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Head & Neck Cancers (HNC): 
mainly squamous cell carcinomas 

• HNC: involves lip, oral cavity, pharynx, 
larynx, paranasal sinuses, or salivary 
glands1,a

• Major occurrence: lip/oral cavity, 
nasopharynx, oropharynx, 
hypopharynx, and larynx2

• 90% of HNCs are squamous 
cell carcinomas (SCCHN)2

Image from National Cancer Institute. Head and neck cancers. http://www.cancer.gov/cancertopics/factsheet/Sites-Types/head-and-neck. Accessed August 8, 2015.
a Salivary gland treatment included in National ComprehensiveCancer Network (NCCN) guidelines for head and neck cancer.3

HNC = head and neck cancer. 

1. National Cancer Institute. Head and neck cancers. http://www.cancer.gov/cancertopics/factsheet/Sites-Types/head-and-neck. Accessed July 9, 2015.
2. Burtness B. InPractice. Medical Management of Head and Neck Cancer. https://www.inpractice.com/Textbooks/Oncology/Head_and_Neck_Cancer/ch26a_HN_MedicalMgmt.aspx.  Accessed July 6, 2015.
3. National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines. Head and Neck Cancers. Version 1.2016. https://www.nccn.org/professionals/physician_gls/pdf/head-and-neck.pdf. Accessed July 27, 2016. 
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Cancer statistics 2018

year due to the time required for data collection, compila-
tion, quality control, and dissemination. Therefore, we pro-
jected the numbers of new cancer cases and deaths in the
United States in 2018 to provide an estimate of the contem-
porary cancer burden.

To calculate the number of invasive cancer cases, a gener-
alized linear mixed model was used to estimate complete
counts for each county (or health service area for rare can-
cers) from 2000 through 2014 using high-quality incidence
data from 48 states and DC (approximately 96% population
coverage) and geographic variations in sociodemographic
and lifestyle factors, medical settings, and cancer screening
behaviors.20 Data were unavailable for all years for Kansas
and Minnesota and for some years for other states. Modeled
counts were adjusted for delays in cancer reporting using
registry-specific or combined delay ratios and aggregated to
obtain national- and state-level counts for each year. Finally,
a time series projection method (vector autoregression) was

applied to all 15 years of modeled data to estimate counts
for 2018. This method cannot estimate numbers of basal
cell or squamous cell skin cancers because data on the occur-
rence of these cancers are generally not reported to cancer
registries. For complete details of the case projection meth-
odology, please refer to Zhu et al.21

In situ cases of female breast carcinoma and melanoma of
the skin diagnosed in 2018 were estimated by first approxi-
mating the number of cases occurring annually from 2005
through 2014 based on age-specific NAACCR incidence
rates (data from 46 states and DC with high-quality data
every year) and US population estimates provided in SEER*-
Stat. Counts were then adjusted for delays in reporting using
SEER delay factors for invasive breast cancer and melanoma,
respectively, because delay factors are not available for in situ
cases. Counts were then projected to 2018 based on the aver-
age annual percent change during the entire time period as
generated by the joinpoint regression model.

FIGURE 1. Ten Leading Cancer Types for the Estimated New Cancer Cases and Deaths by Sex, United States, 2018.
Estimates are rounded to the nearest 10 and cases exclude basal cell and squamous cell skin cancers and in situ carcinoma except urinary bladder. Ranking
is based on modeled projections and may differ from the most recent observed data.
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SCCHN: age-specific distribution

Krebs in Deutschland 2011/2012, 10. Ausgabe, 2015; Robert Koch Institut (RKI)

Age-spcific inciidence according to gender, 
ICD-10 C00 – C14, Germany 2011 – 2012 per 100.000

Age-spcific inciidence according to gender, 
ICD-10 C32, Germany 2011 – 2012 per 100.000
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Krebs in Deutschland 2011/2012, 10. Ausgabe, 2015; Robert Koch Institut (RKI)

OS since diagnosnis according to gender, according to

gender, ICD-10 C32, Germany 2011 – 2012
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Geographic incidence varies 
for SCCHN

lips, oral cavity, pharynx

Joseph & D‘Souza: Otolaryngol Clin North Am. 2012;45:739–64.

(per 100.000 inhabitants)



Awareness campains – key 
ingredient for early detection

http://makesensecampaign.eu/



Access to specialized care is 
associated with early stage

Adrien et al. (2014). Oral Oncology, 50(2), 90–97. 

http://doi.org/10.1016/j.oraloncology.2013.10.016

Factors associated with early-stage 
diagnosis were:
• previous consultation to a specialist

physician (OR = 0.5 [0.4–0.8])

• ease of access to this specialist (OR = 0.6 

[0.4–0.9])

• having a health professional in close

contact (OR = 0.6 [0.4–0.8]).



What are known risk factors?
Preventive measure

Tobacco ✓
Alcohol ✓
HPV ✓
UV-exposure (lips) ✓
Poor oral/dental hygiene ✓
Occupational hazards ✓
Gastroesophageal reflux disease ✓
Genetic syndrome (i.e. Fanconi) -

Gillison ML, et al. J Natl Cancer Inst 2000;92:709–720; 2. Becher H, et al. Int J Cancer 2005;116:451–457; Zhang ZF, et al. Cancer Epidemiol Biomarkers Prev 1999;8:1071–
1078; Guha N, et al. Int J Cancer 2014;135:1433–1443; 5. Mousavi MR, et al. Laryngoscope 2003;113:1939–1943; Qadeer MA, et al. Laryngoscope 2005;115:486–491; Lacko 
M, et al. Int J Radiat Oncol Biol Phys 2014;89:38–48; Shukla A. Indian J Otolaryngol Head Neck Surg 2014;66:79–85; Iqubal MA, et al. J Clin Diagn Res 2014;8:ZE05–7



Molecular drivers vary in SCCHN

mutations in our cohort (20–22), (27). MutSig identified 11
genes displaying significant enrichment for mutations as defined
by a q value of <0.1 in the overall cohort (Supplementary Fig. S2):
TP53, CDKN2A, PIK3CA, MLL2, TPRX1, CUL3, FLG, NSD1,
DDX3X, RPIK4, and HRAS. FGFR3 and FBXW7 demonstrated q
values between0.1 and1. A secondMutSig analysis, inwhich only
genes annotated in the COSMIC database were considered, redis-
covered TP53, CDKN2A, PIK3CA,HRAS, FGFR3, and FBXW7 and
additionally nominated KRAS, MLL3, FGFR2, ZNF217, and
RIMS2 as statistically significant with q < 0.1. We performed
additional significance analyses on the separate HPV-negative
and HPV-positive cohorts using the same MutSig algorithm.
Analysis of mutated genes displaying enrichment in the HPV-
negative cohorts demonstrated statistical enrichment for muta-
tions of TP53, CDKN2A, MLL2/3, NOTCH1, PIK3CA, NSD1,
FBXW7, DDR2, and CUL3, in the HPV-negative samples
(Fig. 1A). Genes displaying statistical enrichment in HPV-positive
tumors were PIK3CA, MLL3, DDX3X, FGFR2/3, NOTCH1, NF1,
KRAS, and FBXW7 (Fig. 1B).

Somatic copy-number alterations were inferred from sequenc-
ing data by read-depth analysis using the CONTRAmethodology
(Supplementary Methods). We applied a modification of GISTIC
2.0 analysis (28) compatible with the focal sequencing data
to identify recurrent peaks of amplification and deletion and
identified 192 genes with false discovery rate of less than 0.25
(Supplementary Table S1D–S1G). Copy-number alterations were
validated at a rate of 83% (45/54) using theNanostring nCounter,
focusing on the genes found to be significantly altered in this
dataset (Supplementary Table S1H). Copy-number analysis dem-
onstratedmanypreviously demonstrated regions of amplification
and deletion, including focal gains of EGFR, REL, BCL6, PIK3CA,
TP63, CCDN1, and MDM2 and losses of ATM, CDKN2A, RB1,
NOTCH1, andNF1 (Fig. 1C and D; refs. 12–15, 29). Significantly

amplified regions that occurred primarily inHPV-negative tumors
were amplifications of 11q13 likely targeting CCND1, 7p11
(EGFR; Fig. 2A). Amplification of 3q26–28, a region containing
SOX2/TP63/PIK3CA(Fig.2AandB)occurredinbothHPV-positive
and HPV-negative tumors. 3p loss and CDKN2A deletions (Fig.
2C) occurred primarily in HPV-negative tumors whereas ATM
deletions occurred primarily in HPV-positive tumors (Fig. 2D).

Comparison of altered networks for HPV-positive tumors
versus HPV-negative tumors

To identify additional biologic differences between HPV-pos-
itive and HPV-negative tumors, we used an unbiased objective
protein–protein interaction network-based analysis of genetic
aberrations (VarWalker; Fig. 3). The altered networks for HPV-
negative tumors contained 84 proteins connected by 76 interac-
tions (Fig. 3A). For HPV-positive tumors, the altered networks
contained 88 proteins connected by 83 interactions (Fig. 3B). The
two altered networks were substantially different: Alteration of
p53 signaling and cell-cycle pathway genes occurred almost
exclusively in HPV-negative tumors. The alteration of oxidative
stress pathway genes (CUL3,NFE2L2, and KEAP1) occurredmore
often inHPV-negative tumors (Fig. 3A). The alteration of theDNA
damage pathway (BRCA1, BRCA2, FANCG, FANCA, FANCD2,
and ATM), FGF signaling (FGFR2, FGFR3, and FGFR4), JAK/STAT
signaling (STAT1, JAK1, and JAK2), and immunology related
genes (HLA-A and HLA-B) favored HPV-positive tumors (Fig.
3B). HPV-positive and HPV-negative tumors shared network
alterations such as PI3K signaling, Notch aberrations, and SMAD
signaling (Fig. 3A and B).

Targetable copy-number aberrations and mutations
Somatic mutations in potentially targetable kinase genes

occurred in FGFR2 and FGFR3 uniquely in HPV-positive

Figure 3.
Network-based comparison of genetic aberrations in HPV-negative and HPV-positive tumors using protein–protein interaction (PPI) network prioritization
(VarWalker) to identify significantly altered pathways/networks in each entity. The size of the symbols correlates with frequency of aberrations; M, nonsynonymous
mutation/s; A, amplification/s; D, deletion/s. Color choices are random, but are intended to highlight similarities and differences between HPV-positive and HPV-
negative tumors. PPI connections are shown with gray lines, and connecting genes without genetic aberrations are shown with gray font.

Seiwert et al.
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HPV-associated cancers
Table 1. Number of cancer cases attributable to HPV and corresponding attributable fraction (AF) by cancer site, sex and age; World, 2012

HPV-related cancer
site (ICD-10 code)

Number of
incident
cases1,2

Number
attributable
to HPV AF (%)

Number attributable to
HPV by gender

Number attributable
to HPV by age group

Males Females <50 years 50–69 years 701 years

Cervix uteri (C53) 530,000 530,000 100.0 0 530,000 250,000 220,000 58,000

Anus3 (C21) 40,000 35,000 88.0 17,000 18,000 6,600 17,000 12,000

Vulva3 (C51) 34,000 8,500 24.9 0 8,500 2,600 3,400 2,500

Vagina3 (C52) 15,000 12,000 78.0 0 12,000 2,500 5,200 3,900

Penis3 (C60) 26,000 13,000 50.0 13,000 0 2,700 5,800 4,400

Oropharynx3 (C01,
C09–10)

96,000 29,000 30.8 24,000 5,500 5,400 18,000 6,000

Oral cavity3 (C02–06) 200,000 4,400 2.2 2,900 1,500 890 2,300 1,200

Larynx (C32) 160,000 3,800 2.4 3,300 460 420 2,200 1,200

Other pharynx3

(C12–C14)
78,000 0 0 – – – – –

Total HPV-related
sites

1,200,000 630,000 54.0 60,000 570,000 270,000 270,000 88,000

1Source: Globocan 2012.
2Numbers are rounded to two significant digits.
3These cancer sites were not directly available in GLOBOCAN 2012; therefore, data from the Cancer Incidence in Five Continents (CI5-X) database
were used to estimate the corresponding number of cases.

Table 2. Number of all cancer cases attributable to HPV and corresponding attributable fraction (AF) for all cancers, by region, cancer site(s)
and sex; World, 2012

Region

Cervix
uteri1 Anus Penis

Vulva/
vagina Head and neck

All cancer
Attributable
to HPV AF (%)

F M F M F M F Both sexes M F Both

Africa

Sub-Saharan Africa 93,000 1,000 1,200 1,000 2,100 360 150 99,000 0.9 26.1 15.8

Northern Africa/
Western Asia

10,000 430 350 70 650 240 80 12,000 0.3 4.3 2.2

Asia

India 120,000 2,600 1,900 3,200 2,800 5,600 1,000 140,000 2.4 23.9 13.8

Other Central Asia 29,000 490 410 30 460 760 300 31,000 0.5 11.4 6.3

China 62,000 5,900 3,600 1,300 1,600 950 270 75,000 0.5 5.4 2.5

Japan/Republic of Korea 13,000 600 560 250 460 1,500 350 16,000 0.5 3.5 1.8

Other Eastern Asia 54,000 550 530 1,100 1,000 1,000 280 59,000 0.6 11.7 6.2

America

Latin America 69,000 1,000 1,900 2,000 2,500 980 280 78,000 0.8 13.0 7.1

Northern America 14,000 1,800 2,700 1,100 3,300 7,000 1,900 32,000 1.1 2.6 1.8

Europe

Europe 58,000 2,700 4,200 2,700 5,100 11,000 2,800 87,000 0.9 4.4 2.5

Oceania

Australia/New Zealand 940 150 190 50 150 290 80 1,900 0.6 2.2 1.3

Other Oceania 1,300 10 10 10 30 30 10 1,300 0.8 18.5 11.1

Less developed countries 370,000 10,000 7,600 6,800 8,300 8,600 2,100 410,000 0.8 13.2 6.7

More developed countries 160,000 6,800 10,000 6,100 12,000 22,000 5,500 220,000 0.8 5.0 2.8

World 530,000 17,000 18,000 13,000 20,000 30,000 7,500 630,000 0.8 8.6 4.5

1Numbers over 100 are rounded to two significant digits; numbers <100 are rounded to the closest ten.
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Martel et al. (2017). International Journal of Cancer Journal International Du Cancer, 141(4), 
664–670. http://doi.org/10.1002/ijc.30716



Adjusted incidence of HPV+ 
SCCHN per 100,000

HPV-attributable anogenital cancers is relatively high (over
1.25 per 100,000) are mainly located in Latin and Northern
America and Australia but a few are also found in Europe
and sub-Saharan Africa (Fig. 2a).

Nearly 90% of anal cancers are attributable to HPV and
globally the malignancy is equally distributed in the two sexes
(Table 1). However, anal cancer occurs slightly more fre-
quently in males in less developed countries and in females

in more developed countries (Table 2). Compared to cervical
carcinoma, a stronger predominance of HPV16 is constantly
reported. HPV 16 and 18 are together responsible for 87% of
anal cancer while the relative contribution of HPV6/11/16/
18/31/33/45/52/58 is 96% (Table 3). Vulvar cancers and
penile cancers are relatively rare, and the HPV AFs of 25%
for vulva and 50% for penis are lower than for other anogen-
ital sites (Table 1). However, in several regions such as

Figure 2. Age standardized (world) incidence rates (per 100,000) of cancer cases attributable to HPV in 2012, both sexes. Panel (a) Ano-
genital cancer cases (vulvar, vaginal, anal and penile). Panel (b) Head and neck cancer cases (oropharynx, oral cavity and larynx).
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SCCHN: male increase of HPV-tumors

782 www.thelancet.com/oncology   Vol 11   August 2010

Review

Similar to the USA, growth in incidence of oropharyngeal 
cancers has been reported internationally, including in 
Sweden,20 the Netherlands,21 and the UK.22,23 In a study 
from the Swedish Cancer Registry during a similar period 
to the US study (1970–2002),24 amplifi ed oropharyngeal 
cancer rates were recorded, but rises were substantially 

larger than in the US study and happened in both women 
and men. The age-adjusted incidence of tonsillar cancer 
increased 3·5-fold in women and 2·6-fold in men 
between 1970 and 2002.24 Augmented incidence of 
HPV-associated oropharyngeal cancers represents an 
emerging viral epidemic of cancer.

Why is increased incidence of HPV-associated 
oropharyngeal cancer most pronounced in young 
individuals? This eff ect could be attributable to changes in 
sexual norms (ie, more oral sex partners or oral sex at an 
earlier age in recent than past generations) combined with 
fewer tobacco-associated cancers in young cohorts, making 
the outcomes of HPV-positive cancers more visible. Can 
the higher rates of HPV-associated oropharyngeal cancers 
in men compared with women be accounted for solely by 
diff erences in sexual behaviour, or are biological diff erences 
in viral clearance present that could contribute to the 
higher burden of these cancers in men? HPV prevalence 
in cervical rather than penile tissue might boost the 
chances of HPV infection when performing oral sex on a 
woman, contributing to the higher rate of HPV-associated 
oropharyngeal cancer in men.

Tobacco use has fallen in past decades, and the 
corresponding rise in proportion of head and neck cancers 
that are oropharyngeal in origin has been striking, both in 
the USA and internationally. SEER data suggest that about 
18% of all head and neck carcinomas in the USA were 
located in the oropharynx in 1973, compared with 31% of 
such squamous cell tumours in 2004.19 Similarly, in 
Sweden, the proportion of oropharyngeal cancers caused 
by HPV has steadily increased, from 23% in the 1970s to 
57% in the 1990s, and as high as 93% in 2007.13,25 These data 
indicate that HPV is now the primary cause of tonsillar 
malignant disease in North America and Europe. 

Despite the recognised importance of HPV in many 
oropharyngeal cancers, the epidemiology of oral HPV 
infection is not well understood (table 1). Findings of initial 
studies suggest that oral HPV frequency increases with 
age. Prevalent oral HPV infection is detected in 3–5% of 
adolescents26–28 and 5–10% of adults.14,29 We do not yet know 
whether the natural history of oral HPV or risk factors for 
persistent HPV infection in the oropharynx diff er from 
those known for anogenital HPV infection (table 1). Data 
suggest oral HPV prevalence is amplifi ed with number of 
sexual partners and is more typical in men, in HIV-infected 
individuals, and in current tobacco users.26–28,30,31

In view of the importance of tobacco use in head and 
neck squamous cell carcinoma, most cases of this 
malignant disease seen in non-smokers are unsurprisingly 
HPV-related. However, oral HPV infection is common in 
smokers and non-smokers and is an important cause of 
oropharyngeal cancer in both groups. For example, in 
case series, only 13–16% of individuals with HPV-positive 
head and neck squamous cell cancer did not smoke or 
drink alcohol.32,33 Although a higher proportion 
of individuals with HPV-positive compared with 
HPV-negative tumours are non-smokers or neither 

Figure 1: Proportion of oropharyngeal (A) and head and neck (B) squamous cell carcinomas caused by HPV in 
North America and Europe
Only studies with more than 25 oropharyngeal cancers (n=27)2,5–13 or 50 head and neck tumours (n=30)5–9,11,14–16 
were included.
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Incidence rates vary geographically

Epidemiologie und molekulare Diagnostik 

Epidemiologie: Änderung der Inzidenzraten 
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Tinhofer et al., Eur J Cancer.  
2015 Mar;51(4):514-21 Chaturvedi et al., J Clin Oncol. 2013 Dec 20; 31(36): 4550–4559 

Große geografische 
Unterschiede 
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HPV and tobacco have different 
impact across the world

Epidemiologie und molekulare Diagnostik 

Epidemiologie: HPV Status und Tabakkonsum 

Deutschland USA vs. 

Gillison M et al., ASCO 2010, Abstr 5510 

Tinhofer et al., Eur J Cancer.  
2015 Mar;51(4):514-21 
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A group of related E3 ubiquitin 
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conserved C-terminal 350 
amino acid long homologous to 
the E6 C-terminus (HECT) 
domain that is involved in 
ubiquitylation of bound 
substrates.

of p21 and p27 in human keratinocytes is CDK2, which 
is important for G1 to S phase entry and progression 
through interaction with cyclin E and cyclin A, respec-
tively51. E7 proteins have many strategies to maintain 
high CDK2 activity. The carboxy-termini of high-risk 
E7 proteins bind p21 and p27, efficiently neutralizing the 
inhibitory effects on cyclin E- and cyclin A-associated 
kinase activities52,53. In turn, CDK2 activity remains 
high in E7-expressing cells despite high levels of p21 
(REFS 52,54). Low-risk E7 proteins can also bind p21 but 
with a greatly reduced efficiency and a decreased abil-
ity to abrogate the inhibitory effects of p21. High-risk 
and low-risk HPV E7 can bind indirectly to cyclin E and 
cyclin A–CDK2 complexes through RB, p107 or p130, as 
well as directly to CDK2 and/or cyclin subunits, allowing 
sustained CDK2 activity55,56. High-risk E7 has further 
been shown to increase the levels of the CDC25A phos-
phatase57,58, which can induce tyrosine dephosphorylation  
of CDK2, promoting its activation.59.

Abrogation of growth arrest through degradation of 
p53. One major consequence of the efficient targeting 
of RB–E2F and other cell cycle regulators by high-risk E7 
proteins is an increase in the levels of the tumour suppres-
sor p53 (REF. 60), which impairs growth and increases the 
susceptibility of E7-expressing cells to apoptosis49,61. To 
counteract this, high-risk E6 proteins use several mecha-
nisms to interfere with p53 functions (FIG. 4). E6 proteins 
recruit the cellular E3 ubiquitin ligase E6-associated pro-
tein (E6AP), a prototypical member of the HECT family 
(homologous to the E6AP carboxyl-terminus family), 
to a trimeric complex with p53 (REF. 62), which leads to 
the ubiquitylation and proteasomal degradation of p53 

(REFS 63,64). E6 proteins can also bind directly to p53 and 
block transcription by interfering with its DNA-binding 
activity65. Low-risk E6 proteins can also associate with 
E6AP66 but surprisingly this does not result in p53 degra-
dation67, suggesting that other cellular factors are targets 
for the low-risk E6–E6AP complex.

The degradation of p53 by the E6–E6AP complex 
reduces the net levels of p53 but remaining p53 can be 
activated in response to DNA damage and other cellular 
stresses. E6 also interferes with p53 function by binding to 
the two related histone acetyltransferases p300 and CREB-
binding protein (CBP), blocking the ability of these factors 
to acetylate p53 and therefore increase its stability68,69. E6 
proteins also bind to the histone acetyltransferase ADA3, 
which can similarly affect p53 activity70. Interestingly, in 
contrast to p300 and CBP, E6 inactivates ADA3 by tar-
geting it for degradation. Low-risk HPV E6 proteins also 
inhibit the transcriptional activity of p53 through direct 
binding65,71 and this may be the predominant mechanism 
by which low-risk HPVs inhibit the growth-suppressive 
affects of p53. The primary reason that high-risk E6 pro-
teins block p53 function is to facilitate productive viral 
replication but this in turn has consequences for tumour 
development. As HPV infections persist for extended 
periods, the abrogation of p53 function allows genetic 
mutations to accumulate that normally would have been 
repaired. Interestingly, E6 does not bind to or promote 
the degradation of the p53 homologues, p73 and p63 
(REFS 72,73), indicating that the inactivation of these  
proteins is not necessary for transformation.

Although the effects of high-risk E6 on p53 are cen-
tral to the development of genital cancers, additional 
p53-independent targets play equally important parts. 
E6 mutants deficient for degradation of p53 can still 
immortalize cells74,75, suggesting that interactions with 
other cellular factors are necessary for cancer develop-
ment. Among the important p53-independent targets are 
the PDZ proteins that associate only with high-risk E6 
proteins76. Mutation of the PDZ-binding domain of E6 in 
the context of complete viral genomes leads to reduced 
growth rates, loss of viral episomes and frequent integra-
tion of viral genomes into host chromosomes, indicating 
the importance of these interactions for viral pathogen-
esis77. Importantly, transgenic mice encoding E6 proteins 
defective for binding to PDZ partners do not develop 
hyperplasia or tumours78.

In transient overexpression assays, E6 has also been 
shown to bind to a series of other factors that may also 
contribute to transformation. Among these are E6-binding 
protein (E6BP, also known as reticulocalbin 2), a calcium-
binding protein found in the endoplasmic reticulum; 
E6-targeted protein 1 (E6TP1, also known as SIPA1-like 
protein 1), a GTPase–activating protein; and minichro-
mosome maintenance 7 (MCM7), a regulator of replica-
tion26. It is not clear, however, which of these E6 activities 
are important in vivo.

Immortalization through the activation of telomerase. 
For cells to become immortal they must induce the 
expression of telomerase, an enzyme often activated 
in cancers that is important for replicating the DNA 

Figure 1 | The life cycle of human papillomaviruses. Human papillomaviruses (HPVs) 
infect keratinocytes in the basal layer of the epithelium that becomes exposed through 
microwounds. Uninfected epithelium is shown on the left and HPV-infected epithelium is 
shown on the right. On infection, the viral genomes are established in the nucleus as 
low-copy episomes and early viral genes are expressed. The viral genomes are replicated 
in synchrony with cellular DNA replication. After cell division, one daughter cell migrates 
away from the basal layer and undergoes differentiation. Differentiation of HPV-positive 
cells induces the productive phase of the viral life cycle, which requires cellular DNA 
synthesis machinery. The expression of E6 and E7 deregulates cell cycle control, pushing 
differentiating cells into S phase, allowing viral genome amplification in cells that 
normally would have exited the cell cycle. The late-phase L1 and L2 proteins encapsidate 
newly synthesized viral genomes and virions are shed from the uppermost layers of the 
epithelium (red hexagons).
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Telomere
A double-stranded short 
tandem repeat found at the 
ends of chromosomes that 
consists of the sequence 
TTAGGG and is approximately 
10–15 kb in length. Telomeres 
provide a cap for linear 
chromosomes and are 
important in maintaining 
genomic stability.

Telomerase reverse 
transcriptase
The catalytic protein subunit of 
telomerase, an 
RNA-dependent DNA 
polymerase that synthesizes 
telomere repeats at 
chromosomal ends.

Centrosome
The primary microtubule-
organizing centre of human 
cells, which consists of a pair of 
centrioles. Centrosomes are 
duplicated only once before 
mitosis and are responsible for 
proper chromosome 
segregation during cell division.

sequences at the ends of chromosomes called telomeres79. 
High-risk E6 proteins activate transcription of telomerase 
reverse transcriptase (TERT), which along with RB inacti-
vation by E7, is an essential step in immortalization26,80. 
E6 activates TERT and telomerase through E6AP by 
interacting with MYC and modulating the activity of 
repressors (upstream stimulating factors 1 and 2 (USF1 
and USF2) and nuclear transcription factor, X box-
binding protein 1-91(NFX1-91)) and activators (MYC–
MAX, SP1 and histone acetyltransferases) that bind to 
the TERT promoter26. E6 also directly associates with 
NFX123 to increase TERT levels through transcriptional 
and post-transcriptional mechanisms81. A more detailed 
discussion of the mechanisms by which E6 affects telom-
erase activation is provided in a recent review by Howie 
et al.26. Interestingly, E7 can promote telomere mainte-
nance in the absence of E6 even when minimal telomer-
ase activation is detected82. Some studies have suggested 
that E7 promotes telomere lengthening through the 
alternative lengthening of telomeres (ALT) pathway, 
which involves homologous recombination between 
telomere sister chromatids83,84. Although high levels  
of telomerase are detected in most cervical cancers, some 
early cervical lesions lack detectable TERT expression, 
yet can persist for long periods of time despite having 
shortened telomeres83. It is possible that the activation of 
ALT by E7 is important in maintaining telomere length 
early in cancer development to reduce genomic instabil-
ity and promote tumour progression. This would allow 
the clonal outgrowth of cells that maintain a minimal 
level of telomerase activity, and is consistent with the 
notion that E6 plays a part in tumour progression by 
primarily promoting telomerase activity in high-grade 
cervical lesions and carcinomas.

Genomic instability
Although E6 and E7 are necessary for maintenance of 
the transformed phenotype, they are not sufficient to 
directly transform cells. Additional oncogenic events 
such as genomic instability are necessary for malignant 
progression to occur. This is consistent with the long 
latency period between initial HPV infection and the 
development of cancer85. High-risk E6 and E7 independ-
ently induce genomic instability in normal cells86, which 
is a characteristic of high-risk HPV-induced malignan-
cies. Most HPV-associated malignancies have numerous 
chromosomal imbalances, including gains or losses of 
whole chromosomes (aneuploidy) and chromosomal 
rearrangements87. Induction of genetic instability is 
thought to be an early event in HPV-induced cancers, 
occurring before integration of the virus into host chro-
mosomes88. Consistent with this notion, aneuploidy can 
be detected in pre-malignant HPV-associated cervical 
lesions89,90. These activities are limited to high-risk E6 
and E7 proteins as no such activities are seen in cells 
expressing their low-risk counterparts91.

Centrosome abnormalities. The expression of high-risk 
E6 and E7 quickly induces numerous mitotic defects, 
including multipolar mitoses, anaphase bridges and 
aneuploidy 92. Abnormal multipolar mitoses are 

characteristic of most high-risk HPV lesions and are 
associated with abnormal centrosome numbers93,94. E6 
and E7 cooperate to induce centrosome abnormalities94, 
which can lead to chromosomal missegregation and the 
development of aneuploidy. In E6-expressing cells, aber-
rant centrosome numbers occur concomitantly with 
nuclear atypia and only become evident after prolonged 
passaging. By contrast, E7 rapidly induces centrosome 
amplification, which correlates with cell division errors 
and occurs before the detection of genomic instability88. 
These studies suggest that aberrant centrosome dupli-
cation is an early event that may drive chromosomal 
instability. E7 induces multiple rounds of centrosome 
synthesis in a single S phase through the formation of 
multiple immature centrioles from a single maternal cen-
triole95. In contrast to normal centrosome duplication, 
E7-mediated centrosome amplification is dependent on 
high levels of CDK2 activity96, linking this function of 
E7 to the degradation of Rb family members. Although 
the E7 LXCXE Rb-binding motif is necessary for aber-
rant centrosome synthesis, E7 can induce centrosome 
abnormalities in mouse embryonic fibroblasts deficient 
in Rb family members, albeit at a much reduced level97. 
This may be due to the binding of E7 to γ-tubulin, a cen-
trosome regulator, through sequences that overlap with 
the Rb-binding domain98. This interaction is independ-
ent of Rb binding and results in removal of γ-tubulin 
from the mitotic spindle, which may result in abnormal 
centrosome synthesis.

Although cells with abnormal mitoses are normally 
targeted for cell death, E6 and E7 act cooperatively to 
allow cells with abnormal centrosomes to accumulate, 
possibly by relaxing the G2–M checkpoint response that 
is normally regulated by p53 (REF. 99) and also through 
inhibition of apoptotic signalling100. In addition to 

Figure 2 | Molecular mechanisms by which the human 
papillomavirus oncoproteins cooperate to induce 
cervical carcinogenesis. The induction of 
hyperproliferation by the E7 protein triggers apoptosis, 
which is blocked by the actions of the E6 protein. The 
cooperative actions of E6 and E7 efficiently immortalize 
cells and this process is augmented by the actions of the E5 
protein. The ability of E6 and E7 to target crucial regulators 
of proliferation, apoptosis, immortalization and genomic 
stability collectively promotes the emergence of a clonal 
population of cells with a growth advantage and an 
increased propensity for transformation and malignant 
progression.

REVIEWS

554 | AUGUST 2010 | VOLUME 10  www.nature.com/reviews/cancer

© 20  Macmillan Pu blishers Limited. All rights reserved10

Nature Reviews | Cancer

Cytoplasm

Plasma
membrane

Nucleus

Infected cell

TERT

E6AP
SP1
NFX123
MYC

Caspase 8
FAK

BAX
BAK

p300
CBP

E6APPaxillin
p53

p53

p53

ADA3

Apoptosis

Proliferation

E6

Immortalization

Ac

Ub Proteasome

Integrins TNFR1 PDZ domain
proteins

FADD
IRF3

Fanconi anaemia
A rare disease characterized by 
chromosomal instability and a 
high incidence of squamous 
cell carcinomas of the head, 
neck and anogenital regions.

Anoikis
A form of programmed cell 
death that is activated when 
normal cells attempt to divide 
in the absence of attachment 
to the extracellular matrix.

leading to genomic instability through defective DNA 
repair. The activation of DNA damage pathways by HPV 
proteins is necessary for productive viral replication but 
this in turn contributes to malignant progression. HPV 
has also recently been linked to the Fanconi anaemia (FA) 
pathway12,108, which promotes DNA repair in response 
to replication stress. HPV 16 E7 normally activates 
the FA pathway and, in cells deficient for an intact FA 
response, E7 expression leads to increased chromosomal 
instability109.

Apoptosis
HPV proteins can also extend the proliferative capac-
ity of infected cells by blocking apoptosis. Induction 
of aberrant proliferation and/or DNA synthesis in the 
absence of sufficient growth signals, such as that which 
occurs in differentiating HPV-positive cells, results in 
a p53-dependent apoptosis termed the tropic sentinel 
response110. The abrogation of Rb functions by high-risk 
E7 proteins sensitizes cells to p53-dependent apoptosis 
and this is blocked by E6 (REF. 61). Targeting of p53 for 

degradation, inhibition of p53 acetylation and suppres-
sion of p53 target gene expression compose only a subset 
of the mechanisms by which E6 and E7 counteract the 
various stimuli that can induce programmed cell death. 
Interestingly, recent studies indicate that HPV uses 
apoptotic signalling pathways to promote replication in 
differentiating cells111 (BOX 2).

Inhibition of anoikis. Another major apoptotic pathway 
targeted by HPV proteins is anoikis, which is associated 
with anchorage-independent growth112. Integrins inter-
act with the extracellular matrix (ECM), and regulate 
signal transduction through focal adhesion kinase 
(FAK). Adhesion to the ECM results in the phosphoryla-
tion and activation of FAK and its downstream substrate 
paxillin, which leads to cytoskeletal reorganization and 
formation of focal adhesions. HPV-positive cells express 
high levels of FAK and fibronectin and have increased 
phosphorylation of paxillin113. The bovine papilloma-
virus (BPV) E6 protein binds paxillin, which corre-
lates with its transformation function114,115. Although 
HPV 16 E6 has also been reported to bind to paxillin, 
it is unclear how this interaction contributes to patho-
genesis114,115. HPV 16 E6 also binds to the ECM protein 
fibulin 1 (REF. 116), which plays a part in transformation 
and tumour invasion. These interactions, coupled with 
FAK activation, promote resistance to anoikis and allow 
HPV-immortalized cells to proliferate in the absence of 
adherence to the ECM. E7 also disrupts anoikis through 
interaction with the RB-associated protein p600 that 
functions as an ubiquitin ligase117. p600 is a cytoplasmic 
protein, suggesting that E7 can target cellular factors 
in the cytoplasm and the nucleus. Binding to p600 is 
mediated through N-terminal sequences of E7 and dele-
tion of these sequences abrogates transformation in an 
RB-independent manner. Furthermore, the depletion of 
p600 in HPV-positive cancer cells results in impaired 
anchorage-independent cell growth, suggesting that 
p600 is important for cellular transformation, as well as 
prevention of anoikis.

Resistance to growth-suppressive cytokines. E6 and E7 
also interfere with the effects of various growth inhibi-
tory cytokines that are induced following infection. 
In response to viral entry, cells produce inflammatory 
mediators such as tumour necrosis factor–α (TNFα), 
which is a potent inhibitor of keratinocyte prolifera-
tion118. Inflammatory cytokines can activate the extrinsic 
apoptotic pathway through transmembrane cell surface 
death receptors of the TNF receptor family, such as TNF 
receptor 1 (TNFR1), FAS (also known as CD95) and the 
TNF-related apoptosis-inducing ligand (TRAIL) recep-
tors. High-risk E6 proteins block apoptosis induced by 
TNFα by directly binding to TNFR1, which inhibits the 
formation of the death-inducing signalling complex and 
consequent transduction of apoptotic signals119. E6 also 
interacts with the adaptor protein FAS-associated protein 
with death domain (FADD) and caspase 8 to block cell 
death in response to FAS and TRAIL120,121. E6 can also 
interfere with induction of the extrinsic and intrinsic 
(mitochondrial) apoptotic pathways through interactions 

Figure 4 | Cellular proteins and signalling pathways affected by the human 
papillomavirus E6 oncoprotein. High-risk E6 proteins inhibit p53-dependent growth 
arrest and apoptosis in response to aberrant proliferation through several mechanisms, 
resulting in the induction of genomic instability and the accumulation of cellular 
mutations. Formation of an E6–E6-associated protein (E6AP)–p53 trimeric complex 
results in p53 degradation, and the interaction of E6 with the histone acetyltransferases 
p300, CREB binding protein (CBP) and ADA3 prevents p53 acetylation (Ac), inhibiting the 
transcription of p53-responsive genes. E6 also inhibits apoptotic signalling in response to 
growth-suppressive cytokines through interaction with the tumour necrosis factor 
(TNF)-α receptor TNFR1, FAS-associated protein with death domain (FADD) and caspase 8, 
and through the degradation of pro-apoptotic BAX and BAK. The interaction of E6 with 
SP1, MYC, nuclear transcription factor, X box-binding protein-123 (NFX123) and E6AP 
activates telomerase reverse transcriptase (TERT) and telomerase, preventing telomere 
shortening in response to persistent proliferation and in turn promoting immortalization. 
E6-mediated degradation of PDZ proteins leads to loss of cell polarity and induces 
hyperplasia. The interaction of E6 with the focal adhesion protein paxillin and the 
extracellular matrix protein fibulin prevents anoikis and allows cellular growth in the 
absence of attachment to extracellular matrix. E6 subverts the interferon (IFN) response 
through interaction with IFN regulatory factor 3 (IRF3) and through the inhibition of p53 
activity. FAK, focal adhesion kinase; Ub, ubiquitin.
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Type of DNA-integration is a key 
component in viral carcinogenesis

observe a correlation among the presence of integration within
specific HPV genes and their expression level. One possible
reason for this lack of correlation is the presence of intact copies
of HPV genome in the same samples.

HPV Integrations Are Associated with Somatic Alterations of Key
Cancer Genes. Because the genomic localization of viral in-
tegration appeared nonrandom, we hypothesized that the in-
tegration events had an impact on cancer development. Detailed
analysis of the genes and the insertion sites revealed several
distinct possible mechanisms by which the viral insertion may
confer a selective advantage. One case involved integration of
the viral genome into the DNA repair protein RAD51 homolog 2
(RAD51B) gene on chromosome 14 (Fig. 2). In this tumor, we
identified three viral integration breakpoints within this gene,
disrupting the E1, E4, or E5 genes of the virus. All three in-
tegration events occurred within intron 8 of the gene. After in-
tegration, a 42-kb segment of intron 8 and the viral genome
amplified to 28-fold, consistent with the possibility that this
amplified chimeric segment is episomal. Extrachromosomal lo-
cation of the amplified RAD51B region was supported by FISH
analysis (Fig. S3). Examination of RNA expression data revealed
that transcripts corresponding to exons 9–11 and 13 of RAD51B
were significantly elevated, generating alternative transcripts that
were unlikely to produce a functional RAD51B protein. RAD51B
is an important component of the DNA double-strand break re-
pair pathway, and loss-of-function variants in this gene have been
reported in uterine leiomyoma and breast cancer (34).
A second mechanism by which the viral insertion may be in-

volved in tumor development is illustrated by the insertion of
HPV16 into the v-ets avian erythroblastosis virus E26 oncogene
homolog 2 (ETS2) gene on chromosome 21 (Fig. S4A). In this

case, the integration resulted in the replacement of exons 7 and 8
of the ETS2 gene by HPV 16. The second copy of the ETS2 gene
appeared intact. RNA expression data revealed that the overall
level of expression of ETS2 was unchanged in this tumor, al-
though the levels of exons 7 and 8 were markedly reduced,
suggesting that exon skipping occurs as a result of viral in-
tegration. ETS2 is a tumor suppressor gene (35), and previous
reports have shown that truncated ETS family proteins may act
in a dominant negative fashion (36). Our findings suggest that
insertion of viral sequences into one of two copies could result
in the loss of function of this gene. A similar effect of HPV in-
tegration was seen in the case of the CD274 [programmed death
ligand 1 (PDL1)] gene on chromosome 9 (Fig. S5). In this case,
the virus integrated into an intron flanked by exons 4 and 5, and
expression levels of exons 5–7 were attenuated, suggesting that
viral integration into this locus resulted in an altered form of PDL1
that is expressed at high levels. Alternative PDL1 transcripts have
been reported (37, 38) and associated with poor prognosis in renal
cell carcinoma (37).
A third mechanism was illustrated by integration of HPV

30 kb upstream of the nuclear receptor subfamily 4, group A,
member 2 (NR4A2) gene (Fig. S4B). The insertion was followed
by 248-fold amplification of a 75-kb genomic region including
the entire NR4A2 gene. RNA-sequencing (RNA-seq) analysis
revealed that the level of expression of the NR4A2 gene was
significantly elevated (Fig. S4B). NR4A2 is a member of the
nuclear transcription factor gene family and has been reported
as an oncogene (39, 40). Our results suggest that the HPV in-
tegration in this sample and subsequent amplification resulted in
overexpression of the NR4A2 oncogene. RNA-seq analysis of
HPV expression showed low levels of E6 and E7 transcripts in
this tumor (Fig. S2A), suggesting that this integration event may

Fig. 2. Integrated analysis of HPV integration events. Breakpoint locations and joining patterns are shown with regard to schematic representations of the
HPV and human genomes, regions of copy number alteration, and exon expression of genes involved and/or located near integration sites. Colored regions
on the genome schemes represent sequences included in the integrated structure. Gray regions represent sequences that were replaced or lost as a result of
integration. RAD51B integration leads to 28-fold amplification of the intronic region and overexpression of exons located downstream of the integrated
virus. The integrated HPV genome retained oncogenes E6 and E7 (both promoters and ori).
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Late HPV-Clearance increases the risk for malignant transformation 
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Natural History of Anal vs Oral HPV Infection
in HIV-Infected Men and Women

Daniel C. Beachler,1 Gypsyamber D’Souza,1 Elizabeth A. Sugar,1,2 Wiehong Xiao,3 and Maura L. Gillison3
1Department of Epidemiology, and 2Department of Biostatistics, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland; and 3Viral
Oncology Program, Ohio State University Comprehensive Cancer Center, Columbus

Background. Human immunodeficiency virus (HIV)–infected individuals are at greater risk for human papillo-
mavirus (HPV)–associated anal than oropharyngeal cancers. The prevalence of anal vs oral HPV infections is
higher in this population, but whether this is explained by higher incidence or persistence is unknown.

Methods. Oral rinse and anal swab samples were collected semiannually from 404 HIV-infected adults in Balti-
more, Maryland. Samples were tested for 37 HPV types using PGMY09/11 primers and reverse line-blot hybridiza-
tion. Risk factors for HPV persistence were explored using adjusted Wei-Lin-Weissfeld models.

Results. The prevalence (84% vs 28%), incidence (145 vs 31 per 1000 person-months), and 12-month persis-
tence (54% vs 29%) were higher for anal vs oral HPV infections, respectively (each P < .001). Heterosexual men had
lower incidence of anal HPV than men who have sex with men and women, but a higher incidence of oral HPV in-
fection (test of interaction P < 0.001). In adjusted analyses, risk factors for HPV persistence included prevalent vs in-
cident (adjusted hazard ratio [aHR] = 4.0; 95% confidence interval [CI], 3.5–4.8) and anal vs oral HPV infections
(aHR = 1.5; 95% CI, 1.2–1.9).

Conclusions. The higher incidence and persistence of anal vs oral HPV infections likely contributes to the
higher burden of anal as compared to oral HPV-associated cancers in HIV-infected individuals.

Keywords. oral HPV; anal HPV; HIV; natural history; persistence; risk factors; incidence; variably detected.

Individuals infected with human immunodeficiency
virus (HIV) are at elevated risk for all human papillo-
mavirus (HPV)–associated cancers, including cervical,
anal, and oropharyngeal cancers [1–3]. However, the
standardized incidence ratios for these cancers among
HIV-infected individuals compared to the general pop-
ulation vary considerably by anatomic site. For
example, HIV-infected individuals have a >25-fold
greater risk of anal cancer relative to the general popu-
lation, but the risk for oropharyngeal cancer is only 2-
to 6-fold greater [4, 5].

The underlying reasons for the different magnitudes
of risk for HPV-associated cancers among HIV-infected
individuals are unclear. In the case of cervical cancer,
the elevated risk among immunosuppressed popula-
tions has been attributed to both higher incidence [6, 7]
and higher persistence rates [6] of cervical HPV infec-
tion. Immunosuppression may also increase risk of
disease progression [8, 9]. Cross-sectional studies have
consistently shown the prevalence of anal HPV to
exceed that of oral HPV among HIV-infected individu-
als [10–12]. To investigate the possible contribution of
differences in incidence and persistence rates to the dif-
fering anal-oral HPV prevalence and cancer rates in
HIV-infected individuals, a prospective study was per-
formed to compare the natural histories of anal and
oral HPV infections among HIV-infected individuals.

METHODS

Study Population and Data Collection
A convenience sample of 404 HIV-infected men and
women was recruited from a clinic (the Moore clinic)
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and HIV-uninfected [32, 33] individuals. It is unclear as to
whether intermittent detection is representative of newly ac-
quired infection, reactivation of latent infection, or rather limi-
tations in sampling or fluctuation of HPV loads around the
lower limits of assay detection. We acknowledge that some of
the newly detected infections classified as incident likely repre-
sent true prevalent infections with intermittent detection. In
support of this, incident anal and oral HPV infections were ob-
served among individuals who reported no recent anal or oral
sex. In the cervical literature, it remains unclear as to whether
consistent HPV detection vs intermittent HPV detection carries
different risks with regard to disease progression. However,
HIV-infected women with transient cervical HPV infections
have a 5-fold increased risk of precancer compared to women
without cervical HPV infection [34].

Similar to previous studies, baseline oral and anal HPV prev-
alence was associated with reduced CD4 T-cell count [11, 12].
Yet, unlike other anogenital HPV studies [7, 29, 35, 36], persis-
tence of oral and anal HPV was not associated with severity

of immunosuppression. This difference may be explained by
our limited sample size or by the fact that the risk factor infor-
mation such as tobacco use and sexual behavior were only col-
lected at baseline. The lack of time-updated measures limits the
interferences between HPV persistence and the risk factors of
interest as they are prone to unmeasured confounding or time
dependent bias [37, 38].

There were several limitations to this study. This population
of urban HIV-infected MSM, women, and heterosexual men
posed several challenges to retention including relocation, in-
carceration, and death that led to nonoptimal loss to follow-up
and missing intermittent visits. However, those lost to follow-
up were similar in baseline characteristics (CD4, drug use) to
those who continued to participate throughout the study, and
results were similar in the multinomial pattern analysis (re-
stricted to those with 4+ visits) compared to the WLW analysis
(included all participants). In addition, risk factors were only
available at study baseline, and we have likely underestimated
the true prevalence of oral HPV infection in the study

Figure 2. Kaplan–Meier survival curves comparing the time to clearance of anal vs oral human papillomavirus (HPV) infections, using a single negative
(A and B) and 2 consecutive negative (C and D) definitions of clearance. Anal (black) and oral (gray) HPV infections are shown. P values and hazard ratios
are from unadjusted Wei-Lin-Weissfeld model.
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the epithelium. However, at later stages of the disease, HPV-transformed cells reprogram the local 
immune microenvironment and rather initiate chronic stromal inflammation, which then serves to 
promote progression of precursor lesions to invasive cancer (Figure 1). 

 
Figure 1. Proposed model of human papillomavirus-induced carcinogenesis. Stage-specific interplay 
between virally infected keratinocytes and the local immune microenvironment. At early stages, 
HPV-infected cells suppress acute inflammation in the epithelium and immune recognition. This 
allows escape from immunosurveillance and viral persistence. During progression to invasive cancer 
HPV-transformed cells initiate chronic stromal inflammation and immune deviation orchestrated by 
paracrine IL-6. The IL-6/STAT3 and IL-6/C/EBPβ pathways lead to chemokine induction in stromal 
mesenchymal and infiltrating immune cells. As a consequence, myelomonocytic cells expressing 
protumorigenic MMP-9 and Th17 cells are recruited further promoting inflammation. 
Myelomonocytic cells differentiate into functionally impaired dendritic cells or M2 macrophages 
expressing PD-L1 that inhibit cytotoxic T cell responses. IL-6 suppresses NF-κB activity in stromal 
dendritic cells, which are unable to migrate in response to lymph node homing chemokines due to 
low CCR7 chemokine receptor expression. Instead, they are immobilized within the tumor stroma 
and produce MMP-9 locally. IL-12 is expressed only at low levels shifting T helper cell responses 
from Th1 to Th2. Stromal inflammation and immune deviation facilitate progression to invasiveness. 
HPV: human papillomavirus; IL: interleukin; STAT3: signal transducer and activator of transcription 
3; C/EBP: CCAAT/enhancer binding protein; MMP: matrix-metalloproteinase; Th: T helper; PD-L1: 
programmed death-ligand 1; NF: nuclear factor; CCR: C-C chemokine receptor; CCL: C-C chemokine 
ligand; IRF: interferon regulatory factor. 

3. Immune Escape Paves the Way for HPV Persistence 

To maintain a first line of defense against infections agents, skin and mucosal surfaces are 
equipped with efficient immune sentinels and immune effector mechanisms [47,48]. Keratinocytes, 
the HPV host cells, form stratified epithelia constituting a physical and immunological barrier 
against pathogens. They are armed with pathogen recognition receptors, host intrinsic restriction 
factors and an arsenal of inflammatory cytokines and chemokines orchestrating local immune 
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Figure 1. Proposed model of human papillomavirus-induced carcinogenesis. Stage-specific interplay
between virally infected keratinocytes and the local immune microenvironment. At early stages,
HPV-infected cells suppress acute inflammation in the epithelium and immune recognition. This allows
escape from immunosurveillance and viral persistence. During progression to invasive cancer
HPV-transformed cells initiate chronic stromal inflammation and immune deviation orchestrated by
paracrine IL-6. The IL-6/STAT3 and IL-6/C/EBP� pathways lead to chemokine induction in stromal
mesenchymal and infiltrating immune cells. As a consequence, myelomonocytic cells expressing
protumorigenic MMP-9 and Th17 cells are recruited further promoting inflammation. Myelomonocytic
cells differentiate into functionally impaired dendritic cells or M2 macrophages expressing PD-L1 that
inhibit cytotoxic T cell responses. IL-6 suppresses NF-B activity in stromal dendritic cells, which are
unable to migrate in response to lymph node homing chemokines due to low CCR7 chemokine receptor
expression. Instead, they are immobilized within the tumor stroma and produce MMP-9 locally. IL-12 is
expressed only at low levels shifting T helper cell responses from Th1 to Th2. Stromal inflammation and
immune deviation facilitate progression to invasiveness. HPV: human papillomavirus; IL: interleukin;
STAT3: signal transducer and activator of transcription 3; C/EBP: CCAAT/enhancer binding protein;
MMP: matrix-metalloproteinase; Th: T helper; PD-L1: programmed death-ligand 1; NF: nuclear factor;
CCR: C-C chemokine receptor; CCL: C-C chemokine ligand; IRF: interferon regulatory factor.

3. Immune Escape Paves the Way for HPV Persistence

To maintain a first line of defense against infections agents, skin and mucosal surfaces are
equipped with efficient immune sentinels and immune effector mechanisms [47,48]. Keratinocytes,
the HPV host cells, form stratified epithelia constituting a physical and immunological barrier against
pathogens. They are armed with pathogen recognition receptors, host intrinsic restriction factors and an
arsenal of inflammatory cytokines and chemokines orchestrating local immune responses [49]. While
the epidermal compartment harbors Langerhans cells and distinct subsets of antigen-presenting cells
(APCs) [50], most innate immune cell types including myeloid, dendritic as well as innate lymphoid
cells and adaptive resident lymphocytes are located in the dermis [51].

3.1. Passive Mechanisms of Immune Escape

For productive infection HPV depends on the keratinocyte differentiation program. After having
entered the proliferating basal keratinocytes, HPV gene expression is low and vegetative replication
dramatically increases only in the more differentiated layers of the epithelium that are bound
to desquamate shortly. The minor levels of protein expression in the lower epithelial layers,

Smola, S. (2017). Viruses, 9(9), 254. http://doi.org/10.3390/v9090254



HPV16 persistance after definite 
treatment is associated with poor 
outcome
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ity (43% [95% CI, 12%-80%]), in predicting any subsequent
recurrence within the following year. Interestingly, all 3 recur-
rences predicted by the presence of persistent oral HPV16 DNA
involved local disease (1 local, 1 locoregional, and 1 locore-
gional and distant), compared with none of the 4 recurrences
in participants without persistent oral HPV16 DNA (2 regional
and distant, 2 distant only; P = .03, Fisher exact test). When
only recurrences involving local disease were considered in this
analysis, specificity and PPV remained at 100% (95% CI, 97%-
100% and 29%-100%, respectively), whereas sensitivity in-
creased to 100% (95% CI, 29%-100%), as did NPV (100% [95%
CI, 97%-100%]).

In contrast to the observed association of persistent oral
HPV16 DNA detection with survival, persistent detection of
DNA from HR-HPV types other than HPV16 was not associ-
ated with survival (P = .40 and .65 for DFS and OS, respec-
tively). Among the 7 participants with persistently detected HR-
HPV other than HPV16 (including HPV 33, 39, 45, 51, and 52
and 2 participants with HPV59), there was only 1 recurrence,

in a participant with persistent oral HPV52 DNA who devel-
oped pulmonary metastases.

HPV16 Viral Load in Oral Rinses at Diagnosis
There were 57 participants with detectable HPV16 viral load
in oral rinses at diagnosis, 56 (98%) of whom also had HPV16
DNA detected by line-blot hybridization (eTable 3 in the Supple-
ment). Median (IQR) detectable HPV16 viral load in oral rinses
at diagnosis was 161 (21-846) copies/2 µL. Participants with
larger tumors more commonly had a detectable oral HPV16 vi-
ral load than those with smaller tumors (62% vs 43%; P = .05),
and current smokers were more likely than never or former
smokers to have high (>160 copies/2 µL) viral load (46% vs 21%;
P = .04). High viral load was also more common in partici-
pants with tonsil compared with nontonsil tumors (39% vs 11%;
P < .001).

Higher HPV16 viral load in oral rinses at diagnosis was
associated with significantly worse OS (P for trend = .01) but
was not significantly associated with worse DFS (P for

Table 3. Characteristics of Participants With Human Papillomavirus Type 16 (HPV16) DNA Detected in Any Posttreatment Oral Rinse

ID

HPV16 DNA
Detection in
Oral Rinses

Smoking
Status

T
Stage

N
Stage

Primary
Treatment

Clinical
Follow-up
After
Diagnosis, mo

Site of
Recurrence

Salvage
Treatment

Time From First
HPV16-Positive
Posttreatment
Oral Rinse to
Recurrence, mo

Vital Status
at Last
Follow-up

1 Persistent Never T2 N2b CRT 24.2 Local, regional,
distant

CT 10.9 AWD

2 Persistent Former T4 N2c CRT 20.0 Regional,
distant

CT NAa DOD

3 Persistent Never T2 N2c CRT 36.8 Local Surgery + RT 6.9 NED

4 Persistent Never T3 N2c CRT 34.6 Local, regional Surgery, then
CT, then
palliative RT

3.7 DOD

5 Persistent Current T2 N2b Surgery + RT 36.2 Distant CT 7.0 DOD

6 New after
treatment

Never T3 N2c CRT 23.0 NAb NAb NAb NED

Abbreviations: AWD, alive with disease; CT, chemotherapy; CRT,
chemoradiotherapy; DOD, died of disease; NA, not applicable; NED, no
evidence of disease; RT, radiation therapy.

a First posttreatment oral rinse obtained after diagnosis of recurrence.
b Patient 6 did not have disease recurrence during the study period.

Figure. Survival by Detection of Persistent Human Papillomavirus Type 16 (HPV16) DNA in Pretreatment and Posttreatment Oral Rinse Samples
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HPV-vaccination programs should 
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Caveat:
1. Not all subjects are

heterosexual 
2. Uptake of vaccination is too

low so far
(29.2% female; 6.9% male)



HPV-prevention: 
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2011;29:4294–301.

n=271

• HPV quadrivalent vaccine 
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No cumulation of HPV infections in 
families with HPV+ SCCHN

HPV, 60% v 62%; P ! .82; HPV16, 57% v 49%; P ! .33). Oncogenic
oral HPV prevalence was also similar among male (61%) and female
patients (59%; P ! .85) and among patients enrolled at each of the
study sites (DFCI, 61%; JHH, 63%; OHSU, 60%; Sinai, 58%; P ! .97).

None (0.0%) of the 93 partners had any oral HPV16 DNA de-
tected by line blot. When qPCR assay was used, two female partners
had low levels (" one copy) of oral HPV16 DNA detected, but both
were below the normal laboratory threshold (ie, three copies) for
positivity. Overall, oncogenic oral HPV prevalence among the 87
female partners was similar to that observed in the general population
(1.2% v 1.3%; Table 2). There were only six male partners enrolled,
two of whom had an oral HPV infection detected (HPV62 and 83),
but neither was an oncogenic HPV type, and no HPV16 infections
were detected among the male partners by either line-blot or qPCR
testing (Table 2).

HPV Antibody Results
IgG antibodies to the HPV16 E6 and E7 antigens were measured

at baseline in 119 patients with HPV-OPC and 44 partners in whom
blood was collected and compared with 81 healthy volunteers (Fig 1).
Healthy volunteers were individuals seen at OHSU or MSMS oral
cancer screening events during the same time period as the study.
Healthy volunteers were primarily women (61%), white non-
Hispanic (89%), and never-smokers (56%), with a median age of 51

years and median number of lifetime oral sex partners self-reported as
two to five.

HPV16 E6 and E7 antibodies were significantly more common
among patients than partners or healthy volunteers (each P" .001; Fig
1). Of 119 patients with blood samples, 55 (46%) were positive for
E6-Abs (P " .001), and 82 (69%) were positive for E7-Abs (P " .001).
Most patients had antibodies to either E6 and/or E7 detected (91 of
119; 76%), but only 34% of patients (40 of 119) had antibodies to both
E6 and E7. Sensitivity (ie, proportion of patients with HPV-OPC with
HPV16 E6 and/or E7 antibodies detected; 56 of 70; 80%) was similar
when restricted to patients known to have HPV16 (as opposed to any
oncogenic HPV) detected in the tumor. In contrast, no partners (zero
of 44; 0%) and two healthy volunteers (two of 81; 2.5%) had HPV16
E6 and/or E7 antibodies detected (Fig 1).

Cancer History
We evaluated the cancer history of all participants and asked

about cancer in their sexual partners. Most patients and partners
reported no personal cancer history and no known history of HPV-
positive cancer in their current or former partners. Oral abnormalities
and precancers were searched for in partners using a visual surveil-
lance examination by a head and neck surgeon or medical oncologist,
and none were identified. One partner (1.1%) and one female patient
(5.9%) had a documented history of invasive cervical cancer. In addi-
tion, eight partners (9.2%), and one female patient (5.9%) reported a
history of cervical dysplasia (one confirmed by medical records and
others by self-report only; Table 3). Other self-reported cancer history
data included a diagnosis of prostate cancer by 4.1% (six of 147) of
male patients and a history of breast cancer self-reported by 17.6% of
female patients (three of 17) and 4.6% of female partners (four of 87;
Table 3).

Several patients with HPV-OPC reported a previous partner who
had been diagnosed with an HPV-positive cancer, including invasive
cervical cancer (n ! 3; 2.0%), oropharyngeal cancer (n ! 2; 1.4%),
and anal cancer (n ! 1; 0.7%), but these reports could not be con-
firmed, because these previous partners were not enrolled onto the
study. In addition, one enrolled partner had a previous husband who
died as a result of oropharyngeal cancer (before meeting her current
partner, who also developed HPV-OPC).

DISCUSSION

As HPV has emerged as an increasingly important cause of oropha-
ryngeal squamous cell cancer over the past two decades, some patients
with HPV-OPC and their families have questions about how, when,
and why they became infected with HPV and concerns about trans-
mitting these infections.23 This study demonstrates that most partners
of patients with HPV-OPC do not have any detectable oral HPV DNA,
suggesting either that oral-oral transmission (ie, kissing) is rare and/or
that most partners effectively clear any active infections to which they
are exposed. Indeed, oncogenic oral HPV prevalence in partners in
this study was similar to that in the general population of the same age.
Furthermore, prevalence of both oral HPV16 DNA detection and
HPV16 oncogene antibodies was rare among partners, suggesting
their own risk of HPV-OPC remains low. However, given the moder-
ate sensitivity of oral HPV16 DNA detection demonstrated in patients
(61% had oncogenic oral HPV detected), the presence of undetected
or quiescent infection in partners cannot be excluded.

Table 2. Oral HPV DNA Prevalence in Patients With HPV-OPC and Their
Partners Compared With General US Population of Similar Age (NHANES)

NHANES
Population

(%)!

Partners Patients

No. % No. %

Baseline (n ! 93) (n ! 164)
Any oral HPV 9.1 4† 4.3 106 64.6
Any oncogenic HPV 4.7 1† 1.1 100‡ 61.0
HPV16 1.4 0 0.0 88 53.7
HPV16 qPCR ! 3§ — 0 0.0 71 45.5
HPV16 qPCR # 0§ — 2 2.3 83 53.2

Among women (n ! 87) (n ! 17)
Any oral HPV at baseline 4.3 2 2.3 11 64.7
Any oncogenic HPV 1.3 1 1.2 10 58.8
HPV16 at baseline 0.5 0 0.0 9 52.9

Among men (n ! 6) (n ! 147)
Any oral HPV at baseline 14.0 2 33.3 95 64.3
Any oncogenic HPV 8.2 0 0.0 90 61.2
HPV16 at baseline 2.4 0 0.0 79 53.7

Abbreviations: HPV, human papillomavirus; HPV-OPC, human papillomavirus–
positive oropharyngeal cancer; NHANES, National Health and Nutrition
Examination Survey; qPCR, quantitative polymerase chain reaction.

!Ages 45 to 65 years.
†Oral HPV infection detected among partners included one infection with

HPV51 (oncogenic), one infection with HPV83 (nononcogenic), two infec-
tions with HPV62 (nononcogenic), and two HPV16 infections detected by
qPCR only.

‡Majority of oncogenic oral HPV infections detected in oral rinse samples of
patients with HPV-OPC were HPV16 (88 of 100; 88%). Other oncogenic oral
HPV infections detected included: 14 HPV52 infections (8.5%), four HPV33
infections (2.4%), three HPV73 infections (1.8%), two infections each for
HPV59 and HPV51 (1.2%), and one infection each for HPV18, 39, 45, and 56
(0.6%).

§All oral HPV results presented, including HPV16 results, were generated by
line blot unless specifically indicated by qPCR.

Oral HPV Infection in Patients With Oropharyngeal Cancer and Partners
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HPV prognostication is bound to 
oropharnx carcinoma

adjusted HR: 1.09 [0.66–1.79], EFS: 0.91 [0.60–1.37] and OS: 0.77
[0.51–1.18]) nor hypopharynx (LRC adjusted HR: 0.86 [0.42–1.78],
EFS: 1.09 [0.63–1.89] and OS: 0.74 [0.41–1.31]), respectively.

In the final Cox proportional hazards analysis adjusting for age
(<60 years vs. >60 years), gender (female vs. male), T-size (T1–2 vs.
T3–4), lymphnode involvement (N0 vs. N+), hypoxic modification
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Fig. 1. (A) Actuarial estimated loco-regional tumor control (LRC), (C) event-free survival (EFS) and (E) overall survival (OS) by p16-status in stage III–IV oropharyngeal
carcinomas. (B), (D) and (F) illustrate the actuarial estimated LRC, EFS and OS in the group of advanced non-oropharyngeal carcinoma, respectively.
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OS improvement only in 
oropharynx carcinoma (USA)

results
The present analysis includes 422 patients (Table 2). All
patients were stage IV except a single stage III patient (seven
patients had missing data). The mean age was 57 years with
55.7% and 44.3% OP and non-OP patients, respectively. Non-
OP subsites included larynx (18.3%), oral cavity (14.0%),
hypopharynx (10.0%), and other (2.1%). ECOG PS was 0, 1,
and 2 in 53.8%, 43.8%, and 2.4% of patients, respectively (two
patients had missing data). Over time, the percentage of
patients with stage T4 disease decreased significantly, while the
percentage of patients at nodal stage N2/N3 increased from
74.2% to 94.6%.

smoking history
Smoking history was available for all patients, including never-
smokers (14.0%), pipe/cigar or chew tobacco users (3.8%), <20
pack-year smokers (22.0%), 20–40 pack-year smokers (27.5%),
>40 pack-year smokers (31.8%), and smokers of unknown
amount (1.0%). Never-smokers increased over time with 2.3%
(1993–1998), 11.6% (1999–2003), and 20.6% (2004–2010).

Similarly, patients reporting >40 pack-years decreased from
39.3% to 33.3% to 29.4% in sequential groups.

recurrence-free survival
RFS improved over time in both OP and non-OP patients but
only reached statistical significance in the OP patients (Figure 1).
Five-year RFS was 42.3% (1993–1998), 68.4% (1999–2003),
and 75.8% (2004–2010) in the OP subset. The time-to-event
curves were significantly different after adjusting for baseline cov-
ariates (P = 0.017). The non-OP 5-year RFS was 42.9%, 53.6%,
and 61.7% for the same time periods (adjusted P = 0.30).

overall survival
OS improved over the course of the three examined time
periods for both OP and non-OP patients with only OP trends
reaching statistical significance (adjusted P = 0.0084; Figure 2).
OP 5-year OS improved from 42.3% (1993–1998), 72.5% (1999–
2003), and 78.4% (2004–2010). In the non-OP patients, OS only
trended toward improvement from 51.0% (1993–1998) to 58.8%
(1999–2003) and 66.3% (2004–2010), adjusted P = 0.51.
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HPV+ SCCHN are explicitly 
chemosensitive

Kies MS et al. Journal of Clinical Oncology 2010;28:8–14.
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Smokers have a poor prognosis 
(IC+RCT)

younger age (median age, 55 v 63 years; P ! .016; Appendix Fig A1E)
and with nonsmoking status (P ! .037; Appendix Fig A1F). A greater
proportion of men (22 [73%] of 30) than women (5 [41.7%] of 12;
P ! .08) were HPV positive. HPV copy number was significantly
associated with response to IC (P ! .003; Fig 3E), CRT (P ! .005), OS
(P ! .007), and DSS (P ! .008; Fig 3F). Twenty-five of 27 HPV-
positive patients were responders to IC; 24 were responders to CRT;
and 21 (78%) have remained alive with organ preservation (Appendix
Fig A2, online only).

Of the 15 HPV-negative patients, 10 responded to IC, and 5 did
not. Of these 10 responders, seven responded to CRT; one died of
metastasis before CRT. Four of the seven patients have remained alive
with preserved organs, and three died; all five nonresponders died
(Appendix Fig A2).

Multivariate Analysis
The favorable prognosis of patients with higher HPV titers was

maintained after adjusting for sex, smoking status, T class, N class, age,
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Past (n = 28)

Never (n = 16)

HPV16- (n = 15)

HPV16 < 65 (n = 13)

HPV16 ≥ 65 (n = 14)

Fig 3. (A) Overall survival and (B) disease-specific survival plots of patients (n ! 66). (C) Disease-specific survival based on sex. (D) Disease-specific survival based
on smoking status. (E) Response to induction chemotherapy based on mean human papilloma virus (HPV) titers; blue box, interquartile range (25th to 75th percentile),
not including outliers; horizontal black line, median; range bars, range of minimum to maximum observations, not including outliers; red dot, mean; blue dot, outlier.
(F) Disease-specific survival according to HPV16 titers. CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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1 factor is too simple - smoking 
compromizes outcome in HPV+ SCCHN

2013) for diagnosis and treatment at the Charité. We
observed a prevalence of 48% of HPV+ cases in OPSCC
and their specific enrichment in OPSCC compared to
non-OPSCC (11%, P < 0.001). Again, increased preva-
lence of HPV was observed despite a persistently high por-
tion of current smokers in the group of OPSCC (Fig. 2C).

3.4. Patient outcome is affected by the epidemiologic shift
in OPSCC but not non-OPSCC

Several studies have previously demonstrated supe-
rior outcome of HPV+ compared to HPV! OPSCC

patients. This was irrespective of the type of treatment
tested in these studies, being either radiation [9], chemo-
radiation [10], cetuximab-based bioradiation [11] or che-
motherapy in the neoadjuvant [12] or palliative setting
[13]. We tested whether the increasing trends in HPV
prevalence observed in cohort 1 were also associated
with improved outcome. As shown in Fig. 3, we
observed significantly improved overall survival (OS)
and a trend towards better PFS in OPSCC patients with
diagnosis and treatment between 2010 and 2013
compared to patients diagnosed before 2010. The 2-year
OS rates ±95% confidence intervals were 71%

Fig. 3. Trends in overall and progression-free survival in oropharyngeal squamous cell carcinoma (OPSCC) (left) and non-OPSCC (right).

Table 2
Hazard ratios for OS in oropharyngeal squamous cell carcinoma (OPSCC), according to patient group.

Covariate Univariate model Hazard ratio
(95% confidence interval (CI))

P value Multivariate model
Hazard ratio (95% CI)

P value

Time period (<2010 versus 2010–2013) 1.8 (1.2–2.9) 0.006 1.6 (1.0–2.7) 0.044
Union for International Cancer Control

(UICC) stage (IVA, IVB versus II, III)
3.6 (0.9–14.8) 0.071 2.6 (0.6–11.4) 0.18

Treatment (Radiochemotherapy (RCT)
versus Radiotherapy (RT))

1.8 (0.8–4.1) 0.18 1.1 (0.4–2.6) 0.89

Fig. 4. Trends in smoking habits in HPV+ OPSCC (A) and its interference with overall survival (B).
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Tobacco cessation impacts HPV+ 
SCCHN

to an initial cycle of neoadjuvant chemotherapy under-
went definitive surgery with postoperative radiation,
whereas all patients in UMCC-0221 completed definitive
chemoradiation and were followed for recurrence and
possible salvage surgery as necessary.

HPV-positive versus HPV-negative patients. Controlling
for the cohort effect, HPV-positive and HPV-negative pa-
tients were similar with respect to race, clinical stage, and N
class. HPV-positive patients were significantly younger (P =
0.04), more likely to bemale (P = 0.04), had less advanced T

Fig. 1. A, time to recurrence by HPV status for each cohort; B, DSS by HPV status for each cohort; C, OS by HPV status for each cohort; D, time to
recurrence by tobacco use among HPV-positive patients for each cohort.

Maxwell et al.
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Early diagnosis & decline of 
tobacco  (USA)

Das et al. (2015). Ann Oncol, 26(1), 198–205. 
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Academic centers do better

Figure 1. 
Kaplan-Meier survival curves by type of treating institution.
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MDT have influence on Rx-decision

Wheless SA, et al. Otolaryngol Head Neck Surg 2010;143:650–654

Changes in tumor diagnosis, staging, or treatment plan: 27%

Type of change resulting from the Tumor Board presentation All patients (N=120)
n/N (%)

No change in either diagnosis or treatment 79/120 (66)

Change in either diagnosis or treatment 32/120 (27)

Change in treatment plan without a change in diagnosis 19/120 (16)

Change in diagnosis without a change in treatment plan 10/120 (8)

Change in both diagnosis and treatment 3/120 (3)

Other* 9/120 (7)

*Patients were categorized as “other” if they required further diagnostic workup (e.g. new imaging or biopsies) before a decision 
could be made



Trend towards implementation of 
Multi disciplinary teams (MDT)
Country1 Legally mandatory Recommended in guidelines

Australia

Belgium

Canada

France

Netherlands

UK

1. State Government Victoria DoH. Multidisciplinary cancer care. 2012. Available at: 
www.gha.net.au/Uploadlibrary/411214604MultidisciplinaryCancerCareLitReviewFINAL.pdf. 
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Better 5-y OS with MDTs
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Stages 0 – IV

Not seen by MDT
Seen by MDT

Stage IV only

Not seen by MDT
Seen by MDT

HR: 0.79; p=0.024 HR: 0.69; p=0.004

Friedland PL, et al. Br J Cancer 2011;104:1246–1248



Conclusions 
• HNC is a common disease on a global scale
• Alcohol, tobacco and HPV are key driver
• Non-smoking campaings and vaccinations are 

important preventive strategies
• Survival improved in HPV+ oropharynx carcinoma 

only
• Biggest medical need for SCCHN with conventional 

hazards 
• Multidisciplinary teams are a key ingredient in 

SCCHN treatments 


