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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. 



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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LOCATIONS DEFINE OUTCOME IN HNC 

Carvalho AL, et al. Int J Cancer 2005;114:806–816



HEAD AND NECK CANCERS GLOBALLY
Estimated age-standardized incidence rates (World) in 2018, both sexes, all ages
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HEAD NECK CANCERS FUTURE DEMOGRAPHICS  

Hypopharynx Oropharynx

• Data source:GLOBOCAN 2018 
• Graph production: Global Cancer Observatory (http://gco.iarc.fr/) 
• © International Agency for Research on Cancer 2018 
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NASOPHARYNX - A DISTINCT DISTRIBUTION PATTERN 

Estimated age-standardized incidence rates (World) in 2018, nasopharynx, both sexes, all ages
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or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate borderlines for
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SALIVARY CANCERS ARE RARE
Estimated age-standardized incidence rates (World) in 2018, salivary glands, both sexes, all ages
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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 are:  
• 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]).



AWARENESS CAMPAINS – KEY INGREDIENTS 
FOR EARLY DETECTION

http://makesensecampaign.eu/



MOLECULAR DRIVERS VARY IN SCCHN

Seiwert et al. (2015). Clinical Cancer Research, 21(3), 632–641. http://doi.org/
10.1158/1078-0432.CCR-13-3310

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.

Clin Cancer Res; 21(3) February 1, 2015 Clinical Cancer Research636

on February 9, 2016. © 2015 American Association for Cancer Research. clincancerres.aacrjournals.org Downloaded from 

Published OnlineFirst July 23, 2014; DOI: 10.1158/1078-0432.CCR-13-3310 



chemotherapy with cetuximab (Erbitux; ImClone LLC,
Eli Lilly and Company, Branchburg, NJ)). One patient
who received conventional chemotherapy in addition to
adjuvant radiation was not known to have FA until the
development of treatment-related complications, includ-
ing mucositis, persistent myelosuppression, hemorrhage,
dysphagia, tracheal stenosis, and recurrent aspiration
pneumonia. One patient received conventional chemo-
therapy without radiation for tumor recurrence, and
treatment complications are unknown. Three patients
received targeted chemotherapy with cetuximab (Erbi-
tux; ImClone LLC), in addition to adjuvant or neoadju-
vant radiation therapy. Among these three patients
treated with cetuximab, only one patient was reported to
have complications, which included pancytopenia, dys-
phagia, and folliculitis.

Second Primary Cancers
Patients with FA have a tendency to develop multi-

ple malignancies. Overall, 12 (48%) of the 35 patients
with HNSCC developed multiple malignancies, with five
developing more than two primary malignancies. Of
these patients, nine developed a second primary SCC,
including anal SCC (n 5 2), cervical SCC (n 5 2), vulvar
SCC (n 5 2), a second head and neck primary tumor (n
5 2), and cutaneous SCC (n 5 1). One patient developed
a total of four malignancies (myelodysplastic syndrome,
breast carcinoma, HNSCC, and anal SCC) before the age
of 40 years and was not diagnosed as having FA until
after the third malignancy, when the patient was found
to have anemia during preoperative workup.

Survival Outcomes
Follow-up and outcome information was available

for all 35 patients. Thirty patients (86%) died during the
study period. Sixteen patients (64%) died as a conse-
quence of HNSCC. Overall survival time ranged from
less than 1 month to greater than 410 months (34 years).
The median follow-up, based on the five patients who

were alive at last follow-up, was 178 months (14 years).
Seventeen (49%) of the patients had recurrence of their
tumor, with a median disease-free interval of 22 months.
Among all patients with stage I cancers, 88% (7 of 8)
experienced tumor recurrence—and 100% (3 of 3) of stage
II cancers, 0% (0 of 1) of stage III cancers, and 27% (4 of
15) of stage IV cancers recurred. Eight patients were
known to have had a local recurrence and three had a
neck recurrence, whereas six patients developed recur-
rence both locally and regionally. Four patients pro-
gressed to have distant metastases. Twelve of the
patients who experienced tumor recurrence underwent
surgical resection. Of these 12 patients, two patients
received adjuvant chemoradiation; two patients were
treated with adjuvant chemotherapy; and one patient
received postoperative radiation alone. One patient
received radiation therapy without surgical resection for
tumor recurrence. Of the 11 patients with early stage
cancers at initial presentation (stage I and II), six
patients died of recurrent locoregional disease. Of the 16
patients who underwent radiation therapy, 15 patients
died—with four patients dying from complications while
receiving radiation therapy (3 from sepsis; 1 from cardiac
arrest). The 2-year cause-specific, disease-free, and over-
all survival rates, based on Kaplan-Meier survival esti-
mates, were 79%, 75%, and 71%, respectively. The 5-year
cause-specific, disease-free, and overall survival rates,
based on Kaplan-Meier survival estimates, were 47%,
43%, and 39%, respectively (Fig. 1). HPV status, comple-
mentation group, history of radiation therapy or chemo-
therapy, and site of primary tumor did not significantly
affect HNSCC onset or survival in this cohort.

DISCUSSION
The propensity for patients with FA to develop can-

cer is well documented. Kaplan et al.25 suggest that
there are two major defects that play a role in the devel-
opment of malignancies in patients with FA: defective
chromosomal stability and immunodeficiency. Chromo-
somal studies26 in patients with FA have shown an

Fig. 1. Kaplan-Meier survival curves for disease-free survival (A) and overall survival (B) for Fanconi anemia patients with head and neck
squamous cell carcinoma.

Laryngoscope 126: April 2016 Kutler et al.: Management of HNSCC in Fanconi Anemia Patients

875

FANCONI ANAEMIA (FA) IS AN RARE INHERETED RISK 
FACTOR FOR SCCHN WITH POOR OUTCOME

Kutler et al. (2016). Laryngoscope, 126(4), 870–879. http://doi.org/10.1002/lary.25726

Stage n/N (%)

I 8/27 (29.6%)

II 3/27 (11.1%)

III 1 (3.7%)

IV 15 (55.5%)

5-y OS: 39%



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



ADJUSTED INCIDENCE OF HPV+ SCCHN PER 
100,000

Martel et al. (2017). International Journal of Cancer Journal International Du Cancer, 141(4), 664–670. http://doi.org/
10.1002/ijc.30716

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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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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HPV-ASSOCIATED CANCERS

Martel et al. (2017). International Journal of Cancer Journal International Du Cancer, 141(4), 664–670. http://doi.org/
10.1002/ijc.30716
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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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the tobacco effect was similar for patients with 
HPV-positive cancer (hazard ratio, 1.01; 95% CI, 
1.00 to 1.02) and those with HPV-negative cancer 
(hazard ratio, 1.01; 95% CI, 1.00 to 1.03).

In an analysis of patterns of treatment failure 
among patients with oropharyngeal squamous-cell 
carcinoma, the 3-year rate of local–regional dis-
ease, but not distant metastasis, was significantly 
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Figure 1. Kaplan–Meier Estimates of Survival among the Study Patients with Oropharyngeal Cancer, According to Tumor HPV  Status  
or p16-Expression Status.

Data on overall survival and progression-free survival are shown according to stratification on the basis of tumor HPV status (Panels A 
and B, respectively) or p16-expression status (Panels C and D, respectively). The Kaplan–Meier curves are shown in black, and the asso-
ciated 95% confidence intervals in gray. Patients with HPV-positive tumors had significantly better overall survival and progression-free 
survival than did patients with HPV-negative tumors (P<0.001 for both comparisons by the two-sided log-rank test). The 3-year rates of 
overall survival were 82.4% (95% CI, 77.2 to 87.6) in the HPV-positive subgroup and 57.1% (95% CI, 48.1 to 66.1) in the HPV-negative 
subgroup (Panel A), and the 3-year rates of progression-free survival were 73.7% (95% CI, 67.7 to 79.8) and 43.4% (95% CI, 34.4 to 52.4), 
respectively (Panel B). The 3-year absolute benefit of HPV-positive status for overall survival was 25 percentage points (95% CI, 11 to 
40), and the absolute benefit for progression-free survival was 30 percentage points (95% CI, 15 to 45). The results were similar with 
stratification according to p16-expression status. The 3-year rates of overall survival were 83.6% (95% CI, 78.7 to 88.6) in the subgroup 
that was positive for p16 expression and 51.3% (95% CI, 41.5 to 61.0) in the subgroup that was negative for p16 expression (P<0.001) 
(Panel C), and the 3-year rates of progression-free survival were 74.4% (95% CI, 68.5 to 80.2) and 38.4% (95% CI, 28.9 to 47.9), respec-
tively (P<0.001) (Panel D).
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conferred worse OS after treatment for recurrence (aHR
5 2.45; 95% CI 5 1.09–5.49).

Disease-free survival after salvage therapy. Fifty-six patients
(65%) responded to salvage therapy and were eligible for
inclusion in the analysis of DFS. Of the 56 patients who
responded to salvage therapy, 44 (78.6%) had undergone
surgical salvage. The median follow-up time after com-
pletion of salvage therapy was 0.9 years (range, 0.01–8.3

years). During the follow-up period after salvage therapy,
32 patients (57.1%) had a second recurrence, the majority
of whom were HPV-positive (n 5 27; 61.4%). For the 32
patients with a second recurrence, sites of disease recur-
rence were local for 50.0% (n 5 16), regional for 34.4%
(n 5 11), and/or distant for 28.1% (n 5 9). Sites of sec-
ond recurrence for the HPV-positive patients after salvage
therapy were local (n 5 9; 33.3%), regional or locore-
gional in 37.0% (n 5 10), and/or distant for 29.7% (n 5
8). Sites of second recurrence for HPV-negative patients
after salvage were local (n 5 3; 60%), locoregional (n 5
1; 20%), and distant (n 5 1; 20%), although fewer HPV-
negative than HPV-positive patients received salvage
therapy. The distribution of second recurrences did not
differ by HPV tumor status (p 5 .59).
In the univariable analysis, HPV tumor status was not

associated with DFS after salvage therapy (HR 5 0.87;
95% CI 5 0.33–2.30). Median DFS (1.28 vs 0.78 years)
and estimated 2-year DFS after salvage therapy were simi-
lar for HPV-positive and HPV-negative patients after first
recurrence (Figure 2A; 42.7% [95% CI 5 5 27.0–57.5] vs
44.4% [95% CI 5 13.6–71.9]). For patients who underwent
surgical salvage of the first recurrence (Figure 2B), positive
surgical margins were associated with significantly worse
2-year DFS after salvage therapy (HR 5 8.58; 95% CI 5
2.37–31.13). Older age (>59 years old) was associated
with improved DFS after salvage therapy (HR 5 0.37; 95%
CI 5 0.15–0.17). Salvage modality, sex, smoking history,
tumor and nodal classification at initial presentation, and
distant metastasis at time of recurrence were not associated
with DFS after salvage therapy (Table 4).
In a multivariable analysis, a positive surgical margin

at the time of salvage surgery was the only factor associ-
ated with DFS after salvage therapy (Table 4). Notably,
HPV tumor status was not associated with DFS after
treatment of recurrence. A positive surgical margin was
independently and significantly associated with an
approximate 8-fold increase in risk of second recurrence
(aHR 5 8.43; 95% CI 5 1.99–35.70; Table 4).

DISCUSSION
This analysis highlights a robust and independent prog-

nostic advantage for HPV-positive tumor status and
clinical response after salvage therapy for recurrent oro-
pharyngeal SCC. Importantly, despite improved OS after
recurrence, HPV-positive patients have a similar risk of
second recurrence as HPV-negative patients. The only
factor associated with a better DFS after salvage therapy
is a negative surgical margin at the time of salvage sur-
gery. These data provide previously unavailable insights
to guide patients with recurrent oropharyngeal SCC and
their providers regarding the implications of clinical
response to salvage therapy, disease-free interval, and
margin status in the context of HPV tumor status.
This analysis incorporates the concept of clinical

response after salvage therapy, which has not been previ-
ously examined in the context of recurrent HPV-
oropharyngeal SCC.22–25 Clinical response to therapy for
a primary oropharyngeal SCC is conventionally evaluated
when patients are undergoing chemoradiation and is asso-
ciated with improved OS. Importantly, clinical response
to salvage therapy (surgical and nonsurgical) was strongly

FIGURE 1. Kaplan–Meier estimates of overall survival after salvage
therapy for patients with recurrent oropharyngeal squamous cell
carcinoma by (A) human papillomavirus (HPV) tumor status, (B) sal-
vage modality, and (C) clinical response to salvage therapy.
Improved outcomes were observed for HPV-positive patients (p 5
.001), patients who underwent surgical salvage (p 5 .001), and
patients who responded clinically to salvage therapy (p< .001).

SALVAGE OUTCOMES FOR RECURRENT OROPHARYNGEAL SCC
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HPV IS A DRIVER IN OROPHARYNX CARCINOMA (OPC)

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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P16 + HPV DNA INCREASE SPECIFY FOR HPV STATUS

readily. The more laborious and time-consuming analysis of
HPV DNA using PCR can thus be restricted to the p16INK4a-
positive cases, minimizing processing time and workload.

Considerations on the applied gold standard

The detection of HPV oncogene transcripts using an
amplification-based method was selected as reference stan-
dard for a transforming HPV infection in OPSCC in this
meta-analysis. HPV E6/E7 oncogene transcription is the piv-
otal prerequisite for cellular transformation by HPV. It thus
represents the currently accepted gold standard to causally
attribute a head and neck carcinoma to HPV.13,14 At the
same time this reference standard requires critical discussion
with regard to its technical execution. In an ideal setting, the
desirable technique to identify HPV-transformed OPSCC
would comprise the detection of HPV E6 and/or E7 onco-
gene transcripts (a) from all known and putative HR-HPV
types, (b) in the form of all splice transcript variants from
(c) fresh-frozen tumor tissue. Furthermore, it would be pref-
erable to perform those analyses on (d) isolated tumor cells,
e.g. by means of tumor microdissection. The latter proposi-
tion considers the fact that the existence of a permissive
HPV infection stage in the head and neck epithelium as it
occurs at the uterine cervix during the normal viral life cycle
can presently not be definitely ruled out. During the permis-
sive HPV infection stage the HPV E6/E7 oncogenes are
expressed at low levels to allow for the extension of the pool
of cells carrying viral genomes. Despite this very limited
expression of the HPV E6/E7 transcripts they can be detected
by sensitive techniques such as qPCR. Thus, there is a princi-
ple risk for contamination of tumor tissue with E6/E7 tran-
scripts from neighboring epithelial cells harboring a

permissive HPV infection. Furthermore, if the E6/E7 tran-
scripts shall be analyzed quantitatively, the inclusion of non-
tumor cells will distort the proportion of the E6/E7 tran-
scripts measured against the housekeeping gene. However,
the suggested ideal detection strategy is considerably labori-
ous and consequently not realizable in the routine diagnostic
setting.

None of the included studies in this meta-analysis met all
of the above outlined demands. All of the included studies
detected E6 and/or E7 transcripts from HR-HPV 16, whereas
half (12/24) of studies detected oncogene transcripts exclu-
sively from this HPV type (Table S2). The HR-HPV-type 16
is found in about 90% of HPV-associated OPSCC.61–65 While
the vast majority of HPV-transformed OPSCC will thus be
correctly identified by the exclusive detection of HPV-16
transcripts, a small minority of HPV-induced head and neck
tumors may be missed in those studies. Furthermore, the
specificity of the index and comparator tests may be underes-
timated in studies with a single type-specific reference stan-
dard. This problem in the evaluation of HPV-related
diagnostic markers could be overcome in future studies if
samples positive for non-HPV-16 types are excluded from
the analysis via a preceding HPV DNA analysis.

Several studies in this meta-analysis used a selective gold
standard proceeding where HPV E6/E7 transcripts were
only analyzed in HPV DNA-positive samples (Table S2).
This triaging approach could actually facilitate the detec-
tion of E6/E7 transcripts in OPSCC in laboratory routine.
The detection of viral DNA as a first step to analyze causal
HPV involvement in HNSCC is technically more practica-
ble than detection of viral RNA which is sensitive to degra-
dation.17,66 Consequently, only a proportion of tumors with

Table 2. Pooled sensitivity and specificity of p16INK4a IHC, HPV DNA PCR, HPV DNA ISH and p16INK4a IHC/HPV DNA PCR combined testing to
identify a transforming HPV infection in OPSCC

Anatomical site

Test
No of
studies

Sensitivity
(95% CI)

Specificity
(95% CI)

Oropharynx grouped

p16INK4a IHC 23 94% (91–97%) 83% (78–88%)

HPV DNA PCR 11 98% (94–100%) 84% (74–92%)

HPV DNA ISH 8 85% (76–92%) 88% (78–96%)

Combi p16INK4a IHC & HPV DNA PCR 11 93% (87–97%) 96% (89–100%)

Palatine tonsil

p16INK4a IHC 13 93% (87–98%) 80% (69–90%)

Base of tongue

p16INK4a IHC 9 95 (87–100%) 75% (61–86%)

Soft palate

p16INK4a IHC 2 100 (67–100%) 77% (58–92%)

Results are shown for oropharynx grouped and stratified by subsite.
Abbreviations: HPV DNA PCR, human papillomavirus DNA detection using polymerase chain reaction; HPV DNA ISH, human papillomavirus DNA
detection using in situ hybridization; OPSCC, oropharyngeal squamous cell carcinoma; p16INK4a IHC, p16INK4a immunohistochemistry; 95% CI, 95%
confidence interval.
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P16+/DNA- HEAD NECK CANCERS DO WORSE

with Akaike’s information criteria as stopping criteria (final model)
using the R package rms and the function fastbw.27 All models are
multivariable, i.e. factors are mutually adjusted, and thus the effect
estimates cannot be interpreted marginally. In a subanalysis, we
evaluated the effect of fitting a spline for age in the development
model. This sub-analysis was for the nonlinear part of the spline
considered as non-significant; e.g. OS (p= 0.92) and PFS (p =
0.85).
To test whether the assumption of proportional hazards was

violated, we tested for trends in the scaled Schoenfeld residuals of
the final models.28 None of the final models violated the
proportional hazards assumption. Based on the final models,
nomograms were constructed to predict overall survival and PFS

at 1, 3 and 5 years after diagnosis. We considered only complete
cases (e.g. patients were excluded from the analysis in the case of
missing information from one or more variables). p values less
than 5% were considered significant and all analyses were
performed in R version 3.0.3.29

Validation and calibration of multivariate Cox regression models
We conducted external validation by applying our nomograms to
the patient cohorts from Sweden, United Kingdom and Germany.
We assessed nomogram model performance by examining overall
accuracy (Brier score),30 calibration plots31 and discrimination
(Harrell’s C index).32 In addition, we fitted a Weibull calibration
model, as suggested by van Houwelingen and Putter, in which
shifts in baseline cumulative hazard (obtained from the final Cox
models), the effect of the prognostic index (the linear predictor in
the Cox model) and the shape of the cumulative baseline hazard
were tested.33 A smoothed version of the cumulative baseline
hazard was used in the calibration model, where smoothing was
done by linear interpolation.

RESULTS
Population demographics
The development cohort consisted of 1313 patients with a total of
457 deaths (35%) during follow-up (Table 1). The majority of
patients were males (72%), with a median age of 59.8 years at
diagnosis, and had most frequently HPV+/p16+ tumours (58%).
Patients typically presented with tumours in advanced nodal stage
(78% with N+), with small primary tumours (68% T1 or T2), and in
early UICC8 stage (65% UICC8 stage I or II). OS was for the HPV
+/p16+ patients 95% (95% CI 93–96%) after 1 year, 86% (95% CI
84–89%) after 3 years and 80% (95% CI 77–83%) after 5 years of
follow-up, and for the HPV–/p16– patients 71% (95% CI 65–74%)
after 1 year, 46% (95% CI 41–51%) after 3 years and 34% (95% CI
29–39%) after 5 years (Fig. 1, Table 2). Demographic information
and treatment modality for the validation cohorts are shown in
Table 1.

Overall survival
Five-year OS for the HPV+/p16+ patients in the Swedish cohort
was 81% (95% CI 77–85%) and for the HPV–/p16– patients 40%
(95% CI 31–52%); for the German cohort 81% (95% CI 72–91%)
and 35% (95% CI 30–42%) and in the UK cohort it was 82% (95%
CI 77–87%) and 42% (95% CI 34–52%) (Fig. 1, Table 2, Suppl.
Table S1).
The backwards elimination procedure left the model for overall

survival unchanged, i.e. the model included age, gender,
combined HPV and p16 status, smoking, T-, N-, and M-
classification and UICC-8 staging (Table 3). The OS nomogram

Table 2. Overall survival estimates HPV+/p16+ and HPV–/p16– patients

Eastern Denmark Karolinska, Sweden Giessen, Germany The Predictr Consortium, UK

OS HPV+/p16+ HPV+/p16+ HPV+/p16+ HPV+/p16+
1-year 95% (93–96%) 96% (94–98%) 91% (84–98%) 97% (95–99%)

3-year 86% (84–89%) 88% (85–91%) 84% (75–93%) 87% (83–91%)

5-year 80% (77–83%) 81% (77–85%) 81% (72–91%) 82% (77–87%)

OS HPV–/p16– HPV–/p16– HPV–/p16– HPV–/p16–

1-year 71% (67–75%) 69% (60–80%) 76% (71–82%) 74% (67–82%)

3-year 46% (41–51%) 48% (39–60%) 47% (41–54%) 52% (44–62%)

5-year 34% (29–39%) 38% (29–49%) 35% (30–42%) 42% (34–52%)

Censored cases n= 888 (63.8%) n= 389 (71.9%) n= 164 (45.7%) n= 420 (62.6%)

OS overall survival

Table 3. Final model for overall survival in the development cohort
(no covariates were removed from the full model)

HR 2.5% 97.5% P

Age 1.03 1.02 1.04 <0.01

Gender, Female (ref)

Male 1.19 0.96 1.47 0.12

HPV–/p16– (ref )

HPV–/p16+ 1.01 0.63 1.64 0.96

HPV+/p16– 0.75 0.51 1.10 0.14

HPV+/p16+ 0.39 0.26 0.58 <0.01

Smoking, Current (ref )

Former 0.62 0.49 0.77 <0.01

Never 0.54 0.38 0.77 <0.01

UICC8 I (ref )

UICC8 II 0.97 0.66 1.44 0.88

UICC8 III 1.46 0.92 2.31 0.11

UICC8 IV 1.27 0.63 2.56 0.51

T1 (ref)

T2 1.39 1.02 1.87 0.03

T3 1.89 1.34 2.67 <0.01

T4 2.72 1.79 4.14 <0.01

N0 (ref )

N1 1.08 0.81 1.43 0.59

N2 1.40 0.94 2.08 0.10

N3 1.98 1.29 3.04 <0.01

M0 (ref)

M1 2.28 1.28 4.08 0.01

Development and external validation of nomograms
C Grønhøj et al.

1675

0.731–0.805), respectively, for the UK cohort. The parameter
regressing the log cumulative baseline hazard in the development
cohort on the log cumulative baseline hazard in the German

cohort was 0.88 (95% CI: 0.69–1.07), in the Swedish cohort 1.16
(95% CI: 0.97–1.36) and in the UK cohort 1.20 (95% CI: 0.99–1.40).
The specification of the model for all cohorts appeared correct
with confidence intervals all including unity. Calibration plots for
internal and external validation of PFS are shown in Fig. 6, Brier
plots in Suppl. Fig. S3 and histograms of the linear predictor plots
in Suppl. Fig. S4.

DISCUSSION
This study presents multinational-validated nomograms for OS
and PFS for patients with OPSCC. One of the main findings
includes the identification of combined HPV-DNA and p16 status
as an important and independent predictor for OS and PFS. The
nomograms performed well in external validation across areas
with high and low HPV prevalence. These models may facilitate
discussions in clinical settings and aid in identifying lower-risk
patients who could be candidates for de-escalation therapy, as
well as higher-risk patients eligible for treatment-escalation trials.
The online nomogram (www.orograms.org) can be used for more
precise calculations than drawing lines on the nomogram.
The significance of the double biomarker can be exemplified in

a typical patient case of a male, 60 years of age, nonsmoker, and
classified as T2N2M0, UICC-8 stage II. If the tumour is HPV+/p16+,
the 3- and 5-year OS estimates are 90% and 84%, respectively.
However, if the tumour is HPV–/p16+, the 3- and 5-year OS
estimates fall to 72% and 60%, respectively. Similar reductions are
seen in PFS estimates when comparing HPV+/p16+ with HPV–/
p16+ tumours. Although these numbers are estimates, they
underline the importance of evaluating patient prognosis using
the combined biomarker of HPV and p16.
Notably, HPV+/p16+ patients with T1–T2 and N1 tumours

could be considered candidates for de-escalation therapy, as their
survival is similar to the background population,34 and this might
avoid some of the morbidity associated with therapy. Our models

Table 4. Final model for progression-free survival in the development
cohort (UICC-8 staging was removed from the full model)

HR 2.5% 97.5% P

Age 1.01 1.01 1.02 <0.01

Gender, Female (ref )

Male 1.24 1.02 1.51 0.03

HPV–/p16– (ref )

HPV–/p16+ 0.91 0.65 1.26 0.57

HPV+/p16– 0.75 0.52 1.09 0.13

HPV+/p16+ 0.41 0.33 0.52 <0.01

Smoking, Current (ref )

Former 0.64 0.52 0.78 <0.01

Never 0.63 0.47 0.85 <0.01

T1 (ref)

T2 1.43 1.09 1.87 0.01

T3 1.81 1.36 2.41 <0.01

T4 3.10 2.27 4.25 <0.01

N0 (ref )

N1 1.17 0.92 1.50 0.20

N2 1.61 1.24 2.09 <0.01

N3 2.02 1.53 2.66 <0.01

M0 (ref)

M1 1.79 1.02 3.13 0.04
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borne a disproportionate disease burden, with inci-
dence and mortality rates between 2011 and 2015 
being approximately two and four times higher, respec-
tively, compared with non-Indigenous women, largely 
owing to poorer access to cervical screening and dis-
ease treatment [1]. However, this disparity has reduced 
over time; a study of women in the Northern Territory 
found a decline in cervical cancer incidence among 
Indigenous women compared with non-Indigenous 
women between the periods 1991–1996 and 2007–
2012 (44.4 vs 15.6 per 100,000 for Indigenous women, 
compared with 17.8 vs 9.9 per 100,000 for non-Indige-
nous women) [2].

Anal cancer
In contrast with trends in cervical cancer rates, anal 
cancer incidence increased in Australia between 1982 
and 2005 by 3.4% and 1.9% per annum on average 
in men and women, respectively [3], although abso-
lute incidence rates in 2012 were still low at 1.8 and 
1.4 per 100,000, respectively [4]. Men who have sex 
with men (MSM) have an increased risk of anal cancer, 

with elevated prevalence rates of high-risk HPV types 
reported among MSM, especially among those with 
human immunodeficiency virus (HIV) [5]. Anal HPV 
infection was very common among MSM 18 years 
or older (n = 316) in a study in Sydney in 2005 (over-
all: 79%; HIV-negative: 70%; HIV-positive: 94%) [6]. 
Prevalence of a high-risk HPV type was 5.5-fold higher 
in HIV-positive men compared with HIV-negative men 
(73% vs 44%; p < 0.0001) [6]. In a sample of older MSM 
(35 years or older, n = 606) in Sydney enrolled between 
2010 and 2015, prevalence of any anal HPV type was 
94.5% in HIV-positive men and 82.2% in HIV-negative 
men, with the prevalence of 9vHPV types being 60.2% 
and 72.6%, respectively [7].

Other HPV-associated cancers
Cancers of the penis, vagina and vulva are rare in 
Australia and have varying proportions attributable to 
HPV (50%, 70% and 40%, respectively [8]), with their 
progression from HPV infection to cancer being less 
well understood than that for cervical cancer [9]. While 
vulval cancer typically affects older women (older than 

Figure 
Trends in high-grade cervical abnormalities in women by age group before and after commencement of the female HPV 
vaccination programme, Australia, 2004–2014
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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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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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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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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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EXPRESSION OF VIRAL ONCOPROTEINS (E6, E7) DURING 
CARCINOGENESIS

Moody, C. A., & Laimins, L. A. (2010). Nature Reviews Cancer, 10(8), 550–560. doi:10.1038/nrc2886
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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.
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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

Parfenov et al. (2014). Proceedings of the National Academy of Sciences of the United States of America, 111(43), 15544–
15549. http://doi.org/10.1073/pnas.1416074111

HPV integration 
alters: 
•Amplification 
•Disruption 
•Rearrangement

genome (21). Integration breakpoints often occur in the HPV
early genes E1 or E2, disrupting their expression, which leads to
the deregulation of negative feedback control of E6 and E7
oncogene expression by the viral regulatory E2 protein. Inte-
grant-derived transcripts are more stable than those derived
from episomal viral DNA, and HPV integration has been asso-
ciated with increased proliferative capacity and selective growth
advantage for the affected cells (6, 22). Another crucial event
frequently associated with HPV integration is genomic instability
of the infected cells (23).
The physical state of the virus and its interaction with the host

genome in HPV-associated tumors has been well-characterized
in cervical cancer (24–30), but less is known about the molecular
architecture of HPV infection in HNC (31, 32). Recently,
a comprehensive genome-wide analysis of HPV integration in
human cancers showed associations between HPV integrants and
extensive host genomic amplifications and rearrangements, in-
cluding deletions, inversions, and chromosomal translocations (12).
However, the study primarily used HNSCC cell lines and included
only two primary HNCs. There is still a lack of comprehensive
analyses of primary HNSCCs using a multiplatform approach, in
which integrations are characterized in the context of changes in
the DNA, RNA, and epigenome at the site of integration.
Here, by analysis of 35 primary HPV-positive HNCs with whole-

genome, transcriptome, and methylation profiling, we describe
genomic changes, including massive structural variations, differ-
ential DNA methylation and expression patterns, that occur in
HPV-positive primary head and neck tumors and are associated
with viral integrations.

Results
Characterization of HPV Integrations. Using the dataset of 279
HNSCCs developed by The Cancer Genome Atlas, we performed
computational subtraction (33) and quantitative assessment of
HPV E6 transcripts and identified 35 tumors with evidence of
HPV DNA and RNA sequences. HPV16 was the most common
type, and it was detected in 29 of 35 tumors, with the remaining
cases having either HPV33 or HPV35. Based on single-nucleotide
variants present in HPV16 sequences (Dataset S1, Table S1), we
assessed the variant lineage and sublineage in each case. The
variant lineages and sublineages of 29 HPV16-positive samples
were 22 European, 3 African 1, 2 Asian, 1 African 2, and 1 Asian
American. Demographic data and clinical characteristics of these
patients are presented in Dataset S1, Table S2.
To gain insight into the interaction of HPV with the host ge-

nome, we determined if the HPV genome was integrated into the
tumor genome using whole-genome sequencing (WGS; 6–8× or
30–60× target coverage) together with RNA sequencing. We

considered the viral genome integrated if there were at least
three discordant pairs (in which one end of the paired end read
mapped to the viral genome, and its mate pair mapped to human
genome) and one split read (in which one end of the paired end
read spanned the junction, and its mate pair mapped to either
the human or HPV genome), and these seven total reads sup-
ported integration at the same locus. Such criteria allow for
detection of integrations present in a single copy per cell with
6–8× coverage WGS if the majority of tumor cells in the sample
derived from the clone containing integration, although higher
coverage may be needed to detect subclonal integration events,
the pathologic significance of which is unclear. Of 35 cases ex-
amined, 25 cases had integration of the viral genome into 1–16
regions in the human genome, with 103 breakpoints in total
(Fig. 1 and Dataset S1, Table S2). The presence of reads span-
ning the insertion site allowed us to determine the sites of in-
tegration with single-nucleotide precision. Of more than one-half
of integration breakpoints, 60% occurred in regions of micro-
homology (1–10 bp) among the viral and human genomes and
were nonrandom given that, in all cases but one, integration left
at least HPV E6 or E7 intact.
Of 103 integration events, we found that, in 56 (54%) cases,

the virus integrated into a known gene, and in 19 (17%) cases,
integration occurred within 20 kb of a gene, suggesting a selec-
tive pressure for viral integration into or near genes (P = 0.0029).
We also noted a spatial correlation among HPV breakpoints and
miRNAs (P = 0.0015). Viral integration was associated with
increases in somatic DNA copy number of the integrated region;
84 (82%) HPV breakpoints colocalized with somatic copy num-
ber variants (CNVs; P < 0.0001), and the rest were at least 1 Mb
from a CNV. Some colocalized CNVs were amplification events
seeming to result from excision of the integrated virus along with
human sequences with subsequent circularization, suggestive of
maintenance as an episome containing the viral replication origin.
Tumors with HPV integration displayed a nonsignificant trend
toward a higher mutational burden (Fig. S1B).
In an exploratory analysis, we correlated the presence or absence

of HPV integration in the host genome with expression of HPV
genes and several clinical variables, including anatomic site of tu-
mor, tumor stage (TNM), age, and smoking status of the subject.
No statistically significant correlations among HPV integration and
these clinical variables were identified in this relatively small
dataset (Fig. S1C). Furthermore, there was no statistical associa-
tion of HPV integration status with clinical outcome (Fig. S1A).
Integration-negative tumors displayed a trend toward higher levels
of HPV E2/E5 expression and lower levels of E6/E7 expression
compared with integration-positive tumors (Fig. S2A) (P = 0.002,
P = 0.05, P = 0.002, and P = 0.004, respectively). We did not

Fig. 1. Distribution of integration sites across HPV genome and human genome. Integration breakpoints are shown for the HPV16-positive tumors. Two
breakpoints involving human GL000220.1 are excluded. Breakpoint colors correspond to HPV genes where integration event occurred. The HPV genome
scheme includes early and late genes, the viral origin of replication ori, the early viral promoter (p97), and the late differentiation-dependent promoter (p670).
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ORAL HPV INFECTIONS ARE RARE IN ASYMPTOMATIC MEN

N=1626
Incidential 
infection

Oncogenic 
infection

HPV16

n (%) 115 (4.4%) 53 (1.7%) 18 (0.6%)

Clearance;           n 
mo.

45 
6.9 mo.

18 
6.3 mo.

5 
7.3 mo.

Kreimer et al. (2013). Lancet, 382(9895), 877–887. http://doi.org/
10.1016/S0140-6736(13)60809-0

Incidence is stable across age groups 
Median FU: 12.7 months (IQR 12·1–14·7) 



NO CUMULATION OF HPV INFECTIONS IN FAMILIES WITH HPV+ SCCHN

D'Souza, G. et al. Oral human papillomavirus (HPV) infection in HPV-positive patients with oropharyngeal cancer and their partners. Journal of 
Clinical Oncology 32, 2408–2415 (2014).

Oral HPV concordance in couples has not been well explored. In
one study of couples from a maternity unit, persistent oral HPV
infection in one partner was associated with a 10-fold increased risk of
persistent oncogenic oral HPV infection in the other partner.24 How-
ever, oral HPV concordance between partners was modest both in that
study and in another study of women with cervical HPV infection and
their partners,13 which is consistent with the low oral HPV concor-
dance observed in our study.

Although most patients had no history of previous HPV-positive
cancer, several had a previous or current partner with a history of
cervical dysplasia or invasive cervical cancer. This is consistent with

transmission of HPV to the oropharynx when performing oral sex on
a partner with an oncogenic genital HPV infection. Therefore, cervical
HPV and Pap testing for female partners of patients with HPV-
OPC is appropriate at the time of diagnosis of HPV-OPC, followed
by routine Pap screening consistent with general screening recom-
mendations for all women. Recent research suggests that husbands
of women with cervical cancer have approximately a two-fold
increased risk of tonsillar cancer, supporting oral HPV transmis-
sion by performing oral sex.25 One report of a husband and wife
with synchronous HPV-OPC caused by the same HPV infection
has been reported,26 but this is uncommon.
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Fig 1. Detection of HPV16 (A) E6 and (B) E7 antibodies in baseline serum from 136 patients with human papillomavirus (HPV) –positive oropharyngeal cancer, 48
partners, and 81 healthy volunteers. Relative light unit ratio of immunoglobulin G to specific HPV protein/control GST protein detected in sera is shown. Black line in
each group represents median value in that group. Dashed gray line on each graph represents three standard deviations above mean in healthy volunteers (cutoff for
positivity). Proportion of each group considered seropositive (ie, prevalence) listed on x-axis.

Table 3. Cancer History in Patients With HPV-OPC and Their Partners by Sex!

History

Partners (n ! 93) Patients (n ! 164)

Women (n ! 87) Men (n ! 6) Women (n ! 17) Men (n ! 147)

No. % No. % No. % No. %

Personal cancer history
Cervical dysplasia† 8 9.2 0 0.0 1 5.9 0 0.0
Invasive cervical cancer† 1 1.1 0 0.0 1 5.9 0 0.0
Oropharyngeal cancer 0 0.0 0 0.0 — — — —
Anal cancer 0 0.0 0 0.0 0 0.0 0 0.0
Prostate or breast cancer 4 4.6 0 0.0 3 17.6 6 4.1

Cancer in current or former spouse or partner
Invasive cervical cancer 0 0.0 0 0.0 0 0.0 3 2.0
Oropharyngeal cancer 1 1.1 0 0.0 0 0.0 2 1.4
Anal cancer 0 0.0 0 0.0 0 0.0 1 0.7

Abbreviation: HPV-OPC, human papillomavirus–positive oropharyngeal cancer.
!Including personal cancer history and history of malignancy in each participant’s current and past spouses or partners (as known to participant).
†Medical record confirmation was available for both cases of invasive cervical cancer one of nine cases of cervical dysplasia; history of dysplasia in other eight

women based on self-report only.

Oral HPV Infection in Patients With Oropharyngeal Cancer and Partners

www.jco.org © 2014 by American Society of Clinical Oncology 2413
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HPV16 PERSISTANCE AFTER DEFINITE TREATMENT IS 
ASSOCIATED WITH POOR OUTCOME

Rettig, E. M., Wentz, A., Posner, M. R., Gross, N. D., Haddad, R. I., Gillison, et al. 
(2015). JAMA Oncology, 1(7), 907. http://doi.org/10.1001/jamaoncol.2015.2524

DNA analyses in oral rinses

Copyright 2015 American Medical Association. All rights reserved.

ity (43% [95% CI, 12%-80%]), in predicting any subsequent
recurrencewithin the followingyear. Interestingly, all 3 recur-
rencespredictedby thepresenceofpersistentoralHPV16DNA
involved local disease (1 local, 1 locoregional, and 1 locore-
gional and distant), comparedwith none of the 4 recurrences
in participantswithout persistent oralHPV16DNA (2 regional
and distant, 2 distant only; P = .03, Fisher exact test). When
only recurrences involving localdiseasewereconsidered in this
analysis, specificity andPPV remained at 100%(95%CI,97%-
100% and 29%-100%, respectively), whereas sensitivity in-
creased to 100%(95%CI,29%-100%), as didNPV (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).Amongthe7participantswithpersistentlydetectedHR-
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
DNAdetectedby line-blothybridization(eTable3 in theSupple-
ment).Median (IQR) detectableHPV16viral load in oral rinses
at diagnosis was 161 (21-846) copies/2 µL. Participants with
larger tumorsmore commonlyhadadetectable oralHPV16vi-
ral load than thosewith smaller tumors (62%vs43%;P = .05),
and current smokers were more likely than never or former
smokers tohavehigh (>160copies/2µL)viral load (46%vs21%;
P = .04). High viral load was also more common in partici-
pantswith tonsil comparedwithnontonsil 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 ParticipantsWith Human Papillomavirus Type 16 (HPV16) DNADetected 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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Persistent HPV 16 indicates detection of HPV16 DNA in oral rinses both at diagnosis and at any posttreatment visit.
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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 
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]. 
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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,
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1993-1998

1999-2003

2004-2010

oncology, radiation oncology, and surgical oncology. Pre-treatment evalu-
ation included history and physical, panendoscopy, and radiographic assess-
ment of primary tumor, neck, and chest with computerized tomography
(CT). Positron emission tomography (PET) was allowed but not required.
All patients received CRT. Patients with a prior history of head and neck ra-
diation therapy were excluded. Organ-preserving surgery was allowed before
definitive therapy. Patients signed institutional review board approved
informed consent before initiation of therapy.

For the purposes of retrospective comparison, patients were divided into
three groups before data analysis according to the time period during which
they were treated. Groups 1, 2, and 3 were treated between 1993–1998,
1999–2003 and 2004–2010, respectively. Trends were subsequently com-
pared for OP and non-OP patients.

induction chemotherapy
IC was included on four of the seven prospective trials (Table 1). IC regi-
mens were taxane and carboplatin-based and lasted between 6 and 8 weeks.

concurrent chemotherapy
All protocols included CRT (Table 1). The most common regimen was five
cycles of CRT with paclitaxel, 5-fluorouracil, and hydroxyurea.

radiation therapy
Patients underwent CT-based planning with delineation of risk-defined con-
tours. Diagnostic imaging (CT, MRI, and PET) were fused to assist in
contouring as clinically indicated. Sequential plans were created for low
(36–45 Gy), intermediate (51–60 Gy), and high-risk volumes (65–75 Gy).
Radiation was administered twice daily for five consecutive days with cycles
every 14 days except for Arm 2 of EPIC which included accelerated RT with
concomitant boost (Table 1).

statistical evaluation
OS, recurrence-free survival (RFS), and distant failure-free survival (DFFS)
were estimated using the Kaplan–Meier method [27]. All outcomes were
defined from the date enrolled on institutional clinical protocol. RFS was the
time from enrollment until recurrence at any site or death from any cause.
DFFS was time from enrollment until distant recurrence or death from any
cause. Logrank tests were utilized to assess for differences between survival
curves across the three time periods. The Cox [28] proportional hazards
models were fit for OS, RFS, and DFFS to compare the three time periods
adjusted for baseline prognostic factors. Variables included in the multivari-
able model were age, performance status (PS), smoking history, T-stage,
N-stage, and treatment period.
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Figure 1. (A) Recurrence-free survival, oropharynx group. Green (1993–1998), blue (1999–2003), and pink (2004–2010). Tic marks indicate censored observa-
tions. (B) Recurrence-free survival, non-oropharynx group. Green (1993–1998), blue (1999–2003), and pink (2004–2010). Tic marks indicate censored observa-
tions. (C) Five-year recurrence-free survival rate by era. Pink (oropharynx) and blue (non-oropharynx). Error bars are ±1 standard error.
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TOBACCO - A DRIVER OF SCCHN CARCINOGENESIS

on head and neck cancer
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7
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alcohol intake were available: 660 were 
newly diagnosed with oropharyngeal can-
cer, 403 with oral cavity cancer and 330 
with laryngeal cancer. Median follow-up 
was 3.5 years. The effect of smoking and 
alcohol intake at diagnosis on mortality was 
assessed using Cox proportional hazard 
models.

RESULTS: The risk of death during follow-
up was greater in current smokers (adjusted 
hazard ratio 1.71, 95% confidence interval 
1.14–2.55) and former smokers (aHR 1.42, 
95% CI 1.01–2.00; p for trend 0.001) than 
in never-smokers (Table). Moreover, the 
association between mortality and smoking 
status was seen in patients with oropharyn-
geal and laryngeal cancer: the aHR for cur-
rent smokers was 1.79 (95% CI 0.93–3.43; 
p for trend 0.049) and 2.25 (95% CI 
0.80–6.39; p for trend 0.011) for the two 
conditions, respectively. Neither HPV status 
nor tumour stage modified the association. 
No association was observed between mor-
tality and alcohol use (i.e. no, moderate, or 
hazardous or harmful use) at diagnosis.

CONCLUSIONS: Tobacco smoking at diag-
nosis of head and neck cancer, particularly 
of oropharyngeal and laryngeal cancer, was 
associated with a significantly increased risk 
of death. Alcohol consumption at diagnosis 
was not.

BACKGROUND & AIM: The incidence of 
head and neck cancer, such as oropharyn-
geal and laryngeal cancer, has increased 
in the United Kingdom in the past dec-
ade. Major risk factors associated with 
the development of head and neck cancer 
include human papillomavirus (HPV) infec-
tion and tobacco and alcohol use. However, 
the effect of smoking and alcohol intake at 
diagnosis on survival is unclear, especially 
in HPV-associated oropharyngeal cancer. 
The aim of this study was to investigate the 
effect of smoking and alcohol intake on 
mortality in patients with newly diagnosed 
head and neck cancer at various sites.

STUDY DESIGN: Prospective cohort study.

ENDPOINTS: All-cause mortality and its 
association with smoking and alcohol use.

METHOD: The study involved data on 
1393 participants in Head and Neck 5000, 
a large prospective study in the United 
Kingdom, for whom data on smoking and 

AUTHORS: Beynon RA, Lang S, Schimansky S, Penfold CM, Waylen A, Thomas SJ, Pawlita M, Waterboer T, 
Martin RM, May M, Ness AR
CENTRE FOR CORRESPONDENCE: Department of Population Health Sciences, Bristol Medical School, 
University of Bristol, Bristol, UK

International Journal of Cancer, 2018 September 1;143(5):1114–27

TOBACCO SMOKING AND ALCOHOL DRINKING
AT DIAGNOSIS OF HEAD AND NECK CANCER

AND ALL-CAUSE MORTALITY:
RESULTS FROM HEAD AND NECK 5000, A PROSPECTIVE 

OBSERVATIONAL COHORT OF PEOPLE WITH HEAD AND NECK CANCER

Effect of smoking status on risk of death for different types of head and neck cancer, by 
multivariate analysis

Smoking status Risk of death

 All cancer sites Oral cavity Oropharynx Larynx
 (n=1393) (n=403) (n=660) (n=330)

 aHR (95% CI) aHR (95% CI) aHR (95% CI) aHR (95% CI)

Current 1.71 (1.14–2.55) 1.55 (0.78–3.07) 1.79 (0.93–3.43) 2.25 (0.80–6.39)

Former 1.42 (1.01–2.00) 2.45 (1.41–4.25) 1.23 (0.74–2.04) 1.10 (0.42–2.91)

p for trend 0.001 0.15 0.049 0.011

aHR = adjusted hazard ratio; CI = confidence interval.

Beynon et al. International Journal of Cancer, 2018 September 1;143(5):1114–27  



SMOKERS HAVE A POOR PROGNOSIS (IC+RCT)

Worden et al. Journal of Clinical Oncology 2008;26:3138–46.

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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1-year survival = 87.8%; 95% CI, 77.0 to 93.7
2-year survival = 78.5%; 95% CI, 66.4 to 86.7
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4-year survival = 70.4%; 95% CI, 57.5 to 80.0
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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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Tinhofer et al. (2015). EJC, 51(4), 514–521. doi:10.1016/j.ejca.
2014.12.0182013) 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).

518 I. Tinhofer et al. / European Journal of Cancer 51 (2015) 514–521

SCCHN, unselected
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GENE SIGNATURE DIFFERENTIATES CLUSTERS OF HPV+ OPC

1 1insight.jci.org   https://doi.org/10.1172/jci.insight.124762

R E S E A R C H  A R T I C L E

Figure 5. Prognostic biomarker assessment. Log-rank test shows no significant differences in survival among patients with HPV+ OPSCC grouped accord-
ing to (A) number of cigarette packs smoked per year (n = 47); (B) low or intermediate risk according to the risk stratification system proposed by Ang et 
al. (13) (n = 47; low risk: ≤10 packs smoked per year and N0-N2a; intermediate risk: >10 packs smoked per year and N2b-N3); and (C) AJCC staging system 
for OPSCC (8th edition) (n = 52). (D) Expression profile of 38 HPV-correlated genes (vertical axis) among HPV16+ OPSCC (n = 47). JHU cohort shows 2 groups 
of tumors, OPSCC Val. C1 (n = 6) and OPSCC Val. C2 (n = 41). (E) OPSCC Val.C1 patients had a significantly lower 5-year survival rate (3 deaths) than those in 
the OPSCC Val.C2 group (4 deaths) (log-rank test). (F) Expression profile of 38 HPV-correlated genes (vertical axis) among HPV16+ CESCC patients (n = 138) 
from TCGA shows 2 groups of tumors, CESCC HPV16 C1 (n = 50) and CESCC HPV16 C2 (n = 88). (G) CESCC HPV16 C1 patients (15 deaths) had a significantly 
lower 5-year survival rate than the CESCC HPV16 C2 group (10 deaths) (log-rank test). (H) Of the 38 genes in the signature, 36 showed similar patterns 
of expression (upregulation or downregulation) among the groups with lower survival rates (C1) from the TCGA (n = 19) (horizontal axis) and JHU (n = 6) 
(vertical axis) cohorts compared with the groups with higher survival rates (C2) (TCGA, n = 33; JHU n = 41). Only INHBA and DPF1 genes showed the opposite 
expression direction. Comparing TCGA HPV+ OPSCC (n = 52) and CESCC (n = 138) cohorts, all but one gene (INHBA) showed the same pattern of expression 
in the poorer prognosis group from both cohorts (TCGA HPV+ OPSCC, n = 19; TCGA HPV+ CESCC, n = 50). (I) Expression profile of 38 selected genes among 
samples from the JHU cohort treated primarily with chemotherapy and/or radiotherapy (n = 16) revealed 2 distinct groups (JHU C1 – CT+RT, n = 4, and JHU 
C2 CT+RT, n = 12). (J) JHU C1 – CT+RT group showed significantly shorter survival (log-rank test). (K) Expression of IKZF3 was significantly lower among 
E1^E4– cell lines (n = 4) than among E1^E4+ cell lines (n = 6) (*P = 0.013, t test). Low IKZF3 expression was observed among HPV+ C1 tumors, and its low 
expression was associated with shorter survival. (L) HPV+ OPSCC showing IKZF3 protein expression in tumor (arrowhead) and inflammatory cells (arrow) 
detected by immunohistochemistry. (M) HPV+ OPSCC showing no IKZF3 expression in tumor cells (asterisk) and strong expression in inflammatory cells 
(arrow) (original magnification, ×40).

Gleber-Netto et al. JCI Insight. 2019;4(1):e124762. https://doi.org/10.1172/jci.insight.124762.  



ACADEMIC CENTERS DO BETTER

Lassig et al. (2012).  Otolaryngology--Head and Neck , 147(6), 1083–
1092. http://doi.org/10.1177/0194599812457324

Figure 1. 
Kaplan-Meier survival curves by type of treating institution.
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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. 

✓
✓
✓

✓
✓

✓

http://www.gha.net.au/Uploadlibrary/411214604MultidisciplinaryCancerCareLitReviewFINAL.pdf
http://www.gha.net.au/Uploadlibrary/411214604MultidisciplinaryCancerCareLitReviewFINAL.pdf


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
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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 in recent years
• Biggest medical need for SCCHN with conventional hazards 
• Multidisciplinary teams are a key ingredient in SCCHN treatments 


