one HPV-
negative subgroup showed an immune/mesenchymal expression 
pattern as well as the expression type that was described above as 
“classic” [123–125]. The remaining HPV-negative group showed a 
basal expression pattern with overrepresentation of hypoxia-asso-
ciated genes (e. g., HIF1A, CA9, and VEGF), epithelial markers (P-
cadherin, cytokeratin KRT1 and KRT9), and components of the neu-
regulin signaling pathway. In contrast to this basal expression 
group, both HPV-associated groups did not reveal modification re-
garding the number of copies or the expression of EGFR/HER ligan-
ds [126].

The knowledge gained from genome-wide expression analyses 
could not be implemented translationally until now. This is due to 
missing technical standards, which limits comparability of the re-
sults. On the other hand, the total number of analyzed samples is 
relatively low, so that for example heterogeneity because of patient 
characteristics cannot be subtracted. In the future, this might be 
different due to technical advances analyzing retrospective, forma-
lin-fixed paraffin embedded (FFPE) archive specimens. In a pilot 
study, 4 tumor samples of HPV-associated and 2 HPV-negative 
OSCC were analyzed by means of a NanoString gene expression 
assay and Ion Torrent AmpliSeq cancer panel tNGS. From 230 tu-

mor-associated genes, several ones were correlated with a positi-
ve HPV status (e. g., WNT1, PDGFA, and OGG1). By hierarchic classi-
fication, 6 groups of differentially expressed genes were identified 
[127]. Thus, the use of FFPE materials that are currently not broad-
ly analyzed, might increase the significance and reliability of data 
from expression analyses in future.

4. Clinical Particularities

4.1 Is HPV-associated OSCC a sexually transmitted 
disease?
The transmission of HPV occurs mainly via skin contact or contami-
nated objects. Afterwards, infection of epithelial cells may develop 
with extremely high host specificity. HPV infects undifferentiated 
cells directly above the basement membrane through microwounds 
or in very thin epithelia. While the infected cells remain close to the 
basement membrane, the viral DNA replication is reduced. This is 
due to the fact that the viral development processes are coupled with 
the differentiation processes of the infected cells while they move 
up to the epithelial surface. Whereas the regulatory “early” proteins 
(E) are produced in the early HPV cycle, the “late” proteins L1 and L2 
that represent the capsular structure of the viral particles are pro-
cessed later in the life cycle. Together with viral DNA they build in-
fectious virus particles that are released to the environment together 
with the external epithelial cells.

Typically, for example after visiting swimming pools children 
develop plantar warts because of infections with the low risk HPV 
types 1, 2, and 4. Another transmission pathway is the perivaginal 
transmission during birth which may induce the development of 
laryngeal papillomatosis in infants and toddlers [128]. For the HPV-
associated OSCC, the sexual transmission pathway with the high-
risk papillomaviruses 16 and 18 is in the focus of discussion. The 

▶Fig. 4	 Immunohistochemical proof of the expression of β2 microglobulin (β2M) as marker of functional membrane-based HLA I expression  
(top left). The loss of the expression of β2M on tumor cells (bottom left) correlates with a better overall survival of patients with OSCC (right).
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severely increasing incidence in the last decades is mainly explai-
ned by changed sexual behavior, younger age at first sexual con-
tact as well as the increased practice of oral sex [129]. Even if the 
genital-genital transmission of HPV infection seems to be predo-
minant, also other transmission pathways such as anal-genital, 
oral-genital, manual-genital contact, the use of sex toys as well as 
autoinoculation are possible [130]. In 2 cohorts in the USA, it could 
be shown that patients with HPV OSCC had a higher rate of promis-
cuity (vaginal, anal, oral) in comparison to patients with HPV-ne-
gative tumor. Furthermore, (oral) sex with frequently changing 
partners, casual sex as well as rare use of condoms were reported. 
Light-skinned patients, singles as well as divorced patients mentio
ned a higher number of sex partners. Regarding the income, no  
difference could be found concerning the number of sex partners, 
while patients with a higher educational status reported a higher 
number of sex partners. After performing gender stratification, the 
changed sexual behavior could be confirmed mainly in men 
[131, 132].

For new life partners, there seems to be the risk of transmission. 
But the data up to now do not allow valid conclusions. Since the in-
termittent or missing use of condoms is associated with an incre-
ased risk of oral HPV infection or HPV-associated OSCC, the use of 
condoms probably protects against transmission of oncogenic HPV 
[21, 129]. For nicotine and alcohol, no association with HPV OSCC 
could be detected. However, the consumption of marihuana was 
strongly associated with HPV-associated tumors. Patients with 
more than 10 pack-years of tobacco consumption had a higher 
number of sex partners than patients without or only low nicotine 
abuse. There was no evidence for multiplicative effects for HPV 
OSCC between nicotine and alcohol, marihuana and nicotine, or 
marihuana and alcohol [131, 132].

In summary, the reason for the increased occurrence of HPV 
OSCC is seen in the changed sexual behavior. However, it must be 
questioned in which way and actually if it has really changed over the 
years. The causal reason for the increase of HPV associated carcino-
mas in the oropharynx still cannot be answered with certainty.

4.2 Clinical particularities of HPV-associated OSCC
In some countries, patients with HPV-associated OSCC are often 
rather young [131, 133], but regional differences are observed. In 
our own cohort of 396 patients who were treated in Giessen between 
2000 and 2009, no significant age difference could be detected in 
OSCC patients depending on the HPV status (▶Table 1). Often a hig-
her socio-demographic as well as socio-economic status (higher edu-
cation level, higher profession position as well as income) is found in 
comparison to patients with HPV-negative OSCC [134]. Especially in 
the USA, males are generally more frequently affected (ratio male/
female: 1.5), while the quotient for Asia and some European coun-
tries is only 0.7 [135]. It is assumed that this is due to a higher trans-
mission rate of HPV infections during orogenital sex [130], and the 
higher nicotine abuse of males predisposes them for infection [21].

First symptoms that occur in patients with OSCC include sore 
throat, odynophagia, or globus sensation. In the further course, 
dysphagia or cervical swelling may be observed. Frequently, the 
cervical swelling is the first and only symptom of HPV OSCC that 
lets patients seek for medical advice. This is mainly due to the al-
ready advanced N stage with low T stage. In the context of HPV as-
sociation, the primary tumor is often located at the tonsil or the 
base of the tongue [133, 136] whereas other locations of the oro-
pharynx are rarely affected.

While smoking and alcohol abuse are the classic risk factors for 
head and neck cancer, there are important geographic differences 

▶Table 1	Clinical differences in HPV OSCC, n = 396.

Non-HPV OSCC HPV OSCC

N N  % N  % p value

308 80.6 74 19.4

Gender
Male 306 238 80.7 57 19.3

0.964Female 90 70 80.5 17 19.5

Comorbidity

ECOG

Healthy 0 257 87 76.0 59 24.0

0.002
1–2

Sick 3–4 134 118 89.4 14 10.6

 ≥ 5

Age
Young ( < 60 years) 210 162 80.6 39 19.4

0.987
Old ( ≥ 60 years) 186 146 80.7 35 19.3

Alcohol
 > 2 standard glasses 161 144 92.3 12 7.7

0.000
 < 2 standard glasses 123 69 59.0 48 41.0

Nicotin
 > 10 py 319 270 87.7 38 12.3

0.000
No 60 29 50.0 29 50.0
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with regard to the incidence of nicotine abuse. A significant decre-
ase could be observed between 1980 and 2012 in Northern Euro-
pe as well as North America [137]. While HPV 16 and nicotine abuse 
were considered as independent risk factor till recently [131], a pa-
tient cohort in the USA revealed a higher risk of HPV OSCC after ni-
cotine abuse [138]. In cases of HPV OSCC, nicotine abuse seems to 
have a negative impact on the survival whereas alcohol seems to 
play only a secondary role [139, 140]. In total, the mortality risk of 
patients with HPV-associated tumors, however, seems to be redu-
ced by more than 50 % in comparison to patients with HPV-nega-
tive OSCC. This improved therapy outcome is most likely associa-
ted with the improved locoregional control, among others by in-
creased radiation sensitivity (see chapter 6).

Second primaries are significantly more rarely observed in pati-
ents with HPV OSCC. If this is possibly due to missing risk factors such 
as nicotine or alcohol abuse is unclear because more recent studies 
report about increased nicotine abuse also in patients with HPV-as-
sociated OSCC. The good prognosis of those patients increases the 
number of patients in follow-up examinations and the duration of 
follow-up is longer so that therapy-associated long-term complica-
tions such as dysphagia, xerostomia, or dysgeusia are in the focus. 
In future, therapy de-escalation plays a key role in order to improve 
the patients’ quality of life. Furthermore, the implementation of a 
sufficient tertiary prophylaxis in those patients with long-term sur-
vival might be important in order to early detect recurrences or dis-
tant metastases even in the long-term follow-up (see chapter 7).

5. Diagnostics and Staging
HPV-negative and HPV-associated OSCC vary significantly regarding 
their clinical course and biology. It is worth mentioning that a clear 
and valid procedure for the diagnosis of HPV-induced head and neck 
carcinoma does not exist. In single cases, even after performing ex-
tensive laboratory examinations, it is not evident if a tumor is HPV 
induced or not. Probably, it can be assumed that the triggering fac-
tors of carcinogenesis coincide in many cases of OSCC. The establis-
hed methods include immunohistochemical p16 staining (p16 test), 
the detection of HPV-specific nucleic acids (HPV DNA test), and in 
situ hybridization (HPV ISH) in tissue section.

5.1 Test procedures for the diagnosis of HPV-associa-
ted oropharyngeal cancer
For clear definition of the HPV status in head and neck cancer, the pre-
sence of HPV as well as the detection of oncogenic activity in tissue spe-
cimens is required. The test results are then applicable as prognostic 
markers for patient counseling and also for planning future therapies. 
Testing of both preconditions, however, may also provide false-positive 
or false-negative results because of technical and biological reasons. So 
the misinterpretation of a test may have substantial consequences for 
the patients. Up to now, prospective studies are not available that jus-
tify concrete adaption of the therapy based on the HPV status, although 
a recent study from the USA reveals that already more than half of the 
physicians choose treatment strategies based on HPV tests [141].

The laboratory diagnosis of the HPV status generally consists of 
the detection of viral DNA in biopsies and is performed mainly by 
sensitive PCR-based test procedures or the less sensitive ISH [142]. 
The high sensitivity of PCR-based procedures bears the disadvantage 

of contamination, for example due to parallel HPV infections. Biolo-
gically inactive HPV DNA in the tumor tissue show signals that can-
not be differentiated. In contrast, the signal distribution in HPV ISH 
may provide hints regarding the HPV association, which, however, 
requires more efforts and does not differentiate biologically inacti-
ve HPV DNA as well. As “gold standard” for oncogenic activity, the 
detection of viral mRNA transcripts of the oncogenes E6 and E7 by 
means of RT-PCR is acknowledged. The natural instability of mRNA 
leads to a high specificity because free mRNA can practically be ex-
cluded as basis of contamination, but hereby also the sensitivity is 
lower. Furthermore, the examination of specimens for mRNA is more 
complex, unfixed tissue is needed in most cases and the detection 
of mRNA transcripts does not necessarily correlate with a protein ex-
pression of viral oncoproteins or their biological activity.

The relevant characteristic of HPV-associated carcinogenesis is 
the virus-oncoprotein-caused dysregulation of the cell cycle via the 
Rb signaling pathway and the inhibition of apoptosis by inactivati-
on of p53 (see chapter 3). Also in HPV-negative tumors, inactivati-
on of p53 occurs, however, generally due to mutations in TP53, 
which may become obvious immunohistologically by detection of 
overexpressed but inactivated p53. In HPV-associated carcinomas, 
p53 is missing and the tumor suppressor protein p16 is overex-
pressed due to viral oncoprotein activity (▶Fig. 5). The overexpres-
sion of p16 in tumor cells is rare, however, it is observed in different 
cancer entities and in about 5 % of oropharyngeal carcinomas even 
independent from HPV [59]. Because of a moderate specificity, the 
p16 test alone is only partially sufficient for determination of the HPV 
status. In combination with a detection of viral nucleic acids, the sen-
sitivity and specificity can be increased significantly (▶Fig. 6). The 
combination of p16 test with HPV DNA tests is acknowledged to 
be the most practicable test combination for the clinical use [142].

▶Fig. 5	 Immunohistochemical proof of p16INK4A protein expressi-
on in single cells of healthy squamous epithelium (top left). Gene-
rally, p16INK4A is missing in HPV-negative squamous cell carcinomas 
of the oropharynx (bottom left). However, strongly overexpressed 
p16INK4A is present in HPV-associated OSCC (bottom, in the midd-
le) and dysplasia (top right). Single OSCC sometimes show a weak 
expression of p16INK4A (bottom right) that cannot be considered as 
positive in the context of HPV-diagnostics.
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The examination of saliva was also evaluated regarding HPV as-
sociation. This method is easy, inexpensive, and might be appli-
cable for prophylaxis, therapy monitoring, and follow-up. First ar-
ticles on this topic were already published more than 20 years ago; 
a good correlation of PCR test results from saliva (oral rinses) and 
tumor biopsies of 190 patients could be elaborated [143]. Howe-
ver, a really convincing specificity and sensitivity (between 50 and 
70 %) could not even be reported in recent investigations [144]. In 
the context of local tumor recurrences, it could be shown exemp-
larily that the detection of HPV material is possible [145]. The re-
sults, however, are naturally falsified by frequent oral HPV infec-
tions. Also the detection of oncogenic active HPV infections could 
not be successfully performed.

In most patients with HPV-associated OSCC, HPV-specific antibo-
dies are found in the blood already several years before diagnosis 
[146, 147]. The antibodies directed against the oncoproteins of HPV 
probably do not develop during infection but only years later during 
malignant transformation. This could be demonstrated in a cohort 
of young men with HPV infections who had no seropositivity against 
HPV 16 E6 protein [148]. The detection of antibodies against HR-
HPV E6 and E7 correlates well with the prognosis of patients, com-
parable to the tissue HPV test [149]. Based on annual blood tests, a 
recently published investigation of about 1000 control patients cal-
culated the risk to develop HPV OSCC with more than 5 % (more than 
100 times higher than with negative test) when E6 antibodies could 
be found at the testing time [150]. A positive antibody test cannot 

be assigned to a certain lesion, neither under a time nor a spatial as-
pect, so the diagnostic benefit for the determination of the HPV sta-
tus is rather low. However, excellent applications are possible for early 
detection. As a limitation, however, it must be mentioned that the 
test procedures are not generally available.

5.2 Significance of tumor endoscopy
Tumor endoscopy is mainly used for painless histology gaining as 
well as estimation of the tumor size in order to determine the resec-
tability of the tumor and possible reconstructive procedures. Fur-
thermore, in the context of tumor endoscopy the presence of a se-
condary carcinoma shall be excluded, this mainly applies for patients 
with noxae abuse. However, the performance of tumor endoscopy 
or panendoscopy or triple endoscopy is critically discussed for all 
head and neck tumors. So there is nearly no international consensus 
regarding the significance and technique. Based on the further de-
velopment of imaging procedures, the risk of rigid endoscopy, and 
unclear incidence of second primaries, it is increasingly negatively 
discussed [151]. The significance of tumor endoscopy in the context 
of HPV OSCC can be questioned most critically because those pati-
ents often do not have a positive history of noxae abuse that might 
lead to secondary carcinoma [152, 153]. So the value of endoscopy 
is rather low regarding the question of secondary carcinoma in those 
cases. In Germany, the performance of tumor endoscopy with rigid 
instruments is still widespread [154]. As long as there is no reliable 
evidence, endoscopy may be performed in the current standardized 
way, however, for HPV OSCC also system oriented biopsy under ge-
neral or local anesthesia can be performed without any concern.

5.3 Imaging
Imaging diagnostics of HPV OSCC correspond to the standardized 
imaging of head and neck cancer. For example, ultrasound of the 
neck is performed for imaging of regional tumor disease. Also com-
puted tomography (CT) and magnet resonance imaging (MRI) are 
routinely applied. Those procedures are used for morphological de-
scription of head and neck tumors. In comparison, positron emissi-
on tomography (PET) in combination with CT scan is a hybrid proce-
dure that shows a functional image of the metabolic situation in the 
affected tissue. Hereby the radioactive isotope 18F of fluorine is the 
nuclide that is mostly used in PET and can be combined with several 
pharmaceutics. The combination that is most frequently applied, is 
the metabolic radiotracer 18F-2-fluoro-2-deoxy-glucose (FDG), pos-
sible alternatives are hypoxic radiotracers such as 18F-fluoromisoni-
dazol (FMISO) or the next generation 18F-fluoroazomycin arabinosi-
de (FAZA) [155].

Because of the distinct tumor metabolism of HPV associated OSCC 
in comparison to HPV-negative OSCC (see chapter 3.6) (▶Fig. 7), 
differences in the functional imaging may be expected [156]. So 
HPV-specific tumor characteristics possibly reflect in 18F-FDG PET-
CT. For example, it could be shown that HPV-associated OSCC in 
the context of epithelial mesenchymal transition (EMT) has clearly 
more homogenous FDG and FAZA tracer uptake [155, 157, and own 
data (in press)]. In concordance, a significant increase of the PET 
parameters of HPV-negative OSCC is observed with increased size 
of the primary tumor [155]. In comparison, HPV OSCC provide a 
clearly more homogenous image of tracer uptake in different tumor 
stages.

▶Fig. 6	 Between 2000 and 2015, the average prevalence of HPV-
associated OSCC (HR-HPV DNA and p16INK4A-positive samples) 
amounted to 23 % in Giessen. About 6 % of all cases revealed discor-
dant results of HPV DNA and p16INK4A tests, each. The survival of 
those patients (blue and yellow lines) was significantly inferior compa-
red to patients with HPV-associated OSCC. However, it hardly differed 
from the survival of patients with HPV-negative OSCC (red line).
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But functional imaging is not only applied in the context of sta-
ging procedures, it serves also as therapy monitoring. Currently, 
the controversially discussed therapy de-escalation for HPV OSCC 
is in the focus. In a prospective study (DAHANCA 24), it was recently 
possible to demonstrate that performing FAZA-PET/CT in the con-
text of primary radiotherapy may be promising as monitoring for 
positive therapy response [158]. In another pilot study, it could be 
shown for HPV-positive OSCC patients that FMISO PET before and 
during therapy reflects the tumor charge. It might also be possible 
to reduce the irradiation dose in cases of positive treatment res-
ponse [159]. Furthermore, the functional imaging has become es-
sential for follow-up. In a prospective multicenter trial, a high sig-
nificance of 18F-FDG PET CT could be revealed for the follow-up of 
OSCC primarily treated with RCT. Hereby it became obvious that 
18F-FDG PET-CT as diagnostic tool for detection of regional residues 
was not inferior to a standard arm with post-therapeutic salvage 
neck dissection, which is due to the high sensitivity of this test pro-
cedure. In addition, complications and expenses could be reduced 
by imaging [160].

A new option of imaging are radiomics procedures. Hereby 
image features are quantified by computer assistance, clusters are 
created and then compared with imaging databases in order to 
draw conclusions regarding tissue properties, diagnosis, and cour-
ses of the disease. For example, such a computer-assisted predic-

tion of the HPV status is relatively reliable based on a CT dataset 
[161]. Radiomics signatures were applied successfully as prognosti-
cators for example in breast cancer patients, but also in lung and 
head and neck cancer [162, 163]. By combining the radiomics sig-
nature and the p16 test, the prognostic selectivity between 2 
groups of head and neck cancer patients could be improved [164]. 
In the future, radiomics datasets might be included in prognostic 
models.

5.4 Revised TNM classification and staging rules
The TNM classification of malignant tumors mainly serves as prog-
nosticator. The increasing incidence, different biology of the disease, 
and the clearly improved prognosis after therapy justify the neces-
sity to consider HPV OSCC as independent tumor entity. The main 
reason is the fact that the established staging rules only insufficient-
ly reflect the prognosis of the patients. In particular regarding the 
nodal status, it was demonstrated several times that there is no sig-
nificant influence on the prognosis of the patients based on former 
TNM rules [165, 166]. Only with regard to advanced T stages, a se-
lectivity for the prognosis based on former TNM rules was reported 
[167, 168]. With the recent publication of the 8th edition of the TNM 
classification of malignant tumors, the HPV status of OSCC is consi-
dered. Also the TNM rules for HPV-negative OSCC were modified, 
the factor extracapsular spread (ECS) or extranodal extension (ENE) 
is now included. HPV-negative OSCC are classified as hypopharyn-
geal carcinomas and described in an own chapter of the cancer sta-
ging manual. Since January 1, 2017, the TNM rules are modified with 
regard to the nodal status of HPV OSCC – this relevantly influences 
the tumor stage according to the UICC (Union internationale contre 
le cancer).

Regarding HPV OSCC, the new edition follows study results of 
the ICON-S group (International Collaboration on Oropharyngeal 
Cancer Network for Staging) in Canada, USA, Denmark, and the 
Netherlands. In this multicenter cohort study, 2,603 patients with 
known HPV status were included. Nearly all patients received pri-
mary RCT (98 % of the patients) and more than 70 % of the exami-
ned patients were HPV-positive [169]. For both groups, the overall 
survival was analyzed according to previous recursive partition ana-
lysis with deduction of a revised staging system for the group of 
HPV-associated OSCC and HPV-negative OSCC. The proposals of 
the authors were implemented unchanged in the 8th edition for pa-
tients treated without surgery. Since the applicability is not confir-
med for patients who underwent tumor surgery, modified criteria 
were suggested for those patients. For this purpose, retrospectively 
assessed results of a surgically treated cohort of 220 American pa-
tients were included for whom the presence of 5 or more lymph 
node metastases was associated with a high risk of tumor recur-
rence [170]. All patients were p16 positive and underwent transo-
ral surgery; 80 % had ECS-positive lymph nodes, this factor was not 
relevant for prognosis.

Up to now, ECS was considered as indicator for poor prognosis 
and had a decisive impact on the therapy [171, 172]. So the extra-
nodal growth is an indication for adjuvant platinum application du-
ring postoperative RT [173]. The exclusion of ECS in the new sta-
ging system for HPV OSCC is based – in analogy to the procedure 
described above – on results of other publications. Retrospective 

▶Fig. 7	 The current staging for HPV-positive and HPV-negative 
OSCC was changed significantly. On the left, metastatic HPV OSCC 
(ipsilateral,  < 6 cm) is displayed, this means tumor stage I; according 
to the former edition, the tumor would have to be classified as stage 
IVa (T1, N2b). On the right, a T3N1 OSCC, HPV-negative, is displayed, 
to be classified as stage III. Thus, the tumor stage of the patient on 
the left is lower in comparison to the patient on the right.
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investigations could confirm that the factor ECS is probably not re-
levant for the outcome of HPV OSCC [174, 175]. In addition, the 
factor ECS is assessed with high interobserver variance [176]. Based 
on these results, the value of RCT in adjuvant settings of ECS posi-
tive HPV OSCC can be doubted [177]. The prospective verification 
of this assumption is urgently needed because this question is often 
discussed in tumor boards. Currently 3 prospective studies are con-
ducted that deal with therapy de-escalation including ECS positive 
HPV OSCC to avoid acute and late toxicity (ECOG 3311, ADEPT, PA-
THOS, see ▶Table 2). Only as a consequence, it will be possible to 
state if therapy de-escalation is justified despite the presence of 
ECS in HPV OSCC.

In the Cancer Staging Manual, the p16 test is suggested as sur-
rogate marker for HPV infection and the headline of the chapter is 
not “HPV-positive OSCC” but “p16-positive OSCC”. The group of 
authors decided for this classification because the detection of HPV 
association is based on a combination of test procedures that are 
complex and not always clear. In contrast, the p16 test is simple, 
inexpensive, and widespread. Numerous studies could further re-
veal the significance of the p16 test for the prognosis of OSCC pa-
tients [8, 178, 179]. The naturally existing problems of the test pro-
cedure (high subjectivity regarding the evaluation, biology-related 
variable p16 expression in numerous cases) often do not lead to 
clear test results. According to the authors, patients with negative 
p16 test should be classified in the same way as HPV-negative and 
hypopharyngeal carcinomas in the Cancer Staging Manual. In our 
own cohort, we could analyze the prognosis of the patients in that 
way that a positive result could be shown only for patients with 
double positive testing (▶Fig. 6). So the new staging system bears 
the risk that up to 10 % of the patients are falsely classified accor-
ding to the rules for p16-positive OSCC. It is recommended to se-
cure the HPV status by bimodal procedure if possible and to addi-
tionally examine HPV DNA or mRNA for immunohistochemical evi-
dence of p16 (see above).

5.4.1 HPV-associated OSCC
T category: In p16-positive and p16-negative OSCC, the clinical (c) 
T category corresponds to the pathological (p) T category. Differen-
ces of this category only exist regarding T4. HPV-negative OSCC are 
classified as T4a and T4b, depending on the tumor extension. In HPV 
OSCC, however, no further classification of the T4 category is perfor-
med (▶Table 3).

	 Note
The subcategories of T4a and T4b are eliminated for HPV OSCC.

N category: With the 8th edition, the most important actualiza-
tion is introduced with regard to the nodal status of p16-positive 
OSCC. The differences between the c category and the p category 
of affected cervical nodes must be considered. The clinical classifi-
cation of the nodal status of p16-positive OSCC (cN) is now signifi-
cantly simplified. A unilateral affection is called cN1, bilateral or 
contralateral affection is classified as cN2. cN3 remains unchanged 
with metastases  > 6 cm. After surgery of the cervical lymph nodes 
(pN) only the categories of pN1 and pN2 are included. The limit 
value is the affection of 4 cervical lymph nodes. If 5 or more cervi-

cal lymph node metastases are found, a pN2 status is classified. 
Neither the size nor the presence of ECS are considered in the clas-
sification.

	 Note
The N category of HPV OSCC differentiates cN and pN. cN: 
ipsilateral -> cN1 | bilateral ->cN2 |> 6 cm -> cN3. pN: 4 lymph 
nodes -> pN1 | ≥ 5 lymph nodes -> pN2.

5.4.2 HPV-negative OSCC
In the new edition, the T category for HPV-negative OSCC remains 
unchanged. For the N category, the difference is made between cli-
nical and pathological status and the factor of ECS is considered as 
an upgrading into the next higher category (▶Table 3). ECS is defi-
ned as skin invasion, infiltration of the muscles, nerves, or bones in 
cN and should only then be applied. The same TNM rules are appli-
cable for squamous cell carcinomas of the hypopharynx.

	 Note
The N category for HPV-negative OSCC differentiates cN and 
pN.In clinical staging, ECS becomes the new category of cN3b.
In the context of pathology-based staging, the factor of ECS 
leads to upgrading.

5.4.3 UICC staging
The differences of the TNM classification are also reflected in the UICC 
staging. A difference is also made regarding p16-positive and p16-
negative OSCC. The rules for classification into tumor stages has not 
been modified for HPV-negative OSCC, in the context of p16-positi-
ve OSCC, the UICC staging is performed based on clinically or patho-
logically verified TNM categories. It is particular that now advanced 
lymphogenic metastasis is categorized as N1 (e. g., 4 positive lymph 
node metastases with ECS) and classified in the tumor stage 1 (▶Fig. 
7, ▶Table 4). Only distant metastasis justifies the tumor stage IV. In 
an own evaluation of the new TNM rules and UICC staging groups, 
we could show that the new TNM edition reaches a significant UICC 
down-staging of HPV OSCC [7]. In a patient cohort of 150 HPV OSCC 
patients, it became obvious that the new UICC staging increases the 
number of patients in the stages I and II and the number of patients 
in stage 4 is significantly reduced (▶Fig. 8). Currently, the revised 
TNM rules have already been verified in several cohorts and descri-
bed as valuable [180] or improvements were suggested [181].

In summary, the development of the staging system for HPV 
OSCC corresponds to the high significance of this disease and leads 
to an improved selectivity of prognostic groups. However, in the 
future, probably further revisions of the current edition will be re-
quired. It is critical that the p16 testing alone leads to false estima-
tions in up to 10 %. Furthermore, the downstaging of HPV-positive 
OSCC should not lead to uncritical de-escalation of therapy regi-
men. Molecular signatures and properties (comorbidity) or habits 
(nicotine abuse) of the patients may play a more important role for 
the estimation of the prognosis and will probably influence future 
TNM classifications.
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6. Decision-Making Tools for Therapy
Based on the significantly improved prognosis of HPV-associated 
OSCC regarding recurrence-free survival as well as overall survival, 
the question must be asked if consequences for therapy strategies 
can be expected. Hereby, two different approaches are considered. 
Since multimodal therapy strategies applied for HPV OSCC are ap-
parently much more effective, the question arises whether parts of 
these multimodal therapies for HPV OSCC might be de-escalated 
and whether less intensive therapy may lead to the same outcome. 
Second, the question is asked if this applies for all patients or if de-
intensification can only be performed in certain subgroups of pati-

ents without jeopardizing the outcome. With this background, the 
implementation of different prognostic models also from retrospec-
tive cohorts is extremely important for estimation of the value of 
predictors and also with regard to different treatment strategies (see 
chapter 8). Beside the approach of de-escalation, the question ari-
ses if HPV is a predictive marker of a specific therapy. Based on ret-
rospective cohorts, there is primarily no hint in this regard because 
the prognosis of HPV-associated tumors is better after primary ra-
diotherapy as well as after surgical therapy. In the context of this 
comparative evaluation, the problem is that around 80 % of the pa-
tients who underwent primary surgery, have also been irradiated.

▶Table 3  TNM classifications of OSCC in the 7th and 8th edition.

TNM, 7th edition

TNM, 8th edition

p16-negative p16-positive

T T T

c/p T1  ≤ 2 cm c/p T1  ≤ 2 cm c/p T1  ≤ 2 cm

c/p T2  > 2 cm,  ≤ 4 cm c/p T2  > 2 cm,  ≤ 4 cm c/p T2  > 2 cm,  ≤ 4 cm

c/p T3  > 4 cm without extension to 
the lingual epiglottis

c/p T3  > 4 cm without extension to the 
lingual epiglottis

c/p T3  > 4cm without extension to the lingual 
epiglottis

c/p T4a Infiltration of the larynx, 
outer tongue muscles, hard 
palate, mandible

c/p T4a Infiltration of the larynx, outer 
tongue muscles, hard palate, 
mandible, lamina med. pterygoid 
process

c/p T4 Infiltration of the larynx, outer tongue 
muscles, lamina med./lat. pterygoid 
process, hard palate, mandible, lateral 
pterygoid muscle, skull base, ACI, 
lateral nasopharynx

c/p T4b Infiltration of the lateral 
pterygoid muscle, skull base, 
ACI

c/p T4b Infiltration of the lateral pterygoid 
muscle, skull base, ACI

N cN cN

c/p N0 No regional lymph node 
metastases

cN0 No regional lymph node metastases cN0 No regional lymph node metastases

c/p N1 Ipsilateral, solitary  ≤ 3 cm cN1 Ipsilateral, solitary  ≤ 3 cm cN1 Ipsilateral, solitary or multiple,  ≤ 6 cm

c/p N2a Ipsilateral, solitary,  > 3-6 cm cN2a Ipsilateral, multiple,  > 3-6 cm cN2 Contralateral or bilateral,  ≤ 6 cm

c/p N2b Ipsilateral, multiple,  ≤ 6 cm cN2b Ipsilateral, multiple,  ≤ 6 cm

c/p N2c Bilateral, contralate-
ral  ≤ 6 cm

cN2c Bilateral, contralateral  ≤ 6 cm

c/p N3 Metastases  > 6 cm cN3a Metastases  > 6 cm cN3 Metastases  > 6 cm

cN3b ECS

pN pN

pN0 No regional lymph node metastases pN0 No regional lymph node metastases

pN1 Ipsilateral solitary  ≤ 3 cm pN1  ≤ 4 affected lymph nodes

pN2a Ipsilateral solitary,  ≤ 3 with ECS 
or  ≤ 6 cm without ECS

pN2  ≥ 5 affected lymph nodes

pN2b Ipsilateral multiple  ≤ 6 cm, without 
ECS

pN2c Bilateral, contralateral  ≤ 6 cm 
without ECS

pN3a Metastases  > 6 cm, no ECS

pN3b Metastases  > 3 cm with ECS or 
contra-/bilateral with ECS
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6.1 Radiotherapy
Cell culture models indicate that the radiosensitivity of HPV-associ-
ated OSCC is higher compared to HPV-negative OSCC [182]. Own 
investigations on cell lines could reveal a significantly reduced clo-
nogene survival of HPV-positive tumor cell lines after radiotherapy. 
Comparable results were also described by several research groups 
[183]. According to a meta-analysis of 30 clinical trials, the impro-
ved survival of HPV OSCC patients after radiotherapy alone is confir-
med also in the clinical context [184]. However, HPV evidence alone 
is not predictive for primary radiotherapeutic treatment. It may be 
interpreted as a hint that when patients with HPV OSCC are only tre-

ated with radiotherapy, the locoregional tumor control of p16-posi-
tive tumors amounts to 58 % after 5 years and the overall survival is 
only 62 % [185]. Comparative investigations on RCT or primary sur-
gical therapy are not available. The prognosis of HPV-associated 
OSCC after radiotherapy alone can be estimated as being 10-15 % 
poorer compared to patients who underwent multimodal therapy 
(e. g., radiochemotherapy) [61, 139, 169].

This allows drawing the conclusion that de-escalation is proba-
bly not suitable for all HPV-associated OSCC based on RT alone. Fur-
thermore, patients with very advanced inoperable OSCC have a 
poor prognosis of less than 40 % for progression-free survival even 

▶Table 4  Groups of tumor stages in oropharyngeal cancer, 8th edition.

p16 negative p16 positive

Stage Stage Clinical

0 Tis N0 M0 0 Tis N0 M0

I T1 N0 M0 I T1, T2 N0, N1 M0

II T2 N0 M0 II T1, T2 N2 M0

III T3 N0 M0 T3 N0, N1, N2 M0

T1, T2, T3 N1 M0 III T1, T2, T3, T4 N3 M0

IVA T4a N0, N1 M0 T4 Each N M0

T1, T2,T3 N2 M0 IV Each T Each N M1

IVB Each T N3 M0

T4b Each N M0

IVC Each T Each N M1
Stage pathological

0 Tis N0 M0

I T1, T2 N0, N1 M0

II T1, T2 N2 M0

T3 N0, N1 M0

III T3, T4 N2 M0

IV Each T Each N M1

▶Fig. 8	 Because of the new staging rules for HPV OSCC, stage IV tumors are meanwhile rare, so that there is now a relevant percentage of stage I 
and II tumors.

Tumor stages in HPV OSCC (n = 150) | 7th vs. 8th edition

UICC
Stage

I

UICC
Stage

II

UICC
Stage

III

UICC
Stage

IV

7th edition

4
(2.7 %)

6
(4.0 %)

37
(24.7 %)

103
(68.7 %)

8th edition
79

(52.7 %)
31

(20.7 %)
31

(20.7 %)
9

(6.0 %)
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after intensified definitive RCT [186]. Possibly, there are subgroups 
of HPV-associated OSCC, e. g., with small primary tumors and only 
low-grade cervical lymph node metastasis that might be adequa-
tely treated with RT alone. A retrospective study of 900 patients 
provides hints in this regard. The patients have been selected pri-
marily based on the situation if they had phenotypically a HPV-as-
sociated tumor, HPV test result were not available [187]. Current-
ly clinical de-escalation trials check which additional predictors are 
suitable for such therapeutic de-escalation beside HPV (▶Table 2). 
In addition to the problem that advanced HPV OSCC might not be 
treated adequately with RT alone, tumors with advanced cervical 
metastasis (N2c according to TNM classification of the 7th edition) 
also reveal a relatively high rate of distant metastases (estimated 
30 % of the patients) after RT alone [188]. So patients with advan-
ced tumor disease of HPV OSCC have to receive also chemothera-
py in addition to irradiation. Nonetheless, the fact that de-escala-
tion has already started in RT, can be seen in publications of seve-
ral retrospective series. In 261 patients the tumor bed was left out 
in the adjuvant situation without reduction of the local control 
[189]. Control rates of more than 97 % have been described in a 
meta-analysis when radiotherapy of the contralateral lymphatic 
drainage was omitted in HPV OCSS [190].

6.2 The role of surgery
Beside de-escalation by performing RT alone, there are also approa-
ches to reduce adjuvant therapy by means of surgical interventions 
in the primary therapy (▶Table 2). The basic principle is to elabora-
te histologically confirmed predictors by upfront surgery that allow 
de-escalation of the adjuvant therapy. Furthermore, those studies 
may check if risk factors that have led to the application of simulta-
neous chemotherapy in the adjuvant situation are justified in HPV-
positive tumors (see chapter 5.4). It is rather complicated to elabo-
rate the value of surgery for the survival or function after therapy of 
HPV OSCC because around 80 % of all patients who underwent pri-
mary surgery rely on adjuvant therapy. Currently, clinical studies with 
surgery are conducted with the following questions: reduction of 
the adjuvant radiotherapy dose after postoperative determination 
of risk factors (ECOG 3311); omission of chemotherapy in cases of 
postoperative radiation (ADEPT); comparison of no adjuvant radio-
therapy vs. adjuvant radiation with 50 Gy, 60 Gy, or 60 Gy plus plati-
num, depending on the risk factors (PATHOS).

In this context, 2 studies are funded by the German Cancer Aid 
(Deutsche Krebshilfe) that compare prospectively primary surgery 
of oropharyngeal cancer with primary RT. Not only HPV-associated 
tumors are included in those trials but the HPV status is determi-
ned and subgroup analyses are possible. The EORTC study “Best of-
1420” conducted in Europe and in Germany focuses on early sta-
ges of oropharyngeal cancer with functional endpoints. In additi-
on, the TopROC study compares different therapy strategies for 
advanced OSCC and the endpoint is the survival.

The decision to perform primary surgery followed by risk-adap-
ted adjuvant therapy or primary non-surgical intervention depends 
rather on the local or regional particularities and guidelines. Re-
cently, a review article about a histopathological marker was pub-
lished. Hereby, in particular an advanced T stage could be identi-
fied as risk factor for failed tumor control [191]. For smokers, a cur-
rent retrospective analysis describes that the prognosis is more 

similar to HPV-negative OSCC patients. For primarily surgically tre-
ated cohorts it will be important in the future to identify risk fac-
tors in a prospective setting that are relevant for the patients’ pro-
gnosis because in Germany currently 75 % of the OSCC patients un-
dergo primary surgery. As an example, the cystic degenerated 
metastasis is mentioned, hereby poor local control rates after the-
rapy without surgery are described [192]. In our own cohort, espe-
cially a young age could be identified as additional predictor for a 
good outcome of HPV OSCC patients [193].

6.3 Chemotherapy and antibody therapy
Patients with HPV OSCC have a better outcome after RCT than pati-
ents with HPV-negative tumors. This fact was first described in the 
convincing Ang study [139]. This survival benefit was found also in 
the adjuvant setting with RCT [194], and after induction chemothe-
rapy the response is better as well [195]. However, compared to the 
descriptions above, we actually do not know if HPV positivity is a pre-
dictor for chemotherapy application, i. e., if HPV OSCC should under-
go preferably chemotherapy. For the combined treatment with Ni-
morazole and radiotherapy, it could be shown for example that in 
the context of HPV OSCC neither patients with hypoxic nor less hy-
poxic tumors have a better survival whereas HPV-negative hypoxic 
tumors had an advantage [196]. In another clinical study with a tar-
get for hypoxic tumor cells, a subgroup analysis revealed an even 
poorer response for patients with HPV OSCC [197]. Experiments in-
dicate a particularly good response of HPV-positive cell lines to che-
motherapy; in an own investigation, we could demonstrate a better 
chemosensitivity of HPV-positive cell lines in comparison with a pla-
tinum derivate combined with radiation [198].

Studies on de-intensification of chemotherapy are pursued for 
HPV OSCC by means of replacing a platinum-based chemotherapy 
by antibody therapy with Cetuximab. An analysis of HPV OSCC pa-
tients from a cohort of the so-called Bonner trial revealed no spe-
cific benefit for patients with HPV OSCC [199] and a RTOG study 
that included Cetuximab in platinum-based radiochemotherapy 
did not show a benefit for patients with HPV OSCC as well [200]. So 
clinical studies do not provide any direct indication that HPV is pre-
dictive for antibody therapy with Cetuximab. In several clinical stu-
dies, however, it is currently verified in a randomized way if Cispla-
tin may be replaced by Cetuximab. Endpoints of the study are a lower 
toxicity of the treatment in analogy to the possible benefit for tumor 
control. Studies on the de-intensification of the radiotherapeutic 
dose for definite combined platinum containing RCT are currently 
conducted with the objective to reduce the dose in the area of the 
primary tumor or in the neck. Inclusion criteria for these de-escala-
tion studies are additional favorable risk profiles of the patients (non-
smokers or  < 10 pack-years,  < T3 etc.) [201]. In another clinical trial 
(NCT02254278), patients with HPV OSCC are randomized for a pla-
tinum-based radiochemotherapy or radiotherapy alone.

Retrospective studies on adjuvant RCT for HPV OSCC are impor-
tant. The indications are acknowledged, i. e., the incomplete exci-
sion (R1) and extracapsular spread (ECS). For HPV OSCC, retrospec-
tive data have been published repeatedly that allow the conclusion 
that platinum-based RCT in the adjuvant setting does not add im-
portant benefit for tumor control of patients with HPV OSCC. In a 
cohort of 29 patients with HPV OSCC ( > 90 % of the patients did not 
have tumor-free margins!), no difference in the tumor control was 
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described, independently from the fact if the patients underwent 
postoperative irradiation with or without chemotherapy [202]. Re-
garding the question of indications of adjuvant RCT in ECS-positive 
lymph node metastasis, data of several studies are available. They 
all state that combined adjuvant therapy of HPV OSCC is not asso-
ciated with a benefit for tumor control [17, 175, 203]. However, the 
published patient populations are small, selected, and retrospec-
tively evaluated so that based on the published articles, no reliable 
recommendation can be given for the omission of chemotherapy 
with postoperative radiation and existing risk factors, for example 
in the case of tumor-infiltrated margins.

Regarding induction chemotherapy, only limited data on HPV 
OSCC are available. In an ECOG phase-II study of resectable head 
and neck carcinomas, 2 cycles of carboplatin and paclitaxel were 
applied followed by radiation with 70 Gy. In 62 patients with OSCC 
(38/61 % HPV OSCC) a better response to induction (82 vs. 55 %; 
P = 0.01) was reported for HPV-induced tumors and a better survi-
val after 2 years (95 vs. 62 %; P = 0.005) [204].

For HPV-positive patients from the TAX 324 study (n = 56), after 
induction (cisplatin 100 mg/5-FU 1000 mg/ ±  docetaxel 75 mg) fol-
lowed by RCT, a better tumor control could be revealed, however, 
the rate of distant metastases was not significantly lower [195]. In 
a German study with TPF induction followed by surgery and adju-
vant therapy, the HPV status was not predictive for a good respon-
se to chemotherapy [205]. In prospective clinical trials, it is current-
ly verified for HPV-associated OSCC if induction may serve as switch 
function for de-intensified radiotherapy or radiochemotherapy 
(Quarterback, ECOG 1308). In both studies, HPV-positive patients 
showed high complete remission rates (about 80 %) after induction 
chemotherapy.

6.4 Immunotherapy
It is unknown if the HPV status may be a predictive marker for new 
immuno-oncological therapy approaches. The programmed death 
receptor 1 (PD1) belongs to the T cell receptor family and is expressed 
on the surface of immune cells. The ligand of PD1 is the so-called 
programmed death receptor ligand 1 (PD-L1) and is often expressed 
on the surface of tumor cells. In this way, a cytotoxic T cell response 
is suppressed, which actually serves to protect against autoimmune 
diseases. The effectiveness of a pharmaceutical blockade of this in-
teraction was confirmed in melanoma, bronchial carcinoma, renal 
cell carcinoma, and other tumor entities [206]. For HPV OSCC, we 
could show in an own investigation (submitted for publication) an 
increased expression of the PD-L1 receptor. In analogy, also an incre-
ased PD-L1 expression was revealed for tonsillar carcinomas [207]. 
However, only recently efforts are undertaken to standardize the 
PD-L1 immunohistology [208, 209] so that different methods (anti-
body, cut-off etc.) may explain different results. Not only the results 
of HPV status and PD-L1 expression are inconsistent, it is in particu-
lar unclear if an immunohistochemically visible PD-L1 expression 
alone is predictive for antibody therapy targeted against the PD1/
PD-L1 axis [210].

For HPV OSCC, differential immune infiltrates in tumors have 
been described several times. CD8 positive T cell infiltrates [211], 
NK cell infiltrates [115], and PD1 positive T cell infiltrates were de-
scribed with an improved outcome for HPV OSCC [212]. In a cur-
rent investigation, it was shown for HPV OSCC by means of the im-

mune score (CD8, PD-L1, and CD68) that cases with dense CD8 +  
T cell infiltrates in the stroma and low PD-L1 level in the tumor had 
the best prognosis [213]. Currently, it is not clarified for HPV OSCC 
which value PD-L1 expression may have as biomarker. Probably, 
combinations of immunological markers will reliably predict the 
response to an immune therapy especially for HPV OSCC because 
the carcinogenesis of HPV OSCC is triggered by viral immunomo-
dulation in a particular extent. The combination of immunothera-
peutic medication based on strengthening the antitumor micro-
environment by T lymphocyte co-stimulating agents (e. g., CD27 
agonist), chemokine receptor blockade (CXCR2, CSF1R, and CCR4 
blockade) and direct antitumor medication (EGFR, STAT3) are pro-
bably very promising in the treatment of HPV OSCC.

Two checkpoint inhibitors, Pembrolizumab (Keytruda) and Ni-
volumab (Opdivo) were verified in patients with platinum resis-
tance. In the KEYNOTE-012 study (Pembrolizumab) a response of 
32 % was evaluated in HPV-positive head and neck tumors compa-
red to 18 % in HPV-negative tumors [214]. In the CheckMate-141 
study (Nivolumab), p16 test results were available in 178 of 361 
patients. Regardless of the p16 status, the survival in the therapy 
arm with Nivolumab was significantly longer. HPV-positive tumors 
had a longer tumor control (overall survival of 9.1 months vs. 7.5 
months in HPV-negative head and neck tumors) [215]. The results 
of both large therapy studies do not allow the conclusion in the pal-
liative setting that the HPV-induced carcinogenesis is predictive 
for therapy with antibodies that are only targeted against the PD1/
PD-L1 axis [216].

Current clinical trials focusing on viral carcinogenesis include 
combinations of RT, immunotherapy, chemotherapy, and vaccina-
tion (▶Table 5). Therapeutic vaccination is directed for example 
against E6/E7 oncoproteins or p16 protein [217, 218]. Another ap-
proach is the infection of tumor-specific T cells in HPV OSCC pati-
ents. In contrast to prophylactic HPV vaccines, therapeutic vacci-
nes allow fighting against an existing infection of antigen-positive 
tumor cells. One example is the attenuated bacterial strain of ADXS11-
011 that secretes the E7 oncoprotein and is infused in 30 study pati-
ents before transoral surgery (NCT02002182). Protein-based vacci-
nes (ProCervix, TA-CIN) for HPV OSCC are currently not included in cli-
nical trials. Vaccines based on DNA (VGX-3100, INO-3112) were 
successfully applied in CIN-III lesions of the cervix and are currently 
tested for HPV OSCC (NCT02163057) whereby the transfer of DNA 
vaccine is problematic (gene gun, electroporation).

In summary, no fundamentally modified therapeutic concepts 
can be concluded based on the definition of the HPV status of oro-
pharyngeal cancer. Hence also for HPV-associated OSCC, primary 
surgery should be discussed individually. The advantage of prima-
ry surgery of HPV-associated oropharyngeal cancer is based on the 
following reflections:

▪▪ In cases of R0 resection of the primary tumor and neck 
dissection, mostly adjuvant RCT is not needed.

▪▪ In cases of N0 situation after histological examination, adjuvant 
therapy is probably not necessary.

▪▪ The applied radiation dose and the radiation fields can possibly 
be reduced. One precondition is the reliable R0 resection.
So the indication for surgery of HPV-associated OSCC must be 

made carefully under the aspect if R0 resection was successful. It can 
then lead to an optimized therapy regimen of the individual patient.
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6.5 Options after treatment failure
Treatment failure in the context of OSCC is generally associated with 
a poor prognosis, so patients often receive palliative chemotherapy 
or no tumor-specific therapy. The average 5-year survival after first-
line treatment failure is estimated to amount generally to about 25 % 
and the median survival to 1.5 years after diagnosis of a recurrence 
of OSCC. However, our knowledge regarding the management in re-
current head and neck cancer cannot be easily transferred to pati-
ents with HPV OSCC; and the increased incidence is only observed 
within the last 2 decades. So the published series of recurrent/me-
tastatic HPV OSCC are rather small. Also large therapy studies on pal-
liative combination chemotherapy (EXTREME, SPECTRUM) do not 
allow specific treatment recommendations for HPV OSCC because 
the number of patients was too low and the HPV status was often 
not clearly defined.

In retrospective studies, significantly better survival rates were 
published for HPV OSCC also in cases of tumor recurrences. In a 
large investigation of  > 1,000 patients who were treated in the con-
text of 2 RTOG studies and had recurrences, the 2-year survival 
amounted to  > 50 % (n = 105 HPV OSCC) vs.  < 30 % (n = 76 HPV-ne-
gative OSCC). Interestingly, a longer survival was significantly as-
sociated with salvage surgery [219]. In addition, other types of 
treatment failure in HPV OSCC occurred together with a higher in-
cidence of soft tissue and distant metastases [220]. The estimated 
rate after evaluation of our patients and based on published co-
horts amounts to more than 50 % (▶Fig. 9). Also after longer in-
tervals of tumor control, an accumulation of hematogenic metas-
tases is proven [221]. In particular in cases of hematogenic meta-

stasis, a better tumor control for HPV OSCC is described. In a series, 
the mean survival in distant-metastatic HPV OSCC amounts to 42 
months [222] and in another series to 34 months [223]. In contrast, 
the mean survival as of the diagnosis of distant metastases amounts 
to about 4 months in other head and neck tumors [224]. The mean 
survival in HPV OSCC therefore might be about 10 times as long.

For salvage therapy with regard to HPV OSCC, it seems to be 
true that long-term tumor control by surgery is not successful in 
cases of local treatment failure. In two retrospective series compa-
ring HPV OSCC and HPV-negative patients, no significant differen-
ces for the prognosis were published regarding local tumor recur-
rence or lymph node recurrence [225, 226]. In another recently pu-
blished series, tumor control of distant metastasis of 100 % (!) was 
observed 3 years after surgical therapy of the distant metastasis 
(n = 18) [227]. Also for the systemic therapy of HPV OSCC, howe-
ver, long-term surviving patients are published from a very small 
cohort [228].

In summary, the conclusion can be drawn from various series 
published up to now that for treatment failure and in particular 
oligo distant metastases surgical therapy of the recurrences or tar-
geted radiotherapy even with curative intention may be conside-
red. Most suitable candidates for such salvage therapy are patients 
with isolated pulmonary or bone metastases.

7. Follow-up

7.1 Assessment of therapy-related side effects
Generally, curative therapy of HPV OSCC often leads to permanent 
healing of the tumor disease. So the assessment of the toxicity of the 

▶Table 5  Selection of checkpoint inhibitors with which clinical studies in HPV OSCC will be conducted now or in the future.

Medication Status Study title Inclusion criteria

Pembroli-
zumab

Not yet  
recruiting

Pembrolizumab combined with chemoradiotherapy in squamous cell carcinoma of 
the head and neck

Head and neck cancer, 
stratified for HPV

Recruiting E7 TCR T cells with or without PD-1 blockade for human papillomavirus-associated 
cancers

HPV-induced carcinomas, 
including OSCC

Nivolumab

Active,  
not recruiting

Nivolumab and HPV 16 vaccination in patients with HPV 16 positive incurable solid 
tumors

HPV-induced carcinomas, 
including OSCC

Recruiting HPV 16/18 E6/E7-specific T lymphocytes, relapsed HPV-associated cancers, HESTIA HPV-induced carcinomas, 
including OSCC

Recruiting Oropharyngeal tumor induction chemotherapy and response-stratified locoregional 
therapy trial in order to minimized long-term adverse events

HPV OSCC

Recruiting An investigational immuno-therapy study to investigate the safety and effectiveness of 
Nivolumab, and Nivolumab combination therapy in virus-associated tumors

HPV-induced carcinomas, 
including OSCC

Durvalumab

Not yet  
recruiting

Safety and efficacy of MEDIO457 and Durvalumab in patients with HPV associated 
recurrent/metastatic head and neck cancer

HPV OSCC, recurrences

Recruiting Phase 1-2 study of ADXS11-001 or MEDI4736 alone or combo in cervical or HPV +  
head & neck cancer

HPV OSCC, cervix cancer

Recruiting Durvalumab before surgery in treating patients with oral cavity or oropharynx cancer OSCC and oral cavity

Avelumab
Not yet  
recruiting

Phase Ib/II or TG4001 and Avelumab in HPV16 positive R/M cancers and expansion 
cohort to oropharyngeal SCCHN

HPV-induced carcinomas, 
including OSCC

Ipilimumab
Recruiting An investigational immuno-therapy study to investigate the safety and effectiveness 

of Nivolumab, and Nibolumab combination therapy in virus-associated tumors
HPV-induced carcinomas, 
including OSCC
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treatment plays a major role. Dysphagia is a key symptom of oropha-
ryngeal cancer because the tumor always develops near the anato-
mical crossover of trachea and esophagus. Directly after surgery and 
during RT, dysphagia and mucositis and their management are in the 
focus and after therapy the disturbed swallowing is the most impor-
tant symptom that impairs the quality of life. Reliable evaluation of 
the impaired swallowing is of utmost importance for the therapy 
management of OSCC.

One practicable instrument to assess impairments are patient- 
or physician-related questionnaires. In a review article from 2014, 
however, more than 20 different screening instruments with the 
focus on patient questionnaires were described for the evaluation 
of swallowing disorders [229]. Which instrument is mostly accep-
ted, simple to handle, and provides valid test results for our pati-
ents? In currently recruiting international clinical studies, also in 
Europe the MD Anderson Dysphagia Inventory (MDADI) is often 
applied. It was developed with focus on head and neck cancer, a va-
lidation of the test results is available for numerous languages. The 
19 items assess emotion (6 questions), function (5 questions), body 
function (8 questions) and one global question.

Fiberendoscopic evaluation of swallowing (FEES) is a standard ex-
amination technique for patients suffering from dysphagia. In this 
context, indirect flexible laryngoscopy is performed transnasally. La-
rynx and oropharynx are observed at rest and during swallowing with 
different consistencies. Evaluation criteria are the quantification of 
penetration (entrance of the material into the larynx to the glottis) 
and aspiration (entrance of the material below the glottic level). In 
order to standardize the evaluation, in Germany mostly the penet-
ration-aspiration scale according to Rosenbek is applied. The scaling 
was validated by means of FEES [230]. It cannot be stated if FEES is 
superior to radiological evaluation of aspiration by means of classic 
barium swallow. The results of both procedures are highly influenced 
by the individual and by the examiner.

Regarding toxicity and tumor therapy, reports state for HPV 
OSCC patients that the rate of late toxicities is lower under RCT. 
However, there are also data from the literature that the treatment 
side effects of HPV OSCC patients are perceived as particularly se-
vere [231]. It is especially known from quality of life evaluations 
that patients with HPV OSCC experience the acute phase of thera-
py with severe impairment [232]. For the daily routine in tumor fol-
low-up, the use of so-called ICS core sets was suggested for stan-
dardized assessment of treatment side effects in German speaking 
countries [233]. In an own investigation, we found that question-
naires were useful but they are associated with high efforts in the 
follow-up.

7.2 Early detection of treatment failure
With the increasing incidence of HPV OSCC, the risk of developing 
secondary carcinoma decreases after therapy of OSCC [234]. Re-oc-
curring of a tumor is mostly discovered by the patient because of in-
creased local pains, development of new nodules in the neck, or 
weight loss and swallowing disorders. In order to detect treatment 
failure before the re-appearance of new symptoms, intensive re-
search is performed on methods to early detect recurrences and/or 
metastases. A promising method is the so-called liquid biopsy, which 
is a non-invasive biopsy-taking of human liquids like blood, urine, or 
saliva. Those samples can be examined with regard to tumor mar-
kers that may encompass cell-free circulating tumor DNA, circula-
ting tumor cells, or – as in the case of HPV – viral DNA (▶Fig. 10) 
[235, 236].

Circulating tumor cells (CTC) were the first tumor markers that 
were examined in liquid biopsies. They get from solid tumors into 
the blood cycle, however, only in very low concentrations (1 tumor 
cell per 1 million healthy cells). Accordingly, either a high quantity 
of blood has to be examined or an extremely sensitive method must 
be applied.

Cell-free circulating DNA develops by apoptosis or necrosis of 
healthy as well as tumor cells. Apoptosis results in fragments of a 
length of 180 base pairs or a multiple of them, while necrosis leads 
to fragments of irregular length of more than 1,000 base pairs 
[237]. The percentage of tumor DNA in the entire circulating cell-
free DNA may amount to 0.01 % up to 50 %. It could already be 
shown for different entities that tumor patients had a higher total 
content of cell-free DNA in the blood compared to healthy indivi-
duals. Interestingly, the concentration correlates with the presence 
of cervical metastases and indicates a poor prognosis [238]. Me-
thodically, liquid biopsies are often examined by means of quanti-
tative or digital PCR, sequencing methods (Sanger sequencing, py-
rosequencing, NGS, whole genome/exome sequencing, CAPP-Seq 
[cancer personalized profiling by deep sequencing]) or BEAMing 
(beads, emulsion, amplification, and magnetics) [239]. By next ge-
neration sequencing, certain gene segments or entire genes may 
be sequenced and alterations may be detected in comparison to a 
reference genome. In cases of targeted sequencing (targeted NGS) 
the gene segments to be examined are selected by the user. Regi-
ons are thus examined that have already been described in the li-
terature. The advantage of this technology is that a higher coverage 
of the target region and thus detection of rare variants is achieved. 
By means of PCR, BEAMing, and targeted NGS, known (point) mu-
tations can be detected while whole genome or whole exome se-

▶Fig. 9	 The type of treatment failure in cases of HPV-associated 
and HPV-negative OSCC is different: patients with HPV-induced 
OSCC frequently develop distant metastases, in cases of HPV-negati-
ve tumors, local and locoregional tumor recurrences prevail.
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quencing may identify unknown mutations, chromosomal aberra-
tions, and altered numbers of copies as well as viral DNA sequen-
ces and their integration sites in the human genome [240]. 
Disadvantages of NGS technology for application in this routine are 
still the high costs, the precondition of high-quality DNA as well as 
the abundance of generated data that have to be analyzed and in-
terpreted.

In cases of viral infections, the blood can be additionally exami-
ned with regard to viral DNA. Nasopharyngeal carcinomas (NPC) 
revealed an increased virus load in tumor patients with Epstein Barr 
virus infection and after therapy, the charge decreased [241]. Fur-
thermore, it could be shown in areas with high incidence of NPC 
that detection of EBV-DNA in the blood plasma can be used as 
screening for NPC [242]. In this study, sera of more than 20,000 
cases were examined. NPC could be detected earlier so that the 
prognosis of the patients was significantly improved. These inves-
tigations demonstrate how the detection of virus DNA in virus-in-
duced malignomas can be used as marker. HPV DNA could be found 
in plasma and saliva of head and neck tumor patients. In the same 

study it could be shown that tumor DNA was detected before the 
diagnosis of recurrence, but not in recurrence-free patients. In 2 
patients, tumor DNA was detected after treatment of the primary 
tumor and 9-15 months before clinical diagnosis of the recurrence 
[235]. In an own investigation, we could demonstrate successful 
tumor control as well as treatment failure in single patients by 
means of tumor DNA in the blood (▶Fig. 11). In one study that ex-
amined HPV DNA in the serum of OSCC patients, a reduction of the 
DNA could be observed under RCT. Four patients developed recur-
rences (1 locoregional recurrence, 3 distant metastases). For 3 pa-
tients with distant metastases, again HPV DNA could be detected 
at the time of relapse, however, not for the patient with the locore-
gional recurrence [243].

Beside viral DNA, tumor-specific mutations can also be detected 
in cell-free tumor DNA. This became possible due to the high sensi-
tivity of NGS technologies. In this way, patient-specific tumor muta-
tion patterns can be established in the future and examined in the 
plasma and the saliva. Furthermore, current research deals with the 
question if sequencing of tumor cell clones may assess additionally 
acquired resistances and if adaptation of therapy is possible. For ex-
ample, resistances against Gefitinib and Erlotinib could be identified 
for non-small-cell lung cancer (NSCLC) in the EGFR gene [244].

7.3 Consequences for tumor follow-up
For follow-up examinations of head and neck cancer patients with 
low risk, the German Cancer Society suggests 3 months intervals in 
the first year, every 4-6 months in the second year, 6 months in the 
3rd and 4th years, and annual intervals as of the 5th year after the end 
of therapy. For tumor patients with high risk of recurrence, an exa-
mination is recommended every 6 weeks during the first year, every 
3 months in the second year and every 6 months in the third and 
fourth years, and once a year as of the 5th year (www.krebsgesell-
schaft.de/onko-internetportal/basis-informationen-krebs/krebsar-
ten/andere-krebsarten/kopf-hals-tumoren/kopf-hals-tumoren-
nachsorge-und-reh.html; status: August 1, 2017).

Patients with HPV OSCC may remain in the follow-up program 
for more than 5 years because long-term survival is typical and the 
assessment of late toxicity is important. A particular circumstance 
is the incidence of hematogenic tumor dissemination. After thera-
py of HPV OSCC it is extraordinarily high with about 50 %. Therefo-
re and also because of the possibility of good tumor control even 
in cases of oligo-metastasis, imaging in narrow intervals for HPV 
OSCC patients is recommended (▶Fig. 12). Possibly, the detection 
of viral DNA will be significant in the follow-up of HPV OSCC pati-
ents in the future.

8. Outlook
The epidemiological development of head and neck cancer cannot 
be compared to other entities. Head and neck carcinomas encom-
pass 2 clearly differentiated subentities with regard to clinical and 
biological aspects. The prevalence of HPV-negative head and neck 
tumors decreased due to the success of anti-smoking campaigns 
and reduced tobacco consumption, but the HPV-associated head 
and neck tumors continuously increase in many countries. It remains 
open if the percentage of HPV-negative head and neck cancer will 
be replaced by HPV-associated tumors or if even the current total in-

▶Fig. 11	Correlation between the detection of HPV DNA in blood 
under therapy as well as during follow-up.
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▶Fig. 10	Diagram of the principle of non-invasive liquid biopsy. The 
circulating tumor cells (CTC), tumor DNA, tumor DNA with integra-
ted HPV DNA as well as episomal HPV DNA are displayed.
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cidence of head and neck cancer increases. Plausible and verifiable 
reasons for the increased HPV prevalence in head and neck cancer, 
as for example a relevant change of the sexual behavior in the last 
decades, are unknown. Further, specific measures for reduction of 
the HPV prevalence in head and neck cancer are missing so that 
based on current data only a further increase of the HPV prevalence 
of head and neck tumors can be expected.

The value of prophylaxis by vaccination is acknowledged for 
many infectious diseases. Recent studies from Australia confirm 
the impressive success of vaccination against genital HPV infec-
tions. In a timeframe of about 10 years after introduction of the 
national quadrivalent HPV vaccination program in young women, 
the incidence of genital warts decreased of more than 90 %, the 
one of high-grade cervical lesions of more than 50 % in the investi-
gated population. Meanwhile, vaccination in Australia was exten-
ded also to boys. The most important virus types (HPV 16 and 18) 
are identical in cervix cancer and head and neck cancer and on a 
molecular level many aspects of carcinogenesis correspond in both 
entities. Since there are no counterarguments, it must be assumed 
that primary prophylaxis by vaccination against the most impor-
tant virus types may protect against HPV-associated head and neck 
cancer.

In order to describe the effectiveness of vaccination for HPV-as-
sociated head and neck cancer, there are 2 fundamental problems. 
First, this is the extremely long latency from the time of infection 
to the development of HPV-associated head and neck carcinoma, 
and second, a head and neck cancer pre-malignancy is missing so 
that its reduction cannot serve as endpoint of a vaccination study. 
The current vaccination rates in Germany amount to 42.5 % of 
young women which is clearly below the one in Australia and for 
herd protection a percentage of around 85 % would be needed. So 

there is only an individual protection and a measurable protection 
of the population can only be identified after several years. In ad-
dition, vaccination is recommended mainly for women in the con-
text of cervix cancer prevention. Head and neck cancer and HPV-
associated head and neck carcinomas, however, mostly occur in 
males. Since the vaccines are also approved for boys, HPV vaccina-
tion should also be recommended for boys. This also corresponds 
to the recommendation that all boys as of the age of 9 should be 
vaccinated against HPV as early as possible issued by the respecti-
ve S3 guideline. However, currently HPV vaccination for boys is not 
yet recommended by the Standing Vaccination Committee (Stän-
dige Impfkommission, STIKO). Nonetheless, health insurers spora-
dically pay for this vaccination on application. Fortunately, mean-
while more and more health insurers reimburse the expenses of 
vaccination also for women older than 18 years and hopefully, the 
vaccination rates increase in the long run.

In several studies, models have been developed to investigate 
the significance of risk factors for the prognosis of head and neck 
cancer. In summary they show that there are many different risk 
groups characterized by clinical and lifestyle factors. The most im-
portant factor hereby seems to be HPV, followed by tumor-specific 
properties such as T and N status, tobacco and alcohol consump-
tion as well as the physical condition of the patient. The weighting 
of the factors in those models seems to be important for the treat-
ment strategy because there are differences in the models depen-
ding on whether they were established based on patient populati-
ons that underwent primary surgery or radiotherapy. Regardless 
of the model, there are patients with low and those with high risks. 
The first ones are possibly overtreated with conventional treatment 
procedures which is associated with unnecessary impairment of 
the quality of life. For the latter ones, therapy has to be improved. 
In several current studies, de-escalation of the treatment is tested. 
The selection of the patients is performed based on the HPV status 
of the tumors, however, it must be questioned if this is the only fac-
tor of importance regarding possible de-escalation. Even in low-
risk groups of patients there might be differences which may lead 
to treatment failure after deescalated therapy. For those cases, 
other options have to be developed and made available. The further 
development of prognostic models and inclusion of further factors 
may help to identify suitable patients for de-escalation or more 
specific therapies.

New treatment strategies currently emerge in particular in the 
context of modulation of immune checkpoints. The activation of 
the immune system seems to be enormously important for the 
treatment success because many studies show that tumors influ-
ence immune cells and “hide” so that they are not recognized by 
the immune system. Treatment with immunotherapeutics in com-
bination with conventional methods such as surgery and irradiati-
on is promising and current studies will show which patient groups 
may benefit most.

Beside new therapy approaches, the further development of di-
agnostic methods and the definition of suitable tumor markers has 
to be fostered in order to improve the security of stratification of 
patients for different therapy arms and to recognize treatment fai-
lure as early as possible. Progress in sequencing techniques allows 
the determination of the genetic background of a tumor. In this 
way, affected signaling pathways may be identified that are the tar-

▶Fig. 12	Treatment failure in 520 patients with HPV-associated and 
HPV-negative OSCC. When tumor control fails in HPV-induced tumors, 
it occurs frequently within the first year after the end of therapy.
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get structures for molecular treatment approaches. But also indi-
vidual markers might be detected that can be used to monitor the 
therapy course during follow-up by means of liquid biopsies and to 
early detect tumor recurrence. Possibly, individual genetic markers 
may also be used in the future to develop patient-specific therapy 
strategies with optimal effectiveness and minimal side effects or 
long-term damage. However, the clonal selection and genetic de-
velopment of tumor cells must also be taken into account and a 
better knowledge of molecular processes during carcinogenesis as 
well as clinical studies are essential to implement scientific know-
ledge into clinical practice.
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