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Foreword

In the past several decades, we have witnessed major advances in 
our understanding of cancer pathogenesis with corresponding 
improvements in treatments. �is ranges from an understand-
ing of intrinsic molecular drivers of cancer, micro-environmen-
tal changes that facilitate the development of cancer, a more 
complete recognition of how cancers evade immunological 
control, and, in the case of head and neck tumors, the critical 
contribution of human papillomavirus to disease pathogenesis. 
�is knowledge has translated into numerous therapies tar-
geting speci�c molecular features of cancer along with highly 
e�ective immune-targeted therapies. At the same time, there 
have been remarkable improvements in surgical and radia-
tion technologies that allow for improved patient outcomes. 
All of these new advances are rapidly being incorporated into 
new standards of care that require multi-disciplinary teams 
to most e�ectively manage patients with cancer. Against this 

backdrop, R. Bryan Bell and his colleagues provide a compre-
hensive textbook for managing the most common adult head 
and neck cancers, with an emphasis on technological innova-
tions in oncologic and reconstructive surgery, rehabilitation, 
as well as the emerging therapeutics, such as immunotherapy 
and molecularly targeted therapy. �is textbook will serve as an 
important point of reference for continued improvements in 
treatment paradigms that will lead to even better outcomes for 
patients with head and neck cancers, and we all look forward 
to these future advancements.

Brian J. Druker
Director, Knight Cancer Institute

Oregon Health and Science University
Portland, Oregon
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PART 1: GLOBAL PERSPECTIVE

Newell W. Johnson, Hemantha K. Amarasinghe

Introduction and Scope

�e term head and neck cancer is generally used to describe the 
range of malignant neoplasms of soft tissue origin that develop in 
the oral cavity including the lips, nasal cavity, paranasal sinuses, 
pharynx, larynx, and salivary glands. �e skin is included in many 
descriptions, but not usually ocular and intracranial neoplasms, 
nor those of endocrine or lymphatic origin�thus excluding thy-
roid and parathyroid cancers, lymphomas, and sarcomas.

Approximately 90% of head and neck cancers are squamous 
cell carcinomas (SCCs), which originate from the epithelium 
of the mucosal lining of the upper aerodigestive tract (UADT), 
and adenocarcinomas from associated secretory glands. Head 
and neck squamous cell carcinoma (HNSCC) is strongly asso-
ciated with environmental and lifestyle risk factors, particu-
larly tobacco use, both smoked and �smokeless�; the chewing 
of areca nut (i.e., betel nut); regular alcohol consumption, diets 
poor in antioxidant vitamins and minerals; ultraviolet (UV) 
light from the sun; indoor and outdoor air pollution; occu-
pational exposures to radiation or chemical carcinogens; and, 
increasingly, certain viruses, perhaps sexually transmitted�
notably �high-risk� genotypes of the human papillomavirus 
(HPV) family (particularly HPV16 and HPV18, especially 
when originating in the tonsil, base of tongue, and elsewhere 
in the oropharynx), and some human herpesviruses (HHVs; 
Epstein-Barr virus [EBV] with nasopharyngeal carcinoma). 
�ere is a modest inherited susceptibility. Chronic trauma and 
chronic in�ammation are reemerging as signi�cant cofactors. 
Around the world, with the exception of HPV-related cancers, 
HNSCC is predominantly a disease of the poor; inequalities 
and contributing factors have been analyzed by Johnson and 
colleagues.1

HNSCC is known for its capricious biologic behavior and 
is characterized by local tissue destruction, early and frequent 
metastasis to the cervical lymph nodes, and a relatively high rate 
of distant metastases. A large proportion of patients have recur-
rence of the primary lesion and/or develop a second primary 

neoplasm, even after e�ective local therapy. Respiratory and 
cardiovascular comorbidities are common, usually resulting 
from tobacco and alcohol abuse and/or poor nutrition.

HPV-associated HNSCC is a distinct clinical and biologic 
entity that responds much better than HPV-negative carcino-
mas to conventional therapies. However, HPV-related disease 
is much less frequent in oral cavity and larynx cancers (<5%) 
than it is in cancers of the oropharynx (40�80%).2 �e preva-
lence of HPV in oropharyngeal cancers signi�cantly increased 
in recent years, and the annual number of HPV-positive oro-
pharyngeal cancers will be likely higher than the number of 
cervical cancers by the year 2020.3,4 Whereas the incidence 
and survival rates of oropharyngeal cancer are greatly increased 
because of HPV infection, the majority of patients with oral 
cavity and laryngeal cancer develop locoregional relapse (56%), 
and as many as a third (34%) will also develop distant metas-
tases despite technologic improvements in local therapies.5 
Indeed, only two biotherapies have been approved by the U.S. 
Food and Drug Administration (FDA) for HNSCC in the past 
10 years: monoclonal antibodies directed at blocking the fam-
ily of epidermal growth factor receptors (cetuximab) on the 
surface of malignant keratinocytes, in neoplasms with overex-
pression of these molecules; and, more recently, an immuno-
therapy targeting programmed cell death receptor 1 (PD-1), 
pembrolizumab. New therapeutic strategies for recurrent/met-
astatic (R/M) oral squamous cell carcinoma (OSCC) are thus 
urgently needed, particularly in the HPV-negative patient.

�e �rst part of this chapter focuses primarily on the epi-
demiology of non�HPV-related head and neck cancer, which 
comprises the greatest burden to society worldwide. Data come 
from a variety of sources, and certainly cancer registries play a 
vital role in monitoring the incidence of and mortality from 
cancers. However, the quality of data available across the globe 
is highly variable. Many parts of the world produce no data at 
all, and in others (often among the most populous), the data 
may come from localized, atypical regions. Hospital-based 
cancer registries naturally gather biased information�only 
from patients who are seen in the hospital; in many develop-
ing countries, patients may not come to attention at all, either 
because of fear or because of the inability of poor people to 
access hospital services. Data may be even more unreliable 
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because, in many resource-poor countries, follow-up, even of 
treated patients, is impossible. Death certi�cation is not always 
compulsory, and there is limited international standardization 
in the categories for cause of death, let alone calibration of 
those signing death certi�cates.

Fortunately, many nations have high-quality population-
based cancer registries, with compulsory reporting of all malig-
nancies. �ese are guided by, and quality assured by, both 
national authorities and the positive in�uence of the World 
Health Organization (WHO), mostly through its constitu-
ent body, the International Agency for Research on Cancer 
(IARC), headquartered in Lyon, France. Increasingly, hospital 
records contain information on lifestyle and other known or 
suspected risk factors. �e growth of biologic �tumor banks� or 
�tissue banks� from which molecular markers and mechanisms 
can be researched is encouraging, and there are several large, 
international consortia using such banks to unravel the genome 
of all cancers�notably the International Cancer Genome 
Project, which has several collaborating centers dealing with 
head and neck cancers (https://icgc.org); the Cancer Genome 
Atlas in the United States (www.genome.gov/17516564), and 
the Wellcome Trust Sanger Institute Cancer Genome Project 
in the United Kingdom (www.sanger.ac.uk/research/projects/
cancergenome).

Data from all over the world are collated and are available 
from the websites of all of these bodies; this includes free access 
to programs that allow online interrogation of the databases. 
Many of the tables and graphs in this chapter have been gener-
ated in this way. Within the United States, the website of the 
Surveillance, Epidemiology and End Results (SEER) Program 
of the National Cancer Institute provides similar sophisticated 
opportunities to registered users. It is based on data from, cur-
rently, 20 population-based registries, and although these by no 
means cover the whole nation, they provide insight into evolv-
ing epidemiologic trends (http://seer.cancer.gov/registries/ 
list.html).

History

Evidence of head and neck malignancies has been found in 
ancient skulls. �e oldest known tumor is contained in a 
fossil found in East Africa by Leakey that dates back more 
than 500,000 years. Some historians speculate that a high 
incidence of nasal cancer may have been present in some 
ancient populations because of the inhalation of wood smoke 
in poorly ventilated huts. In approximately 400 BC, Hip-
pocrates described a common chronic ulcer at the edge of the 
tongue that he attributed to the presence of sharp teeth rub-
bing against the tongue: a challenge to di�erential diagnosis 
that is still real today! Even earlier, in the sixth century BC, 
the classical Sanskrit text on surgery, the Sushruta Samhita, 
described the removal of tumors from the head and neck. 
Modern Western medicine received its foundation from early 
Roman medical writings. Nevertheless, real advances in the 
management of head and neck cancers had to wait until the 
advent of comparatively safe and e�ective anesthesia and sur-
gical excision in the 18th century.

Global Prevalence of Head and Neck Cancer

Depending on the number of anatomic sites and subsites 
included, head and neck cancer (International Statistical Clas-
si�cation of Diseases and Related Health Problems, 10th revision 
[ICD-10]: C00�C14) is the seventh most common type of 
cancer, representing about 4.3% of all cases and accounting 
for an estimated 599,637 new cases and 224,834 cancer deaths 
worldwide every year. Fig. 1.1 compares several head and neck 
cancers with cancers a�ecting other body sites. Numbers of 
new cases and of deaths attributed to cancer at these anatomic 
sites are given for males and females; males predominate in all 
head and neck sites.

Data extracted from the Cancer Incidence in Five Continents 
database for the period 2003�2007 also facilitate a global over-
view.6 When oral and pharyngeal cancers are considered, the 
annual estimated incidence is around 300,373 cases for cancers 
of the lip and oral cavity (ICD-10: C00�C08) and 142,378 for 
other pharyngeal cancers (C09�C10, C12�C14) excluding the 
nasopharynx; two thirds of these cases occurred in developing 
countries.2 �ere is wide geographic variation in the incidence 
rates of oral cancer, nasopharyngeal cancer, �other pharynx� 
cancer, cancer of the larynx, and cancer of the esophagus (Table 
1.1). Furthermore, there are marked di�erences among coun-
tries in the same geographic region. For example, oral cancer has 
the highest crude rates in the world in Melanesia, the Maldives, 
Sri Lanka, Bangladesh, France, and Hungary.2 �e extremely 
high rates in the relatively small populations of the Melanesian 
Islands have not been comprehensively researched, but data 
from Papua New Guinea (see later) de�ne the importance of 
areca nut (betel) chewing (called buai in Papua New Guinea) 
and smoking habits as the major risk factors.

�e majority of HNSCCs continue to be related to tobacco 
in various forms, betel quid chewing, heavy alcohol drinking, 
and dietary micronutrient de�ciency.7 �ere is a clear dose-
response relationship (Fig. 1.2). Worldwide, four times more 
men than women smoke. In 2002 there were 941 million male 
smokers, which was 43% of all men older than 15 years. �e 
largest population of male smokers lives in China, where men 
are more likely to smoke than not to smoke. Even Puerto Rico 
and Sweden, with the lowest percentages of men who smoke, 
still have 17% who are smokers.

�e Global Adult Tobacco Survey (GATS) is the global stan-
dard for systematic monitoring of adult tobacco use (smoking 
and smokeless) in the world. In India alone, the GATS sur-
vey, conducted in 2009�10 by the International Institute for 
Population Sciences (IIPS) Mumbai, covered about 99.9% of 
the total population of India. �e survey revealed that more 
than one third (35%) of adults in India used tobacco in some 
form or another�48% of males and 20% of females; 21% of 
adults used only smokeless tobacco, 9% only smoked, and 5% 
smoked and used smokeless tobacco. �us, in India there were 
approximately 275 million tobacco users, 164 million users of 
only smokeless tobacco, 70 million smokers only, and more 
than 42 million users of both smoking and smokeless tobacco. 
�e distribution of tobacco use in India has been well mapped 
by Gupta.8,9
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� Fig. �.�  Global scenario of the burden of cancer: new cases and deaths per annum, in 2012, for the top 
20 cancers. (Data from Ferlay J, Soerjomataram I, Ervik M, et�al, editors: GLOBOCAN 2012: estimated 
cancer incidence, mortality and prevalence worldwide in 2012. Lyon, France, 2013, International Agency 
for Research on Cancer. Retrieved from http://globocan.iarc.fr.)

	� World Standardized Incidence Rates for Upper Aerodigestive Tract Cancers per 100,000 per Year

Mouth Nasopharynx Remainder of Pharynx Larynx Esophagus

(ICD-10: C00–08) (ICD-10: C11) (ICD-10: C09–10 Plus C12–14) (ICD-10: C32) (ICD-10: C15)

Lip, all of tongue, 
all of mouth, and 
major salivary 
glands

Data for C30, Malignant 
neoplasm of nasal 
cavity and middle 
ear; and for C31, 
Malignant neoplasm 
of accessory 
sinuses; and for 
C32, Malignant 
neoplasm of larynx, 
are not included here

Tonsil, remainder of oropharynx, 
pyriform fossa, hypopharynx, 
and sites not otherwise speci�ed 
among C00�C13

This code excludes 
cancers arising at the 
gastroesophageal junc-
tion which are included 
in stomach cancers, 
the majority of which 
are adenocarcinomas; 
included here, there-
fore, are mostly SCCs 
sharing common risk 
factors with the mouth

Country Male Female Male Female Male Female Male Female Male Female

World 5.5 2.5 1.7 0.7 3.2 0.7 3.9 0.5 9.0 3.1

  More developed 7.0 2.6 0.6 0.2 4.7 0.8 5.1 0.6 6.4 1.2

  Less developed 5.0 2.5 2.0 0.8 2.8 0.7 3.5 0.4 10.1 4.1

Africa 3.3 2.0 1.5 0.8 1.1 0.6 2.7 0.3 5.6 3.5

  Eastern Africa 4.5 2.8 1.9 1.1 1.0 0.6 2.3 0.3 11.9 7.8

  Middle Africa 3.5 1.8 1.3 0.6 1.7 0.6 1.4 0.2 4.2 2.0

  Northern Africa 2.8 1.8 2.3 1.0 0.8 0.7 4.2 0.4 2.4 1.5

TABLE 
1.1
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Country Male Female Male Female Male Female Male Female Male Female

  Southern Africa 6.3 2.3 0.4 0.2 3.9 1.5 5.0 0.9 13.7 6.7

  Western Africa 1.7 1.4 0.7 0.4 0.6 0.1 1.4 0.1 0.8 0.4

Caribbean 4.8 1.8 0.4 0.2 3.6 0.9 7.9 0.9 4.6 1.2

Central America 2.6 1.7 0.2 0.1 1.0 0.3 4.0 0.6 1.7 0.6

South America 5.3 2.4 0.5 0.2 3.0 0.5 5.2 0.7 7.0 2.0

Northern America 7.2 3.2 0.7 0.3 4.2 1.0 4.0 0.9 5.4 1.1

Asia 5.2 2.5 2.3 0.9 3.1 0.7 3.3 0.4 11.4 4.3

  Eastern Asia 2.4 1.1 2.5 1.0 1.3 0.2 2.2 0.2 16.9 5.4

  Southeastern 
Asia

4.0 2.5 6.4 2.4 2.6 0.7 2.7 0.5 3.6 1.0

  South Central 
Asia

9.9 4.7 0.6 0.2 6.2 1.4 4.6 0.6 6.5 3.9

  Western Asia 2.7 1.6 1.3 0.5 0.8 0.4 6.5 0.9 2.9 2.1

Europe 7.5 2.5 0.6 0.2 5.2 0.9 6.2 0.6 5.8 1.2

  Central and 
Eastern 
Europe

9.1 2.0 0.6 0.2 5.3 0.5 7.9 0.4 5.6 0.8

  Northern Europe 5.9 3.1 0.4 0.2 3.4 1.0 3.4 0.6 8.1 2.7

  Southern Europe 5.8 2.1 0.7 0.3 3.4 0.5 7.2 0.6 3.2 0.6

  Western Europe 7.9 3.2 0.5 0.2 7.5 1.6 4.9 0.7 6.8 1.6

Australia 8.8 3.9 0.6 0.3 3.3 0.7 3.1 0.3 5.4 1.7

New Zealand 5.5 2.7 0.9 0.3 2.4 0.4 2.3 0.4 5.6 1.8

Melanesia 22.9 16.0 0.4 0.1 3.4 0.4 2.7 0.6 3.6 1.4

Micronesia 4.9 0.0 3.3 2.0 0.0 0.0 0.0 0.0 3.3 0.0

Polynesia 4.1 1.8 2.0 0.8 3.8 0.0 3.2 0.4 3.0 0.3

Adapted from Ferlay J, Soerjomataram I, Ervik M, et�al, editors: GLOBOCAN 2012: estimated cancer incidence, mortality and prevalence worldwide in 2012. Lyon, 
France, 2013, International Agency for Research on Cancer. Retrieved from http://globocan.iarc.fr.

	� World Standardized Incidence Rates for Upper Aerodigestive Tract Cancers per 100,000 per Year�cont�dTABLE 
1.1

SCC, squamous cell carcinoma.

Mouth Nasopharynx Remainder of Pharynx Larynx Esophagus

(ICD-10: C00–08) (ICD-10: C11) (ICD-10: C09–10 Plus C12–14) (ICD-10: C32) (ICD-10: C15)

With the data taken as a whole, it is apparent that the public 
health burden of HNSCC is predominantly a result of smok-
ing and is borne by Eastern Europe, Central and Eastern Asia, 
and South Asia (Fig. 1.3). China is the major storehouse of 
tobacco-related morbidity and mortality in the world, a nation 
where more than half the population continues to smoke. 
Yemen, Indonesia, Mongolia, Armenia, and Kenya are the �ve 
top-ranked countries for smoking prevalence, at 77%, 69%, 
69%, 68%, and 67%, respectively.

In the developing world, tobacco and areca nut, used 
either alone or in combination, account for the vast major-
ity of HNSCCs and oral potentially malignant disorders 
(OPMDs).10 WHO has classi�ed areca nut, a common com-
ponent of many di�erent chewing habits, as carcinogenic to 
humans.10�13 UV radiation is relevant to lip cancer. Despite 
the signi�cance of tobacco and alcohol as risk factors, in the 
West there are distinct subgroups of patients without these 
traditional risk factors: younger males who never smoked yet 
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develop oropharyngeal cancer; elderly women in whom etio-
logic factors are not clear14; and younger females in whom it has 
been suggested that estrogen de�ciency may in�uence suscepti-
bility to oral cancer. In the case of young nonsmoker males, it 
has become apparent that oncoviruses are an important cause 
of HNSCC, especially in Western Europe and North America, 
where �high-risk� genotypes of the HPV family cause cancer 

in the tonsil, base of tongue, and other oropharyngeal sites. 
In Asia, EBV is a major cause of nasopharyngeal carcinoma. 
Signi�cantly, younger mean age at menopause and higher rates 
of hysterectomy may in�uence the higher rates of oral cancer 
seen among younger women.15 Data presented in this chapter 
are, whenever possible, separated by sex. In addition, one of 
the major limitations of the existing databases is the �lumping� 
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� Fig. �.�  A and B, The dose-response relation for the major risk factors for oral and pharyngeal cancers. 
OR, odds ratio; ppd, packs per day; RR, relative risk. (A from Johnson NW, Warnakulasuriya S, Gupta PC 
et�al: Global oral health inequalities in incidence and outcomes for oral cancer: causes and solutions. Adv 
Dent Res 23:237�246, 2011. Sources: Znaor A, Brennan P, Gajalakshmi V, Mathew A, et al. Independent 
and combined effects of tobacco smoking, chewing and alcohol drinking on the risk of oral, pharyngeal 
and esophageal cancers in Indian men. Int J Cancer. 2003;105[5]:681�686. Bagnardi V, Blangiardo M, La 
Vecchia C, Corrao G. A meta-analysis of alcohol drinking and cancer risk. Br J Cancer. 2001;85[11]:1700�
1705. Talamini R, La Vecchia C, Levi F, et al. Cancer of the oral cavity and pharynx in nonsmokers who 
drink alcohol and in nondrinkers who smoke tobacco. J Natl Cancer Inst. 1998;90[24]:1901�1903. B from 
Schottenfeld D, Fraumeni JF, editors: Cancer epidemiology and prevention, ed 2, New York, 1996, Oxford 
University Press.)
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of oral cavity cancers with cancers of the pharynx. With the 
evolving role of HPV in the Western world, it is clear that these 
are biologically distinct and should, in fact, be separated epide-
miologically. We have attempted to do this whenever possible, 
and HPV-related oropharyngeal cancer, a disease that is clini-
cally and biologically distinct from its non-HPV counterpart, 
will be covered in the second part of this chapter.

Geographic Di�erences
�e world maps reproduced in this chapter (Figs. 1.4 to 1.9), 
although simplifying data by aggregation to national averages, 
contain important information. As with the tables, maps are 
shown for each of the important head and neck sites. It has 
been apparent for decades that the global picture for head and 
neck cancer is dominated by the incidence of oral cancer in 
southern Asia and of oral cavity plus nasopharyngeal cancer in 
East Asia. In the 1980s, in India, Bangladesh, Pakistan, and Sri 

Lanka, oral cancer was the most common site and accounted 
for about one third of all cancers: it is still the most common 
cancer among men in Sri Lanka.16�18 �e proportion is fall-
ing, partly owing to increased detection of other cancers by 
more extensive screening programs and improved techniques.9 
Even within the subcontinent there are striking di�erences in 
incidence rates. �e highest rate for tongue and mouth cancer 
is reported for men living in South Karachi, Pakistan; the sec-
ond highest is for those in Trivandrum city in Kerala, India. 
Extremely high rates for women are seen in the Tamil com-
munity in Malaysia�higher even than in Tamil Nadu itself; 
upper aerodigestive tract sites in Indian females in Peninsular 
Malaysia are the second most common cancers, behind cancers 
of the breast and before cancers of the uterine cervix.19

According to GLOBOCAN 2012, the highest incidence 
of oral cancers (ICD-10: C00�C08) is found in Melane-
sia (astounding rates of 22.9 per 100,000 men and 16.0 per 
100,000 women, although there are caveats regarding the 

A

B

� Fig. �.�  These two maps (shown only for males here) distort countries on the basis of the number of 
deaths by mouth and pharynx cancer (A), and the number of male smokers (B). They show that the public 
health burden is borne by Eastern Europe, Central and Eastern Asia, and South Asia. China is the major 
storehouse of tobacco-related morbidity and mortality in the world, a nation where more than half the 
population continues to smoke. Yemen, Indonesia, Mongolia, Armenia, and Kenya are the �ve top-ranked 
countries for smoking prevalence, at 77%, 69%, 69% 68%, and 67%, respectively. Territory size shows 
the proportion of men who smoke who live there. (From www.worldmapper.org/display_extra.php?selec
ted=419. Used with permission.)
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Mortality ASR
Male

Cancer of the lip
and oral cavity

3.5+
2.1–3.5
1.4–2.1
0.93–1.4
<0.93
No data

B

A

Incidence ASR
Male

Cancer of the lip
and oral cavity

7.2+
5.2–7.2
3.3–5.2
2.2–3.3
<2.2
No data

� Fig. �.�  A, Incidence and B, mortality age-standardized rates (ASR) for lip and oral cavity cancer in 
males, in quintiles, by country. A quick comparison of these maps makes a number of points. The �tradi-
tional� high-incidence areas of central Asia and the Indian subcontinent stand out; much of this is a result 
of betel quid use, with or without smokeless tobacco, plus smoking, sometimes alcohol abuse, and poor 
diet. Note that parts of both Western and Eastern Europe remain in the top quintile (see text). The African 
data are not particularly robust. Australia shows a high incidence owing to ultraviolet light�induced lip 
cancer in a fair-skinned population; mortality rates are not comparably high because lip cancer is com-
paratively easily treated. Eastern Europe and the former Soviet Republics have high mortality, partly related 
to low socioeconomic status, limited treatment facilities, and the fact that many patients have substan-
tial comorbidities. As already mentioned, Papua New Guinea and surrounding Melanesian islands of the 
Western Paci�c are in the top quintile both in incidence and mortality; indeed, Melanesia had the highest 
recorded rates in the world at the beginning of this millennium�associated with chewing of areca nut and 
tobacco use. (From Ferlay J, Soerjomataram I, Ervik M, et al, editors. GLOBOCAN 2012 v1.0, cancer 
incidence and mortality worldwide: IARC CancerBase No. 11 [Internet]. Lyon, France, 2013, International 
Agency for Research on Cancer. Retrieved from http://globocan.iarc.fr.)
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quality of these data).2 In India alone, over 100,000 cases 
of oral cancer are registered every year, and the numbers are 
rising. Although men predominate overall, among women a 
very high incidence is found throughout South Central Asia 
(4.7 per 100,000). In terms of countries, the Maldives and Sri 
Lanka have the highest incidence of oral cancer in the South 
Asian region. Poor access to health services contributes to high 
mortality.

More than 126,000 cases of oral cancer (ICD-10: C00-
C08) occur every year in South and Southeast Asia alone, 

with poor prospects for survival. About 90% of these cases are 
attributable to smoking and chewing habits. It is encouraging 
that overall rates in India are showing a decreasing trend in suc-
cessive birth cohorts; declining trends were observed for mouth 
(ICD-10: C03�C06) and tongue (C01�C02) cancers among 
females and tongue cancers among males between 1982 and 
2000,11 and this has continued. However, population growth 
in the subcontinent means that the disease burden continues to 
rise. Better primary prevention is essential12 (Fig. 1.10). �ere 
is growing concern that commercial areca nut and tobacco 

Incidence ASR
Female

Cancer of the lip
and oral cavity

3.2+
2.3–3.2
1.8–2.3
1.3–1.8
<1.3
No data

Mortality ASR
Female

Cancer of the lip
and oral cavity

1.6+
0.87–1.6
0.62–0.87
0.45–0.62
<0.45
No data

A

B

� Fig. �.�  A, Incidence, age-standardized rates (ASR), in females�lip and oral cancers. B, Mortality rate, ASR, 
in females�lip and oral cancers. Note the serious situation in the Indian Subcontinent, much of northern Asia, 
South America, and parts of the Middle East including the southern provinces of Saudi Arabia and Yemen. In 
parts of India, oral cancer is the leading cancer among women, because of heavy use of betel quids. (From 
Ferlay J, Soerjomataram I, Ervik M, et al, editors. GLOBOCAN 2012 v1.0, cancer incidence and mortality 
worldwide: IARC CancerBase No. 11 [Internet]. Lyon, France, 2013, International Agency for Research on 
Cancer. Retrieved from http://globocan.iarc.fr.)
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products will contribute to future rises in the incidence of oral 
submucous �brosis (OSF) and of subsequent oral cancer.13

�e overall incidence of smoking-related cancers appears 
to be decreasing in many parts of the world (Figs. 1.11 to 
1.16). For cancers of the oropharynx and tonsils, as well as 
the hypopharynx, the highest combined incidence rate is cur-
rently seen in France, and this is increasing. For women, the 

highest age-standardized rate (ASR) for mouth and tongue 
cancer speci�cally was in India.6 Data from Japan show a dra-
matic increase in oral and pharyngeal cancer incidence (ICD-
10: C01�C14) for both sexes; there was a 4.4-fold increase for 
males and 3.8-fold increase for females in the total numbers 
between 1965 and 1999�noted from data retrieved from the 
Osaka Cancer Registry.20 �ere is also an upward trend for 

Incidence ASR
Male

Laryngeal cancer
6.0+
4.2–6.0
3.1–4.2
1.7–3.1
<1.7
No data

Mortality ASR
Male

Larygeal cancer
3.0+
2.1–3.0
1.4–2.1
0.94–1.4
<0.94
No data

A

B

� Fig. �.�  A, Incidence, age-standardized rates (ASR), in males�laryngeal cancer. B, Mortality, ASR, in 
males�laryngeal cancer. Rates of laryngeal cancer largely re�ect smoking rates in men around the globe, 
with the surprising exceptions of China and Japan, where incidence (A) and mortality (B) among men are 
comparatively low, despite prevalence rates of smoking in males of 50% or higher; however, as noted 
earlier, Japanese rates are on the rise. The proportionately higher death rate in Eastern Europe, Russia, 
and the former Soviet Republics is again related to late stage at diagnosis and high rates of comorbidities 
associated with low socioeconomic status and dif�culties with access to care. (From Ferlay J, Soerjo-
mataram I, Ervik M, et al, editors. GLOBOCAN 2012 v1.0, cancer incidence and mortality worldwide: 
IARC CancerBase No. 11 [Internet]. Lyon, France, 2013, International Agency for Research on Cancer. 
Retrieved from http://globocan.iarc.fr.)
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both males and females in Australia and among the non-Maori 
population in New Zealand. Lip cancer in fair-skinned popu-
lations, particularly due to UV light, is a growing problem.21

A study in Mumbai, India, indicated a decreasing trend in oral 
cancer incidence among Indian men, which, it was suggested could 
have been due to a decrease in the use of betel quid or pan and 
associated oral smokeless tobaccos over this period.22 However, 
there continues to be a high prevalence of smokeless tobacco use 
among young adult men and women, especially in the form of Pan 
Parag/Gutka-type products, and cigarette smoking is increasing.

In the United States, the estimated numbers of incident 
cases for tongue, mouth, and other oral cavity cancers in 2008 
were 15,250 cases for men and 7650 for women; for the phar-
ynx, the number of incident cases for men was 10,060, and 
2350 for women (3% of all cancer cases in men). For cancer 
of the larynx, 12,250 incident cases were estimated, of which 
9680 were in men. �e incidence rates for cancers of the oral 
cavity and pharynx or throat were stable or declining for men 
and women in most age groups during the period 1973�2003 
in the United States, probably related to changes in tobacco 

Incidence ASR
Female

Laryngeal cancer

0.80+
0.50–0.80
0.30–0.50
0.11–0.30
<0.11
No data

Mortality ASR
Female

Laryngeal cancer

0.41+
0.23–0.41
0.13–0.23
0.05–0.13
<0.05
No data

A

B

� Fig. �.�  A, Incidence, age-standardized rates (ASR), in females�laryngeal cancer. B, Mortality, ASR, in 
females�laryngeal cancer. Because smoking is far less prevalent in women than in men in most societies, 
the laryngeal cancer rates are low worldwide, and less can be read into this aspect of �geographic pathol-
ogy.� Nevertheless, there are clear challenges to be met in much of the continent of South America, in Cen-
tral Europe, and in the United States. (From Ferlay J, Soerjomataram I, Ervik M, et al, editors. GLOBOCAN 
2012 v1.0, cancer incidence and mortality worldwide: IARC CancerBase No. 11 [Internet]. Lyon, France, 
2013, International Agency for Research on Cancer. Retrieved from http://globocan.iarc.fr.)
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and alcohol consumption. �is is a highly pleasing situation, 
common to many countries with advanced care facilities but 
not re�ected in most of the high incidence countries else-
where in the world. Cancer of the larynx has always been a 
serious public health problem in nations with high smoking 
prevalence, and this remains problematic in China and East-
ern Europe and the former Soviet Union. Trends for laryngeal 
cancer re�ect continuing high rates of tobacco consumption in 
many societies (see Fig. 1.13).

Sex Di�erences
Worldwide, the incidence of head and neck cancers overall is 
higher for males than females. According to the IARC,2 the age-
speci�c incidences of �oral cavity,� �nasopharynx,� and �other 
pharynx� cancers were 5.5, 1.7, and 3.2 per 100,000 population 
for males in 2012 and 2.5, 0.7, and 0.7 for females, respectively 
(see Table 1.1). �e higher rates in males may result from their 
greater exposure to the most important risk factors, such as heavy 

Incidence ASR
Male

Nasopharyngeal
cancer

1.8+
0.80–1.8
0.48–0.80
0.22–0.48
<0.22
No data

Mortality ASR
Male

Nasopharygeal
cancer

1.2+
0.48–1.2
0.22–0.48
0.09–0.22
<0.09
No data

A

B
� Fig. �.�  A, Incidence, age-standardized rates (ASR), in males�nasopharyngeal cancer. B, Mortality, 
ASR, in males�nasopharyngeal cancer. Risk factors for nasopharyngeal cancer are comparatively well 
understood. It is a biologically distinct disease, driven by Epstein-Barr virus, in subjects with genetic sus-
ceptibility, compounded by toxins in particular cultural dietary practices. Both incidence (A) and mortality 
rates (B) are historically high in North, Central, and East Africa, in Indonesia, and in China�particularly 
Guangdong Province, Hong Kong, and emigrant communities from these areas. (From Ferlay J, Soer-
jomataram I, Ervik M, et al, editors. GLOBOCAN 2012 v1.0, cancer incidence and mortality worldwide: 
IARC CancerBase No. 11 [Internet]. Lyon, France, 2013, International Agency for Research on Cancer. 
Retrieved from http://globocan.iarc.fr.)
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alcohol and tobacco consumption for intraoral cancer and sun-
light for lip cancer in those who work outdoors. However, oral 
cancer in females is increasing in some parts of the world. For 
instance, a study from Argentina showed the male/female ratio 
to be 1.24:1 for the period 1992�2000 compared with 7.1:1 
for the 1950�1970 period.23 �e incidence of tongue and other 
intraoral cancers for women can be greater than or equal to that 
for men in high-incidence areas such as India, where betel quid/
areca nut chewing (and sometimes smoking) are common among 
women�although this varies considerably from region to region.

Early this century in Europe, the incidence of oral cavity 
and pharyngeal cancers (ICD-10: C00�C14) among males 
varied substantially between 5.9 (Finland) and 32 (France) per 
100,000 per annum.24 Incidence rates among females were 

highest in Northern and Western Europe but were consistently 
lower than those for males. �e male-to-female ratio decreased 
during the past 10 years and recently varied from 1.5 to 2.5 
in Northern Europe to 7.7 in Lithuania. Between 1990 and 
1999, the incidence rates for oral cancers in the United King-
dom rose in males of all ages from 6.5 to 8.3 per 100,000 (an 
increase of 18%) and in females from 2.6 to 3.6 per 100,000 
(an increase of 30%) and continues to be a concern.25

Ethnic Di�erences
Variations by ethnicity are largely due to social and cultural 
practices and the in�uence of dietary and genetic factors, 
although the latter are less well quanti�ed. Variations in 

Incidence ASR
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Nasopharyngeal
cancer

0.78+
0.28–0.78
0.16–0.28
0.04–0.16
<0.04
No data

Mortality ASR
Female

Nasopharygeal
cancer

0.48+
0.13–0.48
0.07–0.13
0.00–0.07
<0.00
No data

A

B

� Fig. �.�  A, Incidence, age-standardized rates (ASR), in females�nasopharyngeal cancer. B, Mortality, 
ASR, in females�nasopharyngeal cancer. (From Ferlay J, Soerjomataram I, Ervik M, et al, editors. GLO-
BOCAN 2012 v1.0, cancer incidence and mortality worldwide: IARC CancerBase No. 11 [Internet]. Lyon, 
France, 2013, International Agency for Research on Cancer. Retrieved from http://globocan.iarc.fr.)
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outcome are also a�ected by di�erences in access to health 
care. Where cultural practices represent risk factors, their 
continuation by emigrants from high-incidence regions to 
other parts of the world results in comparatively high can-
cer incidence in immigrant communities. �is can also a�ect 
the subsites of oral cancer most commonly a�ected, as shown 
in a study from California.26 �e highest age-adjusted oral 
cancer rates in the United States are found among non-His-
panic men (17.5/100,000) followed by non-Hispanic women 
(6.6/100,000), with Asian and Hispanic populations show-
ing lower incidence rates compared with white (Caucasian) 
ethnic groups. Tongue cancer was the most common type of 
oral cancer among every ethnicity. Asians were more likely to 
develop their malignancy in the buccal mucosa, a re�ection of 
continuing areca and tobacco chewing habits. Another study 
showed that Native Americans and Alaskan Natives overall 
had signi�cantly lower incidence rates than non-Hispanic 
whites.27 Several studies from the United States have demon-
strated that black patients with oral cancer have poorer over-
all and disease-speci�c survival than whites, mainly because 
of their comparatively poor access to health care.28,29 �is 
is especially concerning because the incidence of oral plus 
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� Fig. �.��  Projected increases in the burden of mouth and tongue cancer 
in India in the next decade. (From Gupta B, Ariyawardana A, Johnson NW: 
Oral cancer in India continues in epidemic proportions: evidence base and 
policy initiatives. Int Dent J 53:12�25, 2013.)
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� Fig. �.��  Male age-speci�c incidence curves for oral and pharynx for selected countries. All upper aerodi-
gestive tract cancers show a similar distribution. Most cases occur in the �fth to seventh decades of life, 
presumably because decades of exposure to tobacco, alcohol, and poor nutrition take time to synergize 
with other agents in triggering malignant transformation�or in allowing this to survive the host response. 
Nevertheless, a signi�cant minority of cases appear in the third and fourth decades of life. These attract 
much interest; although associations with early commencement of smoking and with unsafe alcohol use 
can be demonstrated, a substantial minority of cases arise without exposure to traditional risk factors. 
Here, dietary inadequacies and human papillomavirus infection are likely to be important, and inherited 
predisposition may play a role. SEER, Surveillance, Epidemiology, and End Results program. (From Ferlay 
J, Bray F, Steliarova-Foucher E, Forman D. Cancer incidence in �ve continents, CI5plus. IARC CancerBase 
No. 9 Lyon, France, 2014, International Agency for Research on Cancer. Retrieved from http://ci5.iarc.fr.)
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� Fig. �.��  Female age-speci�c incidence curves for oral and pharynx for selected countries. Rates for 
females are lower, and international differences are less marked. Rates in women in South India stand out; 
this is related to use of betel quid and tobacco, together with low socioeconomic status. SEER, Surveil-
lance, Epidemiology, and End Results. (From Ferlay J, Bray F, Steliarova-Foucher E, Forman D. Cancer 
incidence in �ve continents, CI5plus. IARC CancerBase No. 9 Lyon, France, 2014, International Agency 
for Research on Cancer. Retrieved from http://ci5.iarc.fr.)
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� Fig. �.��  Larynx�male. Many of the differences among populations are likely to be explained by smok-
ing and other traditional risk factors. Serious public health challenges exist in the Brazilian example. Poland 
and the Russian example are consistent with the major concerns we have for Eastern Europe, Russia, and 
the former Soviet Republics as a whole. Blacks do poorly in the United States. Finland provides encour-
agement; indeed, this was the �rst country in the world to reach the World Health Organization target for 
the year 2000 of having less than 20% of the adult population smoking. Japan and China remain enigmas. 
SEER, Surveillance, Epidemiology, and End Results program. (From Ferlay J, Bray F, Steliarova-Foucher 
E, Forman D. Cancer incidence in �ve continents, CI5plus. IARC CancerBase No. 9 Lyon, France, 2014, 
International Agency for Research on Cancer. Retrieved from http://ci5.iarc.fr.)
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� Fig. �.��  Larynx�female. Although at �rst glance the spread for women looks larger, the rates are much 
lower than for men. Poland, as with much of Eastern Europe; American blacks; and Brazil again stand out. 
SEER, Surveillance, Epidemiology, and End Results program. (From Ferlay J, Bray F, Steliarova-Foucher 
E, Forman D. Cancer incidence in �ve continents, CI5plus. IARC CancerBase No. 9 Lyon, France, 2014, 
International Agency for Research on Cancer. Retrieved from http://ci5.iarc.fr.)
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� Fig. �.��  Nasopharynx�male. Nasopharyngeal cancer is a distinct disease. These countries have been 
chosen to re�ect differences by population. Southern Chinese men are particularly susceptible�hence 
the alarming data from Hong Kong and to a lesser extent from Shanghai. Although the data are fragmen-
tary, the markedly higher rates in Chinese Hawaiians compared with other racial groups are consistent 
with the ethnic bias. SEER, Surveillance, Epidemiology, and End Results program. (From Ferlay J, Bray F, 
Steliarova-Foucher E, Forman D. Cancer incidence in �ve continents, CI5plus. IARC CancerBase No. 9 
Lyon, France, 2014, International Agency for Research on Cancer. Retrieved from http://ci5.iarc.fr.)
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pharyngeal cancer for black men in the United States is so 
high, and the oropharynx is the sixth most common site for 
malignant disease in this group.30

In the Republic of South Africa, among Asian/Indian South 
Africans, oral and oropharyngeal cancer age-speci�c incidence 
rates (ASIR) were higher among females (ASIR, 4.60) than 
among males (ASIR, 3.80). Excluding those involving the lip, 
these cancers were highest among Coloureds (ASIR, 5.72) and 
lowest among blacks (ASIR, 3.16). Incidence rates increased 
signi�cantly among Coloured South Africans over the period 
from 1992 to 2001 (p < .05), particularly for the orophar-
ynx (available at http://repository.up.ac.za/bitstream/han-
dle/2263/32412/AyoYusuf_Trends(2013).pdf?sequence=1).30a 
�e age-adjusted incidence rate for oral and pharyngeal cancers 
is higher for South Asians than for other residents in England, 
particularly among females.31 It is interesting to note that this 
study showed that British South Asian males have signi�cantly 
better survival than their non�South Asian peers in the south-
east of England, possibly a re�ection of the more indolent 
progress of tobacco- and areca nut�induced lesions.31

Overall, there is an approximately 4- to 10-fold di�erence 
in HNSCC incidence among ethnicities, with disturbingly 
high rates in northwest France, Brazil, and South India. Note 
the much worse situation in American blacks compared with 
whites, explained by a mixture of risk-factor and socioeco-
nomic reasons. Finland does comparatively well�not surpris-
ing in view of that nation�s success in reducing the prevalence 
of smoking, though alcohol abuse remains a social problem. 
What is surprising are the low rates recorded for Shanghai, in 
spite of high smoking prevalence in this large city. China is 
currently developing a more comprehensive, nationwide can-
cer registry system, so more cogent data will soon be available.

Age Distributions
HNSCC is usually a disease that occurs in men after the �fth 
decade of life. �e mean age at presentation is in the �fth and 
early sixth decades in Asian populations compared with the 
seventh and eighth decades in the North American popula-
tion.32�39 Statistics in the United States for 1975�2011 show 
that the median age at diagnosis for cancer of the oral cavity 
and pharynx was 62 years.38

Several studies have suggested that 4�6% of oral cancers now 
occur at ages younger than 40 years.39 An alarming increase 
in incidence of oral cancers among younger people has been 
reported from many parts of the world,40�43 a trend that appears 
to be continuing and is likely related to the increase in preva-
lence of HPV infection, which will be further explored in the 
second part of this chapter. �ere was a signi�cant increase in 
the incidence of cancers in the tongue and tonsil among 20- to 
40-year-olds in the United States between 1973 and 2001.44 In 
Germany, Czechoslovakia, and Hungary, within one generation 
there has been an almost 10-fold rise in mortality from oral can-
cer in men aged 35�44.45 Robinson and Macfarlane showed a 
dramatic increase in incidence rates for younger males in Scot-
land from the 1980s to the 1990s.46 In the high prevalence areas 
of the world, in many cases patients are less than 40 years old, 
probably owing to heavy use of various forms of tobacco from an 
early age, although some recent data from India have not shown 
this.47

It is also clear that a number of cases of SCC occur in both 
young and old patients in the absence of traditional risk factors; 
in these patients the disease may pursue a particular aggressive 
course, more so in the elderly. A study conducted in southern 
England concluded that in a substantial proportion of cases of 
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younger people diagnosed with oral cancer, the disease occurs 
in the absence of known risk factors.48 �is, together with the 
relatively short duration of exposure in users, suggests that fac-
tors other than tobacco and alcohol are implicated in the devel-
opment of oral cancer in a signi�cant minority of cases. Diets 
poor in fresh fruits and vegetables were identi�ed as conferring 
signi�cant risk. �ere is now substantial evidence that HPV 
infections are driving this rise in younger adults; fortunately, 
HPV-related oropharyngeal cancers respond well to radiother-
apy, permitting treatment deescalation and improved quality 
of life. It is also suggested that greater attention should be paid 
to familial antecedents of malignant neoplasms in younger 
patients with oral cancer.49

Mortality Trends
Current WHO mortality and trends of age-standardized (world 
population) mortality rates for the head and neck cancer sites 
of interest, within selected countries over the past three to six 
decades,50 are presented in Table 1.2 and Figs. 1.17 to 1.22. 
Death rates for oral and pharyngeal cancer in males around 
the world are shown vividly in Fig. 1.17. �ere was a steady 
rise in oral cancer mortality in men from the 1950s to the late 
1980s in most Western European countries51; rising rates have 
declined since that time in France, China, and Hong Kong, 
which had exceedingly high rates in the past. Unfortunately, 
in most countries in Central and Eastern Europe, oral cancer 
mortality in men continued to rise, reaching exceedingly high 
rates in Hungary, Slovakia, Slovenia, and the Russian Federa-
tion at the end of the past century. Hungary, Ukraine, Estonia, 
and Bulgaria showed more than a 100% increase in mortal-
ity rates for men during the 20-year period up to the turn 
of the millennium. Even though the rates of oral cancer are 
comparatively low among women (see Fig. 1.18), there was 
an increase in several countries in Europe (notably Hungary, 
Belgium, Denmark, and Slovakia) over this period. �ese dis-
turbing rises are thought to have been related to high drinking 
and smoking patterns in these societies, together with poor diet 
in lower socioeconomic groups. Fortunately, improvements are 
now evident. Trends for laryngeal cancer re�ect continuing 
high rates of tobacco consumption in many societies (see Figs. 
1.19 and 1.20). Trends for nasopharyngeal cancer, both good 
and bad, are shown for high-incidence countries (see Figs. 1.21 
and 1.22).

In Europe, Hungary has the highest incidence and mortality 
of oral and pharyngeal cancer for both sexes.52 Between 1984 
and 1994, the Hungarian mortality rates for oral cancers rose 
by 83.5% and 72.3% in males and females, respectively, but 
this has now stabilized. Trends in the mortality rate among Ital-
ian and French males peaked in the 1980s, and rates decreased 
after 1990.53 However, some persisting upward trends were 
registered for Belgium, Denmark, Greece, Portugal, and Scot-
land.54 In the United States, the mortality rates per 100,000 
population per annum for cancer of the oral cavity and phar-
ynx for men were 5.61 in 1990 and 3.98 in 2004, the absolute 
decrease being 1.63 per 100,000, contributing to a 3% reduc-
tion in mortality for all sites. For women, the decrease across 

the same period was 0.56, contributing to a 2.5% reduction 
for all sites.11

In the United States, mortality from HNSCC appears to 
be declining. �e death rates for cancer of the oral cavity and 
pharynx per 100,000 population in 2007�2011 were 3.8 for 
males and 1.4 for females,12 down from 6.9 and 2.3, respec-
tively, in 1975. �is substantial improvement is not re�ected 
in most of the rest of the world. �e SEER Program in the 
United States reported an overall fall in the mortality from oral 
and pharyngeal cancer, between 1975 and 2004, of 1.87% per 
annum (Fig. 1.23). Table 1.3 shows a fall in all mortality rates 
for oral and pharyngeal cancer in the United States between 
2002 and 2011. �ere was considerable fall in mortality among 
both black men and black women (annual percent change of 
�3.7 and �2.7, respectively). Furthermore, the SEER data show 
higher 5-year relative survival rates for whites (64.3%) and 
blacks (43.7%), who were diagnosed during the period 2004�
2011 than for those who were diagnosed during the period 
1974�1976 (when rates for whites and blacks were 55% and 
36.3%, respectively).13 �e 5-year survival rates in the SEER 
registries range from a high of 72.1% for white women in 
Utah to a low of 24.8% for black men in metropolitan Atlanta. 
�ese striking di�erences are likely to be explained by a num-
ber of factors including socioeconomic condition, age, stage 
at diagnosis, continued presence or absence of environmental 
risk factors, and access to hospital services. African American 
patients have consistently poorer survival outcomes.55

What the SEER data do make clear is that there has been 
very little improvement in overall survival (OS) for patients 
with cancer of the oral cavity and larynx, whereas substantial 
improvement has been witnessed in cancer of the oropharynx 
(Fig. 1.24). Although this improvement was initially thought 
to be related to improved therapeutic modalities, it is now clear 
that it was the disease that changed and not the therapy. Non�
HPV-related cancers continue to be associated with a poor 
prognosis, and better treatments are needed. �e favorable 
response rates to conventional therapy associated with HPV-
related oropharyngeal cancer have made de-escalation of treat-
ment a high priority for clinicians.

Indeed, population-based survival rates around the world 
show little evidence of improvement over recent decades, 
despite vast improvements in treatment modalities. Cure rates 
and survival rates have improved with advances in surgical and 
other techniques in highly specialized, high-volume treatment 
institutions. Regrettably, such highly expert management is 
not yet uniformly available, and it may be decades before these 
results are re�ected in population trends.

Mortality Trends by Birth Cohort and Forward 
Projections
Birth cohort statistics are a valuable way for interpreting time 
trends. Cases of particular cancers are transformed back, in 
5-year age groups, to the date of birth of the a�ected individu-
als. Curves derived from the WHO mortality database for par-
ticularly instructive countries are given in Figs. 1.23 to 1.26.51 
In general, these show that for most UADT cancers in most 
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	� Mortality Data Extracted from the GLOBOCAN 2012 Database, for Comparison with the Incidence  
Data in Table 1.1
Country Mouth Nasopharynx Other Pharynx Larynx Esophagus

(ICD-10 : C00–C08) (ICD-10: C11) (ICD-10: C09–C10, C12–C14) (ICD-10: C32) (ICD-10: C15)

Lip, all of tongue,  
all of mouth,  
and major  
salivary glands

Data for C30, Malignant 
neoplasm of nasal 
cavity and middle 
ear; and for C31, 
Malignant neoplasm 
of accessory 
sinuses; and for 
C32, Malignant 
neoplasm of larynx, 
are not included here

Tonsil, remainder of oropharynx, 
pyriform fossa, hypopharynx, 
and sites not otherwise speci�ed 
among C00�C13

Cancer of the 
supraglottic, 
glottic, and  
subglottic  
larynx

This code excludes 
cancers arising at the 
gastroesophageal 
junction which are 
included in stomach 
cancers, the majority 
of which are adeno-
carcinomas; included 
here, therefore, are 
mostly SCCs sharing 
common risk factors 
with the mouth

Male Female Male Female Male Female Male Female Male Female

World 2.7 1.2 1.0 0.4 2.2 0.5 2.0 0.2 7.7 2.7

  More developed 2.3 0.6 0.2 0.1 2.2 0.3 2.2 0.2 5.2 0.9

  Less developed 2.8 1.4 1.3 0.5 2.2 0.5 2.0 0.3 9.0 3.6

Africa 2.1 1.3 1.1 0.6 0.9 0.4 1.5 0.2 5.3 3.3

  Eastern Africa 3.2 1.9 1.4 0.9 0.9 0.5 1.5 0.2 11.2 7.3

  Middle Africa 2.9 1.4 1.1 0.6 1.6 0.6 1.1 0.2 4.0 1.8

  Northern Africa 1.3 0.8 1.4 0.6 0.6 0.6 2.0 0.2 2.3 1.4

  Southern Africa 2.8 1.0 0.2 0.1 2.2 0.6 2.5 0.4 12.8 6.2

  Western Africa 1.2 1.0 0.6 0.3 0.5 0.1 0.9 0.1 0.8 0.4

Caribbean 2.0 0.6 0.3 0.1 2.4 0.6 4.0 0.5 4.1 1.0

Central America 0.8 0.5 0.1 0.0 0.7 0.2 1.5 0.2 1.6 0.5

South America 2.2 0.7 0.2 0.1 2.2 0.4 3.3 0.4 5.6 1.5

Northern America 1.2 0.5 0.2 0.1 1.2 0.3 1.2 0.2 5.0 1.0

Asia 3.0 1.4 1.4 0.5 2.4 0.5 1.9 0.2 9.9 3.8

  Eastern Asia 1.1 0.5 1.5 0.6 0.7 0.1 1.1 0.1 14.1 4.5

  Southeastern Asia 1.9 1.2 3.8 1.4 2.1 0.5 1.3 0.2 3.3 0.9

  South Central Asia 6.3 3.0 0.4 0.1 5.3 1.2 3.0 0.4 6.0 3.6

  Western Asia 1.0 0.6 0.7 0.3 0.6 0.3 2.9 0.4 2.7 1.9

Europe 3.0 0.7 0.3 0.1 2.7 0.4 3.0 0.2 4.9 0.9

  Central and  
Eastern Europe

5.1 0.7 0.3 0.2 3.8 0.3 4.9 0.2 5.0 0.6

  Northern Europe 1.7 0.7 0.2 0.1 1.4 0.3 1.3 0.2 7.2 2.3

  Southern Europe 1.9 0.6 0.3 0.1 1.8 0.3 2.9 0.2 2.8 0.5

  Western Europe 2.0 0.6 0.2 0.1 2.7 0.5 1.5 0.2 5.0 1.2

Australia 1.3 0.6 0.2 0.1 1.2 0.3 1.0 0.1 4.7 1.3

New Zealand 1.4 0.7 0.3 0.1 1.0 0.2 0.8 0.1 4.4 1.6

Melanesia 14.4 10.2 0.3 0.1 2.8 0.4 1.9 0.4 3.4 1.4

Micronesia 2.0 0.0 1.3 1.0 0.0 0.0 1.1 0.0 3.3 0.0

Polynesia 1.4 0.0 0.6 0.0 2.0 0.3 2.0 0.7 3.0 0.3

Adapted from Ferlay J, Soerjomataram I, Ervik M, et�al, editors: GLOBOCAN 2012: estimated cancer incidence, mortality and prevalence worldwide in 2012. Lyon, France, 
2013, International Agency for Research on Cancer. Retrieved from http://globocan.iarc.fr.
SCC, Squamous cell carcinoma.

TABLE 
1.2
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� Fig. �.��  Mortality from laryngeal cancer�male. Another success demonstrated for France, followed 
by healthy trends for the Russian Federation and Hungary. (From Ferlay J, Bray F, Steliarova-Foucher E, 
Forman D. Cancer incidence in �ve continents, CI5plus. IARC CancerBase No. 9 Lyon, France, 2014, 
International Agency for Research on Cancer. Retrieved from http://ci5.iarc.fr.)
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� Fig. �.��  Mortality from lip, oral cavity, and pharynx cancer�male. Trends in mortality over time are 
important to track and to understand. Mortality rates in Hungary are high, although a declining trend is 
evident from the year 2003. Russia remains a concern. France demonstrates what can be achieved. The 
overall modest downward trend in the other countries illustrated is encouraging. (From Ferlay J, Bray F, 
Steliarova-Foucher E, Forman D. Cancer incidence in �ve continents, CI5plus. IARC CancerBase No. 9 
Lyon, France, 2014, International Agency for Research on Cancer. Retrieved from http://ci5.iarc.fr.)
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� Fig. �.��  Mortality from laryngeal cancer�female. This is a �noisy� curve because of the comparatively 
low mortality rates in women. Worryingly, but not surprisingly, it suggests an upward trend in Hungary. 
(From Ferlay J, Bray F, Steliarova-Foucher E, Forman D. Cancer incidence in �ve continents, CI5plus. 
IARC CancerBase No. 9 Lyon, France, 2014, International Agency for Research on Cancer. Retrieved 
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� Fig. �.��  Mortality from nasopharyngeal cancer�male. It is hoped that the successes in Hong Kong can 
be replicated in other high-risk groups. (From Ferlay J, Bray F, Steliarova-Foucher E, Forman D. Cancer 
incidence in �ve continents, CI5plus. IARC CancerBase No. 9 Lyon, France, 2014, International Agency for 
Research on Cancer. Retrieved from http://ci5.iarc.fr.)

developed countries, rates fell in the later part of the 19th and 
early part of the 20th centuries. �is trend has continued in, 
for example, the United States (see Fig. 1.23) and the United 
Kingdom (Fig. 1.25). However, in Hungary (Fig. 1.26) (and 
the same is true for most of Eastern Europe, Russia, and the 
former Soviet Republic), those born in the �rst half of the 20th 
century showed alarming rises in death rates. All members of 
these birth cohorts have now died, or they are in the highest-
risk age groups; in these countries, we have thus seen a grow-
ing epidemic of UADT cancer. Indeed, the increasingly aging 
populations in many countries mean that crude rates, and 
thus disease burden, will continue to rise, as seen in the data 
from the United States and United Kingdom (see Fig. 1.23 to  
Fig. 1.25). It is encouraging to note that the curves now indicate 

that Hungary, for example, is showing control in younger peo-
ple (see Fig. 1.26).

Etiology of Head and Neck Cancer

�e majority of OSCCs are related to tobacco in various forms, 
betel quid chewing, heavy alcohol drinking, and dietary micro-
nutrient de�ciency. �ere is a clear dose-response relationship. 
Nevertheless, in the West, a distinct subgroup of patients 
without these traditional risk factors exists�predominantly 
elderly women in whom etiologic factors are not clear. In the 
developing world, use of tobacco and areca nut, either alone 
or in combination, accounts for the vast majority of oral can-
cers and OPMDs. WHO has classi�ed areca nut, a common 
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component of many di�erent chewing habits, as carcinogenic 
to humans. UV radiation is relevant to lip cancer, and there 
is increasing evidence regarding the role for �high-risk� geno-
types of the HPV family, especially for cancer of the tonsil, base 
of tongue, and other oropharyngeal sites.

Betel Quid
A betel quid generally contains betel leaf, areca nut, and 
slaked lime, and may contain tobacco. Other substances, par-
ticularly spices, including cardamom, sa�ron, cloves, aniseed, 
turmeric, mustard or sweeteners, are added according to local 
preference.11

Betel Leaf
�e leaves of the Piper betel vine (a member of the pepper fam-
ily) contain betel oil, a volatile liquid, which contains several 
phenols including hydroxychavicol, eugenol, betel phenol, and 
chavicol. �ese compounds may to some extent be protective, 
sharing some of the antioxidant properties of many plant poly-
phenols. Vitamin C, a large amount of carotene, and 36 trace 
elements have also been reported in the betel leaf�clearly ben-
e�cial micronutrients.56

Betel In�orescence
Apart from the leaf, other parts of the vine such as the stem and 
in�orescence (the �owers or pods; catkins) are also consumed 
with areca nut. Consumption of the in�orescence is common 
in Melanesia and parts of Taiwan and in China, and it is mostly 
added to the quid for its aromatic �avor.11 Betel in�orescence 
contains a high concentration of phenolic compounds includ-
ing hydroxychavicol, eugenol, isoeugenol, eugenol methyl 
ester, and safrole. Safrole itself, a major phenolic compound, is 
classi�ed as a weak carcinogen in rats and is banned as a food 
and cosmetic additive by the FDA in the United States, inter 

alia; however, there is no direct evidence for its carcinogenicity 
in humans.

Areca Nut
Areca nut is the seed of the fruit of the oriental palm Areca 
catechu. It is the basic ingredient of a variety of widely used 
chewed products. �e consumption of areca nut is indig-
enous to India, Sri Lanka, Bangladesh, Myanmar, Taiwan, 
and numerous islands in the South Paci�c. It is also popular 
in parts of �ailand, Indonesia, Malaysia, Cambodia, Viet-
nam, Philippines, Laos, and China and in emigrant communi-
ties from these countries. It is believed that A. catechu may be 
native to Sri Lanka, West Malaysia, and Melanesia. Areca nut is 
used as a masticatory substance by approximately 600 million 
people worldwide. It is estimated that 10�20% of the world�s 
people chew areca nut in some form, often mixed in betel quid 
(pan).57 Patterns of use across South and Southeast Asia58 and 
the growing public health problem across the Paci�c Islands 
have been extensively documented.59

Screening in Saipan and Guam has shown a prevalence 
of OPMDs of almost 20% among users of betel when other 
ingredients were added.60

�e major constituents of the nut are carbohydrates, fat, 
proteins, �ber, polyphenols (�avonols and tannins), alka-
loids, and mineral matter. Among the chemical constituents, 
alkaloids are the most important chemical. �e nut has been 
shown to contain at least six related alkaloids, of which four 
(arecoline, arecaidine, guvacine, and guvacoline) have been 
conclusively identi�ed.61

Nitrosamine derivatives from each of the four major areca 
alkaloids are produced by nitrosation of the alkaloids in dried 
stored nuts, in the mouth, and especially in the acid condi-
tions found in the stomach, in the presence of nitric oxide 
generated by bacterial action. Two of these derivatives are 
accepted as carcinogenic in animal studies, especially MNPN 
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� Fig. �.��  Mortality from nasopharyngeal cancer�female. From a lower initial base, Hong Kong women 
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ASR(W), Age-standardized incidence rate (world). (From Ferlay J, Bray F, Steliarova-Foucher E, Forman D. 
Cancer incidence in �ve continents, CI5plus. IARC CancerBase No. 9 Lyon, France, 2014, International 
Agency for Research on Cancer. Retrieved from http://ci5.iarc.fr.)
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	� Mortality Trends (Annual Percentage Change) for Oral and Pharyngeal Cancer in the United States Between 
2002 and 2011, by Race and Sex

All Races Whites Blacks

Total Males Females Total Males Females Total Males Females

All ages �1.0* �0.9* �1.5* �0.6* �0.4* �1.3* �3.4* �3.7* �2.7*

Data from Surveillance, Epidemiology, End Results (SEER) program. Cancer Statistics review, 1975�2011, published in 2014.
*Indicates that the annual percentage change in rate is statistically signi�cantly different from zero (p < .05).
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� Fig. �.��  Five-year relative survival comparison of primarily human papillomavirus (HPV)�unrelated can-
cers, �oor of mouth, gum and other mouth, larynx vs. primarily HPV-related cancers (oropharynx). (From 
Surveillance, Epidemiology, and End Results (SEER) data, 1975�2010.)

(methylnitrosaminoproprionitrile). Endogenous nitrosation is 
signi�cantly higher in subjects with poor oral hygiene as deter-
mined by volumes of dental plaque.62 �is implies that, on the 
basis of the availability of substrates from both areca nut and 
tobacco, there is a more extensive formation of nitrosamine in 
subjects with poor oral hygiene if they also chew tobacco.63 
Moreover, direct evidence that reactive oxygen species (ROS), 
such as the hydroxyl radical (HO), are generated in the oral 
cavity owing to auto-oxidation of polyphenols contained in 
areca nut and enhancement by the alkaline pH from slaked 
lime has been reported.11,64

Areca Nut�based Industrially Packaged Products. A 
variety of packaged areca products are now available. �ese 
are mostly manufactured in India and Pakistan, and exported 
worldwide where they are used by old and new habituØs. 
�e most common are gutka and pan masala. Gutka is a dry, 
relatively nonperishable commercial preparation containing 
areca nut, slaked lime, catechu, condiments, and powdered 
tobacco. �e same mixture without tobacco is called pan 
masala.65

Systemic E�ects of Areca Nut. Although largely beyond 
the scope of this chapter, it is important to realize that areca nut 
has widespread systemic ill e�ects.66 �ese include psychologi-
cal and behavioral disturbances due to inhibition of uptake of 
gamma-aminobutyric acid; neurotoxicity and addiction; car-
diac arrhythmias and increased risk of myocardial infarction; 
hyperlipidemia and metabolic syndrome; hypothyroidism; and 
premature birth and infertility. Furthermore, the IARC mono-
graph makes it clear that areca nut contributes not only to can-
cers of the mouth and oropharynx, but also to cancers of the 
esophagus, liver and biliary tract, lung, and uterus.

Damage to Oral Soft Tissues From the Chewing of Areca 
Nut and Related Products

Lichenoid Lesions. Areca-induced lichenoid lesions, mainly 
on buccal mucosa and tongue, are recognized. �ey are 
considered to be type IV contact hypersensitivity-type lesions 
that resemble oral lichen planus (OLP) clinically.67

Betel Chewer’s Mucosa. Betel chewer�s mucosa was �rst 
described by Mehta and colleagues (1971) and is characterized 
by a brownish-red discoloration of the oral mucosa. It is often 
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� Fig. �.��  A, Mortality from oral cancer, United Kingdom�male. B, Mortality from oral cancer, United 
Kingdom�female. C, Age-speci�c mortality from oral cancer, United Kingdom�male. Birth-cohort curves 
of the mortality rates for lip, oral cavity, and pharyngeal cancers for males (A) and females (B) in England 
and Wales. The projected rises in numbers in the years ahead, due to aging of the population, are alarming 
(C). (From Ferlay J, Bray F, Steliarova-Foucher E, Forman D. Cancer incidence in �ve continents, CI5plus. 
IARC CancerBase No. 9 Lyon, France, 2014, International Agency for Research on Cancer. Retrieved from 
http://ci5.iarc.fr.) ASR (W), Age-speci�c rate in women.
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� Fig. �.��  A, Mortality rates for lip, oral cavity, and pharyngeal cancers for males in Hungary. B, Mortality 
rates for lip, oral cavity, and pharyngeal cancers for females in Hungary. C, Mortality rates for laryngeal 
cancers for males in Hungary. D, Mortality rates for laryngeal cancers for females in Hungary. Birth-cohort 
curves of the mortality rates for lip, oral cavity, and pharyngeal cancers for males (A) and females (B), and 
for laryngeal cancer (C and D) in Hungary. The challenge for Hungary, apparent in other curves, is con-
�rmed here. Males born in the �rst half of the 20th century had rising rates of death from oral and pharyn-
geal cancer. Those born after 1950 had lower rates. (From Ferlay J, Bray F, Steliarova-Foucher E, Forman 
D. Cancer incidence in �ve continents, CI5plus. IARC CancerBase No. 9 Lyon, France, 2014, International 
Agency for Research on Cancer. Retrieved from http://ci5.iarc.fr.)
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accompanied by encrustation of the a�ected mucosa with quid 
particles, which are not easily removed, and with a tendency for 
desquamation and peeling. Both chemical and traumatic e�ects 
of the betel quid on the oral mucosa are likely. �e presence 
of tobacco in the quid is not essential for the development of 
chewer�s mucosa.68

Oral Leukoplakia. A case-control study conducted in 
Taiwan, where areca is chewed without tobacco, found 
the odds ratio (OR) for developing leukoplakia to be 
7.43 (95% con�dence interval [CI], 1.94�156.27) for 
areca nut chewers. �ese authors demonstrated that the 
cessation of areca chewing resulted in regression of 62% of 
leukoplakias.68

Oral Submucous Fibrosis. It is now accepted that chewing 
areca is the single most important etiologic factor for the 
development of OSF,69�71 although the pathogenesis is not 
fully understood. In� vitro studies have shown that areca 
nut alkaloids such as arecoline and its hydrolyzed product 
arecaidine can stimulate cultured �broblasts to proliferate and 
synthesize collagen. In addition, �avonoids from the nut have 
been shown to enhance the cross-linking of collagen, thereby 
increasing its resistance to degradation by collagenases, as part 
of normal tissue homeostasis. �e copper content of areca nut is 
high,72 and the possible role of copper as a mediator of �brosis 
is supported by the demonstration of upregulation of lysyl 
oxidase in OSF biopsies.73 �e current state of knowledge on 
the molecular changes in oral tissues associated with areca nut 
and tobacco use is clearly laid out by Dionne and colleagues,74 
and the pathogenesis, including familial patterns and genetic 
predisposition, has been explored in Bengali populations by J. 
Gopal Ray in a series of excellent, so-far largely unpublished 
studies.

Oral Squamous Cell Carcinoma. Historical evidence dating 
back nearly a century indicates that areca nut is involved in 
the development of OSCC. Subsequently, many case-control 
studies75,76 have con�rmed that betel quid chewing increases 
the risk of development of OSSC, especially when the quid 
contains tobacco.77,78 A South African study found that 68% 
of cheek cancers and 84% of tongue cancers developed in 
individuals who consumed areca without tobacco.79 A large 
number of animal studies have con�rmed that areca products 
and derivatives such as arecoline and areca-derived nitrosamines 
have the ability to induce neoplastic changes in experimental 
models, and the IARC has now formally designated areca and 
betel quids without tobacco as carcinogenic to humans.11,13 
�e role of commercial forms of areca nut and tobacco in 
the continuing rise in oral cancers in Ahmedabad has been 
con�rmed.80

Slaked Lime
Slaked lime (calcium hydroxide) is added to betel quids in 
most of South Asia. In coastal areas of Sri Lanka and the Paci�c 
it is obtained by heating seashells or harvested from corals. In 
inland areas it is quarried from limestone. When added to 
betel quids it causes erosion of oral mucous membranes, which 
facilitates penetration of betel-quid carcinogens through the 
mucosa.

Smokeless or Chewing Tobacco
Tobacco is often added to the quid mixture. Edible tobacco in 
the India subcontinent is prepared from sun-dried and partly 
fermented, coarsely cut leaves of Nicotiana rustica and/or Nico-
tiana tabacum without further processing. Chewing tobacco 
results in local exposure of oral mucosa to at least 16 carcinogens, 
including tobacco-speci�c nitrosamines (TSNAs) and polycy-
clic aromatic hydrocarbons (PAHs).81 Unusually high levels of 
carcinogenic TSNAs (e.g., N-nitrosonornicotine [NNN] and 
nicotine-derived nitrosamine ketone [NNK]) were reported in 
saliva of oral snu� users in the Sudan82 and in tobacco chewers 
in India.83 NNK is a potent carcinogen, and human buccal epi-
thelial cells (in culture) have been shown to metabolize NNK. 
�e formation of macromolecular DNA adducts after NNK 
metabolism is correlated with carcinogenesis in animal mod-
els.84 Adducts of NNN and NNK lead to mutations of onco-
genes and of tumor suppressor genes.85 �e serious situation 
that continues in India has been comprehensively reviewed,86 
and an exhaustive treatise was published in late 2014 by the 
U.S. Department of Health and Human Services.87 �ree meta-
analyses have con�rmed the importance of smokeless tobacco 
use across South Asia as a whole.77,78,88 �e form of oral smoke-
less tobacco used in northeastern Africa and parts of the Middle 
East (known as Toombak in the Sudan and Shammah in Yemen 
and Saudi Arabia)82,89 is a mixture of powdered tobacco, lime, 
ash, black pepper, oils, and �avorings. �is is responsible for the 
epidemic of oral cancer in this region.82,90,91

Betel chewing also releases large amounts of ROS, especially 
while the betel quid is actually present. Both TSNA and ROS 
are major genotoxic agents involved in chewing tobacco�asso-
ciated oral cancer.78 Clear dose-response relationships between 
quid use and the risk of oral cancer and of potentially malig-
nant oral disorders have been demonstrated in many OPMDs. 
Most forms of oral smokeless tobacco�oral snu��consumed 
in Scandinavia and in North America are not �ue-cured and 
contain relatively low amounts of TSNs. Although the topic 
is controversial, many of these products are not highly carci-
nogenic, and it has even been suggested that they have a role 
as nicotine replacement products in achieving smoking cessa-
tion.92 It is, however, important to remember that there is no 
such thing as safe tobacco. Most smokeless tobaccos have high 
levels of nicotine and are addictive; indeed, there is evidence 
that they can be initiators of smoking.93 Furthermore, they 
have signi�cant cardiovascular e�ects94 and certainly produce 
oral mucosal lesions and local damage to the periodontium.95

Contaminants
Areca nut can be contaminated with fungi such as Aspergillus 
�avus, Aspergillus niger, and Rhizopus species. Almost 40% of 
samples of areca nut from India analyzed by use of thin layer 
chromatography contained a�atoxins.96 �ese are established 
carcinogens.

Tobacco Use
Tobacco is identi�ed as the leading preventable cause of prema-
ture death worldwide. It is estimated that 4.9 million people died 
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of tobacco-related illness in 2000, and by 2020, it is expected 
that this �gure will rise to 10 million deaths per year, of which 
70% will be in developing countries.86 Tobacco is a major inde-
pendent risk factor for the development of oral and pharyngeal 
cancer and other malignancies of the UADT. Tobacco is con-
sumed in di�erent ways: smoked as cigarettes, cigars, or beedi/
bidi; reverse smoking; and use of smokeless tobacco products 
such as oral snu� or tobacco in moist pouches. Tobacco smoke 
contains more than 60 carcinogenic combustion products. In 
particular, NNK, NNN, and PAHs have been causally linked 
to UADT cancer. �e activity of carcinogens is generally exerted 
through DNA adducts.96,97 Tobacco smoking and quid chew-
ing both cause oxidative stress to tissues�that is, the sustained 
presence of ROS, which initiates free radical reactions. ROS can 
damage proteins, lipids, carbohydrates, and DNA. Minor DNA 
damage can result in mutations that can be part of the causal 
chain for malignant transformation, and sustained DNA dam-
age can result in further perturbations of cell cycle control.98 As a 
form of smoking, bidis, a traditional form of raw tobacco hand-
wrapped in a temburni leaf and common throughout South Asia, 
are particularly toxic. A strong interaction was found between 
alcohol consumption and bidi smoking (OR, 19.6; 95% CI, 
4.6�83.5) in an Indian study.99

In addition to extensive literature on the carcinogenicity of 
tobacco smoke in cell and animal models, numerous case-con-
trol and cohort studies have a�rmed the key role of tobacco 

smoke in the development of cancer in humans, and the super-
multiplicative synergism with alcohol drinking100 (see Fig. 
1.2). Both smoked and smokeless tobaccos have considerable 
adverse e�ects on the UADT, apart from cancer and OPMDs. 
�e severity and extent of periodontal disease are increased by 
as much as a relative risk of 7 in smokers, depending on the 
de�nition of disease, and smoking contributes to poor wound 
healing, implant failure, and increased dental caries, although 
the evidence for the latter is weak.101

�e International Head and Neck Cancer Epidemiology 
Consortium conducted a comprehensive meta-analysis and con-
cluded that cessation of smoking for 1�4 years reduces the risk of 
a head and neck cancer (OR 0.70 compared with current smok-
ing) but that it takes 20 years to reach the risk of a person who 
never smoked.102 �e same is true when oral cancer alone is con-
sidered.101 It is essential to stop smoking after treatment for head 
and neck cancer, because continued smoking increases the risk 
of a second tobacco-related cancer by a factor of at least four.103 
�e WHO Framework Convention on Tobacco Control has 
supported many countries in reducing smoking, although there 
remain nonsignatories and progress is uneven104�106 (Table 1.4).

Alcohol
Unsafe consumption of alcohol, including so-called binge 
drinking, is a major public health problem worldwide�for 

	� Interventions and Their E�ectiveness in Reducing Tobacco Consumption

Intervention Effectiveness

Large, regular increases in 
excise taxes that reduce 
affordability

Fifty percent higher prices reduce consumption by approximately 20% (10% quit, 10% reduce the 
amount smoked). This is always controversial because smoking prevalence is higher in lower socio-
economic groups in most countries.

Mass media counter-adver-
tising, warning labels, plain 
packaging, and epide-
miologic studies (such as 
deaths from smoking on 
death records)

Dif�cult to quantify but does increase cessation rates. Australia was the �rst country to introduce plain 
packaging and successfully defended a legal challenge from big tobacco companies. Other countries 
are planning legislation. Cost-effectiveness studies are awaited.

Anti-tobacco advertisements in mass media, placed by governments and health promotion agencies, 
have long been common in many countries; it is encouraging to see the growth of newspaper, radio, 
and television warnings about areca products becoming common in India and Sri Lanka.

Complete bans on tobacco 
advertising, promotion, and 
sponsorship

Reduces consumption by approximately 15% in low- and middle-income countries.

Complete ban on smoking in 
public places, including all 
workplaces

Reduces consumption by 3�14%. Enforcement is critical; the experience of Hong Kong in sending a 
cadre of anti-smoking of�cials into public places has proven effective.

Cessation support for smok-
ers, brief medical advice, 
pharmacotherapy

At 6 months, brief medical advice doubles the quit rates (from 2�5% unaided to 4�8%); medications 
triple the quit rates (to 8�12%).

Dentists and dental practices can achieve comparable results.

Anti-smuggling technolo-
gies: local language labels, 
improved tax administration, 
increased customs and 
international efforts to target 
smuggling

Ten percent higher spending on anti-smuggling efforts reduces smuggling by 5% and consumption by 
2%.

Adapted from Jha P, MacLennan M, Yurekli A, et�al: Global hazards of tobacco and the bene�ts of smoking cessation and tobacco tax. In Cancer, vol. 3, Chapter 10, 
2015. Retrieved from http://dcp-3.org/chapter/1152/global-tobacco-control)

TABLE 
1.4
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example, contributing to 5000 and 40,000 deaths in the 
United Kingdom annually.107 �e possible bene�cial e�ects 
of moderate alcohol consumption have been widely can-
vassed, because of the so-called J-shaped relationship 
between alcohol intake and all-cause mortality, as shown in 
a number of meta-analyses.108 �e initial upstroke of this 
J-curve is thought to be due to the cardioprotective e�ect 
of moderate alcohol consumption: In particular, alcohol 
increases high-density lipoprotein levels, inhibits platelet 
aggregation, and promotes �brinolysis.109 On the other 
hand, it has always been recognized that above an intake of 
around 10 g of alcohol per day, the detrimental e�ects of 
alcohol predominate.108 WHO in Europe is very concerned 
about the impact of alcohol on population health and has 
published a comprehensive report on use and abuse of alco-
hol in member countries, proposing measures to minimize 
risk.110

Alcohol is argued to account for about 4% of cancer deaths 
overall: predominantly breast cancer in women, and cancer of 
the UADT and esophagus in men.111 Increases in oral can-
cer reported in younger subjects in the United Kingdom were 
related, at least in part, to growing alcohol use and abuse in 
that society.48 �e di�culty of accurately quantifying the in�u-
ence of alcohol in the etiology of head and neck cancer stems 
from the fact that most people who drink heavily also smoke. It 
is also di�cult to obtain reliable information from individuals 
regarding their intake of alcohol. Nevertheless, many studies 
have shown a dose-response relationship between alcohol use 
and particularly oral and pharyngeal cancer,112 and the survival 
of HNSCC patients who continue to abuse alcohol is reduced, 
although not necessarily because of recurrence or second pri-
mary neoplasm.113

�e health education council in the United Kingdom rec-
ommends a weekly intake of no more than 14 units for women 
and 21 units for men. One in 4 men and 1 in 10 women in 
that country are believed to be drinking over this limit, with the 
number of habitual heavy drinkers estimated at 4 million.114 
Although the legal age for drinking is 18 years, the average age 
at which drinking starts has fallen since the early 1970s from 
around 17 to around 11 years, in boys and girls. �e emergence 
of �alcopops� (alcoholic drinks that mimic the taste of nonalco-
holic drinks) has resulted in wide uptake among those younger 
than 18 years.

Internationally, there is a developing view that any consump-
tion of alcohol is detrimental, and even the French government 
now publicly recommends severe constraint or abstinence: 
�e French National Cancer Institute has declared �there is no 
amount of alcohol, however small, which is good for you.�115 
WHO policy is to minimize alcohol use in all societies,116 and 
the Australian Guidelines to Reduce Health Risks from Drink-
ing Alcohol summarize the science cogently.117 �ese state that 
for healthy men and women, drinking no more than two stan-
dard drinks (i.e., 10 g of ethanol) on any day reduces the risk 
of harm from alcohol-related disease or injury over a lifetime. 
Drinking no more than four standard drinks on a single occa-
sion reduces the risk of alcohol-related injury arising from that 
occasion.

Ethanol and water are the main components of most alco-
holic beverages, which also contain volatile and nonvolatile �a-
vor compounds. �e major alcohol-metabolizing enzymes are 
alcohol dehydrogenase, which oxidizes ethanol to acetaldehyde, 
and aldehyde dehydrogenase, which detoxi�es acetaldehyde to 
acetate. Acetaldehyde is responsible for the oral carcinogenic 
e�ect of ethanol, owing to its multiple mutagenic e�ects on 
DNA. Acetaldehyde can be produced by oral microorganisms 
through the metabolism of ethanol. To account for the di�erent 
sources of acetaldehyde production, some studies have exam-
ined the interplay between alcohol consumption, oral hygiene 
(as a proxy measure for the growth of microorganisms), and 
alcohol metabolizing genes (ADH1B and ALDH2).118 Speci�c 
alcoholic beverages have been shown to contain speci�c impu-
rities or contaminants that can be carcinogenic. N-nitrosodi-
ethylamine is present in some beer and whiskey and has been 
associated with an increased risk of oral cancer. PAHs, some of 
which are considered to be carcinogenic, are found in many 
brands of whiskey.119

Alcohol also acts in the following ways to promote 
oncogenesis:119

	�	� Ethanol damages the phospholipids of cell membranes and 
increases permeability. It has been shown to enhance the 
penetration of tobacco-speci�c carcinogens across the oral 
mucosa.120

	�	� Ethanol impairs DNA repair mechanisms.
	�	� Ethanol possibly catalyzes the activation of tobacco carcino-

gens.
	�	� Alcohol is highly calori�c. It lessens the protective e�ect of 

bene�cial foods such as fruits and vegetables by depressing 
hunger.

	�	� Ethanol �s hepatotoxic, thus reducing the e�ectiveness of 
those enzyme systems central to detoxi�cation of carcino-
gens, especially the glutathione-S-transferases and cyto-
chrome P450 systems.
A case-control study in Uruguay conducted between 1992 

and 1996 is worthy of note.121 Histologically con�rmed cases 
(471) of SCC of the oral cavity and pharynx in males admit-
ted to four major hospitals in Montevideo were matched with 
the same number of other patients admitted for a variety of 
non�smoking- and non�drinking-related conditions as con-
trols. Alcohol consumption was assessed by interview, and 
the number of grams of ethanol consumed per day calculated. 
Ever-drinking was associated with a 4.5-fold increased risk of 
oral-pharyngeal cancer compared with nondrinkers, although 
no clear dose-response relationship was observed. Consump-
tion of hard liquor was associated with a 3.6-fold increased risk, 
whereas pure wine drinking showed only a 2.1-fold increased 
risk. When risks were analyzed by subsites, the highest ORs 
were observed for oral cavity cancer.

Another case-control study conducted in Italy and Switzer-
land between 1992 and 1997 included 749 cases of oral or 
pharyngeal cancer and 1772 hospital controls. Alcohol con-
sumption was measured by the number of drinks consumed 
per day, with one drink corresponding to approximately 125 
mL of wine, 330 mL of beer, or 30 mL of spirits (i.e., about 
12 g of ethanol). Compared with light drinkers (one or two 
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drinks per day), the adjusted OR for three or four drinks was 
2.1 (95% CI, 1.5�2.9), and 21.1 (95% CI, 14�31.8) for more 
than 12 drinks per day. Wine drinkers who consumed more 
than 12 drinks per day were at a 16.1-fold higher risk com-
pared with the abstainers. Consumption of more than three 
beers per day resulted in a 2.3-fold risk compared with the 
non�beer drinkers. In contrast to the Uruguayan study, there 
was only a 1.9-fold increased risk for consumption of spirits as 
compared with non�spirit drinkers.122

A substantial longitudinal cohort study conducted in the 
Netherlands,123 commencing with over 120,000 participants 
in 1986, followed subjects for more than 17 years, at which 
time 395 individuals with head and neck cancer and 4288 
without head and neck cancer were available. For any head and 
neck cancer, the multivariable adjusted incidence relative risk 
(RR) ratio was 2.74 (95% CI, 1.85�4.06) for those drinking 
30 g of ethanol or more per day compared with abstainers. 
It is important to note that this study demonstrated risk by 
anatomic subsites: RRs were 6.39 for the oral cavity, 3.52 for 
oropharynx plus hypopharynx, and 1.54 for laryngeal cancer. 
Compared with those who had never smoked cigarettes, cur-
rent smokers had an RR of 4.49 (95% CI, 3.11�6.48) for head 
and neck cancer overall: 2.11 for the oral cavity, 8.53 for the 
oropharynx plus hypopharynx, and 8.07 for the larynx. A sig-
ni�cant, positive, multiplicative interaction between alcohol 
consumption and cigarette smoking was found for head and 
neck cancer overall.

A recent meta-analysis computes increased risk of UADT 
second primary cancers (RR, 2.97; 95% CI, 1.96�4.50) associ-
ated with the drinking of alcohol, with a dose-response e�ect: 
An increase in alcohol intake of 10 g/day resulted in a modest 
but signi�cantly increased RR of 1.09 (95% CI, 1.04�1.14) for 
UADT second primary cancers.124 Somewhat controversially, 
in a meta-analysis of published studies in which it was possible 
to isolate users of alcohol who had never smoked tobacco or 
used betel quid, alcohol appeared to be protective.125

�ere are many confounders in population studies. Most 
people drink a variety of beverages, and accurate controlling 
for tobacco, diet, socioeconomic status, and other variables is 
challenging. Nevertheless, it seems reasonable to conclude that, 
unfortunately, the bene�ts of cessation of alcohol on reduction 
of risk of HNSCC are not evident for at least 20 years.102

Mouthwashes
�ere has been considerable interest in the possible risks of 
head and neck cancer associated with use of alcohol-contain-
ing mouthwashes, leading some manufacturers to use �alcohol-
free� as a marketing tool. Epidemiologic �ndings have not been 
consistent, and control for other major risk factors, including 
smoking, is not always easy to ascertain from the published 
work.126 Some reviews have argued that daily mouthwash use 
may be an independent cause of cancers of the head, neck, and 
esophagus.127,128 It is well established that ethanol increases 
the permeability of lining mucosa, allowing carcinogens to 
penetrate more freely. Acetaldehyde, the proximal metabo-
lite of ethanol, can accumulate in the mouth from bacterial 

action, and as explained earlier, this is an established carcino-
gen. However, four case-control studies have shown nonsig-
ni�cant, lower or similar oral cancer risks among self-reported 
mouthwash users compared with nonusers.129,130 �e most 
recent meta-analysis has not demonstrated excess risk for oral 
cancer from alcohol-containing mouthwashes.131�133 �ere 
is, however, a plausible biologic basis for risk associated with 
alcohol-containing mouthwashes, especially in smokers, and it 
is always prudent to remember that absence of evidence is not 
evidence of absence.

Combined E�ects of Habits
Although the supermultiplicative e�ects of smoking and drink-
ing have been understood since the classical studies of Blot and 
colleagues in the 1980s,134 the true extent of such synergisms of 
habits, which are bound to vary by ethnicity, have been di�cult 
to assess. A meta-analysis by Petti and colleagues of studies from 
Southeast Asia puts pooled ORs for smoking, drinking, chewing, 
and smoking-drinking-chewing, respectively, at 3.6, 2.2, 7.9, 
and 40.1, all of which are statistically signi�cant. Among habi-
tuØs of all three habits, the individual e�ects accounted for 6.7% 
(smoking), 3.1% (drinking), and 17.7% (chewing) of the risk, 
with the interaction e�ect accounting for the remaining 72.6%. 
Some 44,200 oral cancer cases in Southeast Asia annually occur 
among smoking-drinking-chewing�exposed individuals and 
40,400 of these are exclusively associated with the interaction 
e�ect.135 �is has clear implications for public health policies 
of the type put into e�ect by Amarasinghe and colleagues in Sri 
Lanka in 2010. We used a simple algorithm by which a cumula-
tive score involving these three habits is used to identify high-risk 
individuals in population screening studies.136

In the West, reduced smoking rates and a rise in the pro-
portion of HPV-associated HNSCC have resulted in a much 
lower rate of second primary neoplasms in treated patients�
for example, in France137,138 and Canada. �is is also re�ected 
in less frequent synchronous primary cancers.139

Diet and Nutrition in the Etiology of Head  
and Neck Cancer
Dietary factors are estimated to account for approximately 
30% of all cancers in Western countries.140 �is proportion 
is currently thought to be about 20% in developing countries 
and is projected to increase in the future.141 Poor diet is a sig-
ni�cant risk factor for all head and neck cancers142�148 and 
appears to be second only to tobacco as a cause of oral cancers 
worldwide.3 A case-control study of laryngeal cancer in Italy 
and Switzerland revealed that a diet not only rich in, but also 
varied in, fruits and vegetables confers decreased risk of laryn-
geal cancer.145 Low consumption of fruits and vegetables, and 
high consumption of meat with high tobacco and alcohol use 
led to 10- to over 20-fold excess risk of cancer of the oral cavity 
and pharynx,149 and the classic Mediterranean diet is strongly 
protective.150 In the extensive National Institutes of Health 
(NIH) database in the United States, abdominal adiposity is 
directly associated with increased risk.151



31CHAPTER 1  Epidemiology

Evidence comes from case-control and cohort studies and 
animal and in�vitro experiments. �e roles of protective and 
unhealthy foods are well understood and form the basis of 
health education messages in most countries. �e micronutri-
ents that confer bene�ts are also well understood. Vitamin A 
and related carotenoids (in particular beta carotene), vitamins 
C and E, and selenium appear to be particularly protective 
against most epithelial cancers,152�154 and much of the e�ect is 
attributable to their antioxidant activities. Antioxidants act by 
reducing free radical reactions that can cause DNA mutations 
and changes in lipid peroxidation of cellular membranes.155 
Other protective roles of micronutrients are modulation of 
carcinogen metabolism, maintenance of appropriate cell dif-
ferentiation, inhibition of cell proliferation and oncogene 
expression, maintenance of immune function, and inhibition 
of formation of endogenous carcinogens.99

A meta-analysis on oral cancer, based on 15 case-control 
studies and one cohort study, was able to use dietary data from 
nearly 5000 subjects. �e resulting estimate was that each por-
tion of fruits or vegetables consumed per day reduced the risk 
of oral cancer by around 50%.156 �ese e�ects are also demon-
strable with OPMDs. In a population-based case-control study 
in Japan, where there were 48 cases of oral leukoplakia and 192 
control subjects, serum levels of lycopene and beta carotene were 
signi�cantly lower in those with leukoplakia. Logistic regression 
showed that high levels of beta carotene were related to low risk 
of oral leukoplakia (OR = 0.16).157 Our study of OPMDs in 
Sri Lanka initially showed a protective e�ect of diets rich in beta 
carotene�containing fruits and vegetables, but this is negated by 
the adverse e�ects of betel quid, smoking, and alcohol.158

Intervention studies are also encouraging in this respect. In 
a major double-blind placebo-controlled trial in Kerala,159 up 
to one third of subjects showed regression of their oral leu-
koplakias after 12 months of supplementation with oral beta 
carotene. Extensive studies from the M.D. Anderson Cancer 
Center in the United States are progressively identifying the 
most e�ective combinations of antioxidants in the regression 
of OPMDs and the prevention of recurrences and second pri-
mary neoplasms in head and neck cancer, although it has to 
be recognized that these agents do not always prevent the pro-
gression of an OPMD to overt cancer.160 Folate emerges as a 
strong protective dietary factor in the extensive meta-analyses 
from the International Head and Neck Cancer Epidemiology 
Consortium (INHANCE).161 �ere is current interest in the 
protective e�ects of tea, especially green tea, which contains 
high levels of polyphenols.162 �ese are powerful antioxidants 
able to counteract both initiation and promotion of carcino-
genesis.155 Nutrition care is very important in the management 
of patients with HNSCC.4

Genetic Predisposition
�ere is considerable evidence for a minor component of 
inherited, genetic predisposition in UADT cancers, related 
to polymorphisms in carcinogen-metabolizing enzyme sys-
tems.163 A recent extensive meta-analysis89 pooled individual-
level data from across 12 case-control studies including 8967 

patients with head and neck cancer cases and 13,627 control 
subjects. After adjustment for potential confounding factors, a 
family history of head and neck cancer in �rst-degree relatives 
increased the risk (OR = 1.7; 95% CI, 1.2�2.3). �e risk was 
higher when the a�ected relative was a sibling (OR = 2.2; 95% 
CI, 1.6�3.1) rather than a parent (OR = 1.5; 95% CI, 1.1�1.8) 
and for more distal head and neck sites (hypopharynx and lar-
ynx). �e OR rose to 7.2 (95% CI, 5.5�9.5) among subjects 
with family history, who were alcohol and tobacco users. No 
association was observed for family history of non�tobacco-
related neoplasms and the risk of head and neck cancer (OR = 
1.0; 95% CI, 0.9�1.1). �is was con�rmed in a recent study 
from northern India, in which GSTM1 and GSTT1 null geno-
type frequencies were signi�cantly higher in patients (adjusted 
OR = 2.18, p < .001; and OR = 1.61, p = .031, respectively) 
and in �rst-degree relatives of patients with HNSCC compared 
with controls (p =.004 and p = .041, respectively). Tobacco 
chewing and GSTM1 null genotype interaction was identi�ed 
as the strongest gene-environment model to predict HNSCC.5

Rare cancer syndromes can involve the head and neck: 
Cowden syndrome, caused by mutations in the tumor sup-
pressor gene PTEN, and dyskeratosis congenita, in which 
oral white lesions in young people have a risk of malignant 
transformation.164

Microorganisms
Microorganisms have been implicated in the etiology of oral 
leukoplakia for more than a century, beginning with the classic 
dorsal leukoplakia of syphilitic glossitis. Today tertiary syphilis 
is rare, but the fungus Candida albicans, a common oral com-
mensal, is frequently found invading the upper epithelium in 
histologic sections of leukoplakia, more so in the mouth than 
in the pharynx or larynx,165 and this involvement is associated 
with a higher risk of malignant transformation.166 �e terms 
candidal leukoplakia and hyperplastic candidiasis have been used 
to describe such lesions. Oral cancer patients harbored higher 
numbers of Candida species of di�erent genotypic strain than 
matched controls, but it cannot be concluded whether this is 
cause or e�ect.167

Studies of the role of bacteria in the etiology of UADT can-
cers are relatively recent. Endogenous production of acetalde-
hyde and reduction of nitrate to nitrites by oral �ora is higher in 
drinkers with poor oral hygiene.122 Understanding the role of 
the oral �ora is certainly important in the management of the 
distressing mucositis associated with much cancer therapy.168 
Since the Nobel Prize in Physiology or Medicine was awarded 
to Barry J. Marshall and J. Robin Warren in 2005 for discov-
ery of the causal association of Helicobacter pylori and gastri-
tis, peptic ulcer, and gastric cancer, and the now widespread 
availability of next-generation sequencing, studies of the whole 
microbiome�mycome, bacteriome, and virome�associated 
with head and neck cancer are emerging.169 To repeat, associa-
tion does not prove cause and e�ect. Nevertheless, such studies 
can be hypothesis generating. As with the conversion of etha-
nol to acetaldehyde by bacterial enzymes, mentioned earlier, 
microorganisms may promote carcinogenesis, or progression 
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of the neoplasm by, inter alia, induction of pro-in�ammatory 
cytokines and other in�ammatory mediators. In studying the 
cancer-associated microbiome, care is necessary in choice of 
control individuals and sites and in avoidance of contamina-
tion between subjects and samples.

It is now clear that high-risk HPV genotypes, particularly 
HPV16 and HPV18, are important cofactors, especially in 
cancers of the tonsil and elsewhere in the oropharynx.170�172 
However, a signi�cant association with oral cancer, albeit less 
frequently,173 along with traditional risk factors, has been 
shown in a growing number of studies from many parts of the 
world�for example, in China.174

�e rise in oropharyngeal cancer, particularly in younger 
males, is mostly attributable to HPV, which is sexually trans-
mitted.175 Although cases in which sexual partners appear to 
share a cancer of the uterine cervix and an oropharyngeal can-
cer in the male have been described, it appears that virus passed 
from an oropharyngeal cancer patient to the oropharynx of a 
partner is rapidly cleared; carriage rates in oral rinses in such 
partners are no di�erent from the population carriage rate as a 
whole�at least, in the United States.176,177 However, self-inoc-
ulation in women from genitals to mouth is demonstrable.178

�e risk of a second primary neoplasm in patients treated 
for HPV-related HNSCC is substantially less than for tobacco- 
and alcohol-related cancers, according to an analysis of data 
from the United States.179 Vaccination of young women�and 
increasingly young men�against the main oncogenic types of 
HPV is now widespread in many countries. �is is already hav-
ing an impact on the incidence of cervical dysplasia and cervical 
intraepithelial carcinoma. �e probable e�ect on oropharyngeal 
cancer incidence will take some time to become fully apparent.

Interest in HHVs and HNSCC has waxed and waned over 
the years. EBV is clearly causally related to nasopharyngeal 
carcinoma, and an association with oral cancer, particularly 
in betel quid chewers, has been described in northern �ai-
land.180 �e current state of knowledge regarding HPVs, EBV, 
and HNSCC is dealt with later in this book.

Dental Factors
Apart from poor oral hygiene, trauma from sharp teeth or ill-
�tting appliances may play a role in developing oral cancer. Such 
trauma may focus the site at which malignant transformation 
occurs in the context of a �eld of molecular change and continu-
ing presence of local carcinogens. �e number of missing teeth 
and the wearing of metal dentures (OR = 5.5) were associated 
with oral cancer independent of other risk factors in a much 
quoted study from Beijing published in 1990.181 Several more 
recent studies have reported associations of this sort.182,183 �ere 
is an association between poor periodontal status and oral cancer, 
with a signi�cant OR of 3.53, according to a recent meta-analy-
sis,184 and of 2.63 in another,185 but it must be remembered that 
association does not equate to cause and e�ect.186

Air Pollution
Part of the urban-rural di�erence in the incidence of head and 
neck cancer has been related to atmospheric pollution. For 

example, mean sulfur dioxide and smoke concentrations in the 
atmosphere were positively correlated with squamous cancer of 
the larynx and, to a lesser extent, the pharynx in data collected 
some time ago from the West Midland region of England in 
1950�1990.187 Indoor air pollution resulting from the use of 
solid fuel such as wood, crop residue, animal dung, and coal 
for cooking and heating is a signi�cant health problem in many 
developing countries where a greater proportion of people use 
such fuels, frequently in poorly ventilated areas. Many studies 
have identi�ed indoor air pollution as a risk factor for head and 
neck cancer.13,188,189 A monograph from the IARC has identi-
�ed indoor air pollution from coal use as a known human car-
cinogen, and from other biomass (primarily wood) as a probable 
human carcinogen.190 Studies carried out in China and Brazil 
have reported exposure to wood smoke as a risk factor for oral 
cancer,191 nasopharyngeal cancer,192 and cancer of the UADT.193

Solar Radiation
Prolonged exposure to sunlight represents an important risk 
factor for the development of SCC of the lip in people with 
fair complexions and those with outdoor occupations. Usually 
the lower lip is involved because it receives considerably more 
direct sunlight than the upper lip.194 Evidence comes from 
many countries, including those at latitudes with clean air 
through which UV light penetrates easily, such as Finland195 
and Sweden,196 and from countries closer to the equator with 
regular long hours of sunshine such as rural Greece, where lip 
cancer can account for 60% of oral cancers,197 and in India�
for example, in �shermen7�although some protection may 
exist in darker-skinned races or individuals. In Finland, the 
increased risk for lip cancer is confounded by smoking and 
social class, whereas that for cancer of the oral cavity and phar-
ynx is not; at these latter sites, alcohol was a much stronger con-
founder than tobacco.198 A study from California shows that 
risk for women is strongly related to lifetime solar radiation 
exposure, but lipstick and other sunscreens are protective.199 
Although the observation goes back over a decade, there has 
been concern that modern cosmetic lip glosses may enhance 
UV damage to the lips, including increased risk of cancer.199 
Decreases in the incidence of lip cancer have been interpreted 
as due to reduced occupational exposure to sunlight and to 
reduced pipe and cigar smoking.200,201

Global Scenario of Oral Potentially Malignant 
Disorders and Laryngeal Leukoplakia

�e term oral potentially malignant disorders was recommended 
by an international Working Group convened by the WHO 
Collaborating Centre for Oral Cancer and Precancer in Lon-
don in 2005.202 It conveys that not all disorders described 
under this umbrella will transform to invasive cancer�or not 
within the time frame of the lifespan of an a�ected individual. 
Leukoplakia, erythroplakia, OSF, lichen planus, palatal lesions 
in reverse smokers, actinic keratosis, discoid lupus erythema-
tosus, dyskeratosis congenita, and epidermolysis bullosa are 
included under the broad de�nition of OPMDs.202,203
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Global Prevalence of Oral Potentially Malignant 
Disorders
Estimates of the global prevalence of OPMDs range from 
1% to 5%,204 although much higher prevalence rates have 
been reported from Southeast Asia, usually with a male pre-
ponderance�for example, in Sri Lanka (11.3%),10 Taiwan 

(12.7%),205 and Paci�c countries such as Papua New Guinea 
(11.7%).206 Wide geographic variations across countries and 
regions are mainly due to di�erences in sociodemographic 
characteristics, the type and pattern of tobacco use, and clini-
cal de�nitions of disease (Table 1.5). In Western countries 
the overall prevalence is low and a decreasing trend over time 
is observed.

	� Summary of the Prevalence of Oral Potentially Malignant Disorders (OPDMs) Reported in the Literature

Ref No. Country (Year)
Sampling 
Method Male/Female Age Group Disease Entity De�nition Used Prevalence (%)

63 Sri Lanka (2008) MSSC 0.6/1.0 �30 OPMD WHO, 1994 11.3
Weighted for
sex and geo-

graphic location

67 Taiwan (2005) Random 0.9/1.0 �15 OPMD Not given 12.7

Leukoplakia 7.4

Erythroplakia 1.9

Lichen planus 2.9

OSF 1.6

68 United States 
(2003)

MSSC 0.9/1.0 �20 Leukoplakia Kramer, 1978
Kramer, 1980

0.5�0.3

69 Sri Lanka (2003) MSSC 35�44 yr and
65�74 yr

OPMD WHO, 1994 4.1

Leukoplakia/
erythoplakia

2.6

OSF 0.4

70 Spain (2002) Strati�ed, 
random

0.8/1.0 � 30 Leukoplakia WHO, 1978
Axell et�al, 1984

1.6

71 Germany (2000) Strati�ed, 
random

1.0/1.0
0.7/1.0

35�44 yr
65�74 yr

Leukoplakia
Leukoplakia

Axell, 1976
Zain, 1995
WHO-ICD-DA

1.6
1.0

72 Japan (2000) All invited 0.4/1.0 Male >40, 
female >20

Leukoplakia 0.19

Lichen planus 0.21

73 Malaysia (1997) Strati�ed, 
random

0.7/1.0 �25 Leukoplakia WHO, 1978
Axell et�al, 1984

0.96

Erythroplakia 0.01

OSF 0.06

Lichen planus 0.38

74 Netherland (1996) Waiting room 0.9/1.0 13�
93 yr

Leukoplakia Axell, 1984
Axell, 1996
Schepman, 1995

0.6

75 Hungary (1991) Random 0.7/1.0 All age 
groups

Leukoplakia Axell, 1984 1.3

Lichen planus 0.1

76 Japan (1991) Factory 
workers

0.5/1.0 18�
63 yr

Leukoplakia Axell, 1984 2.5

77 Sweden (1987) Strati�ed 
random

Not found �15 Lichen planus Axell, 1976 1.9

78 Sweden (1987) All-invited 
residents

0.9/1.0 �15 Leukoplakia Axell, 1976 3.6

ICD-DA, International Classi�cation of Diseases to Dentistry and Stomatology; MSSC, multistage strati�ed cluster; WHO, World Health Organization.

TABLE 
1.5
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Petti (2003)207 conducted a meta-analysis of 23 primary 
studies on oral leukoplakia, from international data published 
between 1986 and 2002. �e point-prevalence estimates were 
1.49% (95% CI, 1.42�1.56%) and 2.6% (random e�ect; 
95% CI, 1.72�2.74%). Leukoplakia was signi�cantly more 
prevalent among males (prevalence ratio [PR], 3.22), but no 
di�erence was found among geographic areas and between 
younger and older adults. Using these data, these research-
ers calculated that the crude annual oral cancer incidence 
rate attributable to leukoplakia would be between 6.2 and 
29.1 per 100,000, thus suggesting that the global number of 
oral cancer cases is probably underreported. Table 1.5 pro-
vides a summary of the prevalence of OPMDs reported in 
the literature.

Age and Sex Distribution of Oral Potentially 
Malignant Disorders
Age and sex distributions vary considerably, mainly depending 
on lifestyle and thus on ethnicity and geographic location. In 
the developed world, leukoplakia is usually found between the 
fourth and seventh decades of life; in the developing world, it 
is found some 5�10 years earlier.208 Females are less commonly 
a�ected, largely re�ecting greater presence of relevant habits 
in men.

Malignant Transformation of Oral Potentially 
Malignant Disorders
Risk of malignant transformation varies from site to site 
within the mouth, from population to population, and 
from study to study.209�211 A classic study conducted in the 
1970s of over 30,000 Indian villagers with follow-up over 
7 years showed transformation rates of 10�24 per 100,000 
per year.210 Another classic study from the early 1980s, 
a hospital-based study in Californian patients with oral 
leukoplakia, with a mean follow-up period of 7.2 years, 
revealed a malignant transformation rate of 17.5%.211 
Rates for hospital-based studies are, unsurprisingly, con-
sistently higher than community-based studies because of 
sampling bias.

Petti207 has estimated a mean global prevalence of 2.6% for 
leukoplakia, and a mean global transformation rate of 1.36% 
per year (95% CI, 0.69�2.03). Extrapolating from these �g-
ures suggests that considerably more OSCC should have 
been reported in recent times, a possible reason being under-
reporting of cases of oral cancer in the developing world. More 
recently, a careful study of 1357 patients with an OPMD from 
the South of England revealed that 2.6% of cases transformed 
to invasive cancer, for a total person follow-up time of 12,273 
years (mean 9.04 years). �e severity of epithelial dysplasia was 
a signi�cant predictor for malignant transformation,212 espe-
cially if aneuploid.213 Similar �ndings came from a study of 
leukoplakia in Shanghai.214 A study from a dysplasia clinic in 
the north of England con�rmed the lateral tongue as a high-
risk site and that nonsmokers were 7.1 times more likely to 

undergo malignant transformation compared with heavy 
smokers.215

Controversy continues as to whether or not OLP should 
be considered an OPMD. Published studies have given rates 
of transformation from 0% to 3.5%, over varying time peri-
ods. A comprehensive systematic review evaluated 7806 
patients with OLP, among whom a mere 85 (1.09%) devel-
oped SCC in an average follow-up time of 51.4 months. 
Average age at onset of SCC was 60.8 years, with a slight 
female preponderance. �e most common subsite of malig-
nant transformation was the tongue.216 Size is also a critical 
determinant.217

Epidemiology of Laryngeal Leukoplakia
Epithelial precursor lesions of the larynx, clinically de�ned 
as leukoplakia and chronic laryngitis, are mostly seen in 
adults and a�ect men more often than women. �is sex dis-
parity is more pronounced after the sixth decade of life.218 
Epidemiologic studies of laryngeal precursor lesions are 
scarce, and the incidence di�ers worldwide and depends on 
the amount, manner, and types of exposure to relevant car-
cinogens. A comprehensive literature review and analysis of 
the situation in Slovenia,219 covering a region with approxi-
mately 800,000 inhabitants or 40% of the population, has 
reported that 1268 patients were clinically diagnosed with 
laryngeal leukoplakia and chronic laryngitis during the 
period from 1979 to 2004. Among these, 12 of 1089 (1.1%) 
patients with hyperplasia or mild dysplasia progressed to 
cancer compared with 17 of 179 (9.5%) of those with severe 
dysplasia.

Etiology of Laryngeal Leukoplakia
Laryngeal leukoplakic lesions are strongly associated with 
tobacco smoking and alcohol use, especially in combina-
tion.220�222 Other risk factors are: industrial pollution, speci�c 
occupational exposures, nutritional de�ciency, and hormonal 
disturbance.223�225 A meta-analysis has shown a weak asso-
ciation between HPV16 and laryngeal cancer.226 Several 
authors have devoted much attention to the potential role of 
gastroesophageal re�ux disease, but the results have not been 
conclusive.220,227

Salivary Gland Neoplasms
Epidemiology
Neoplasms arising in the salivary glands are relatively uncom-
mon, yet they represent a wide variety of both benign and 
malignant histologic subtypes (Fig. 1.27). �e reported 
annual incidence, when all salivary gland tumors are consid-
ered, varies widely among countries and regions.228 Accord-
ing to GLOBOCAN 2012, the world�s highest incidence of 
salivary neoplasms was reported in the Northern Territory 
indigenous community of Australia (although the number 
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of cases in this thinly populated area was too small�only 
three�to place credence on this value); the second highest 
was seen in the United States, in Hawaii Filipino individuals. 
Within Japan, the highest rates are reported in the region of 
Nagasaki, regarded as long-term e�ects of the atomic bomb 
explosion in 1945. �e estimated annual incidence in the 
United States is 1.5 cases per 100,000 population per annum, 
constituting only about 6% of all head and neck neoplasms229 
(Table 1.6).

Site, Age, and Sex Distribution
Nearly 80% of these neoplasms arise in parotid glands, 
15% in submandibular glands, with the remainder dis-
tributed across the sublingual and minor salivary glands 
of the oral and oropharyngeal mucosae.230 In most series, 
benign neoplasms are the majority, representing 54�79% 
of cases described. Pleomorphic adenoma is by far the most 
common, accounting for about 50% of all salivary gland 
neoplasms. Warthin tumor is second in frequency among 
benign neoplasms, and in most large studies mucoepider-
moid carcinoma is the most common malignancy.228 �e 
average ages of patients with benign or malignant tumors are 
46 and 47 years, respectively, with peak incidence of most 
of the speci�c types in the sixth and seventh decades (see 

Fig. 1.27). However, the highest incidence of pleomorphic 
adenomas, mucoepidermoid carcinomas, and acinic cell car-
cinomas occurs in patients who are signi�cantly younger�
in the third and fourth decades. Salivary neoplasms are rare 
in young people, and in patients younger than 17 years a 
neoplasm of a major gland is as likely to be mesenchymal as 
epithelial in origin.231�234

Etiology of Salivary Gland Neoplasms
�e etiology of salivary gland neoplasms is still poorly under-
stood. Furthermore, especially with neoplasms that have 
mixed cellularity, notably pleomorphic adenomas and carci-
nomas arising therein, which show epithelial, myoepithelial, 
and mesenchymal characteristics, controversy remains as to 
whether there is a single or more than one type of cancer 
stem cell.228

Viruses
Studies have shown a strong association between EBV and 
lymphoepithelial carcinomas235,236 with geographic varia-
tions, including a preponderance for Asian patients237 and 
Greenlandic Inuits.238 Salivary tissue is an established reser-
voir for EBV, but a clear oncogenic role for EBV or cyto-
megalovirus (CMV) has not being demonstrated in other 



36 PART I     Principles

salivary gland carcinomas or in benign parotid neoplasms.236 
SV40 sequences have been postulated in human pleomorphic 
adenomas,239 but there is no convincing association between 
human salivary gland neoplasms of epithelial origin and other 
viruses, including polyomavirus and papillomavirus. EBV is 
important in lymphoid neoplasms of salivary glands, as at 
other sites of lymphomata.

Radiation
�ere is convincing evidence implicating exposure to ion-
izing radiation and the development of salivary gland neo-
plasms. Long-term follow-up studies of the survivors of the 
atomic bomb explosions in Hiroshima and Nagasaki show 
an increased relative risk of 3.5 for benign and 11 for malig-
nant salivary neoplasms.240,241 �e risk was directly related to 
the level of exposure to ionizing radiation. �ere was a high 
frequency of both mucoepidermoid carcinoma and Warthin 
tumors in these patients.242 �erapeutic radiation, especially 
in the head and neck region, has been linked to signi�cantly 
increased risk.243,244 Iodine 131, used in the treatment of thy-
roid disease, is thought to produce neoplasms, as the isotope is 
also concentrated in salivary glands.245

Several studies have suggested that exposure to routine dental 
radiographs may be associated with an increased risk of salivary 

neoplasms, although the evidence is inconclusive.246,247 Expo-
sure to UV radiation has also been implicated,248�250 although 
this seems biologically improbable. �ere appears to be no 
excess risk in those exposed to radon251 or to the microwaves 
of cellular telephones.252,253

Occupation
�ere is literature relating salivary gland neoplasms to occupa-
tion. Suggested risks include rubber manufacturing,254 exposure 
to metal in the plumbing industry255 and nickel compounds,254 
woodworking in the automobile industry,256 and employment 
in hairdressing and beauty shops.257,258 An increased risk of 
salivary gland cancers was reported in people living in certain 
Quebec counties where asbestos was mined, and this risk was 
inversely proportional to distance from the mines.259

Lifestyle and Nutrition
Tobacco and alcohol, which are highly associated with head 
and neck SCC, have not been shown to play a major role in 
the development of salivary malignancies.260 However, tobacco 
smoking has been associated with the development of Warthin 
tumor. Exposure to silica dust and kerosene as a cooking �uid 
increased the risk of salivary neoplasms in a Chinese popula-
tion,261 and an increased risk of parotid neoplasms was associ-
ated with exposure to nickel, chromium, asbestos, and cement 
dust.262 An elevated level of risk has been described in those 
with a high cholesterol intake.263

Hormonal In�uences
Estrogen activity or upregulation of estrogen receptors has 
been described in pleomorphic adenomas in some stud-
ies264 but was absent in another.265 Progesterone and andro-
gen receptors are present in some salivary neoplasms,264,266 
and binding of hormones to these may in�uence tumor 
progression.

Malignant Melanoma

Malignant melanoma is recorded by cancer registries separately 
from mucosal and other cancers. �ese data represent all skin sites, 
but the management of melanoma often falls into the hands of 
head and neck clinicians, so the data are of interest here (Table 
1.7). DNA damage from UV light, especially acute sunburn and 
especially early in life, is the major risk factor. �is explains the 
high incidence rates in Australia, New Zealand, and Northern 
Europe (especially Scandinavia) and among white South Africans; 
for head and neck melanoma, the risks associated with UV light 
are most marked at low latitudes and high altitudes.267 Melanoma 
of UADT mucosa is a serious, usually fatal, disease. Global epi-
demiologic data are �buried� in the graphs and tables mentioned 
earlier. Such data as are available have been reviewed by van der 
Waal and colleagues.268

�e death-to-registration ratio (D/R) for melanoma can be 
readily calculated. For Australia and New Zealand, it ranges from 
0.09 to 0.18; in Northern Europe, the average approaches dou-
ble this�that is, 0.16 for women and 0.26 for men (Table 1.8). 
Women have better survival rates all over the world, possibly 

	� Incidence of Salivary Neoplasms: Cases per 
100,000 per annum6

Population ASRW Male
ASRW 
Female

Australia�Northern Territory 0.5 0.9

Canada 0.9 0.7

China, Hong Kong 0.8 0.6

Croatia 0.9 0.6

France, Herault 0.9 0.7

India, Chennai 0.5 0.4

Japan, Nagasaki 0.9 0.3

Norway 0.5 0.6

Poland, Kraków 0.8 0.9

Spain, Granada 0.8 0.4

Switzerland, Geneva 0.4 0.5

United Kingdom, Oxford 
region

0.7 0.4

United States, black SEER 
(nine registries)

0.7 0.9

United States, District of 
Colombia, white

0.9 0.6

United States, white SEER 
(nine registries)

1.1 0.7

ASRW, Age-standardized rate (world); SEER, Surveillance, Epidemiology and 
End Results program.

TABLE 
1.6



37CHAPTER 1  Epidemiology

because they seek treatment earlier. Note that these outcomes 
are substantially better than for oral cancer. In Australia and New 
Zealand there are highly e�ective public education campaigns 
regarding protection against sun damage, and many screening 
and treatment facilities. In spite of this, the comparatively poor 
outcomes perhaps re�ect a degree of complacency toward very 
common sun-induced lesions, many of which are benign.

The Future of Head and Cancer Epidemiology

As with many aspects of life, global inequalities are increas-
ing in the incidence rates of head and neck cancers, in the 
provision and quality of prevention and screening pro-
grams, and in access to and quality of patient care.1 �e 
drivers of these inequalities are sociopolitical: war, poverty, 

	� World Standardized Incidence Rate per 100,000 
per Year for Melanoma

Country

Melanoma Skin Cancer (ICD-10: C43)

Male Female

World 3.3 2.8

  More developed 10.2 9.3

  Less developed 0.8 0.7

Africa 1.0 1.1

  Eastern Africa 0.8 1.3

  Middle Africa 1.4 2.0

  Northern Africa 0.3 0.4

  Southern Africa 5.0 3.7

  Western Africa 0.6 0.6

Caribbean 0.8 0.7

Central America 1.9 1.3

South America 2.9 2.2

Northern America 16.1 12.2

Asia 0.5 0.4

  Eastern Asia 0.6 0.5

  Southeastern Asia 0.5 0.3

  South Central Asia 0.3 0.2

  Western Asia 1.8 1.6

Europe 8.6 8.9

  Eastern Europe 4.5 4.6

  Northern Europe 14.0 15.4

  Southern Europe 8.1 8.3

  Western Europe 11.5 12.8

Australia 40.5 30.0

New Zealand 39.2 33.1

Melanesia 3.4 3.8

Micronesia 4.0 2.1

Polynesia 4.0 2.7

Data from Ferlay J, Soerjomataram I, Ervik M, et� al, editors: GLOBOCAN 
2012: estimated cancer incidence, mortality and prevalence worldwide in 
2012. Lyon, France, 2013, International Agency for Research on Cancer 
(IARC). http://globocan.iarc.fr.

TABLE 
1.7

	� World Standardized Mortality Rate per 100,000 
per year for Malignant Melanoma

Country

Melanoma Skin Cancer (ICD-10:C43)

Male Female

World 0.9 0.6

  More developed 2.0 1.2

  Less developed 0.4 0.3

Africa 0.5 0.4

  Eastern Africa 0.6 0.4

  Middle Africa 1.0 1.5

  Northern Africa 0.2 0.2

  Southern Africa 1.6 0.8

  Western Africa 0.5 0.5

Caribbean 0.3 0.2

  Central America 0.6 0.4

  South America 1.0 0.6

  Northern America 2.6 1.2

Asia 0.3 0.2

  Eastern Asia 0.4 0.3

  Southeastern Asia 0.3 0.2

  South Central Asia 0.2 0.1

  Western Asia 0.6 0.5

Europe 2.0 1.3

  Eastern Europe 2.0 1.4

  Northern Europe 2.5 1.6

  Southern Europe 1.6 1.0

  Western Europe 2.0 1.3

Australia 5.8 2.3

New Zealand 6.9 2.8

Melanesia 2.1 2.3

Micronesia 1.0 0.0

Polynesia 1.0 0.7

Data from Ferlay J, Soerjomataram I, Ervik M, et� al, editors: GLOBOCAN 
2012: estimated cancer incidence, mortality and prevalence worldwide in 
2012. Lyon, France, 2013, International Agency for Research on Cancer 
(IARC). Retrieved from http://globocan.iarc.fr.

TABLE 
1.8
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pestilence, climate change, and lack of food and water 
security.269 �e problems do not derive primarily from 
ignorance of causes and mechanisms of disease, but from 
ine�ective or absent implementation of the right policies, 
and from lack of resources to implement them. As scien-
tists and clinicians devoted to head and neck oncology, we 
all have a moral responsibility to contribute to these wider 
social and political challenges. �e knowledge necessary to 
apply best practices is within the pages of this book. �e 
leadership of many local and national bodies is acknowl-
edged; these activities need to be conducted in dialogue 
and synergy with global leadership through agencies such 
as WHO, the IARC, the Union for International Cancer 
Control (UICC), the International Federation of Head 
and Neck Oncologic Societies, the International Academy 
of Oral Oncology, and others. �e International Associa-
tion for Dental Research launched an initiative in 2010 
seeking to reduce global inequalities in oral cancer (and in 
other orofacial diseases and disorders), and this led to the 
formation of the Global Oral Health Inequalities Research  
Network.270

It is a truism that however sophisticated and e�ective our 
diagnostic and treatment armamentarium becomes, head and 
neck cancer rates around the world will never be reduced by 
such interventions�although, of course, hundreds of thou-
sands of lives may be saved or improved. �e emphasis must be 
on primary and secondary prevention, on the implementation 
of policies that work to these ends, and on their continued 
evaluation and improvement.1

PART 2: HUMAN PAPILLOMAVIRUS�
RELATED HEAD AND NECK CANCER

Jesse R. Qualliotine, Carole Fakhry

�e epidemiology of HNSCC has evolved in recent decades 
and is an area of active research. Perhaps better known for its 
association with cervical cancer, HPV has also been linked to 
malignancies in the head and neck, particularly in the oro-
pharynx. Oropharyngeal squamous cell carcinomas (OPSCCs) 
comprise an etiologically heterogeneous group, with one sub-
group strongly linked to the classic risk factors of tobacco and 
alcohol use, and the other to oral HPV infection. HPV, a sexu-
ally transmitted infection, has been implicated in a growing 
number of oropharyngeal HNSCCs, the majority of which 
arise in the lingual and palatine lymphoid tissue of the oro-
pharynx (Fig. 1.28). HPV-positive oropharyngeal squamous 
cell carcinoma (HPV-OPSCC) has unique risk factors, demo-
graphic pro�le, and prognosis, which may confer unique thera-
peutic considerations in the future. �is section reviews the 
evolving epidemiology and etiology of oral HPV infection and 

HPV-OPSCC, including the clinical implications of tumor 
HPV status.

Epidemiology of Oral Human Papillomavirus 
Infection

Oral HPV infection is con�rmed by detection of viral DNA 
with polymerase chain reaction (PCR) using PGMY primers 
and linear array genotyping271 in oral rinse samples, which 
samples both the oral cavity and the oropharynx. National 
Health and Nutrition Examination Survey (NHANES) data 
were drawn from a random sampling of the U.S. noninstitu-
tionalized, civilian, adult population and are the most robust 
cross-sectional data available to date on oral HPV infection, 
with gold standard detection methods. �e study estimated 
the prevalence of any oral HPV infection to be 6.9% (95% 
CI, 5.7�8.3%).177 �is estimation included detection of 
both types that are recognized to be carcinogenic (high-risk 
types), as well as those without oncogenic potential (low-
risk types). �is �gure extrapolated to the entire popula-
tion suggests that in 2009�2010 there were approximately 
15 million adults in the United States with an oral HPV 
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infection. �e vast majority of HPV-OPSCC is caused by 
oral HPV16 infection.272 NHANES reported HPV16 to be 
the most commonly detected type of oral HPV infection, 
with a prevalence estimate of 1% of the U.S. population.177

Nonmodi�able factors associated with oral HPV infection 
include sex, age, and race. Oral HPV infection is not equally 
distributed by sex; the prevalence of infection in males is at least 
twice that in females.273�276 Notably, for oral HPV16 infection 
the proportion of male to females infected was even higher; 
oral HPV16 infection was �ve times more likely in males than 
in females in the United States (PR, 5.4; 95% CI, 2.1�13.8).177 
O�ering an explanation for this observed sex imbalance, a 
recent analysis of NHANES data from 2009�2012 found that 
men had more sexual partners than women (mean 18 vs. 7, p 
< .001) and that the per�sexual partner increase in prevalence 
was signi�cantly stronger among men than women (adjusted 
synergy index 3.3; 95% CI, 1.1�9.7).277

Prevalence estimates of oral HPV infection vary by age as 
well. A bimodal distribution in oral HPV infection has been 
observed. In NHANES data, an early prevalence peak at ages 
30�34 and a later, higher peak at ages 60�64 were modeled. 
�is bimodal age distribution is present among men and 
women, but is more pronounced among men.177 Race also 
modi�es pre-test probability for oral HPV infection of all 
types. One study demonstrated its prevalence among non-
Hispanic blacks to be 61% higher than among whites (PR 
1.61; 95% CI, 1.01�2.57).177 �ese �ndings are consistent 
with previous studies that demonstrated a signi�cant associa-
tion between black race and presence of an oral HPV infec-
tion.275 However, when analyzed separately for high- and 
low-risk HPV infections, the higher prevalence among blacks 
than whites is observed only for low-risk infections.177,275 By 
contrast, oral HPV16 infection was signi�cantly more com-
mon in whites than blacks.278

In addition to nonmodi�able risk factors, oral HPV infec-
tion risk appears to be modulated by several behavioral factors 
as well, namely tobacco use, sexual behaviors, and immuno-
suppression, but not alcohol use. Oral HPV infection can 
be added to the ever-expanding litany of maladies associated 
with tobacco use. �e odds of oral HPV infection increase 
signi�cantly in a dose-dependent fashion with increasing 
measure of current use of tobacco products.177,273,274,279 
Lifetime history of smoking, however, is not independently 
associated with the presence of oral HPV infection. Further-
more, smoking tobacco appears to have a stronger associa-
tion with oral HPV infection for women than for men.177 
Similar to other sexually transmitted infections, the odds of 
oral HPV infection increase signi�cantly with increased sex-
ual exposures. Ever having performed oral sex, early oral and 
vaginal sexual debut, lack of barrier use, deep tongue kiss-
ing, increasing lifetime oral and vaginal sex partners, and ever 
having had vaginal and anal sex are all signi�cantly associated 
with oral HPV infection.177,273�276,279�281 Although many 
analyses have consistently demonstrated signi�cant associa-
tions between oral HPV infection and these sexual behaviors, 
these behaviors are known to occur together (i.e., collinear), 

and thus the independent contribution of each behavior to 
increased oral HPV infection risk is unknown.272

It is interesting to note that, unlike human immunode-
�ciency virus (HIV) type 1, which has a higher prevalence 
in men who have sex with men (MSM) than in heterosexual 
males,282�286 the literature does not suggest a similar rela-
tionship for oral high-risk HPV16 infection.177,287,288 Con-
versely, one cohort study of HIV-infected men from Spain 
reported heterosexual men to have a higher prevalence (7.8 
vs. 3.7%, p < .05) and incidence (adjusted OR 3.2; 95% 
CI, 1.1�9.5) of oral HPV16 infection than MSM.287 �is 
observed higher risk in heterosexual males is consistent with 
other analyses that have demonstrated that performing oral 
sex on a woman may confer a higher risk of oral HPV infec-
tion than performing oral sex on a man.289 �e odds of oral 
HPV infection are signi�cantly increased in immunosup-
pressed patients, as is the case with many viral infections. 
Patients with HIV, lower CD4 count,273,276,290 or iatrogenic 
immunosuppression291 are more likely to have oral HPV 
infection. A risk factor whose absence is worth highlighting 
is alcohol use; its association with oral HPV infection loses 
signi�cance after adjustment for sexual behavior.177

The natural history of oral HPV infection has not yet 
been fully elucidated. An observational cohort study of 
HIV-negative men from North America suggested that 
most oral HPV infections with high-risk types are cleared 
within 1 year, with a median duration of infection of 6.3 
months (95% CI, 6.0�9.9).292 Factors associated with per-
sistence of oral HPV infection include current tobacco 
use, age above 44 years, CD4 count below 500 cells per 
cubic millimeter272 and increased incidence secondary to 
sexual behaviors and exposure frequency.288,292,293 A recent 
U.S.-based longitudinal cohort study followed both HIV-
infected and at-risk HIV-uninfected individuals semian-
nually for 3 years to examine oral HPV transmission and 
persistence. The group reported 2-year cumulative inci-
dence of oral HPV infection of 34% in HIV-infected per-
sons and 19% in HIV-uninfected persons, with many of 
these infections clearing over the 2-year period. Risk fac-
tors for increased persistence included male sex, older age, 
and current smoking status.294

It is interesting to note that epidemiology of HPV infection 
appears to di�er by anatomic site. �ere is a lower prevalence 
of sexually transmitted infections in the oral cavity than in 
the cervix. It is known that the immune microenvironment of 
the oral cavity is histologically characterized by high levels of 
dendritic cells and T cells,295,296 whereas in the cervix, antigen 
non-speci�c polymorphonuclear cells are more prevalent.297 
In addition, a recent study has demonstrated markedly dif-
ferent immune marker pro�les between these two environ-
ments, which may help explain the observed lower burden 
of sexually transmitted infections in the oral cavity than in 
the cervix.298 �e natural history of oral and anogenital HPV 
infection appears to have some overlap, yet distinct di�erences 
do exist, although further research con�rming these �ndings 
is necessary.288,293
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Association Between Oral Human 
Papillomavirus Infection and Oropharyngeal 
Cancers

A causal relationship between HPV and OPSCC has been 
established through epidemiologic and molecular studies, 
with HPV16 responsible for at least 90% of HPV-HNSCCs. 
High-risk virus types HPV18, HPV31, HPV33, and HPV35 
are also responsible for a subset of HPV-HNSCCs.299

HPV-HNSCC arises most commonly in the oropharynx, 
primarily from the lingual and palatine tonsils.300,301 Stud-
ies have estimated the prevalence of HPV-positive tumor 
status in OPSCC to be 60�70%, and this �gure is projected 
to be growing.302�306 However, HPV tumor positivity in 
other anatomic sites is estimated to be less frequent. For 
example, prevalence estimates in other anatomic HNSCC 
sites include nasopharynx 31%, larynx 24%, sinonasal tract 
21%, and oral cavity 6�20%.307,308 �is is an area of cur-
rent investigation. �orough, gold standard investigations 
of nonoropharyngeal HNSCCs have not been completed to 
date.

HPV-OPSCC is more likely than its HPV-negative coun-
terpart to present as a metastatic cervical nodal disease with 
an occult primary site.300,309 Conversely, a large proportion 
of unknown primary disease originates from oropharyngeal 
malignancies, in which HPV prevalence is about 90%.309,310 In 
fact, the tumor HPV positivity in cervical metastases with an 
unknown primary site is a strong biomarker of oropharyngeal 
origin and allows the search for the primary site to be focused 
on the oropharynx, whereas historically the entire aerodigestive 
tract was under scrutiny.310�312

The premalignant entity in the oropharynx due to 
oral HPV infection has not yet been identified, although 
undoubtedly such a condition exists. Detection of HPV 
DNA in tumor tissue is necessary but not sufficient to attri-
bute the cause of the lesion�s transformation to the virus.299 
The sequence of HPV-induced oncogenesis leading from 
oral infection to oropharyngeal malignancy, briefly, com-
prises expression of HPV oncoproteins encoded by the E6 
and E7 genes, which degrade, respectively, tumor suppres-
sor proteins p53 and retinoblastoma (pRb). Without these 
two cell cycle regulators functioning properly, proliferation 
is disinhibited and mutations accumulate, leading to malig-
nant transformation.313 The degradation of pRb leads to 
overexpression of a cyclin-dependent kinase inhibitor, p16, 
whose detection in p16-based assays conveniently serves as a 
histologic marker of oncogenic HPV activity.314 Antibodies 
to the oncogenic protein E6 detected in healthy individuals 
are greatly associated with the development of OPSCC in 
the future (OR 275; 95% CI, .110�.681). In fact, patients 
who ultimately developed OPSCC were E6 seropositive up 
to 10 years before diagnosis.315 Although screening for E6 
as primary prevention for OPSCC is not recommended 
at this time, there is hope that continued investigation in 
this area may lead to an effective population-level screening 
program.

Incidence Trends for Human Papillomavirus�
Positive Oropharyngeal Squamous Cell 
Carcinoma

�e incidence of HNSCC overall in the United States has 
fallen,316 a reduction that appears to correlate with declin-
ing tobacco use owing to the successful tobacco cessation 
campaign.317,318 However, this decreasing incidence is not 
observed for all HNSCC sites. Both in the United States and in 
many developed countries around the world, the incidence of 
HNSCC within the oropharynx has risen, speci�cally that of 
HPV-related disease.4,44,302,319 �e IARC estimated 130,296 
new cases (81.5% in males) of oropharyngeal cancer worldwide 
in 2002. For the same year, the age-standardized incidence rate 
of oropharyngeal cancer worldwide per 100,000 males was 
3.8.320 �e most current report from the IARC estimates this 
same �gure in 2012 to range from 4.7 in more developed areas 
to 2.8 in less developed areas.321 For the United States alone, 
the American Cancer Society estimated 13,510 new cases 
(79.9% in males) of oropharyngeal cancer in 2012.322

Worldwide, tumor HPV prevalence has been shown to be 
higher among studies from North America compared with 
Europe and Asia.272 Regional di�erences in sexual behaviors 
and tobacco use appear to underlie the geographic variance 
in HPV-OPSCC prevalence. �e prevalence estimates of oro-
pharyngeal tumor HPV positivity in the United States has 
increased from less than 20% in the early 1980s to just over 
70% in contemporary analyses.4,300,302�305 �is, coupled with 
the falling rates of HPV-negative OPSCC, has led to sharply 
increasing proportions of OPSCC that are HPV positive.4 
�is shifting epidemiologic trend is no doubt multifactorial, 
but changing sexual practices since the sexual revolution of the 
1960�1980s�namely, increased exposure to oral HPV infec-
tion�is thought to be contributory.278 �is increase in HPV-
OPSCC is so dramatic that by the year 2020, HPV, a virus 
whose current association to the lay public is chie�y with cervi-
cal cancer in women, is estimated to cause more OPSCC than 
cervical cancer in the United States.4

Demographic Pro�le of Human 
Papillomavirus�Positive Oropharyngeal 
Squamous Cell Carcinoma

�e emergence of HPV-HNSCC has produced a popula-
tion of patients with a unique demographic pro�le distinct 
from HPV-negative HNSCC (Table 1.9). �is population of 
patients is on average younger, more likely to be male, white, 
and of higher socioeconomic status. HPV-OPSCC patients are 
on average 4�10 years younger than HPV-negative OPSCC 
patients at diagnosis,303,323�328 which may explain the observed 
increased incidence of OPSCC in younger patients in devel-
oped countries.4,44 �is younger population has been shown to 
be healthier than its HPV-negative counterpart with improved 
performance status on many scales, including Eastern Coopera-
tive Oncology Group (ECOG)303�305 and WHO,329 with fewer 
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comorbidities.303,304,324 Patients with HNSCC of all types are 
more likely to be male, but when comparing HPV-OPSCC and 
HPV-negative OPSCC, a signi�cantly higher proportion of 
patients with HPV-positive tumors are male.4,327,330,331 In fact, 
for men in the United States, HPV-related malignancies are 
more likely to be found in the oropharynx than any other ana-
tomic site.332 HPV-HNSCC has been demonstrated to have an 
overwhelmingly higher incidence in white than black patients. 
Studies analyzing HNSCC tumors for HPV status report tumor 
HPV positivity in 29�34% of white patients, but only in 0�4% 
of black patients.333,334 Analyses of oropharyngeal tumor HPV 
positivity in white patients have reported �nding HPV-positive 
and HPV-negative tumors in 92�97% and 75�78% of cases, 
respectively.303,305,333 �is racial di�erence in OPSCC extends 
to incidence rates, which have increased in white but decreased 
in black patients, most likely driven by higher rates of HPV-
OPSCC in whites.332 Surveys of HPV-OPSCC patients report 
more years of education, higher income, and greater likelihood 
to be married than HPV-negative OPSCC patients.300,324

It is important to recognize that the HPV-HNSCC patient 
population, in addition to having a unique demographic pro-
�le, presents a unique challenge to the head and neck surgeon 
in counseling patients who receive a cancer diagnosis coupled 
with the diagnosis of a sexually transmitted infection. �is is 
a largely unexplored domain of inquiry whose importance has 
only recently come under scrutiny.335 Continued research into 
the natural history and psychosocial implications of HPV-
related oropharyngeal cancer is required.

Risk Factors for Human Papillomavirus�
Positive Oropharyngeal Squamous Cell 
Carcinoma

Sexual behaviors are among the risk factors for HPV-OPSCC 
and closely resemble those for oral HPV infection, including 

having ever performed oral sex, increased lifetime number of 
oral and genital intercourse partners, history of casual inter-
course, younger age at both oral and vaginal sexual debut, lack 
of barrier use during oral intercourse, and a positive history of 
sexually transmitted infection.170,300,336 Despite these strong 
associations, the sexual history, even a comprehensive one, can-
not reliably predict tumor HPV status.337 HIV infection has 
been shown to be independently associated with high-risk oral 
HPV infection, with one study of MSM population from the 
Netherlands reporting detection of oral HPV infection with 
oncogenic types in 24.8% of HPV-infected but only 8.8% of 
HIV-negative MSM (p < .001).338 Long-term sexual partners 
of patients with HPV-OPSCC, however, have not been shown 
to have increased rates of oral HPV infection over that of the 
general population.339

Before the era of HPV, the risk factors most importantly 
associated with HNSCC were heavy use of tobacco and alco-
hol, which when present together are synergistic.340 Together, 
alcohol and tobacco are responsible for approximately 75% 
of all HNSCC cases.341,342 HPV-OPSCC appears to have 
di�erent risk factor pro�le than its HPV-negative counter-
part. �e rates of lifetime tobacco use for HPV-positive and 
HPV-negative OPSCC have been stated to be 65% and 74%, 
respectively.303 Although the odds of HPV-negative OPSCC 
signi�cantly increase with increasing lifetime tobacco exposure 
with a dose-response relationship, an inverse relationship is 
observed for HPV-positive disease.300 Although tobacco expo-
sure does confer additional risk for developing HPV-OPSCC, 
it is unknown whether tobacco use and oral HPV infec-
tion together modulate risk in a synergistic fashion. Alcohol 
use similarly increases the risk for developing HPV-negative 
OPSCC in a dose-dependent manner,300 but is less prevalent 
among patients with HPV-OPSCC.300,343,344 Heavy alcohol 
use, de�ned as more than 21 drinks per week, increases the 
odds of developing not only HPV-negative lesions, but HPV-
OPSCC as well.345 It is worth emphasizing that alcohol does 

	� Major Di�erences Between Head and Neck Squamous Cell Carcinomas (HNSCCs) by Human Papillomavirus 
(HPV) Status

HPV-Positive HNSCC HPV-Negative HNSCC

Risk factors High-risk sexual practices Cigarette and alcohol use

Tumor size Lingual and palatine tonsils Nonoropharyngeal sites

Histopathology Basaloid, nonkeratinizing,  
poorly differentiated

Keratinizing, moderately differentiated

Molecular Genetic Alterations
P53 pathway disturbances Degradation of wild-type p53 by E6 TP53 mutations, 17p LOH

Rb pathway disturbances Degradation of wild-type Rb by E7 P16INK4A-promoter hypermethylation,  
9p LOH

Relative responsiveness to  
chemoradiation

Better Worse

Relative prognosis Improved Worse

From Pai SI, Westra WH: Molecular pathology of head and neck cancer: implications for diagnosis, prognosis and treatment. Annu Rev Pathol Mech Dis 4:49�70, 2009.
LOH, Loss of heterozygosity; Rb, retinoblastoma.

TABLE 
1.9
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in fact increase the risk for HPV-OPSCC despite not being 
an independent risk factor for oral HPV infection. �e extent 
to which alcohol use modulates risk both independently and 
in association with oral HPV infection or tobacco exposure 
remains to be fully elucidated. It is also possible that alcohol 
use is a surrogate for sexual exposure.

A unique risk factor for HPV-HSNCC not observed for 
HPV-negative HNSCC is marijuana use. Patients with HPV-
HNSCC are more likely to report a history of marijuana use 
than are patients with HPV-negative HNSCC. For HPV-pos-
itive OPSCC, increasing duration and intensity of marijuana 
use is associated with increasing odds of malignancy.300 It is 
interesting to note that, in contrast to its risk for development 
of an oropharyngeal cancer, one study demonstrated that mar-
ijuana may actually attenuate the risk of developing an oral 
tongue cancer (adjusted OR, 0.47; 95% CI, 0.29�0.75).346 
�is also highlights that HPV-positive OPSCC is a distinct 
entity with distinct risk factors (Fig. 1.29).

Clinical Implications for Human 
Papillomavirus Tumor Status

Prognosis
Before the era of HPV the prognosis for OPSCC was quite 
poor, with a 5-year OS of 44%.347 A subset of HNSCC 
patients with a more favorable prognosis was �rst demonstrated 

in single-institution retrospective analyses to include patients 
with HPV-positive HNSCC, especially that originating in the 
oropharynx. �ese �ndings were observed for disease detected 
with variable tumor HPV interrogation methods and with het-
erogeneous treatment strategies.323,324,330,348,349 Tumor HPV 
status has since been demonstrated to be the strongest inde-
pendent prognostic factor for OPSCC,350,351 with meta-anal-
ysis reporting HPV-OPSCC to have an OS rate that is 53% 
improved over that of HPV-negative OPSCC (hazard ratio 
[HR] 0.47; 95% CI, 0.35�0.62)352 (Fig. 1.30). For nonoro-
pharyngeal sites, it is unknown whether tumor HPV status has 
any impact on prognosis.307

�e American Joint Committee on Cancer (AJCC) stage 
is a reasonable surrogate for prognosis and is used clinically 
to guide therapy for HPV-negative OPSCC.353 HPV-OPSCC 
is more likely to present with smaller primary tumors (lower 
T stage), but more advanced nodal disease (higher N stage),* 
which results in an overall more advanced AJCC stage.354,357�359  
Even though HPV-OPSCC patients have more advanced 
AJCC staged disease on presentation, their response to therapy, 
progression-free survival, and OS are higher than those of their 
HPV-negative counterparts.303,323,348,357,360

Patients with HPV-HNSCC appear to have improved 
responses to treatment when compared with patient with HPV-
negative cancers. Gillison and colleagues in 2000 demonstrated 

* References 300, 304, 314, 323, 324, 354�356.
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in a retrospective analysis of a large cohort of patients with 
HNSCC from all sites that tumors originating from the oro-
pharynx were strongly associated with tumor HPV positiv-
ity and that when compared with HPV-negative HNSCC, 
HPV-positive disease carried a better prognosis. Patients with 
HPV-HNSCC from all sites had a 40% reduction in all-cause 
mortality (95% CI, 0.35�1.0, p = .07) and a 59% reduction in 
disease-speci�c mortality when adjusted for age, nodal disease, 
and alcohol consumption (95% CI, 0.20�0.88, p = .02).348 
Since then, these observations of improved survival in HPV-
positive disease have been reproduced in several robust, col-
laborative, prospective analyses. �e �rst multi-institutional 
(ECOG 2399) prospective evaluation of how tumor HPV 
status a�ects survival demonstrated signi�cantly improved 
response to induction chemotherapy (82% vs. 55%, p = .01) 
and concomitant chemoradiotherapy (84% vs. 57%, p = .007) 
for patients with HPV-positive tumors as compared with 
those with HPV-negative tumors. �e study included follow-
up 2 years after treatment and reported a sustained favorable 
response with a signi�cantly lower risk of progression (HR 
0.27; 95% CI, 0.10�0.75) and death (HR 0.36; 95% CI, 0.15�
0.85) for patients with HPV-positive disease after adjusting for 
age, tumor stage, and ECOG performance status.305 In a ret-
rospective analysis of the Radiation �erapy Oncology Group 
(RTOG) 0129 phase III trial, which evaluated concurrent cis-
platin and standard or accelerated-fractionation radiotherapy 
in 323 patients with OPSCC, positive tumor HPV status was 
associated with an improved 3-year OS (82% vs. 57%, p < 
.001) and a 58% reduction in all-cause mortality (HR 0.42; 
95% CI, 0.27�0.66).303

Additional phase III clinical trials have since corroborated these 
results, demonstrating that positive HPV tumor status confers 
improved prognosis after a variety of treatment regimens.304,329,354 
Analyses of OPSCC treated with platinum-based induction che-
motherapy regimens have demonstrated improved response 
of HPV-positive compared with HPV-negative disease.305,327 

Several analyses have uniformly demonstrated that HPV-OPSCC 
responds better than HPV-negative OPSCC to radiation therapy, 
independent of the radiation regimen, addition of radiation sen-
sitizers,304,361 and addition of chemotherapy.303,349,354 �e U.S. 
population-based SEER data demonstrate a greater survival dif-
ference between HPV-related and HPV-unrelated OPSCC (using 
anatomic site as proxy for HPV tumor status) for patients treated 
with radiation therapy than for those not treated with radiation.4 
Positive HPV tumor status is signi�cantly associated with more 
favorable prognosis over HPV-negative disease even for patients 
treated with surgery alone, although the evidence is limited to 
small, single-institution series.362

�e consistently demonstrated improved survival of the 
OPSCC patient with positive HPV tumor status is only par-
tially explained by this population�s younger age, decreased 
tobacco exposure, fewer comorbid conditions, and higher per-
formance status, as the prognostic advantage persists in mul-
tivariate analyses that adjust for these confounders.* Indeed, 
these confounders explain only 9% of the di�erence in overall 
and progression-free survival, which suggests that a fundamen-
tal di�erence in tumor biology underlies the survival advantage 
seen in patients with HPV-positive HNSCC.303,352 Pro�ered 
explanations are increased radiosensitivity, increased response 
to chemotherapy, fewer second primary tumors, and a more 
favorable tumor biomarker pro�le, including for epidermal 
growth factor receptor (EGFR), p53 mutations, and sur-
vivin.314,348,363�366 Extranodal extension, too, despite carrying 
a poor prognosis for patients with HPV-negative OPSCC, may 
have di�erent prognostic implications for patients with HPV-
OPSCC; however, this is an area of current investigation and 
therefore remains a poor index of prognosis until prospective 
data are available.367�371 In addition to reduced risk of cancer 
progression when compared with HPV-negative oropharyn-
geal cancer after primary therapy, HPV-positive tumor status 
is also a strong independent predictor of reduced death after 
progression of disease (HR 0.48; 95% CI, 0.27�0.84).372

Currently, histologic tumor testing includes in situ hybrid-
ization (ISH) for HPV DNA and immunohistochemistry 
for p16, which is a surrogate for HPV tumor status373; p16 
immunohistochemistry is a reliable surrogate for HPV-positive 
tumor status only in oropharyngeal squamous cell cancers. 
�e role for p16 immunohistochemistry in nonoropharyngeal 
cancers is limited. Clinical detection relies on these methods 
as well as use of PCR-based methods in some clinical centers. 
�ese methods used to detect HPV within established disease 
are unfortunately not adaptable for preventative screening, and 
e�ective screening strategies have not yet been developed.

Survival Modi�ers
In addition to a�ecting the risks of acquiring oral HPV infec-
tion and developing HPV-OPSCC, tobacco exposure also 
negatively in�uences response to treatment and survival.374,375 
Tobacco use is not only an independent prognostic factor for 
HPV-OPSCC, but it is also an independent risk factor for 

* References 303, 304, 314, 323, 324, 329, 348, 349, 354.
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both cancer progression and death in a dose-dependent man-
ner.303,376,377 One study of patients with OPSCC demon-
strated that after adjustment for HPV tumor status and other 
factors, tobacco increases the risk of cancer progression and 
death by 1% per pack-year and the risk of developing a sec-
ond primary tumor by 1.5% per pack-year.376 Smoking while 
receiving radiotherapy doubles the risk of death.376 Ang and 
colleagues proposed risk-stratifying patients by HPV tumor 
status, smoking status (de�ned as �10 pack-years), and tumor 
and nodal stage into three distinct clinical risk categories with 
progressively lower 3-year OS. Low-risk OPSCC comprises 
patients with HPV-positive tumors who are either nonsmok-
ers with any stage disease or smokers with N0�N2a disease 
(3-year OS, 93%; 95% CI, 88.3�97.7). Intermediate risk 
includes patients with HPV-positive tumors who are smokers 
with N2b�N3 disease and patients with HPV-negative tumors 
and T2�T3 disease (3-year OS, 70.8%; 95% CI, 60.7�80.8); 
high risk includes patients with HPV-negative tumors who are 
either nonsmokers with T4 disease or smokers with any T or N 
stage (3-year OS, 46.2%; 95% CI, 34.7�57.5). Of note, this 
schema classi�es HPV-OPSCC as low risk unless the patient 
is a smoker or has at least N2b nodal disease and classi�es 
HPV-negative OPSCC as high risk unless the patient is a non-
smoker.303 �is analysis provides strong evidence for inform-
ing clinical trials designed to measure clinical progression and 
treatment response.

Nonmodi�able factors that may a�ect survival in HPV-
OPSCC include sex and race. One study of patients with 
OPSCC, of whom only 12 were female, demonstrated female 
sex to be associated with worse prognosis independent of HPV 
tumor status and smoking.326 Other studies have reported 
that positive HPV tumor status is associated with improved 
prognosis for males, but that HPV tumor status has no impact 
on survival for females.330,378 Whether sex does in fact a�ect 
prognosis of patients with HPV-OPSCC requires continued 
investigation with analyses powered to detect sex-speci�c 
survival di�erences. Race, too, has emerged as a potential 
survival modi�er for HNSCC, with some analyses demon-
strating a dramatic survival di�erence with the mortality of 
black patients twice that of white patients.333,379,380 However, 
this survival disparity may largely be explained by the higher 
prevalence of HPV-HNSCC in whites. When analyses exclude 
HPV-related malignancies, the survival di�erence is consid-
erably attenuated.333,380,381 Owing to the natural scarcity of 
black patients with HPV-positive disease, there is a paucity of 
literature comparing the survival of white and black patients 
with HPV-OPSCC, and e�orts to investigate potential di�er-
ences in epidemiology or tumor biology that could account for 
such unequal rates of HPV-positive disease by race should be 
strongly encouraged.

Therapeutic Considerations
Deintensi�cation of Therapy
Although they are e�ective oncologic tools, it is well estab-
lished that both chemotherapy and radiotherapy of the head 
and neck carry substantial morbidity with signi�cant impact 
on quality-of-life measures. Chemotherapy, especially with 

platinum-based agents, risks systemic sequelae, such as renal, 
otologic, hematologic, neurologic, and gastrointestinal tox-
icities.382 Radiation to the head and neck has been associ-
ated with high rates of dysphagia.383,384 �e risk of late-onset, 
severe dysphagia rises with increasing radiation dose, the 
volume of pharynx radiated, and the addition of concurrent 
chemotherapy.385,386 One meta-analysis of three RTOG trials 
reported that 43% of patients treated with chemoradiation 
developed severe late toxicity, predominantly related to swal-
lowing dysfunction.385

Because HPV-OPSCC has been consistently demonstrated 
to respond much better to treatment and its population has 
a demographic pro�le that is younger and has improved per-
formance status compared with patients with HPV-negative 
OPSCC, treatment deintensi�cation has emerged to lessen 
both acute toxicity and long-term sequelae with the hope of 
improving overall quality of life without compromising onco-
logic outcomes. Many single- and multi-institutional phase II 
and III trials investigating survival outcomes after attenuated 
doses of chemotherapy or radiation are ongoing, including 
trials investigating deintensi�cation of therapy for advanced 
HPV-OPSCC cases.387 �e phase III RTOG 1016 trial is 
evaluating non-inferiority of cetuximab compared with cispla-
tin with concurrent standard-dose radiotherapy. �e phase II 
ECOG 1308 trial will assess outcomes of reduced radiation 
dose when patients are treated with induction chemotherapy 
followed by a response-based dose of radiation. Transoral surgi-
cal approaches are also being explored in the context of thera-
peutic deintensi�cation (see later discussion). Because therapy 
deintensi�cation has the potential to compromise oncologic 
outcome, it is strongly recommended that it take place only 
under carefully designed, controlled clinical trials.388

Notably, with the exception of clinical trials, current 
OPSCC treatment guidelines do not change with HPV tumor 
status. Presently there are no additional treatment recommen-
dations for patients with HPV-negative OPSCC despite clearly 
having a poorer prognosis.388 A randomized phase II clinical 
trial (RTOG 1221) was initiated to assess survival in patients 
with HPV-negative OPSCC undergoing radiotherapy and cis-
platin with or without transoral surgical resection; however, it 
was closed owing to low accrual.389

Primary Transoral Surgery
�ough there are limited data that directly compare surgery 
and postoperative radiation with chemoradiation therapy for 
the initial treatment of patients with advanced stage OPSCC, 
concurrent chemotherapy has increasingly been favored by 
oncologists since the landmark Veterans A�airs trial.390 Tri-
als of patients with advanced-stage OPSCC demonstrate that 
patients treated with concurrent chemoradiation have 20% 
improvement in locoregional control and survival over patients 
who receive radiation alone, whose outcomes are histori-
cally comparable to those of surgery and postoperative radia-
tion.391�404 To date, these analyses have provided su�cient 
evidence to o�er chemoradiation to patients with advanced 
stage OPSCC, despite the absence of randomized controlled 
trials comparing these two treatment modalities.
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�e emergence of alternatives to the traditional external, 
invasive surgical approaches, including transoral robotic sur-
gery (TORS) and transoral laser microsurgery, have brought 
about a renewed interest in primary surgery concomitant with 
interest to deintensify therapy.387 �ese newer techniques allow 
improved surgical access to anatomic sites of interest (e.g., base 
of tongue and tonsil) that are challenging to access without mor-
bidity or external incisions. TORS is theorized to have advan-
tages over radiation alone and chemotherapy, although these 
hypotheses have not been evaluated with prospective, long-
term analyses. With initial surgical treatment for OPSCC, the 
need for adjuvant chemotherapy and radiation is determined 
by tumor stage, margin status of the resection, and the pres-
ence of nodal disease with extracapsular extension.387,405 One 
case series of OSPCC patients receiving primary surgical treat-
ment reported that criteria using these factors allowed 38% of 
patients to avoid chemotherapy and spared 11% of patients 
from receiving adjuvant chemoradiation.406 Primary surgical 
treatment may also potentially allow attenuation of the volume 
and dose of radiation delivered to the pharyngeal constrictors 
and surrounding healthy aerodigestive tissue,405 which could 
minimize the dysphagia and xerostomia that many patients 
experience after radiation therapy.384 Prospective cooperative 
group clinical trials investigating the role of TORS in the treat-
ment of OPSCC are currently under way.

Disease Progression
Despite clearly improved locoregional control with HPV-
OPSCC, these improved outcomes were previously thought to 
not extend to distant recurrence.303,304,329,407 However, RTOG 
0522 demonstrated that p16 expression in patients with 
OPSCC is signi�cantly associated with decreased distant metas-
tasis at 5 years (HR 0.37; 95% CI, 0.18�0.76).408 At the time 
of disease progression, there was previous thought that progres-
sion in HPV-OPSCC occurred in atypical sites and after lon-
ger intervals than with HPV-negative tumors.409,410 However, 
recent data suggest that the distribution of disease recurrences 
is similar for HPV-OPSCC and HPV-negative OPSCC.372 In 
addition, timing to recurrence was shown to be similar in clini-
cal trials, but di�erent in academic institutions.372,410

Salvage Surgery
Historically, it was thought that salvage was unlikely to be 
successful for OPSCC patients who experience tumor recur-
rence. �ese historic analyses demonstrate that for OSPCC 
overall, fewer than 20% of patients who experience recurrence 
are candidates for salvage surgery, which is associated with 
median survival of less than 1 year and an increased complica-
tion rate.392,398,411�413 �ese previous analyses did not account 
for HPV tumor status. More recent analyses, however, have 
begun to challenge this belief. An analysis of patients with stage 
III or IV OPSCC enrolled into RTOG 0129 or RTOG 0522 
demonstrated a reduced risk of death after disease progres-
sion with both p16-positive tumor status (HR 0.48; 95% CI, 
0.31�0.74) and receipt of salvage surgery (HR 0.48; 95% CI, 
0.27�0.84).372 In a multi-institutional analysis of patients with 
recurrent OPSCC, Guo and colleagues reported surgical salvage 

to be independently associated with higher OS when compared 
with nonsurgical treatment for patients with both locoregional 
(aHR 0.15; 95% CI, 0.04�0.56) and distant metastatic (aHR 
0.19; 95% CI, 0.05�0.75) disease recurrence. When stratifying 
patients by HPV tumor status, the survival advantage was even 
stronger for patients with HPV-negative disease.410

Preventive Implications

�e observed epidemiology of OPSCC in the United States 
and around the world, as well as the dramatic reduction in 
cervical cancer after a successful public health campaign com-
prising Pap testing and HPV detection, highlights the ques-
tion of prevention of this malignancy. �e vaccine protecting 
against HPV has not been evaluated in the context of oral 
HPV infection. Primary prevention would be the ideal preven-
tion mechanism at a population level, but prospective evalua-
tion is needed. �e data to date suggest that the vaccine may 
have e�cacy in reducing oral HPV infection.414,415 Another 
potential strategy is secondary prevention�that is, early detec-
tion of disease as was done with cervical Pap testing and HPV 
detection. An important limitation to developing an oropha-
ryngeal Pap test equivalent is the absence of cytologic evidence 
of dysplasia among high-risk individuals.414

Future Directions

HPV-HSNCC is a growing epidemic with distinctive demo-
graphic pro�le, epidemiologic trends, and treatment response. 
�e e�ects of sex and race on HPV-OSPCC prognosis await 
studies adequately powered to ascertain these di�erences. 
E�orts are under way to develop screening tools that can iden-
tify premalignant oropharyngeal lesions before malignant trans-
formation. Whether and how the HPV vaccine will a�ect the 
epidemiology of oral HPV infection are unknown, though 
HPV-OPSCC incidence trends may improve if it does induce 
a similarly protective e�ect.415,416 �e etiology behind the 
improved response to treatment observed in HPV-OSPCC is an 
active area of research. With this younger, healthier population, 
head and neck oncologists must increasingly emphasize reduc-
tion of treatment-related morbidity while optimizing survival. 
�e emergence of TORS and other advances in surgical tech-
nique may allow oncologists to better achieve this balance, and 
further research is required to delineate this role. Finally, immu-
nologic or other therapies that exploit the unique pathophysi-
ology underlying HPV-OPSCC is an exciting new chapter in 
therapy and has the promise to improve on observed outcomes.
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The head and neck region is one of the most complex 
parts of the body, not only in its anatomy and func-
tion, but also because of the great variety of neoplasms 

it may host that can be daunting for even the most experienced 
pathologists. Some neoplasms are unique to this region, such 
as salivary gland neoplasms and odontogenic tumors, while 
others, such as melanoma, soft tissue and bone sarcomas, and 
hematologic malignancies, are not site speci�c. It is the task of 
the pathologist to provide accurate diagnoses to guide treat-
ment and to assess prognosis. It is also the task of the clinician 
to understand the clinical implications of the ever-enlarging 
repertoire of diagnoses, and to make treatment decisions 
accordingly. E�ective communication between pathologists 
and clinicians, especially for complex resection specimens, is 
thus not only helpful but is often essential.

Like all �elds of medicine, the �eld of pathology is also rap-
idly evolving. �e classi�cation of neoplasms has been made 
more accurate by the aid of immunohistochemistry (IHC) and 
molecular studies. As new therapeutic modalities develop, such 
as targeted therapies and immunotherapies, the practice of 
pathology is also rapidly evolving to include novel biomarkers 
to aid patient selection.

�is chapter focuses primarily on epithelial malignancies 
and their pathologic characters relevant to prognosis and treat-
ment. �e selected neoplasms are included either because of 
prevalence, aggressive biologic behavior, or the novelty of their 
characterization. Distinctive molecular characteristics of these 
head and neck neoplasms are also discussed. For a more com-
prehensive account of head and neck pathology, the readers are 
referred to head and neck pathology textbooks.1,2

Squamous Cell Carcinoma and Variants
Squamous Dysplasia
Squamous dysplasia is a microscopic alteration of squamous 
epithelium conveying an increased risk of progression to 
squamous cell carcinoma. Squamous dysplasia may present 
as clinically identi�able lesions, allowing for early detection 
and surveillance. Macroscopic lesions that may harbor dys-
plasia include leukoplakia (white patch), erythroplakia (red 
patch) and speckled lesions. Erythroplakia and speckled lesions 

demonstrate a stronger association with microscopic dysplasia, 
compared to leukoplakia.

Microscopically, the dysplastic epithelium shows both cyto-
logic and architectural atypia (Fig. 2.1). Variability of nuclear 
size and signi�cantly enlarged nuclei are often seen. �e nuclei 
may show irregular contour, with hyperchromatic coarse chro-
matin or vesicular chromatin. �e keratinocytes show architec-
tural disarrangement with irregular maturation. True dysplasia 
is sometimes di�cult to distinguish from reactive atypia, espe-
cially when acute in�ammation, ulceration, or infection is 
present.

In the head and neck region, keratinizing squamous dyspla-
sia is the most common type of dysplasia. �e grading system 
adopts the dysplasia grading scheme established in the nonke-
ratinizing epithelium of the lower genital tracts. As the dyspla-
sia arises in the basal layer of the epithelium and extends, with 
progression, to the upper epithelial layers, the scheme classi�es 
mild dysplasia as involvement of the lower third of the epi-
thelium only, moderate dysplasia as extension to the middle 
third, and severe dysplasia as extension to the super�cial third 
of the epithelium. Although this grading system works well for 
nonkeratinizing dysplasia, it appears to be somewhat problem-
atic in keratinizing dysplasia. Unlike nonkeratinizing dyspla-
sia, full-thickness involvement of epithelium by dysplasia is not 
required for invasion in keratinizing lesions (see Fig. 2.1D), 
as it is well known that invasive carcinoma may develop even 
when dysplasia is present only in basal layers. To properly con-
vey the variable risk factors, practicing pathologists often grade 
dysplasia by incorporating both the degree of cytologic atypia 
and the architectural atypia in a conventional three-tier grad-
ing system, with the result being somewhat subjective, leading 
to moderate to poor inter- and intraobserver reproducibility.3-5 
A binary grading system distinguishing only low- and high-
grade dysplasia shows more reproducibility compared to the 
three-tier grading and is therefore strongly advocated.6,7

Despite being an imperfect system, grading of dysplasia is 
currently the best predictor of cancer progression. Keratotic 
epithelium with dysplasia overall carries a 3 to 5 times increased 
risk of cancer development compared to keratosis with no dys-
plasia.8 Severe dysplasia has approximately 30% risk of pro-
gression to cancer, compared to the 6% risk of progression seen 
for mild dysplasia. Mild dysplasia and even moderate dysplasia 
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may sometimes regress. Other than morphologic evaluation, 
biomarkers for predicting cancer genesis of squamous epithe-
lium have garnered signi�cant research interest,9,10 but none is 
currently conducive to clinical practice.

Conventional Squamous Cell Carcinoma
Conventional squamous cell carcinoma (SCC) is the most 
common malignancy in the head and neck region and the pro-
totypical cancer type arising from keratinizing dysplasia (Fig. 
2.2). Smoking and alcohol are major risk factors. Chewing 
betel nut is a major risk factor in the Southeast Asian popula-
tion. Genetic factors may also play a role in carcinogenesis.

SCC is graded into well di�erentiated, moderately di�er-
entiated, and poorly di�erentiated by the degree of squamous 
di�erentiation. Well-di�erentiated carcinoma resembles its 
benign keratinizing epithelium counterpart, demonstrating 
prominent keratinization, keratin pearls, and intercellular 

bridging. Poorly di�erentiated carcinoma shows anaplasia, 
abundant mitosis, and rare or no keratinization. Occasionally, 
IHC markers (p63/p40 or keratin 5/6) are needed to con�rm 
the presence of squamous di�erentiation. Tumor grading is not 
a major prognosticator but may have some prognostic value for 
earlier stage carcinomas.11

Essential parts of the pathology report for SCC resection 
specimens include TNM staging, margin status, and evalua-
tion of other prognosticators, including lymphovascular inva-
sion, perineural invasion, and extranodal extension of metastatic 
nodal disease. Synoptic reporting using a checklist template to 
ensure the inclusion of all the essential elements is currently the 
standard practice for resection of invasive cancer. Most of these 
elements are straightforward to evaluate, but controversies exist. 
Enface margins allow for assessment of a large margin area, but 
their use is restricted to situations where the margins are far away 
from the tumor, or for the purpose of intraoperative evaluation. 
Perpendicular margins are required to evaluate the distance of 
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� Fig. �.�  Squamous dysplasia. A, Benign keratosis. The squamous epithelium is thickened with a sur-
face keratin layer (orthokeratosis). This lesion may present clinically as leukoplakia. The basal cells are 
regular in size and shape, and the keratinocytes show orderly maturation toward the epithelial surface. 
There is no morphologic evidence of dysplasia. B, Mild dysplasia. Cells in the basal layers are hyperchro-
matic and show irregularity in size and shape. The super�cial portion of the epithelium still demonstrates 
maturation. Changes of mild dysplasia may be subtle, and distinguishing them from reactive changes 
can be subjective. C, Severe dysplasia. Marked nuclear size and shape variability is seen. There is also 
signi�cant architectural disorder; the cells are haphazardly placed and demonstrate no maturation. D, This 
squamous epithelium shows dysplastic changes only in the basal portion, with intact surface maturation. 
However, the dysplastic cells are seen extending downward toward the stroma, making an attempt to 
invade. Frankly invasive carcinoma is seen adjacent to this area. Invasive carcinoma �dropping off� from 
basal layer without surface involvement is a well-known phenomenon in keratinizing squamous epithelium.
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tumor to margins, usually measured in millimeters. A margin 
of over 5 mm is commonly considered optimal for head and 
neck invasive SCC. Signi�cant tissue shrinkage does occur in 
the resected specimens, and surgeons need to allow approxi-
mately 20�25% extra distance to achieve the desired pathology 
margins. Tumor thickness/depth of invasion is another critical 
parameter with some reporting variability. �e current College 
of American Pathologists (CAP) guideline suggests reporting 
tumor thickness, using the distance from the tumor surface to 
the deepest point of invasion, excluding the surface keratin layer. 
On the other hand, the depth of invasion measures the distance 
of furthest invasion to the epithelial basement membrane. �is 
measurement is sometimes di�cult because of the frequent 
obliteration of basement membrane in the tumors, but may be 
more relevant to invasive behavior compared to tumor thickness. 
Perineural invasion as well as extranodal extension of the meta-
static nodal disease have signi�cant prognostic and therapeutic 
relevance and thus should be carefully assessed.

Super�cially invasive carcinoma needs to be di�erentiated 
from severe dysplasia/carcinoma in situ and from deeply inva-
sive carcinoma. Invasion may occur without full-thickness dys-
plasia. When invasion occurs, the invasive tumor nests are seen 
extending beyond the basement membrane, showing irregular 
borders and dyskeratosis. �ere is usually a stromal response, 
including in�ammation and desmoplastic changes. Intrastro-
mal isolated squamous cells and keratin granulomas are also 
signs of invasion. �e de�nition of super�cial invasion varies 
among authors, ranging from 2 to 5 mm from the basement 
membrane. �e presence of lymphovascular invasion excludes 
a diagnosis of super�cially invasive carcinoma regardless of the 
depth of invasion. Super�cially invasive carcinoma clinically 
behaves similarly to carcinoma in situ and in general can be 
managed as such. Biologically, super�cially invasive carcinoma 
has potential access to lymphovascular channels, so that metas-
tasis can occasionally occur, most frequently in locations with 
abundant lymphatic supply, such as the supraglottic larynx.12

For early-stage cancers, pathology parameters are critical 
for decision making regarding elective nodal dissection and 

multimodality treatment. Tumor depth and grade are found 
to be two main prognostic factors for nodal metastasis. In one 
study, the authors found a cuto� value for depth of invasion 
at 2 mm, or 4 mm for the �oor-of-mouth location, that sepa-
rated patients with or without nodal metastasis.13 Brandwein-
Gensler and colleagues studied a large cohort of oral SCC 
patients for the signi�cance of histologic parameters in local 
recurrence and overall survival.14 Perineural invasion, lym-
phocyte in�ltrate at the interface, and aggressive pattern of 
tumor invasion were found to be signi�cant and independent 
predictors in early cancer. Brandwein-Gensler and colleagues 
proposed a risk model based on the histologic parameters, as 
a modi�cation of previous models proposed by Jakobsson and 
Bryne.15,16 �e risk model aims to identify a high-risk group 
among early cancer patients for multi-modality treatment, in 
addition to traditional factors such as high tumor stage, peri-
neural invasion, and inadequate margins. �e model is being 
validated by independent groups and may have prognostic 
value,14,17 but it is labor intensive and not yet widely used in 
pathology practice.

Overall survival most closely correlates with TNM tumor 
staging. Major prognostic factors include presence of locore-
gional metastasis, vascular or lymphatic invasion, positive 
surgical margins, and extracapsular spread of tumor cells 
from involved lymph nodes into the adjacent soft tissue of 
the neck.18 Also, synchronous and metachronous secondary 
cancers are a signi�cant threat to disease survival, as surviv-
ing patients have a 3�7% risk per year of developing a second 
cancer,19-21 arising from clonally independent cells a�ected by 
�eld cancerization.20,21

Human Papillomavirus�Associated Head and 
Neck Squamous Cell Carcinoma
In recent decades, human papillomavirus (HPV) has become a 
major risk factor for head and neck squamous cell carcinomas 
(HNSCCs), with the oropharynx (base of tongue and palatine 
tonsil) being the most common site, comprising about 70% 

A B

� Fig. �.�  Conventional squamous cell carcinoma. A, Typical appearance of a squamous cell carcinoma 
showing in�ltrative growth and abundant keratinization. B, Tumor cells are present in the lymphatic space 
in a carcinoma with only super�cial in�ltration of tumor nests. Despite the shallow depth of invasion, this 
tumor should not be classi�ed as super�cially invasive carcinoma.
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of oropharyngeal SCC (OPSCC) in North America.22-24 �e 
rapidly rising incidence of HPV-HNSCC has changed the 
demographics of HNSCC,23 and its incidence has surpassed 
that of cervical cancer in the United States. HPV-HNSCC 
tends to occur in white patients who are 4 to 10 years younger 
than HPV-negative HNSCC patients. �e tumor a�icts men 
more often, correlating with a signi�cantly higher prevalence 
of oral high-risk HPV infection in men.24 �is patient popula-
tion also reports higher income and educational status and is 
more likely to be married and show fewer comorbid illnesses 
compared to the HPV-negative patients.23 Known risk factors 
include a history of oral sex, a high number of lifetime sexual 
partners, younger age of sexual debut, oral HPV infection, and 
a history of marijuana use.23 HPV-related HNSCC has a dif-
ferent mechanism of tumorigenesis, and its biologic behavior 
is distinct from that of conventional SCC. In OPSCC, HPV 
status is the single most signi�cant prognostic factor for better 
outcomes.25 In a retrospective study cohort at Mayo Clinic, 
the disease-speci�c survival (DSS) and recurrence-free sur-
vival rates were 100% and 90.9% at 3 years.25,26 Because of 
the excellent therapeutic response, multiple clinical trials are 
underway evaluating the de-escalation of treatment for HPV-
related OPSCC in order to minimize side e�ects and toxicity.

HPV-associated OPSCC often metastasizes early when the 
primary tumor is small, and a signi�cant subset of patients 
present with a nodal metastatic neck mass from an unknown 
primary site. Microscopically, the tumor typically shows non-
keratinizing basaloid cells with hyperchromatic nuclei and 
scant cytoplasm (Fig. 2.3). �e cells often grow in solid nests, 
cords, or trabeculae, without signi�cant desmoplastic stromal 
response. Single-cell apoptosis and sometimes comedo-type 
necrosis can be seen. Keratinization may be present and is 
usually focal and abrupt, although rarely the tumor may also 
appear as a keratinizing SCC. Some morphologic features over-
lap with those of basaloid SCC in other head and neck sites 
but are not associated with aggressive behavior. �e tumor 
often shows cystic features in nodal metastases and sometimes 
simulates a possible branchial cleft cyst in the neck area. Such 
tumors should be treated as metastatic SCC rather than malig-
nant transformation of branchial cleft cysts, as the latter is at 
best exceedingly rare and of debatable existence.

In the past, HPV-HNSCC has been commonly graded as 
poorly di�erentiated because of the lack of keratinizing dif-
ferentiation. Grading of HPV-HNSCC has, however, no prog-
nostic signi�cance and therefore is no longer recommended. It 
is hypothesized that HPV-HNSCC arises from the nonkera-
tinizing crypt epithelium of the tonsil and the grading scheme 
for keratinizing type SCC simply does not apply. �e lympho-
epithelium in the oropharyngeal area lacks basement mem-
brane and has an abundant supply of lymphatic channels; thus 
even intraepithelial tumor carries a metastatic potential. It is 
recommended that all primary tumors be regarded as invasive 
carcinoma, regardless of whether histologic features of invasion 
are seen. Unlike the equivalent HPV-associated carcinoma in 
the cervix where Pap smears are e�ective for surveillance of pre-
malignancy, premalignant stages of HPV-associated OPSCC 
have not yet been identi�ed.

�e current guidelines (Cancer Care Ontario Recommen-
dations, last reviewed October 2014, and CAP 2016) recom-
mend all adult OPSCC to be routinely tested for HPV status. 
Neck nodal tissue harboring metastatic SCC of unknown pri-
mary should also be routinely tested for HPV status, and posi-
tive HPV is strongly suggestive of oropharyngeal primaries. 
Multiple testing modalities exist, including p16 IHC, in situ 
hybridization of viral DNA or RNA, polymerase chain reac-
tion (PCR) for viral DNA, or rt-PCR for viral RNA. HPV in 
situ hybridization for DNA and p16 IHC are currently the 
most widely used tests. As a surrogate marker, p16 IHC has a 
sensitivity approaching 100%, but relatively lower speci�city, 
especially for non-oropharyngeal tumors. In situ hybridization 
has high speci�city, approaching 100%, but is slightly less sen-
sitive than p16 IHC. PCR for HPV DNA is very sensitive but 
tends to have more false-positive cases and should be avoided 
as the sole testing method. P16 IHC is accepted as the initial 
testing method. Further testing by validated PCR or in situ 
hybridization for high-risk HPV is needed when p16 IHC 
yields an equivocal result. Validation is also warranted when a 
tumor shows atypical morphology for HPV-HNHCC, such as 
extensive keratinization. P16 IHC is considered positive only 
if the staining is strong and di�use, and with both nuclear and 
cytoplasmic staining. At least 70�75% of cells need to be posi-
tive,27 with most cases in practice showing staining in virtually 
all the cells. Focal or weak staining should be interpreted as a 
negative result. P16 staining may be useful also for cytology 
specimens.28 However, interpretation needs to be applied with 
caution, especially when the sample amount is limited, as there 
is no o�cial guideline on how to determine positivity.

HPV involvement is also seen in some SCC of non-oropha-
ryngeal sites, including about 20�25% of sinonasal tumors and 
3�5% of tumors from the oral cavity, larynx, and nasophar-
ynx.29-36 HPV is implicated in some distinctive tumor types, 
such as papillary SCC. A newly discovered rare SCC variant, 
HPV-related carcinoma with adenoid cystic like features, is a 
sinonasal carcinoma with favorable prognosis.37 HPV is also 
associated with Epstein-Barr virus (EBV)-negative nasopha-
ryngeal carcinoma and conveys a prognosis similar to that 
for the EBV-positive group. For tumor sites with low HPV 
prevalence, p16 IHC lacks speci�city and is not a satisfactory 
surrogate marker for HPV infection.38 In addition, there is 
no evidence that HPV-HNSCC in non-oropharyngeal sites 
shows signi�cant prognostic di�erences compared to the HPV-
negative counterparts.39 Apart from the speci�c HPV-related 
morphologic variants, routine testing for HPV status on non-
oropharyngeal tumors is not encouraged.

Despite favorable prognosis for most HPV-OPSCC, a small 
subset of tumors show a highly aggressive behavior.40 Some of 
these aggressive SCCs contain a small cell carcinoma compo-
nent. HPV-associated small cell carcinoma retains its aggres-
sive behavior,41,42 and such patients should not be considered 
for de-escalation therapy. �ere is an ongoing research e�ort 
aiming to identify reliable markers to identify other subgroups 
of HPV-HNSCC with aggressive behavior. Clinically, HPV-
HNSCC in smokers has intermediate risk compared to con-
ventional SCC and HPV-HNSCC with no smoking history.
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Verrucous Carcinoma
Verrucous carcinoma (VC) is a warty variant of well-di�erenti-
ated SCC that is non-metastasizing and shows excellent prog-
nosis. It usually a�ects older people and is most commonly 
seen in the oral cavity and larynx. VC presents as slow-growing 
and well-circumscribed, thick, broad-based �rm masses with a 
papillary or warty appearance. VC is strongly associated with 
smoking and smokeless tobacco. Association with HPV infec-
tion in the past had been controversial and is not supported by 
recent studies.43,44

Microscopically, VC shows a warty or papillary architec-
ture, with well-di�erentiated epithelium demonstrating no or 
minimal cytologic atypia (Fig. 2.4). Abundant surface keratosis 
is characteristic. Mitoses are infrequent and only observed in 
the basal or suprabasal layers. �e rete ridges of the carcinoma 
are broad-based and push into the underlying stroma, lack-
ing an in�ltrative growth pattern. �e underlying stroma com-
monly shows prominent lymphoplasmacytic in�ammation. By 

de�nition, there is no perineural or lymphovascular invasion. 
�e diagnosis of VC is extremely di�cult on small biopsies 
because of the lack of cytologic atypia. Clinical presentation 
is often more impressive than the histologic appearance, and 
clinicopathologic correlation, therefore, can be quite useful. 
�e best area to biopsy is the transition between the normal 
background mucosa and the carcinoma. A deep biopsy at this 
location helps to demonstrate the downward-pushing pattern 
beyond the adjacent normal epithelial-stromal border.

VC can be locally aggressive and destructive but has no 
metastatic potential. Areas of conventional in�ltrative SCC 
may be seen, sometimes very focally, in a VC-like lesion. It is 
important to identify these areas because of their potential to 
metastasize. Instead of being diagnosed as VC, these tumors 
should be classi�ed as SCC, SCC with verrucous features, or 
hybrid VC/SCC and managed similarly to conventional SCC.

Di�erential diagnosis includes papillary SCC, verruca vul-
garis, squamous papilloma, and verrucous hyperplasia. �e 
lack of signi�cant cytologic dysplasia distinguishes VC from 
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� Fig. �.�  Human papillomavirus (HPV)�associated squamous cell carcinoma. A, Benign squamous epi-
thelium of deep tonsil crypts shows no distinctive basement membrane and a close association with 
lymphoid tissue. Squamous epithelium here lacks keratinization and has a basaloid appearance. B, Squa-
mous cell carcinoma is seen at the bottom left, with focal necrosis. A germinal follicle is seen at the upper 
right corner and may show similar appearance to nonkeratinizing carcinoma, especially on frozen section 
slides with cautery artifact. C, Nonkeratinizing carcinoma is seen in the top half of the picture, showing a 
close association with lymphoid tissue. The tumor cells are larger than normal and have increased mitotic 
activity, but the overall morphologic appearance is not distinctive from benign epithelium in A. D, A p16 
immunostain highlights HPV-associated carcinoma and can be used as a detective tool to identify carci-
noma in dif�cult cases.
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exophytic or papillary SCC. Di�erentiation from benign 
lesions is more problematic. A biopsy of VC may appear 
entirely benign on histology. Adequate tissue sampling with 
the demonstration of a pushing invasive pattern is essential to 
distinguish VC from verrucous hyperplasia. Verruca vulgaris 
shows a more prominent granular cell layer. Squamous papil-
loma shows a more complex architecture and lacks the bulbous 
rete ridges of VC.

Surgical resection of the lesion with clear margins is the pre-
ferred treatment modality and, if achieved, results in an excel-
lent prognosis.45 VC may recur locally if incompletely excised.

Papillary Squamous Cell Carcinoma
Papillary squamous cell carcinoma (PSCC) is an uncommon 
variant of SCC with a favorable outcome. It is most often seen 
in the larynx and the hypopharynx, but it may also occur in 
other head and neck regions. It a�ects predominantly male 
patients in the sixth and seventh decades. Smoking and alcohol 
are known risk factors. Approximately 30% of non-oropharyn-
geal tumors are HPV-related,46,47 and the �gure goes higher in 
OPSCC.46,48 PSCC usually develops de novo, and malignant 
transformation from papilloma rarely occurs. Clinically, PSCC 
presents as a soft, friable, exophytic or papillary tumor. Com-
mon presenting symptoms include hoarseness, airway obstruc-
tion, and dysphagia.

Microscopically, PSCC shows well-formed papillary struc-
tures with thin �brovascular cores (Fig. 2.5). �e lining epithe-
lium shows marked atypia resembling those of severe dysplasia/
carcinoma in situ in the �at epithelium. Cells are usually basa-
loid, and keratinization is uncommon. Foci of necrosis and 
hemorrhage are frequently present. Noninvasive components 
predominate in PSCC. Stromal invasion, if seen, is usually 
super�cial. Invasion is identi�ed only in a small percentage 
of biopsies47 and consists of single cells or small in�ltrative 
nests. Regardless of whether the stromal invasion is identi�ed 

histologically, the complex architecture of PSCC by itself is 
considered invasive and associated with basement membrane 
disruption. �e di�erential diagnosis includes squamous papil-
loma and verrucous carcinoma.

PSCC usually presents at a low clinical stage, and the prog-
nosis is favorable, likely due to a paucity of invasive compo-
nents.49,50 HPV-related tumors show a trend toward better 
survival.48 Nodal metastasis may be seen in a small percentage 
of cases.47 Complete excision of the lesion with follow-up is 
adequate treatment for most cases.

Basaloid Squamous Cell Carcinoma
Basaloid squamous cell carcinoma (BSCC) is a rare, aggressive 
variant of high-grade squamous cell carcinoma that occurs in 
various anatomic sites. �is variant has a predilection for the 

A B

� Fig. �.�  Verrucous carcinoma. A, This low-power view of verrucous carcinoma shows a warty squa-
mous proliferation with intact maturation. A downward-pushing growth pattern is seen, but no in�ltrating 
carcinoma is present. Some lymphocytic response is present in the adjacent stroma. A super�cial biopsy 
of this tumor will closely resemble benign hyperplasia. B, At the junction of verrucous carcinoma and 
benign mucosa, the rete ridges of verrucous carcinoma (left) are seen extending deeper, beyond those of 
the adjacent benign mucosa (right).

� Fig. �.�  Papillary squamous cell carcinoma. The tumor shows complex 
papillary architecture lined by nonkeratinizing squamous epithelium. Unlike 
verrucous carcinoma, signi�cant dysplastic changes are present in the 
lining epithelium, resembling carcinoma in situ. Even though no stromal 
invasion is seen, this tumor should be regarded as invasive rather than in 
situ carcinoma.
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base of tongue, supraglottic larynx, and pyriform sinus. Like 
SCC in general, BSCC a�ects mostly older patients, with a 
male predominance. Smoking and alcohol abuse are strong risk 
factors. BSCC commonly presents at an advanced clinical stage 
and shows frequent regional lymph node (64%) and distant 
(44%) metastasis.51 Clinically, BSCC may show prominent 
deep and lateral submucosal soft tissue in�ltration, mimicking 
a salivary gland or soft tissue tumor.52

By de�nition, the tumor is biphasic and composed of both 
basaloid and squamous components (Fig. 2.6). �e basal cells 
are densely packed small cells with hyperchromatic nuclei and 
scant cytoplasm, and they tend to show nuclear palisading at 
the periphery. �e cells are often set in a hyalinized, basement 
membrane�like stroma. �e cells classically grow in a solid 
pattern with a lobular con�guration. Other growth patterns 
include cribriform, pseudoglandular, and trabecular patterns. 
Comedo-type necrosis is frequently present, especially in large 
cell nests. Unlike other SCC variants, microcystic structures 
can be seen containing PAS and Alcian blue positive material. 
�e squamous cell component shows individual cell kerati-
nization, intercellular bridging, and keratin pearl formation. 
�e SCC component can be either in situ or invasive, in the 
super�cial portion of the tumor or within the basaloid tumor 
islands. Transitions between the two components are usually 
abrupt. �e biphasic pattern is often retained in metastasis, but 
either component may metastasize alone.

Diagnosis may be di�cult on small biopsies, especially 
when only one component is present. For di�cult cases, IHC 
may be helpful to di�erentiate BSCC from other morphologi-
cally similar lesions, such as adenoid cystic carcinoma (AdCC). 
AdCC does not show squamous di�erentiation and shows both 
myoepithelial and ductal di�erentiation by IHC.

BSCC often presents at advanced clinical stages. �e prog-
nosis may be worse compared to conventional SCC even when 
matched stage for stage.53,54 In recent years, many groups have 
reported that a large percentage of oropharyngeal BSCCs are 
HPV related and show better prognoses than the conventional 

SCC.55-57 Fritsch and colleagues analyzed large population-
based data using the Surveillance, Epidemiology, and End 
Results Program (SEER) database and concluded that BSCCs 
behave worse than conventional SCCs in the larynx but better 
in the oropharynx.58-60 �is is likely due to a large amount of 
HPV-associated cancers in the oropharyngeal site being reported 
as BSCC because of their overlapping morphologic features.

Spindle Cell Squamous Cell Carcinoma
Spindle cell SCC is a biphasic tumor with both a conven-
tional SCC component and a malignant spindle cell com-
ponent mimicking a mesenchymal malignancy. �e spindle 
cell component usually predominates, and the conventional 
SCC may be di�cult to identify. Alternative names for this 
variant include sarcomatoid carcinoma, carcinosarcoma, col-
lision tumor, and pseudosarcoma. Instead of true collision 
tumors, the mesenchymal and SCC components are proven to 
be clonally related, with evidence supporting the evolution of 
the sarcomatoid component from the epithelial component.61 
�e tumors may be seen in any site of the upper aerodiges-
tive tract, with the larynx being the most common location, 
especially in the glottic area. Spindle cell SCC often presents 
as an exophytic, polypoid or pedunculated mass. An ulcerated 
lesion with in�ltrative growth may also be seen. Metastases to 
the cervical nodes may show either an epithelial component or 
a spindle cell component, or both.

Histologically, the conventional SCC component could 
be in situ or invasive. �e spindle cell component may show 
various growth patterns. �e cells are pleomorphic with hyper-
chromatic or vesicular nuclei and are mitotically active. �e 
appearances most often resemble high-grade �brosarcoma, but 
may also show chondroid, osseous, or muscle di�erentiation 
(Fig. 2.7). �e two components often abut directly against 
each other, but a gradual transition may also be seen.62 By 
IHC, most tumors show focal staining of epithelial markers 
in the spindle cell component. �e spindle cells also express 
vimentin and may be positive for other mesenchymal markers, 
including smooth muscle actin, desmin, and S100.62

�e diagnosis is relatively straightforward when both the 
conventional SCC and sarcomatous components are identi�ed, 
as long as the sarcomatous component can be di�erentiated 
from reactive stromal cell atypia. �e diagnosis can be di�cult 
when only a spindle cell component is present. IHC for pancy-
tokeratins and p63/p40 may highlight the cells and support a 
diagnosis of spindle cell SCC. Up to a third of tumors show no 
evidence of epithelial di�erentiation even by IHC. A de�nitive 
diagnosis of spindle cell SCC may be di�cult for such cases, 
but a spindle cell carcinoma is still favored in the correct clini-
cal setting.

�e prognosis depends on the tumor stage and tumor 
site. Polypoid tumors show better prognosis than in�ltrative 
tumors. Tumors arising in the glottis show a better prognosis 
than non-glottic tumors (5-year DSS of 84.0% vs. 51.9%).63 
T1 glottic tumors can be cured by polypectomy alone. In the 
oral cavity and oropharynx, the prognosis for spindle cell SCC 
is worse compared with conventional SCC.64

� Fig. �.�  Basaloid squamous cell carcinoma (SCC). In�ltrative tumor 
nests are seen composed of basaloid cells with peripheral palisading. 
Focal abrupt keratinization is present in one large tumor nest. The appear-
ance is similar to some human papillomavirus (HPV)-associated SCC in 
the oropharynx.
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Sinonasal and Nasopharyngeal Neoplasms
Sinonasal Undi�erentiated Carcinoma
Sinonasal undi�erentiated carcinoma (SNUC) is a rare, clinico-
pathologically distinctive carcinoma a�ecting adults with a broad 
age range. �ere is a male predominance of 3:1. Pathologically, it 
is a high-grade malignant epithelial neoplasm that displays nei-
ther squamous nor glandular di�erentiation. Clinically, it shows 
a locally aggressive and destructive tumor with a rapid clinical 
onset (weeks to months). �e latter feature is a helpful diagnostic 
clue. SNUC is likely a heterogeneous entity. Recently, two new 
cancer entities have been de�ned that were previously classi�ed 
under the SNUC umbrella, thanks to their unique molecular 
alterations. �ese two cancers, INI-1 de�cient carcinoma of 
the sinonasal tract65 and NUT midline carcinoma,66 comprise 
approximately 15�20% of previously diagnosed SNUCs.

As the name implies, SNUC displays undi�erentiated 
cells with a high nuclear to cytoplasmic ratio, coarse chroma-
tin, and often prominent nucleoli (Fig. 2.8). �e cells can be 

monomorphic or pleomorphic, with medium to large nuclei. 
Growth pattern varies, and the cells may form solid sheets, 
nests, ribbons, or trabeculae. SNUC often demonstrates easily 
detectable mitoses, extensive vascular invasion, and involve-
ment of mucosal glands. In situ carcinoma may be present. 
Immunohistochemically, the tumor cells are positive for pan-
cytokeratins, CK8 and sometimes keratin 7 (50% of cases), 
and negative for keratin 5/6 and p40. Mucin stains are nega-
tive. EBV is absent. Tumor cells may rarely express neuroen-
docrine markers such as chromogranin and synaptophysin. 
SNUC should be di�erentiated from other speci�c (di�erenti-
ated) carcinomas including poorly di�erentiated SCC or ade-
nocarcinoma, undi�erentiated nasopharyngeal carcinoma, and 
neuroendocrine carcinomas, as well as non-epithelial tumors 
with epithelioid cells.

�e standard treatment is aggressive multimodality therapy. 
Most tumors present at T4 stage, and complete local resection 
is di�cult to achieve. �e prognosis is very poor, although 
survival has been improved over the years with combined 
therapy.67,68 Recently, Gray ST. et�al. reviewed 19 SNUCs and 
found a high prevalence of p16 positivity (78.6%) and HPV 
DNA (64.3%) by PCR.69 �is was higher than the previously 
reported rates of 10�34.5% p16 positivity and 6.5% HPV 
DNA positivity. Interestingly, the p16-positive cohort showed 
a signi�cantly better outcome with a 5-year overall survival of 
61.9% compared to 0% for the p16-negative cases, suggest-
ing that p16 IHC may serve as a useful prognostic marker, 
a surprising �nding in need of independent con�rmation in 
additional studies.

Nasopharyngeal Carcinoma
Nasopharyngeal carcinoma (NPC) is a type of squamous cell 
carcinoma arising in the nasopharyngeal mucosa. �ere is a 
strong association with EBV infection (Fig. 2.9). HPV is a 
contributing factor in EBV-negative tumors. Other contribut-
ing factors include race, genetics, and environmental agents. 
NPC shows a striking geographic distribution and is common 

A B

� Fig. �.�  Spindle cell squamous cell carcinoma (SCC). A, This tumor shows a malignant spindle cell pro-
liferation with pleomorphic nuclei, resembling a high-grade sarcoma morphologically, and may lose all the 
epithelial markers on immunohistochemistry. B, A component of conventional SCC is present in the upper 
right corner, con�rming that the tumor is indeed a spindle cell SCC.

� Fig. �.�  Sinonasal undifferentiated carcinoma. Sheets of neoplastic cells 
are seen showing robust mitotic activities. There is no glandular or squa-
mous differentiation. Immunohistochemistry is needed to con�rm the epi-
thelial origin and to rule out other non-epithelial malignancies.
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in southern China, Southeast Asia, and Northern Africa. �e 
incidence in the non-Asian population in the United States is 
low. NPC is seen over a wide age range, and there is a 2�3:1 
male predominance. �e most common presentation is enlarge-
ment of unilateral or bilateral upper cervical lymph node. Half 
of patients have nasal symptoms including epistaxis, nasal 
obstruction, and discharge.

NPC is divided into two major categories: keratinizing 
squamous cell carcinoma and nonkeratinizing carcinoma. �e 
latter is further divided into di�erentiated and undi�erenti-
ated types. Carcinoma with associated lymphoid stroma (lym-
phoepithelioma) is considered a variant of nonkeratinizing 
undi�erentiated carcinoma. It is not uncommon to see mixed 
morphologic features, and in such a case, the tumor is classi-
�ed based on the predominant type. �e keratinizing type is 
similar to conventional SCC of the other head and neck sites 
and is more likely to be seen in non-Asians. Smoking is a risk 
factor for this type, and the association with EBV is weak. �e 
keratinizing type is a more aggressive subtype, is less frequently 
metastatic (30%), is not radiosensitive, and has a 5-year sur-
vival of 40%. �e two nonkeratinizing subtypes, di�erenti-
ated and undi�erentiated, have overlapping histologic features, 
with the subclassi�cation failing to convey signi�cant survival 
or therapeutic di�erences. �e nonkeratinizing types have the 
propensity to metastasize, are radiosensitive, and have a 5-year 
survival of approximately 60%.70

Histologically, the keratinizing NPC is morphologically 
similar to conventional SCC of other sites, demonstrating 
intercellular bridges and keratinization. �e nonkeratinizing 
di�erentiated subtype shows distinct cell borders and evidence 
of maturation within the tumor cords. �is subtype mimics 
the morphologic appearance of transitional cell carcinoma. 
�e nonkeratinizing undi�erentiated subtype shows a syncy-
tial growth pattern with indistinct cell borders. �e cells are 
larger, with scant cytoplasm, vesicular nuclei, and prominent 
nucleoli. �e nonkeratinizing subtypes evoke no desmoplastic 
response to tumor invasion. One diagnostic pitfall is that the 
tumor cells may be rather inconspicuous in the background of 

lymphoid stroma and sometimes may mimic germinal center 
cells. Both keratin IHC and EBV in situ hybridization can help 
highlight these tumor cells.

�e clinical stage is the most important prognostic factor 
in NPC. Nonkeratinizing NPCs are radiosensitive, and radio-
therapy has been the staple of therapy. �e keratinized type 
is less sensitive to radiation and may require surgical resec-
tion. Concurrent chemoradiotherapy improves outcome and 
decreases the incidence of metastasis.71,72

Salivary Gland Neoplasms

Salivary gland neoplasms are overall uncommon but consist of 
more than 30 recognized benign and malignant entities. �e 
small sample size poses a challenge to de�ning tumor grad-
ing criteria and �nding prognostically signi�cant morphologic 
traits. Many of the salivary gland malignancies are not graded, 
and the individual diagnosis by itself indicates low- or high-risk 
clinical behavior (Table 2.1). However, if high-grade transfor-
mation is seen in a low-risk tumor, the information needs to 
be clearly conveyed in the pathology report. Two carcinomas 
that need to be graded are mucoepidermoid carcinoma (MEC) 
and adenoid cystic carcinoma, and their tumor grade is both 
prognostically and therapeutically relevant.

�ere is signi�cant morphologic overlap between di�erent 
salivary gland neoplasms, both cytologically and architectur-
ally, creating a diagnostic challenge. In addition, many low-
grade salivary gland malignancies are separated from their 
benign counterparts by their invasive behavior, which may be 
only focally present and not seen on small biopsy specimens. A 
de�nitive diagnosis may not be possible on biopsies or cytology 
specimens. Nonetheless, these specimens are helpful in separat-
ing high-grade malignancies from low-grade and benign neo-
plasms, providing initial critical information for subsequent 
treatment.

�e outcome largely depends on tumor type, grade, and 
stage and the primary site. Tumors arising in the parotid and 
submandibular glands tend to behave better than those arising 
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� Fig. �.�  Nasopharyngeal carcinoma. A, An example of nonkeratinizing nasopharyngeal carcinoma 
showing basaloid neoplastic cells intermixed with abundant lymphocytes. B, Nonkeratinizing nasopha-
ryngeal carcinoma is strongly associated with Epstein-Barr virus (EBV) infection. In situ hybridization of 
EBV-encoded RNA (EBER) is positive in neoplastic cells with an intranuclear distribution.
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in the sublingual and minor salivary glands. Treatment of sali-
vary gland tumor is based on a combination of the histologic 
type and clinical stage.

Pleomorphic Adenoma and Carcinoma 
Ex-pleomorphic Adenoma
Pleomorphic adenoma (PA) is the most common salivary gland 
tumor. It most frequently occurs in the super�cial lobe of the 
parotid gland, presenting as a solitary, slow-growing, painless mass. 
It may also arise in minor salivary glands throughout the head and 
neck region. In the major salivary glands, PA usually is well cir-
cumscribed and encapsulated. PA arising in minor salivary glands 
lacks encapsulation. Microscopically, PA characteristically displays 
vast morphologic diversity. Tumors are composed of epithelial and 
myoepithelial cells with signi�cant variability in the proportion 
of the associated mesenchymal components. Cellular PA may 
contain a minimal amount of distinctive chondromyxoid stroma, 
mimicking myoepithelial neoplasms, adenoid cystic carcinoma, or 
epithelial-myoepithelial carcinoma, especially on biopsies.

Although macroscopically encapsulated, PA frequently shows 
incomplete capsule, capsule penetration, pseudopodia, or sat-
ellite nodules microscopically73,74 (Fig. 2.10). As a result, an 
enucleation procedure may leave tumor tissue behind and car-
ries a signi�cant risk of recurrence. Recurrent tumor tends to be 
multinodular, and the subsequent risk of secondary recurrence is 
higher than for primary PA.75,76 Intravascular tumors are pres-
ent in a small percentage of PAs and do not appear to a�ect 
the overall outcome or cause metastasis. Metastasizing PA does, 
however, occur sometimes, often developing after multiple local 
recurrences. Metastasizing PA is histologically benign but shows 
a malignant clinical behavior and may result in death.

Malignant transformation involves approximately 6% of 
PA, often presenting as a rapid growth of a long-standing mass. 

Based on the extent of invasion, carcinoma ex PA is classi�ed 
as intracapsular carcinoma, minimally invasive (�1.5 mm from 
capsule) carcinoma, and invasive carcinoma. Tumors belong-
ing to the prior two categories show indolent behavior similar 
to benign PA. Most of the invasive carcinomas ex-PA are high-
grade malignancies with aggressive behavior. Salivary duct 
carcinoma is the most frequent malignancy, but any type of 
salivary gland carcinoma may arise in a preexisting PA. Low-
grade varieties make up approximately 15% of total cases and 
show relatively indolent behavior.77 Given the prognostic and 
therapeutic implications, both histologic type and extent of 
carcinoma should be reported for carcinoma ex-PA.

Adenoid Cystic Carcinoma
Adenoid cystic carcinoma (AdCC) is a slow-growing salivary 
gland malignancy seen most often in the parotid gland, sub-
mandibular gland, and minor salivary glands. It is the most 
common malignancy in the submandibular gland. Although 
AdCC shows an initially indolent course, it is considered a 
high-grade neoplasm because of its protracted clinical course 
and frequent late recurrence/metastasis, resulting in dismal 
long-term survival. AdCC is also known for the tendency to 
invade nerves. Pain may develop before a tumor mass is evident 
and is a common and important diagnostic clue.

Although AdCC may appear grossly well circumscribed, 
microscopically this is a highly in�ltrative tumor. AdCC con-
sists of two cell populations, basaloid ductal and myoepithelial 
cells. �e cells are monomorphic with hyperchromatic angu-
lated nuclei and scant cytoplasm and are organized into three 
de�ned growth patterns: tubular, cribriform, and solid. �e 
tubular pattern shows well-formed bilayered ducts and tubules. 
�e cribriform pattern is the classic pattern for AdCC, show-
ing �Swiss cheese��like tumor islands with punched-out spaces 

	� Risk Strati�cation of Salivary Gland Malignancies (85)

Low Risk High Risk

Acinic cell carcinoma
Low-grade mucoepidermoid carcinoma*
Epithelial-myoepithelial carcinoma
Polymorphous low-grade adenocarcinoma
Clear cell carcinoma
Basal cell adenocarcinoma
Low-grade salivary duct carcinoma (low-grade cribriform cystad-

enocarcinoma)
Myoepithelial carcinoma
Oncocytic carcinoma
Carcinoma ex-pleomorphic adenoma (intracapsular/minimally 

invasive or with low-grade histology)
Sialoblastoma
Adenocarcinoma NOS and cystadenocarcinoma, low grade*

Sebaceous carcinoma and lymphadenocarcinoma
High-grade mucoepidermoid carcinoma*
Adenoid cystic carcinoma�

Mucinous adenocarcinoma
Squamous cell carcinoma
Small cell carcinoma
Large cell carcinoma
Lymphoepithelial carcinoma
Metastasizing pleomorphic adenoma
Carcinoma ex pleomorphic adenoma (widely invasive or high-grade 

histology)
Carcinosarcoma
Adenocarcinoma and cystadenocarcinoma, NOS, high grade*

*Intermediategrade variants of these tumors are controversial in the assignment of risk. For mucoepidermoid carcinoma this may depend on grading scheme used. For 
adenocarcinoma NOS, there is little data, but what is present suggests that intermediate grade should be placed in the high risk group.
�Adenoid cystic carcinomas are all considered high risk in terms of local recurrence, but only solid adenoid cystic carcinoma (ie, high pattern grade) is considered high risk 
for nodal metastasis.
NOS, Not otherwise speci�ed.
From Seethala RR. An update on grading of salivary gland carcinomas. Head Neck Pathol. 2009;3(1):69�77.

TABLE 
2.1
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containing mucoid or myxoid material (Fig. 2.11). �e solid 
pattern shows sheets or islands of tumor cells with no tubular 
or microcystic formation, and it may also have increased mito-
sis and focal necrosis. A mixture of these patterns is frequently 
present, and tumors are graded according to the dominant 
component. Increased percentage of solid pattern is associated 
with a poor outcome, and a 30% solid component is typically 
used as a cuto� for high-grade tumors.

�e diagnosis can often be made by the characteristic histo-
logic appearance alone, although this may be di�cult for small 
samples and often impossible on cytology specimens. �e char-
acteristic cribriform pattern may also be seen in other salivary 
gland tumors, including pleomorphic low-grade carcinoma, 
basal cell adenoma/carcinoma, and pleomorphic adenoma.

�e standard treatment is radical excision with negative 
margins and radiotherapy. A true negative margin is di�cult to 
achieve, given the tendency of tumor to grow along the nerves. 
Frozen section of the nerve tissue often requires many levels or 
even exhausting of the tissue, as perineural tumor growth may 
appear discontinuous. It is often not practical to chase the peri-
neural tumor, considering the high morbidity that may ensue. 
Also, the e�cacy of radiotherapy is debatable and di�cult 

to evaluate because of a combination of low incidence and 
protracted clinical course. Neck dissection is performed only 
for clinically positive nodes, because the frequency of occult 
nodal metastasis is low relative to the rate of distal metasta-
sis. Recently, some authors proposed neck dissection due to a 
reported positive nodal rate of 10�15%,78,79 but the long-term 
bene�t of the procedure is still debatable. Recent treatment 
modalities, molecular targets, and ongoing clinical trials have 
been reviewed.80,81

Acinic Cell Carcinoma
Acinic cell carcinoma (ACC) is a low-grade malignant salivary 
gland tumor showing serous type acinar di�erentiation. �e 
tumor has a wide age range distribution and is the second most 
common malignant salivary gland tumor in the pediatric age 
group. �ree percent of ACC occurs bilaterally. ACC typically 
presents as a slow-growing tumor, with or without pain, and 
is not �xed to the surrounding tissue. Most ACCs arise in the 
parotid glands, with a small percentage arising in minor sali-
vary glands. �e incidence in the submandibular glands and 
sublingual glands is low. Many non-parotid tumors previously 
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� Fig. �.��  Pleomorphic adenoma. A, An area of pleomorphic adenoma showing nests of epithelial cells 
in a background of myxoid stroma. Although pleomorphic adenoma shows signi�cant morphologic pleo-
morphism, the epithelial cells are consistently bland and benign appearing. B, A well-circumscribed pleo-
morphic adenoma (upper left) arising in the parotid gland (lower right). Two small satellite nodules are seen 
away from the main tumor. A resection close to the tumor capsule will create a negative-appearing margin 
but leave tumor tissue behind. C, Recurrent pleomorphic adenoma tends to be multinodular. Numerous 
tumor nodules are seen here scattered in adipose tissue and skeletal muscle.
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classi�ed as ACC are found to represent secretory carcinoma, a 
recently de�ned ACC mimic.82

�e histologic appearance of ACC is highly variable, with 
diverse growth patterns and cell types. Common growth pat-
terns include solid, microcystic, papillary-cystic, and follicular. 
�e characteristic cells are the acinar cells with low nuclear-
to-cytoplasmic ratio and basophilic cytoplasmic zymogen 
granules (Fig. 2.12). Intercalated duct cells, clear cells, and 
vacuolated cells can also be seen but contain no mucin. When 
the acinar cells are not apparently present, a PAS with diastase 
stain may be used to highlight the cytoplasmic granules. Two 
relatively recently developed immunostains, discovered on 
GIST 1 (DOG-1) and sox-10, have been found to be useful 
for diagnosing ACC, with DOG-1 being more speci�c for the 
acinar cell di�erentiation. �ere is no benign counterpart for 
acinic cell carcinoma, and a diagnosis can be made in well-
circumscribed and sometimes encapsulated tumors. �e dif-
ferential diagnosis includes benign salivary gland acinar tissue, 
which can be problematic in �ne-needle aspiration and small 
biopsies. �e key diagnostic morphologic feature in this situa-
tion is that ACC lacks the normal ductal cells that are seen in 

benign salivary gland aspirates and biopsies. Another diagnos-
tic pitfall of ACC is that the tumor may sometimes show abun-
dant lymphoid in�ltrates, and this should not be interpreted as 
metastasis in a lymph node. On the contrary, such tumors are 
shown to have a relatively indolent behavior.

Complete surgical resection is the treatment of choice. 
Nodal dissection is not indicated unless nodal metastasis is 
present. Radiotherapy is controversial and is sometimes used 
for control of local disease. Up to one third of cases may recur 
locally, and the metastasis rate, including nodal and distal, is 
approximately 10�15%. �e outcome is determined by tumor 
staging rather than histologic features. Tumors arising in minor 
salivary glands are typically less aggressive.

Mucoepidermoid Carcinoma
Mucoepidermoid carcinoma (MEC) is the most common sali-
vary gland malignancy in both adults and children. It occurs 
in both major and minor salivary glands and often presents as 
a slow-growing asymptomatic mass. Clinically, it may mimic a 
pleomorphic adenoma in major glands or a mucocele in minor 

A B

C D

� Fig. �.��  Adenoid cystic carcinoma. A, The classic �Swiss cheese� appearance of adenoid cystic car-
cinoma showing cribriform architecture with punched-out spaces containing mucoid material. This cribri-
form pattern is intermediate grade regarding biologic aggressiveness. B, Solid growth pattern with nests 
and islands of basaloid cells and no or minimal glandular spaces. This is the aggressive pattern, and the 
carcinoma is classi�ed as high grade when the solid pattern represents more than 30% of the tumor. C, 
Extensive perineural in�ltration is seen and is characteristic of adenoid cystic carcinoma. D, High-power 
view of adenoid cystic carcinoma with solid growth pattern. The cells are basaloid, hyperchromatic, and 
monomorphic. Scattered single-cell apoptosis is present.
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salivary glands with a bluish cystic appearance. Pain is unusual 
but may be seen in high-grade tumors. Radiation exposure is a 
known etiologic factor.

Microscopically, three major cellular components are pres-
ent in varying proportions: mucous cells, epidermoid cells, 
and intermediate cells. �e mucous cells contain intracellular 
mucin, which can be highlighted by a mucicarmine stain (Fig. 
2.13). �e epidermoid cells show abundant eosinophilic cyto-
plasm and occasional keratin production. Signi�cant keratin 
pearl formation, however, is not a feature of MEC. Intermedi-
ate cells are frequently the most abundant cell type and may 
appear as small basophilic cells or clear cells. �ey are believed 
to be the precursor cells that may di�erentiate into either 
mucous or epidermoid cells. As a result, three cell types are inti-
mately associated with each other. �is feature may be useful in 
distinguishing MEC from adenosquamous carcinoma, which 
shows distinctive areas of glandular and squamous di�erentia-
tion. Association with lymphoid in�ltrate is common and is 
not to be confused with metastatic tumor in lymph nodes.

Tumor grading is a major prognostic indicator for MEC 
and important for treatment decisions. Whereas surgical 
resection is usually su�cient for low-grade tumors, high-
grade tumors require tumor resection, radiation, and neck 

dissection. Management for intermediate-grade tumor is 
controversial. Tumor grading is based on cystic components, 
neural invasion, mitotic activity, necrosis, and cellular atypia. 
�ere are multiple grading schemes, but as yet no uniformly 
accepted grading system. �e two currently most recognized 
grading methods are AFIP and Brandwein. When the clinical 
outcome is examined, the AFIP system appears to downgrade 
tumors and risks undertreatment, whereas the Brandwein 
system appears to upgrade tumors and risks overtreatment.83 
�ese grading systems are cumbersome, are di�cult to 
apply, and lack interpersonal consensus.84 As a result, many 
pathologists frequently use an intuitive grading without well-
de�ned criteria, de�ning predominantly cystic ones as low-
grade tumors, and those with necrosis, increased mitoses, and 
signi�cant atypia as high grade. A standard scheme is still 
recommended for more objectivity.85

�e clinical course is highly variable depending on the tumor 
grade, site, clinical stage, and adequacy of surgery. Radiation 
therapy has little overall impact on survival but is appropri-
ate for high-grade tumors or tumors with positive margins. It 
should be noted that MEC arising in the submandibular gland 
have an aggressive behavior regardless of grade and should be 
treated accordingly.
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� Fig. �.��  Acinic cell carcinoma. A, Benign parotid gland showing dark-staining serous acini and scat-
tered benign ducts. B, Acinic cell carcinoma showing dark-staining cells with a serous appearance. The 
characteristic cytoplasmic zymogen granules are conspicuous in this case even on the hematoxylin and 
eosin stain. C, An immunostain for Dog-1 is speci�c for acinar differentiation and highlights the luminal bor-
ders of the serous acini in the benign salivary tissue. D, The Dog-1 immunostain in an acinic cell carcinoma 
recapitulates the apical/luminal staining pattern of serous acini.
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Salivary Duct Carcinoma
Salivary duct carcinoma (SDC) is one of the most aggressive 
high-grade salivary gland cancers. �e tumor has been under-
recognized in the past and has often been labeled as adenocar-
cinoma not otherwise speci�ed (NOS). Making the diagnosis 
today is more clinically relevant as it carries potential thera-
peutic implications.86 SDC typically presents as a fast-growing 
tumor of a major salivary gland, especially the parotid gland, 
and frequently involves the facial nerve.87 SDC may arise de 
novo as well as in a previously existing PA.88 Men are a�ected 
more often, with a 4:1 men-to-women ratio.

�e typical histology is that of high-grade adenocarcinoma 
similar to ductal carcinoma of the breast (Fig. 2.14). Both intra-
ductal and invasive components may be seen.87 �e cells show 
large nuclei with prominent nucleoli and eosinophilic cytoplasm. 
Necrosis is commonly present. �e intraductal component may 
show cribriform architecture and comedo-type necrosis, similar 
to ductal carcinoma in situ of the breast. Perineural and lym-
phovascular invasion is common. Less common morphologic 
variants are also reported, including papillary, micropapillary, 
mucin-rich, sarcomatoid, and oncocytic, as well as pure in situ 
carcinoma without invasion.87 On IHC, the carcinoma expresses 
high- and low-molecular-weight keratins and is negative for 

myoepithelial markers. Various markers of breast carcinoma may 
stain positive in SDC, such as gross cystic disease �uid protein 
(GCDFP-15) (>80%). Unlike most breast carcinomas, SDC is 
estrogen-receptor and progesterone-receptor negative. �e vast 
majority of cases are androgen-receptor positive.89,90

�e prognosis is poor, with the 5-year survival ranging from  
35�64%.91-94 Nodal and distant metastases are common. Nodal 
metastasis is common even for tumors at the early T stage.95 Of 
SDCs, 15�30% show increased HER2 expression96-100 and are 
potential responders to target therapy with trastuzumab (Her-
ceptin). An early result of clinical trials shows promising thera-
peutic response,101-104 and HER2 testing is recommended for 
SDC. Androgen receptor antagonist has also been proposed as 
a potential therapeutic agent, given the widespread expression 
of androgen receptors in these tumors,105,106 and clinical trials 
are ongoing.

Newly De�ned Head and Neck Neoplasms

Tumor morphology has been the basis of disease classi�cation for 
neoplastic lesions, and historically new entities were often rare 
tumors. With molecular tools, more and more tumors are now 
being rede�ned by their distinct molecular signatures. Tumor 
classi�cation serves as a basis for further investigation, but it 
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� Fig. �.��  Mucoepidermoid carcinoma. A, A representative section of low-grade mucoepidermoid carci-
noma showing prominent cystic con�guration. The lining cells are a mixture of mucous cells, epidermoid 
cells, and intermediate cells. B, A high-grade mucoepidermoid carcinoma is morphologically similar to 
squamous cell carcinoma, although no overt keratinization should be seen. C, Mucous cells are infrequent, 
and special stains are sometimes needed to identify them. D, A mucicarmine stain highlights intracellular 
mucin (pink globules) in mucous cells of this high-grade mucoepidermoid carcinoma.
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is only meaningful if the diagnoses indicate de�ned biologic 
behavior and treatment options. Here we discuss a few recently 
recognized head and neck malignancies. Some are known by 
their unique genetic alterations; others are found to have di�er-
ent behavior from the parental group due to a viral association. 
Standard treatment guidelines are not yet available. Recognizing 
these new entities is mostly for the prognostic purpose currently, 
although understanding molecular pathways of these tumors 
may provide targets for future alternative therapies.

Secretory Carcinoma
Secretory carcinoma (previously known as mammary analog 
secretory carcinoma) is a salivary gland carcinoma �rst described 
in 2010 as a tumor reminiscent of secretory carcinoma of the 
breast.107 Secretory carcinoma not only shares similar mor-
phologic and immunohistochemical properties with the breast 
equivalent, but also carries the same characteristic ETV6 gene 
arrangement. Secretory carcinoma most frequently arises in the 
parotid glands, but it may also be seen in minor salivary glands. 
�ere is a strong male predominance.

Morphologically, the tumor shows a lobulated growth 
pattern composed of bland eosinophilic cells forming 

microcystic or small glandular spaces (Fig. 2.15). Prominent 
hobnailing is sometimes seen in cells lining the cystic spaces. 
Rarely, tumor cells may show intracellular mucin, mimick-
ing MEC. In the past, this tumor was most often classi-
�ed as acinic cell carcinoma, adenocarcinoma, or low-grade 
cystadenocarcinoma. Although secretory carcinoma does 
show some morphologic similarity to acinic cell carcinoma, 
true zymogen granules are not present. Immunostains are a 
useful tool to di�erentiate secretory carcinoma from other 
mimickers. Secretory carcinoma is typically positive for epi-
thelial markers, vimentin, S100, mammaglobin, and other 
breast markers.107,108 For di�cult cases, �uorescence in situ 
hybridization (FISH) for ETV6 gene rearrangements can 
con�rm the diagnosis. Retrospectively, many of the prior 
diagnosed zymogen-poor acinic cell carcinoma and most of 
the non-parotid �acinic cell carcinoma� represent misclassi-
�ed secretory carcinomas.82,109

Secretory carcinoma is considered a low-grade salivary 
malignancy, although there is a potential for high-grade trans-
formation. Approximately 20% of cases develop nodal metas-
tasis, and a small percentage of patients die from the disease. 
Overall, secretory carcinoma has a slightly poorer prognosis 
compared to acinic cell carcinoma.107,109,110
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� Fig. �.��  Salivary duct carcinoma. A, The carcinoma shows an appearance of high-grade adenocarci-
noma similar to some breast carcinomas. Compared to the small benign ducts in the center, the carcinoma 
cells are signi�cantly larger, with open chromatin, conspicuous nucleoli, and frequent mitoses. The large 
tumor island to the right shows comedo-type tumor necrosis. B, An immunostain for Her-2 is positive in 
the tumor with strong membranous staining. Treatment of such tumors using trastuzumab (Herceptin) 
is experimental. C, An immunostain for androgen receptor shows nuclear staining in tumor cells. A vast 
majority of salivary duct carcinomas express androgen receptor.
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NUT Midline Carcinoma
NUT midline carcinoma is a rare and highly aggressive variant 
of SCC that occurs in all age groups. �e median survival is 
6.7 months, and the tumor is not responsive to conventional 
chemotherapy.111 �e tumor is de�ned by rearrangement of 
the nuclear protein in testis (NUT) gene, often by forming a 
BRD4-NUT or BRD3-NUT fusion oncogene. �is tumor is 
underdiagnosed because of a lack of speci�c morphologic fea-
tures, as the diagnostic molecular tests are often not performed. 
Of NUT midline carcinomas, 35% arise in the head and neck 
region near the midline. �e diagnosis is important because of 
the presence of emerging NUT-targeting drugs that may a�ect 
the clinical course.112

Morphologically, NUT midline carcinoma shows small to 
medium monotonous cells with high nuclear-to-cytoplasmic 
ratio. One characteristic �nding is focal and abrupt squamous 
di�erentiation, as gradual squamous di�erentiation is not 
present in NUT midline carcinoma. �e key for correct diag-
nosis is a high suspicion when SNUC or poorly di�erenti-
ated carcinoma with the above features are seen. A FISH test 
for NUT gene rearrangement has shown high sensitivity and 
speci�city.113 A more practical NUT antibody for IHC is also 
available and has been reported to show 87% sensitivity and 

100% speci�city.114 Although the incidence of NUT carci-
noma has increased annually because of increasing awareness, 
it is still fortunately a rare tumor. In a retrospective analysis 
of primary sinonasal carcinomas,115 only 2% turned out to 
be NUT midline carcinomas. Two of these were previously 
classi�ed as SNUC, comprising 15% of SNUC in the studied 
cohort.

�ere is no standard therapy. Retrospective study shows 
that surgical resection and radiotherapy independently 
improve survival,111 whereas chemotherapy does not. �ere 
are reports showing a temporary response to aggressive 
chemotherapy, but tumors usually relapse quickly.116,117 
Targeted drugs are currently undergoing clinical trials 
(clinicaltrials.gov).

HPV-Related Carcinoma With  
Adenoid-Cystic�Like Features
HPV-related carcinoma with AdCC-like features is an HPV-
related carcinoma that shows peculiar morphologic features 
resembling AdCC of the salivary glands.118 It occurs more 
often in women than men and may involve the nasal cavity 
as well as paranasal sinuses. HPV 33, the most frequently 
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� Fig. �.��  Secretory carcinoma. A, A secretory carcinoma demonstrating monomorphic cells with low-
grade cytologic appearance. The tumor morphology is similar to acinic cell carcinoma, but the cells do not 
contain true zymogen granules. B, A different area of the same tumor showing microcystic architectural 
con�guration. Eosinophilic secretions can be seen in the luminal spaces. C, Another area in the same 
tumor showing a papillary con�guration and lining cells with a hobnail appearance.
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involved HPV type, is not present in most commercially avail-
able HPV testing menus. Morphologically, the tumor shows 
features similar to AdCC, with basaloid cells forming solid 
and cribriform architecture. �ere is often a lobular or nested 
growth pattern. Both myoepithelial and ductal cells are pres-
ent, with ductal di�erentiation typically a minor component. 
Unlike AdCC, in situ surface squamous dysplasia is often pres-
ent. �e tumor also lacks the MYB gene rearrangement fre-
quently seen in AdCC. P16 IHC is a sensitive surrogate marker 
for HPV involvement in this tumor but is not entirely speci�c. 
Currently, the tumor appears to be unique for the sinonasal 
area, as AdCC studied in other areas of head and neck does not 
show HPV involvement.119

�e reported tumors were treated by surgery with or with-
out postoperative radiotherapy or chemoradiation therapy. 
Limited follow-up data are available with a median follow-up 
length of 15 months.37 �e prognosis is favorable, with all 
reported patients being alive at follow-up, although some had 
already developed recurrent disease.

INI-1 De�cient Sinonasal Carcinoma
INI-1 (SMARCB1) de�ciency has been implicated in a vari-
ety of carcinomas and sarcomas and was recently found to 
be also present in some sinonasal carcinomas. By IHC, loss 
of INI-1 expression is identi�ed in 6% of sinonasal carci-
nomas.65 �e tumors were previously classi�ed as non-kera-
tinizing SCC, SNUC, non-intestinal adenocarcinoma, and 
carcinoma, NOS. Tumor cells commonly show a characteris-
tic rhabdoid morphology. Most cases demonstrate an aggres-
sive clinical course. INI-1 de�ciency is a potential target for 
future therapy.

Staging of Head and Neck Cancer

�e American Joint Committee on Cancer (AJCC) TNM sys-
tem is the most widely adopted scheme for pathologic cancer 
staging. �e most recent 2017 edition (8th edition)120 will 
be implemented beginning January 1, 2018. �e 8th edition 
has made signi�cant changes to the AJCC TNM staging 7th 
edition for the head and neck cancers, with the aim of achiev-
ing better and more reproducible discrimination of stage 
groups. Major changes include a newly added TNM staging 
algorithm for nasopharyngeal cancer and HPV-associated 
OPSCC, in recognition of their unique biology and etiology. 
�e new edition also recognize cutaneous malignancies of the 
head and neck as a distinctive group, now separated from 
cutaneous malignancies of other sites. Major modi�cations 
have been made to the staging of oral cancer, with the depth 
of invasion used as an additional T (primary tumor) charac-
teristic and with extranodal extension (ENE) introduced as 
a novel N (lymph node) feature. Pathologic ENE is further 
divided into microscopic ENE (�2 mm, ENEmi) and gross 
ENE (>2 mm, ENEma). When in doubt, it is recommended 
to classify ENE into the lower category. In addition, novel 
prognostic factors have been recognized as helpful in guid-
ing clinical care, including among others a worse pattern of 

invasion, de�ned as a tumor dispersion of 1 mm or more 
between invasive tumor satellites.

Molecular Pathology of Head and Neck 
Tumors

Molecular Pathology of Head and Neck 
Squamous Cell Carcinomas (HNSCC)
High-risk types of HPV, an epitheliotropic, double stranded, 
circular DNA virus from the papovavirus family,121 have been 
detected in about 20�25% of HNSCC and in up to 60% of 
the oropharyngeal squamous cell carcinomas (OPSCC). HPV�s 
oncogenic protein E6 and E7 lead to disruption of key tumor 
suppressor genes p53 and Rb, resulting in cell cycle deregu-
lation and genomic instability. Rb degradation also translates 
into the overexpression of p16, a tumor suppressor protein, 
and a hallmark of HPV-16-positive cancer of the orophar-
ynx. In the Cancer Genome Atlas (TCGA) datasets, HPV+ 
tumors showed clear evidence of viral host genome integra-
tion, but failed to demonstrate evidence of recurrent viral 
integration sites or of recurrent gene transcription across the 
viral-human integration locus, and were associated with loss of 
TNF receptor-associated factor 3 (TRAF3), ampli�cations in 
E2F1, and helical domain PIK3CA mutations, resulting in the 
aberrant activation of NF-�B, cell cycle, and other oncogenic 
pathways.122 Expression of viral proteins E6 and E7 was also 
identi�ed, consistent with TP53-mediated and direct cell-cycle 
control interference,122 with the loss of p53 function in HPV-
positive HNSCCs through the expression of the viral onco-
protein E6 possibly negating selective pressures for gaining 
TP53 mutations. �e higher survival rate among HPV-positive 
patients has been in part attributed to the achievable greater 
locoregional control due to higher sensitivity to radiation or 
to better radiosensitization by cisplatin-based chemoradiation 
strategies, possibly due to an intact TP53.

Smoking-related HNSCCs are distinguished by loss-
of-function mutations in TP53 and by the inactivation of 
CDKN2A (which encodes the p16 protein) by mutations, 
loss of heterozygosity, and/or promoter hypermethylation. 
Additional recurrent alterations are frequent copy number 
changes of 3q26/28 (a region including transcription factors 
TP63, SOX2, and signal molecule PIK3CA, genes implicated 
in homeostasis of epithelial stem cells and di�erentiation) and 
11q13/22.122 Recurrent focal ampli�cations in receptor tyro-
sine kinases (for example, EGFR, ERBB2, and FGFR1) also 
predominate in HPV- tumors.122

�ree rarer genomic subgroups were also identi�ed in the 
TCGA datasets: a subset of oral cavity tumors with favorable 
clinical outcomes with infrequent copy number alterations in 
conjunction with activating mutations of HRAS or PIK3CA 
coupled with inactivating mutations of CASP8, NOTCH1 and 
TP53; a subset characterized by infrequent copy number altera-
tions and by the presence of loss-of-function alterations of the 
chromatin modi�er NSD1, WNT pathway genes AJUBA and 
FAT1; and a last subset characterized by the activation of oxida-
tive stress factor NFE2L2, mainly seen in laryngeal tumors.122
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Amplicon-based next-generation sequencing (NGS) with 
hotspot-focused NGS panels has so far essentially con�rmed 
the TCGA �ndings, revealing additionally that at least 3% 
of our samples harbored sequence variants in genes that were 
not previously implicated in HNSCC pathogenesis, such 
as BRAF, ABL1, AKT1, KIT, MET, FGFR2, and FGFR3, 
and for which therapeutic agents are currently available or 
under development.123-125 Interestingly, mutations in AKT1, 
BRAF, CTNNB1, FGFR3, HRAS, KIT, NOTCH1, PTEN, 
PTPN11, SMAD4, and STK11 were also found to be risk fac-
tors for poor survival.125

Molecular Pathology of SMARCB1/INI-1 De�cient 
Tumors
SWI/SNF-related matrix-associated actin-dependent regula-
tor of chromatin subfamily B member 1 (SMARCB1, also 
known as INI-1) is a tumor suppressor gene member of the 
SWI/SNF chromatin-remodeling complex that regulates 
transcription and is ubiquitously expressed in the nuclei of all 
normal tissues at various levels. Inactivation of SMARCB1/
INI1 in cancer, initially discovered in malignant rhabdoid 
tumors, has subsequently been seen in a variety of di�er-
ent cancers (e.g., epithelioid sarcoma, renal medullary car-
cinoma) characterized by rhabdoid or basaloid morphologic 
features.126 Mechanisms for the SMARCB1 inactivation typ-
ically involve deletions, intragenic mutations, or epigenetic 
silencing. Although SMARCB1-de�cient carcinomas repre-
sent only a small subset of primary sinonasal carcinomas, they 
accounted for 14% of those tumors that had been originally 
diagnosed as sinonasal undi�erentiated carcinoma.65 �e 
ability to detect SMARCB1 loss by immunohistochemistry 
should facilitate a better classi�cation of poorly di�erentiated 
sinonasal carcinomas65 and potentially enable the develop-
ment of targeted therapies.127

Molecular Pathology of Translocation-Associated 
Head and Neck Tumors
Carcinomas, such as the HNSCC discussed earlier, are gen-
erally associated with the accumulation of sequential mul-
tiple genetic alteration events altering pathways essential for 
the fully malignant phenotype and are thought to occur in 
a multistep fashion during carcinogenesis.9,10 In contrast, 
hematopoietic and mesenchymal malignancies are often char-
acterized by translocation-associated fusions of oncogenes 
resulting in chimeric proteins thought to be interfering with 
early di�erentiation pathways and resulting in a maturation 
arrest. Despite the validity of this conceptual framework, sev-
eral subtypes of rare epithelial malignant tumors with speci�c 
translocations have also been recently described, suggesting 
the possible presence, in epithelial cells, of alternative genetic 
shortcuts to classical gradual multistep epithelial carcinogen-
esis and capable of directly leading to an invasive metastatic 
phenotype.128 �ese recent discoveries in head and neck can-
cers also o�er new modalities for improved diagnosis, as many 
fusion oncogenes have also been shown to be tumor-type 

speci�c, indicating new opportunities for the development of 
targeted therapies.

NUT Midline Carcinoma
A subset of poorly di�erentiated carcinomas, previously classi-
�ed as poorly di�erentiated SCC or SNUC, has been found to 
harbor activating translocations involving the NUT gene (i.e., 
NUT midline carcinomas).129 Although NUT midline carci-
nomas a�ect the head and neck in one third of cases, they are 
not restricted to any speci�c organ system and can a�ect a vari-
ety of midline regions such as the mediastinum. �e rearrange-
ments most often take the form of a BRD4-NUT fusions, and 
in a minority of cases, of a BRD3-NUT or of other NUT-part-
nered chimeric variants. �e normal function of the NUT pro-
tein is to bind and activate the histone acetyltransferase (HAT) 
of p300, leading to increased histone acetylation. �e fusion 
protein may sequester p300 to localized regions of chromatin, 
suppressing a variety of genes, including those associated with 
squamous di�erentiation, resulting in global transcriptional 
repression and blockade of di�erentiation and ultimately sup-
porting tumor growth.130

Adenoid Cystic Carcinoma
Adenoid cystic carcinoma (AdCC), the second most com-
mon salivary gland malignancy, is an aggressive slowly growing 
cancer with an often fatal outcome. �e presence of a cyto-
genetically recurrent t(6;9)(q22-23;p23-24) translocation in 
AdCC has led to the identi�cation of a balanced translocation 
of the v-myb avian myeloblastosis viral oncogene (MYB) with 
homolog-nuclear factor I/B (MYB-NFIB).131,132 MYB-NFIB 
rearrangements lead to the production of chimeric transcripts 
containing MYB and NFIB and to the deregulation of the MYB 
gene. �e latter is now considered to be an essential molecu-
lar event in AdCC oncogenesis, with available data indicating 
that at least 80�90% of ACCs have MYB activation either by 
gene fusion or by other mechanisms, leading either to the over-
expression of MYB-NFIB fusion proteins or to an apparently 
normal MYB oncoprotein.133,134 MYB plays an important role 
in the control of cell proliferation, apoptosis, and di�erentia-
tion, being highly expressed in immature, proliferating cells 
and downregulated as cells become di�erentiated.135 Alterna-
tive described mechanisms of MYB overexpression include, 
among others, translocations of NFIB enhancer elements 
upstream or downstream of MYB. Rearrangements involving 
a second MYB family gene, MYBL1, have also been recently 
described in AdCC.136

Secretory Carcinoma
Secretory carcinoma (or mammary analogue secretory car-
cinomas of the salivary glands) is a recently described sub-
type of salivary gland carcinoma, with strong histologic and 
immunohistochemical resemblance to secretory carcinoma of 
the breast.107,137 In addition to the morphologic similarities, 
the two entities also share a t(12;15)(p13;q25) chromosomal 
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translocation, resulting in an identical ETV6-NTRK3 gene 
fusion.107 �e ETV6- NTRK3 fusion gene encodes a chimeric 
tyrosine kinase that activates two major e�ector pathways, the 
Ras- MAP kinase (MAPK) mitogenic pathway and the phos-
phatidylinositol-3-kinase (PI3K)-AKT pathway, both of which 
seem to be required for ETV6-NTRK3 transformation.138

Mucoepidermoid Carcinoma
Mucoepidermoid carcinoma (MEC), the most common 
salivary gland carcinoma, is characterized by a unique and 
recurrent t(11;19)(q21-22;p13),139 resulting in a fusion gene 
composed of exon 1 of CRTC1 linked to exons 2-5 of MAML2 
(CRTC1-MAML2).140 �e CRTC1-MAML2 fusion preferen-
tially occurs in low/intermediate-grade MECs with a favorable 
prognosis and represents a useful biomarker that distinguishes 
true MECs, most of which have an excellent prognosis, from 
fusion-negative MEC-like tumors with a more aggressive bio-
logic behavior.141 A second translocation, leading to a chimeric 
EWSR1-POU5F1 protein, has been identi�ed in MECs with 
a more immature morphology and consists of the N-terminal 
domain of EWSR1 linked to the DNA-binding domain of the 
transcription factor POU5F1, a gene important during the 
early stages of development to maintain the pluripotent status 
of embryonic stem cells.142

Hyalinizing Clear Cell Carcinoma of the Salivary 
Glands
Hyalinizing clear cell carcinoma of the salivary glands (HCCC), 
a rare salivary gland carcinoma, has recently been shown to 
have in 80% of cases a t(12;22)(q13;q12) translocation result-
ing in EWSR1-ATF1 gene fusion.143 HCCC is a low-grade 
carcinoma with distinctive clear-cell morphology and a pattern 
of hyalinization often associated with focal mucinous di�er-
entiation. �e gene fusion is not detected in any of the mor-
phologic mimics and represents a potentially useful diagnostic 
biomarker. Interestingly, EWSR1-ATF1 fusions have been 
described in clear cell sarcomas of tendons and aponeurosis and 
other soft tissue tumors with a clear cell morphology, support-
ing the association of the EWSR1-ATF1 fusion with clear cell 
tumors across epithelial and mesenchymal neoplasms.

Pleomorphic Adenoma
Cytogenetic studies of pleomorphic adenomas (PA) have 
shown the presence of recurrent translocations or intrachro-
mosomal rearrangements resulting in a gene fusion involving 
the transcription factor genes PLAG1 and HMGA2.144 PLAG1 
encodes a developmentally regulated DNA-binding zinc �nger 
protein that is part of a family of cell cycle progression�related 
proteins. PLAG1 deregulated expression145 leads to the dereg-
ulation of downstream PLAG1 target genes and to the activa-
tion of IGF-II signaling.146 �e PLAG1 and HMGA2 fusions 
identi�ed in PA have not been encountered in any other histo-
pathologic subtypes of salivary gland neoplasms and are there-
fore a useful biomarker in diagnostically di�cult cases.
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Head and neck squamous cell carcinoma (HNSCC) 
is the sixth most common form of cancer. Each 
year, HNSCC is diagnosed in more than 600,000 

people worldwide, with 50,000 new cases and more than 
10,000 deaths occurring in the United States alone.1,2 
HNSCC encompasses tumors of a variety of subsites, 
including the oral cavity, oropharynx, larynx, and hypophar-
ynx, and each subsite has unique features of its anatomy, 
function, lymphatic drainage, etiology, and morphology. 
Although the etiology may vary somewhat from subsite 
to subsite, most HNSCC has traditionally been associated 
with tobacco exposure (either smoking or chewing tobacco) 
and to a lesser extent alcohol use. Other exposures such as 
betel nut chewing in Southeast Asia are also signi�cant con-
tributors to the development of HNSCC. In recent years 
the increasing incidence of human papillomavirus (HPV)-
associated HNSCC in the oropharynx has been recognized, 
often in patients without signi�cant prior exposure to alco-
hol or tobacco. A small minority of cases is related to other 
causes, such as Fanconi anemia, and there exists a subset of 
young patients in whom HNSCC develops in the absence of 
any known risk factors.

Current treatment algorithms for HNSCC focus on sur-
gical excision, radiation therapy, and cytotoxic chemother-
apy. Even though there have been many advances in these 
treatment modalities that have improved treatment-related 
sequelae, the overall 5-year survival rate for non�HPV-related 
HNSCC has remained around 50%.2 Patients with HPV-
related HNSCC fare much better, likely due to the unique 
biology of this tumor subtype and its sensitivity to treat-
ment.3 Further advances in the treatment of HNSCC likely 
lie with the development of targeted therapeutics that speci�-
cally address the molecular causes of a patient�s tumor while 
minimizing treatment-related side e�ects. �e epithelial 
growth factor receptor (EGFR) monoclonal antibody cetux-
imab is the �rst such targeted therapy approved for use by 
the U.S. Food and Drug Administration (FDA) in HNSCC, 
and many more are currently under development. �us, an 
understanding of the molecular pathogenesis of HNSCC is 
critical for clinicians who treat HNSCC.

Since the completion of the Human Genome Project in 
2003, signi�cant attention has been given to �personalized 

medicine,� or the ability to tailor therapy based on a 
patient�s unique genetic pro�le. However, the initial prom-
ised revolution in medical treatment has not yet occurred, 
due to the enormous expense and e�ort required to under-
take genotyping, as well as the additional levels of genomic 
complexity, such as epigenetic regulation, that are not eas-
ily evaluated by sequencing. However, over the past decade 
advances in technology such as next-generation sequencing 
that allow for massively parallel sequencing, advances in 
data management and computing technology, and further 
understanding of genomic regulation have greatly reduced 
costs and brought the goal of personalized medicine closer. 
Since 2011, several studies using whole exome sequencing 
and integrated genomic analysis were published that have 
greatly expanded our knowledge of the molecular details 
contributing to the development of HNSCC. �ese studies 
revealed speci�c alterations in elements of cell cycle con-
trol, squamous di�erentiation, mitogenic signaling, and 
epigenetic regulation that appear to drive the progression 
of HNSCC (Table 3.1). Based on these �ndings, therapies 
that target these alterations are now being developed and 
currently range from benchtop testing to large-scale clinical 
trials. �is chapter focuses on the major molecular pathways 
that have been identi�ed as contributors to the pathogenesis 
of HNSCC and discusses a few of the most promising thera-
pies in development.

Alteration of Cell Cycle Control: TP53

TP53 is by far the most commonly mutated gene in 
HNSCC, with more than 50% of tumors harboring some 
form of genetic alteration.4 Recent exome sequencing stud-
ies have con�rmed this �nding, demonstrating a mutation 
rate of 47�69% in HNSCC.5-8 TP53 is mutated in a wide 
range of cancers, and plays a central function in cell cycle 
control, DNA repair, and apoptosis. Given the critical tumor 
suppressor function of p53 in a range of cancer types, it is 
commonly referred to as �the guardian of the genome.� In an 
unstressed state, constitutively expressed p53 is inhibited by 
MDM2 and ubiquitination leading to degradation. However, 
in the presence of cellular stress such as DNA damage or oxi-
dative stress, a variety of sensor kinases phosphorylate p53, 
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leading to stabilization, tetramerization, and nuclear trans-
location. A variety of pathways may activate p53, including 
ATM, CHK2, p14, and ATR.9 Once in the nucleus, p53 is 
then able to in�uence the expression of downstream genes 
(such as p21) that control cell cycle arrest and DNA repair; 
at higher levels of p53 activation, pro-apoptotic genes, such 
as PAX and PUMA, are upregulated. If DNA damage cannot 
be repaired, further p53 accumulation may inhibit BCL2 or 
BCL-x, leading to apoptosis.9

Most mutations (50�63%) within TP53 found in HNSCC 
are missense mutations, primarily in the DNA binding 
domain.5,8 �e remaining mutations in this gene are a mix of 
nonsense, insertions/deletions, and splice site mutations. �e 
e�ects of various mutations on the function of p53 are com-
plex. Many mutations are completely inactivating, as would 
be expected for a tumor suppressor gene, whereas others may 
only downregulate the action of p53 on some downstream 
e�ectors but not others. Furthermore, some mutations alter 
the three-dimensional structure of p53 and alter its protein-
protein interactions, which may cause disruption of other 

protein functions. �is phenomenon may actually lead to 
downregulation of other proteins, thereby giving �gain of 
function� and causing TP53 to behave more like an onco-
gene than a tumor suppressor.10-13 In tumors with wild-type 
p53, the function of this protein is often reduced via other 
mechanisms, such as HPV-associated E6 protein action, 
ampli�cation of MDM2, or deletion of CDKN2A.14-16 �us, 
alteration of the p53 pathway in some manner is nearly uni-
versal in HNSCC.

Mutations in TP53 have also been identi�ed as an early 
driver of HNSCC development, present in 15�27% of dys-
plastic lesions of the upper aerodigestive tract.17,18 �e pres-
ence of TP53 mutations in dysplastic lesions is associated with 
a high risk of progression to malignancy, and incidence of TP53 
mutations increases as the severity of dysplasia increases.17,19 
Based on these and other �ndings, the �patch-�eld� progres-
sion model of HNSCC has been proposed. In this model, 
HNSCC develops within a �eld of abnormal mucosa with 
genetic abnormalities arising from expansion of a stem cell 
harboring a mutation in TP53.20 Subsequent tumors may 

	� Results of Major Exome Sequencing Studies in HNSCC

Study Stransky et�al8 Agrawal et�al5 Pickering et�al7 Lui et�al63 Kandoth et�al6

No. of tumors analyzed 74 32 38 151 306

Mean mutation rate (HPV�) 4.83 mut/Mb 20.6 mut/Mb NR NR NR

Mean mutation rate (HPV+) 2.28 mut/Mb 4.8 mut/Mb NR NR NR

Cell cycle  
regulation/
genomic 
integrity

TP53 62% (73% of HPV�) 47% (78% of HPV�) 66% NR 69.8%

CDKN2A 25% 9% 74% NR 21.3%

TP63 7% NR 9% NR

Squamous  
differentiation

NOTCH1 11% 15% 9% NR 19.3%

NOTCH2/3 11% NR 9% NR 9.8%

SYNE1 20% 28% NR NR 21%

Mitogenic  
signaling

HRAS 5% 4% 9% 4.6% 3.3%

PIK3CA 8% 6% 11% 12.6% 20.6%

PTEN 7% NR NR 13.6% 1.3%

Epigenetic  
regulation

MLL2 11% NR 11% NR 17.9%

MLL3 9% NR NR NR 7.3%

EZH2 5% NR NR NR 0.3%

NSD1 9% NR 9% NR 10.6%

PRDM9 11% NR NR NR 6.5%

Other TGFBR2 3% NR NR NR 3%

SMAD2 NR NR NR NR 1%

SMAD4 NR NR 9% NR 2%

FAT1 12% NR 30% NR 23.5%

CASP8 8% NR 10% NR 9%

FBXW7 5% 5% 6% NR 5%

TABLE 
3.1
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also arise within this �eld of mucosa with TP53 mutations, 
although in other cases di�erent TP53 mutations have been 
detected in tumors and adjacent mucosa, suggesting the pres-
ence of di�erent clonal populations harboring mutations.21 
Tobacco and alcohol exposure are associated with increased 
rates of TP53 mutation, suggesting that these well-known risk 
factors for HNSCC may lead to TP53 mutation.22

TP53 mutations have also been identi�ed as a prognostic 
marker for HNSCC. In particular, mutations that truncate 
or disrupt the function of p53 are associated with decreased 
survival regardless of treatment modality, while patients with 
either wild-type or nondisruptive mutations fare better.4,23,24 
Several studies have also shown that TP53 mutations predict 
resistance to chemotherapy,25,26 locoregional recurrence after 
primary radiation therapy,27,28 and failure after surgical exci-
sion and adjuvant radiotherapy.29,30 However, use of TP53 
mutation as a prognostic marker remains controversial due to 
variability in testing techniques and inadequate sensitivity and 
speci�city of various methodologies. However, newer sequenc-
ing protocols appear far better than previous techniques for 
detecting TP53 mutations,31 and may be promising for future 
clinical application.

Given the weight of evidence supporting the central role 
of the p53 pathway in the pathogenesis of HNSCC, restora-
tion of normal p53 function is a potential therapeutic strat-
egy for HNSCC. To this end, several viral vectors harboring 
wild-type p53 have been developed. Phase I clinical trials have 
shown these to have an excellent safety pro�le,32 and phase II 
results demonstrated e�cacy.33,34 A phase III trial of Advexin 
(Introgen Inc, Austin, Texas.) that compared intratumoral 
injection of this adenovirus-based therapy to methotrexate 
demonstrated that patients with wild-type TP53 showed a 

better response to Advexin, while those with TP53 mutations 
showed a better response to methotrexate.35 Further trials of 
therapies targeting the p53 pathway are pending, and one 
adenovirus-based vector, ONYX-015 (Onyx Pharmaceuti-
cals, San Francisco, Calif.) has been approved for clinical use 
in China.36

Alteration of Cell Cycle Control: CDKN2a 
(P16) and the Rb Pathway

�e Rb (retinoblastoma) pathway is a critical regulator of cell 
cycle progression. In G1 phase, the Rb protein binds to E2F, 
a transcription factor, and arrests cell cycle progression. How-
ever, this block can be overcome by the action of the cyclin-
dependent kinases CDK4 and CDK6, which phosphorylate 
Rb and lead to release of E2F.37,38 Action of CDK4 and CDK6 
is regulated by cyclin D1, which binds these proteins and e�ec-
tively serves as the regulatory subunit of the protein complex. 
Action of this cyclin D1/CDK4/6 complex allows the cell to 
progress to the S phase, and ultimately cell division. �is pro-
tein complex is itself inhibited by p16/INK4A (encoded by the 
CDKN2a gene), which binds the cyclin D1/CDK4/6 complex 
and prevents it from phosphorylating Rb. �us, p16 is a potent 
tumor suppressor gene (Fig. 3.1).

In HNSCC, the Rb pathway is most frequently altered, 
either via loss of p16 or via upregulaton of CCD1 (cyclin 
D1). In exome sequencing studies, 9�21% of tumors har-
bored mutations in the CDKN2a gene.5,6,8 Loss of hetero-
zygosity and deletions of the CDKN2a locus are observed 
in another 20�30% of tumors. When genetic alterations are 
combined with epigenetic silencing, such as promoter DNA 
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hypermethylation, nearly 80% of HNSCC tumors exhibit 
loss of p16 function.39,40 Cyclin D1 upregulation has also 
been observed, with ampli�cation of the chromosomal region 
containing the CCND1 gene (which encodes cyclin D1) 
occurring in 30�35% of HNSCC41,42 and overexpression 
of cyclin D1 occurring in up to 80% of HNSCCs.43 When 
considered together, mutations of CDKN2A and/or ampli�-
cation of CCND1 were found in 94% in HNSCC,7 making 
this a near universal abnormality in HNSCC. �is pathway 
is also directly a�ected by HPV E7 protein, which binds the 
Rb protein directly, thereby circumventing the regulation of 
this pathway by p16/INK4A.

CDKN2A alterations are likely an early event in the devel-
opment of HNSCC, because leukoplakia lesions with loss of 
heterozygosity at the 9p21 locus harboring CDKN2A have 
an increased risk of malignant transformation.44,45 However, 
CDKN2A mutations alone do not appear to be su�cient to 
induce tumor formation; alterations of this gene have also been 
identi�ed in benign lesions with minimal potential to trans-
form into malignancy.46 Nevertheless, low p16 levels and high 
cyclin D1 levels are independent predictors of poor outcomes 
in patients with HNSCC.47,48 Given the ubiquity of Rb path-
way abnormalities in HNSCC, attempts have been made to 
target this pathway therapeutically. Restoration of p16 levels 
with adenoviral vectors have been attempted,49 and early phase 
I trials are currently under way with CDK4 inhibitors.50

Human Papillomavirus

HPV infection has recently been recognized as the primary 
causative agent for most oropharyngeal carcinoma. From 1984 
to 2004, the proportion of oropharyngeal SCC related to 
HPV infection increased from 16% to 72%, and its incidence 
continues to rise.51 �is double-stranded DNA virus was �rst 
identi�ed as a cause of cervical and anogenital cancer; however, 
by 2020 it is projected that HPV-related oropharyngeal cancer 
will surpass the annual incidence of cervical cancer. More than 
100 subtypes of HPV are known, but the vast majority of oro-
pharyngeal cancers are related to HPV-16, with a handful of 
other subtypes such as HPV-18, HPV-31, and others account-
ing for the remainder.

HPV drives tumorigenesis through the actions of two pri-
mary proteins, E6 and E7. �ese proteins downregulate p53 
and Rb, respectively, and thus recapitulate two primary path-
ways previously described in HPV-negative HNSCC (see Fig. 
3.1). HPV E6 causes ubiquitination of p53 and eventual deg-
radation, thereby inactivating p53 in the absence of mutations 
or other genetic alterations.52 HPV-E7 targets Rb for degrada-
tion via interaction with the cullin 2 ubiquitin-ligase complex, 
thereby releasing the E2F protein to drive cell cycle progression 
into the S phase. Unlike HPV-negative cancers that frequently 
downregulate Rb via loss of p16, HPV-associated HNSCC 
continues to express p16, thus this protein is often used as 
a marker for HPV infection.53 Despite the obvious parallels 
between HPV pathology and SCC pathogenesis, HPV is a rela-
tively ubiquitous infection that most people clear without dif-
�culty; only a small subset go on to develop HPV-related SCC.

Patients with HPV-associated HNSCC generally represent a 
di�erent demographic from the traditional HNSCC patient.54 
�e primary risk factor for HPV-associated HNSCC is sexual 
history, in particular lifetime number of orogenital contacts.55,56 
Patients with HPV-associated HNSCC tend to be signi�cantly 
younger than patients with non�HPV-associated tumors and 
tend to have less prior exposure to tobacco or alcohol.56 Mul-
tiple studies have also shown that patients with HPV-associated 
HNSCC have a much better prognosis and improved treat-
ment outcomes compared to patients with non�HPV-associated 
HNSCC.3,57-60 �e progression of HPV-positive HNSCC also 
appears distinctly di�erent from HPV-negative disease; while 
HPV-positive HNSCC tends to present with larger, bulky cer-
vical disease, cervical neck metastases do not necessarily bode 
poorly for patient outcomes, and current literature demonstrates 
that the current TNM staging scheme has little prognostic value 
for HPV-positive patients.61,62

Given the strikingly di�erent demographics, treatment 
response, and prognosis between HPV-positive and HPV-
negative HNSCC, it is logical to conclude that the underly-
ing molecular pathology of HPV-positive and HPV-negative 
HNSCC is signi�cantly di�erent. Evidence for this was pro-
vided by exome sequencing studies of HNSCC, which demon-
strated a lower mutation frequency in HPV-positive HNSCC 
compared with HPV-negative HNSCC.5,8 Although these 
studies reported signi�cantly di�erent mutation rates due to 
di�erences in technique and data analysis, in both studies the 
mutation rate observed in HPV-negative tumors was between 
two and four times that seen in HPV-positive tumors, and this 
e�ect was independent of tobacco exposure. Additional di�er-
ences were noted when the mutational pro�le of HPV-posi-
tive and HPV-negative tumors was compared, particularly in 
regard to TP53 mutations. Mutations in TP53 were not seen 
in HPV-positive tumors, while they are present in a major-
ity of HPV-negative tumors (found in 73�78% of tumors5,8). 
Furthermore, additional analysis of the PI3K pathway dem-
onstrated that a subset of HPV-positive tumors exists where 
the only mutations present are found in the PI3K pathway,63 
suggesting that in some tumors alteration of this pathway alone 
in combination with the oncogenic e�ects of HPV infection is 
su�cient to initiate tumor formation.

�ese recent �ndings are consistent with the known biol-
ogy of HPV infection, and appear to con�rm that the primary 
driver of carcinogenesis in HPV-positive HNSCC is the onco-
genic e�ect of the HPV E6 and E7 proteins. Only a small num-
ber of additional mutations are needed to develop cancer in the 
face of p53 and Rb inhibition by HPV, whereas HPV-negative 
tumors require a far larger number of genetic alterations in 
multiple pathways to occur. �is may explain the improved 
treatment response of HPV-positive tumors relative to HPV-
negative tumors, in that mutations in multiple pathways in 
HPV-negative tumors may confer additional mechanisms 
of resistance to therapy that are not present in HPV-positive 
tumors. Further characterization of the genetic alterations in 
greater numbers of HNSCC tumors should shed further light 
on the unique biology of HPV-positive tumors and suggest 
new avenues for speci�c treatments.
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Abnormal Squamous Di�erentiation and the 
Notch Pathway

In recent years the Notch pathway has emerged as a signi�-
cant mechanism in the development of HNSCC. �e Notch 
pathway is a regulator of cell fate, in�uencing proliferation and 
di�erentiation through extracellular interactions.64 �e Notch 
family consists of four transmembrane receptors (Notch 1-4). 
Binding of one of �ve known ligands (Jagged 1 and 2, Delta 1, 
3, and 4) leads to cleavage of the intracellular domain, allow-
ing it to translocate to the nucleus. Once in the nucleus Notch 
leads to alterations in target gene expression by transforming a 
ubiquitous repressor into a transcriptional activator.65

Notch signaling has been shown to be responsible for a 
variety of regulatory functions, including cell cycle control 
and di�erentiation.66,67 In squamous epithelium, Notch 
signaling promotes terminal di�erentiation, but may also 
suppress HPV E6 and E7 expression.68 Notch was previ-
ously implicated as oncogenic in T-cell acute lymphoblastic 
leukemia, chronic lymphocytic leukemia, and di�use large 
B-cell lymphoma due to the presence of activating muta-
tions and translocations.69-73 However, it appears to func-
tion as a tumor suppressor in HNSCC, in that recent reports 
have primarily described Notch1 mutations that would be 
predicted to cause missense mutations in ligand-binding 
domains or nonsense mutations that would cause truncated 
proteins lacking transcriptional activity.5,8 Furthermore, 
restoring activated or wild-type Notch1 to HNSCC cell lines 
harboring NOTCH1 mutations signi�cantly inhibited cell 
growth, validating the role of Notch1 as a tumor suppressor 
in HNSCC.

Although not previously implicated in HNSCC pathogen-
esis, whole-exome sequencing studies of HNSCC revealed 
that the NOTCH1 gene harbored mutations in approximately 
10�15% of tumors, making it the second-most commonly 
mutated gene after TP53.5,7,8 �is was con�rmed by analysis 
of the Cancer Genome Atlas, which showed a mutation rate of 
19%.6 Further characterization of the Notch pathway found 
that up to two thirds of tumors harbored a mutation in some 
component of the signaling pathway, demonstrating its central 
role in HNSCC pathogenesis.7

Exome sequencing studies also identi�ed mutations in the 
TP63 tumor suppressor gene in 8.5% of HNSCC tumors.7,63 
Additionally, copy-number ampli�cation of TP63 was identi-
�ed in 26% of tumors in a further study.7 �is gene has been 
implicated in cell fate and cell survival,74-77 and appears to 
function in opposition to Notch signaling. In squamous epi-
thelium, Notch1 downregulates p63 expression, while p63 
inhibits Notch1 expression73 and antagonizes the ability of 
Notch1 to promote di�erentiation.78 Overall, this suggests 
that disruption of a balance between Notch activity and p63 
leads to alteration of normal squamous epithelial di�erentia-
tion, cell cycle disruption, and eventually to the development 
of HNSCC.

Despite the central role of Notch signaling to HNSCC, 
therapeutic modulation of this pathway may be problem-
atic. Given that Notch may function as either an oncogene 

or tumor suppressor depending on the cell type, it is pos-
sible that altering Notch activity in one tissue could lead 
to the development of a tumor in another tissue. Recent 
development of gamma-secretase inhibitors allows for the 
inhibition of Notch pathway activation79 and has been used 
in trials for leukemia and breast cancer. A phase III trial of 
a gamma-secretase inhibitor in Alzheimer�s was halted due 
to an increased incidence of skin cancer.80 �us, potential 
targeting of this pathway may be fraught with unintended 
consequences.

Cell Growth and Survival: EGFR, Ras, and 
PI3K Pathways

The regulation of cell growth and survival is a complex 
process controlled by multiple interacting signaling path-
ways. Not surprisingly, many of these pathways are altered 
in HNSCC. The EGFR signaling pathway is perhaps the 
best known; activation of EGFR initiates a signaling cas-
cade that may lead to downstream signaling via the Ras/
Raf/MAPK signaling pathway or the PI3K pathway (Fig. 
3.2). EGFR is a tyrosine kinase receptor and member of the 
ErbB protein family. Binding of epithelial growth factor 
leads to homodimerization of EGFR or heterodimerization 
with other ErbB family members, autophosphorylation, 
and activation of downstream pathways. Overexpres-
sion of EGFR in HNSCC was first reported more than 
20 years ago81 and may be overexpressed in up to 90% 
of HNSCC.82,83 However, the number of EGFR activat-
ing mutations is relatively small, and variable amounts of 
EGFR copy number amplification.7,84,85 Multiple EGFR-
targeting drugs are currently FDA approved, and one, 
cetuximab, is indicated for treatment of HNSCC. To date, 
HNSCC has demonstrated a relatively modest response to 
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EGFR inhibitors,86,87 and response to treatment does not 
necessarily correlate with EGFR overexpression status. It 
is likely that EGFR inhibition may be overcome by down-
stream alterations in signaling pathways or alternative sig-
naling via other receptors.

�e primary downstream pathway for EGFR signaling 
involves Ras signaling via Raf/MEK/ERK or the PI3K path-
way. Ras is frequently mutated in cancer and comprises a  
family of three genes: HRAS, KRAS and NRAS. While KRAS 
mutations are most common in all cancer types, HNSCC 
mutations occur nearly exclusively in HRAS88 Mutations in 
HRAS occur in 4�5% of HNSCCs5,8 and generally function 
to lock Ras in the active guanosine diphosphate�bound state, 
thereby promoting cell growth and survival. Activated Ras 
may trigger Raf activation, leading to MEK and subsequent 
ERK phosphorylation; ERK then may trigger a number of 
downstream e�ects, including proliferation, di�erentiation, 
morphology, and survival. An analysis of the overall Ras/Raf/
MEK/ERK pathway found that mutations in this pathway 
occur in 8% of HNSCCs,63 and HRAS mutations account for 
the majority of these. �us, while this pathway is not a major 
driver of HNSCC pathogenesis, selective inhibition may be 
useful in a subset of patients.

�e PI3K pathway is another major signaling pathway 
involved in cell growth, di�erentiation, and migration. PI3K 
may be activated by Ras or via receptor tyrosine kinases. 
While EGFR does not directly bind PI3K, it can heterodi-
merize with other receptors, such as ErbB3, that can directly 
activate PI3K.89 PI3K is a dimer composed of a catalytic 
subunit (encoded by the PIK3CA gene) and a regulatory 
subunit. �is dimer functions to phosphorylate phospha-
tidylinositol (4,5) biphosphate into phosphatidylinositol 
(3,4,5) triphosphate; this in turn leads to activation of Akt 
and PKB kinases. �e entire signaling cascade is negatively 
regulated by the action of PTEN, which dephosphorylates 
phosphatidylinositol (3,4,5) triphosphate. PIK3CA muta-
tions have been identi�ed in 6�8% of HNSCCs by exome 
sequencing,5,8 while analysis of the Cancer Genome Atlas 
found more than 20% of HNSCCs harboring PIK3CA muta-
tions.6 Gene copy gains of PIK3CA have also been identi-
�ed in 9% of HNSCCs.7 �e negative regulator PTEN is 
also often disrupted,90,91 with PTEN mutations occurring in 
approximately 5% of HNSCCs, and gene copy loss occurring 
in another 8% of tumors.63 Examination of the entire PI3K 
signaling pathway identi�ed mutations in more than 30% of 
HNSCCs,63 making this one of the more frequently altered 
pathways in HNSCC. As noted previously, a small subset of 
HPV-positive tumors has also been identi�ed in which PI3K 
pathway mutations are the only known mutations, suggesting 
that these tumors are primarily driven only by the action of 
HPV E6, E7, and PI3K pathway activation.63 Furthermore, 
the presence of multiple mutations within the PI3K path-
way is associated with advanced stage tumors. �ese results 
indicate that the PI3K pathway is a signi�cant contributor to 
HNSCC pathogenesis in a large number of patients.

In addition to its signi�cance to at least a large percentage 
of HNSCC, the EGFR/Ras/PI3K signaling pathways have the 

potential to be more easily targeted by therapeutic interventions 
than some other pathways. As described previously, cetuximab 
is an EGFR inhibitor approved for use in HNSCC, and other 
EGFR inhibitors have also been studied in HNSCC clinical 
trials.92,93 While EGFR inhibitor resistance is a clinical issue, 
this may potentially be overcome by targeting multiple points 
along the signaling pathway. Ongoing clinical studies include 
targeting both Met and Akt signaling (NCT01476137), 
EGFR and ErbB2 signaling (NCT01184482), mTOR sig-
naling (NCT00854152), and PI3K activity (NCT01737450, 
NCT01252628, NCT01602315). Future use of these inhibi-
tors may rely on proper patient selection and tumor genotyp-
ing. Early pilot studies have demonstrated good responses to 
PI3K pathway inhibitors and mTOR-targeted therapies in 
patients with PIK3CA mutations or PTEN loss,94,95 suggesting 
that the application of PI3K pathway inhibitors may be most 
e�ectively aimed at the subset of patients that harbor abnor-
malities in these signaling pathways.

Epigenetic Phenomena

In recent years, epigenetic changes have gained signi�cant 
attention as a major contributor to cancer pathogenesis. 
�rough the modulation of chromatin structure, which is pri-
marily a�ected through histone modi�cation and CpG island 
hypermethylation, gene expression may be upregulated or 
downregulated by making it relatively more or less accessible 
to the transcription machinery. �is is a potent mechanism for 
altering gene expression separate from mutation, chromosomal 
deletion, or copy number ampli�cation. Epigenetic changes 
have been found to occur in virtually all cancers, and HNSCC 
is no exception. Aberrant methylation of numerous genes 
related to HNSCC pathogenesis, including CDKN2A, p14, 
cadherin 1-type1, death associated protein kinase (DAPK), runt-
related transcription factor 3 (RNX3), adenomatous polyposis coli 
(APC), and beta-catenin96 Distinct pro�les of DNA hyper-
methylation have been identi�ed in oral dysplasia, carcinoma 
in situ, and HNSCC, suggesting a progression of chromatin 
remodeling during the development of HNSCC.97

Given the signi�cant role that epigenetic modi�cation may 
play in carcinogenesis, it is not surprising that mutations and 
other aberrations have been observed in genes regulating chro-
matin structure. Histone modi�er genes have been found to 
be mutated in a signi�cant number of HNSCCs. �ese genes 
(and respective percentage of mutations seen) include MLL2 
(11�17.9%), MLL3 (7.3%), NSD1 (10.6%), and EZH2 (0.3�
5%).6,8 Most of the mutations observed in these genes repre-
sented inactivating mutations, suggesting that these genes serve 
as tumor suppressor genes in HNSCC. In contrast, Bmi1, a 
mediator of chromatin structure and regulator of epigenetic 
silencing, is overexpressed in oral tongue SCC and is associated 
with cervical metastasis and decreased survival.98 �us, other 
histone modifying genes appear to function as oncogenes. �is 
is not surprising, in that these individual proteins may modify 
the overall expression of broad sets of genes; some may contrib-
ute more to growth and survival, while others may skew toward 
senescence or apoptosis.
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In light of the signi�cant role that these genes regulating 
global gene expression patterns may have in cancer progres-
sion, they may provide opportunities for therapeutic interven-
tions. Several drugs are currently FDA approved that target 
the epigenetic machinery. �e DNA methyltransferase inhibi-
tors azacitidine and decitabine are approved for use in myelo-
dysplastic syndrome, while the histone deacetylase inhibitors 
vorinostat and romidepsin are approved for the treatment of 
cutaneous T-cell lymphoma.99 While these and other similar 
drugs have shown e�cacy in clinical trials, primarily as chemo-
sensitizers, questions remain regarding their use. At this point 
it is unclear whether their action on chromatin structure itself 
is critical for their anticancer properties, along with the dura-
bility of their treatment e�ects and long-term toxicities. While 
the e�ects of any particular drug on its target enzyme are clear, 
it is less well understood what downstream e�ects these drugs 
have on the transcriptional pro�le of targeted cells. �us, while 
the further development of more selective inhibitors of DNA 
methyltransferase and histone-modifying enzymes is impor-
tant, this needs to be coupled to a more detailed understand-
ing of epigenetic pathways and their e�ects on global gene 
expression.

Additional Pathways

In addition to the major pathways described, several other 
genes have been implicated in the pathogenesis of HNSCC. 
�e TGF-� pathway is an important regulator of cellular pro-
liferation and di�erentiation. In the squamous epithelium, 
TGF-� signaling controls epithelial-mesenchymal transition; 
this promotes invasion, metastasis, and resistance to chemo-
therapy and radiation. Deletion of chromosome 18q, which 
harbors several genes in the TGF-� pathway, has been shown 
to occur in many cancer types, including HNSCC.100 Muta-
tions in the TGF-� pathway proteins TGFBR2, SMAD2, and 
SMAD4 have been identi�ed in HNSCC,101,102 although 
mutations were not identi�ed in recent exome sequencing 
studies.5,7,8 �ese mutations appear to be a low-frequency 
event, in that analysis of the Cancer Genome Atlas showed 
mutations in TGFBR2, SMAD2, and SMAD4 in 3%, 1%, 
and 2% of HNSCC, respectively.6 Given the complex inter-
actions and functions of the TGF-� pathway, further work is 
needed to fully understand the role of this pathway in HNSCC 
pathogenesis.

Another gene implicated in HNSCC pathogenesis is FAT1, 
a member of the cadherin family of cell membrane proteins. 
Cadherins play an important role in cell-cell adhesion, cell 
polarity, and signaling, and FAT1 has been shown to regulate 
developmental programs as well as squamous epithelial inva-
sion and migration.103-105 FAT1 mutations have been identi-
�ed in 12�30% of HNSCC,7,8 and focal deletions of this gene 
were also seen in a number of tumors, bringing the total FAT1 
inactivation rate to approximately 46%.7 Mutations in other 
cell polarity and adhesion proteins have also been found in 
HNSCC,106 suggesting that disruption of cell-cell adhesion 
and polarity is a common step in the acquisition of invasive-
ness by HNSCC.

Alteration of the apoptotic signaling cascade may also be 
important for the development of HNSCC. Caspase 8 is a 
proapoptotic enzyme responsible for proteolysis during pro-
grammed cell death. Mutations in CASP-8 have been identi-
�ed in 8�10% of HNSCCs.7,8 Cell lines harboring CASP-8 
mutations appear more aggressive in xenograft animal models.7 
CASP-8 mutations also appear to be correlated with HRAS 
mutations, suggesting a functional link between the Ras path-
way and Caspase-8 in some tumors.7

Implications of Recent Findings

Historically, most patients with HNSCC have been treated 
with some combination of surgical resection, radiation, and 
cytotoxic chemotherapy. While many advances have occurred 
over the past several decades that in many ways have reduced 
the signi�cant side e�ects of these therapies and made this 
aggressive multimodality treatment easier for patients to tol-
erate, the overall survival rate for HNSCC has not signi�-
cantly changed in 30 years.107 �e one signi�cant increase in 
survival among head and neck cancer has been for cancers of 
the oropharynx; however, this is likely due to the increasing 
incidence of HPV-related HNSCC and its improved response 
to therapy, rather than any true improvement in therapy. 
�us, there is an acute need for a new paradigm for treatment 
of HNSCC.

Recent genomic analyses of HNSCC provide signi�cant 
insight into the pathogenesis of HNSCC and potential ave-
nues for new treatments. Perhaps the most striking �nding of 
these genomic studies is the wide heterogeneity in mutations 
and other genetic alterations present in HNSCC. Even the 
most common genetic events, p53 inactivation (either through 
mutation or inactivation by HPV) and disruption of the 
CDKN2A/CCND1 axis, are not universal. Somewhere between 
10% and 30% of HNSCCs do not have any demonstrable 
alteration in p53 function. �e next most common mutations 
and expression changes, in pathways such as Notch signaling, 
mitogenic signaling pathways, or FAT1, occur in between 45% 
and 66% of tumors.7 A wider variety of pathways are a�ected 
in anywhere between 5% and 20% of tumors. �us, no two 
tumors are exactly alike, implying that there is unlikely to be 
any sort of one-size-�ts-all targeted therapy. Future studies 
aimed at speci�c pathways implicated in HNSCC pathogen-
esis will likely require tumor sequencing for patient selection 
to best enrich the study population for patients most likely to 
respond to the drug in question.

�e second major discovery from genomic analysis of 
HNSCC is that most mutations and genetic alterations in 
HNSCC appear to be related to loss of tumor suppressor genes 
(e.g., p53), rather than activation of oncogenes. �is is a criti-
cal point for the development of therapeutics, because it is far 
easier to design a drug to inhibit the activity of an oncogene 
than it is to restore the function of a tumor suppressor that has 
been inactivated. While a variety of selective inhibitors of vari-
ous proteins, particularly signaling kinases, are either available 
or in trials, there are no systemic therapies currently available 
that restore the function of a mutated or deleted gene. Even so, 



86 PART I     Principles

most HNSCC had been shown to harbor one or more unique 
genomic events such as copy gain or activating mutations that 
may be targetable with current drug therapies. In all 80% of 
HNSCC had at least one targetable event, and 54% had two 
or more.7 A majority of these genetic alterations were targets of 
agents that are currently approved for use in cancer, including 
TNK2, PTK2/FAK, and SRC-family kinases. Several additional 
genetic alterations were seen that could be targeted by agents 
currently in clinical trials, including aurora family kinases and 
members of the PI3K signaling cascade. �us, despite com-
plexity and heterogeneity present in HNSCC, there exist many 
promising candidate molecules that may be e�cacious in at 
least select subsets of patients with HNSCC.

While an enormous advance has occurred in our understand-
ing of the molecular pathogenesis of HNSCC over the past 
decade, a signi�cant amount of work remains. For example, 
the role of many genes implicated in HNSCC (e.g., NOTCH1, 
FAT1, and CASP8) and their contribution to the pathogen-
esis of HNSCC have not been fully elucidated. Furthermore, 
much of the in�vitro work on the mechanisms of various pro-
teins and preclinical testing of potential therapeutic agents is 
carried out in established HNSCC cell lines due to the ease of 
manipulation and testing. However, many of these lines have 
not yet been characterized for their genomic alterations; in the 
absence of these data, it is di�cult to assess which cell line 
may be the best model system for elucidating the functional 
consequences of various mutations or testing a new therapeutic 
agent. Furthermore, it is well established that tumors are not a 
monoclonal population of cells, but harbor many di�erent cell 
types and microenvironments. �e roles for cancer stem cells, 
stromal cells, immune cells, microvasculature, and other cells 
within a tumor and the unique genetic pro�les of these cell 
types have not been examined with current sequencing studies. 
A better understanding of the variety present within a particu-
lar tumor will be necessary to craft e�ective targeted therapies 
with a durable response.

Conclusion

Many signi�cant advances have occurred recently that have 
greatly expanded our knowledge of the molecular pathogen-
esis of HNSCC. Although there is signi�cant heterogeneity 
in the genomic landscape of HNSCC, several key genes and 
pathways, such as p53, CDKN2A/CCND1, Notch signaling, 
and the EGFR/Ras/PI3K pathways, appear to be major con-
tributors to the development of HNSCC. Many of these same 
pathways are also a�ected in HPV-related HNSCC, through a 
combination of genomic changes (albeit at a signi�cantly lower 
rate than in HPV-negative HNSCC) and the direct action of 
the HPV E6 and E7 proteins. �ese advances in the under-
standing of HNSCC pathogenesis have identi�ed many poten-
tial opportunities for future targeted therapeutics. Further 
de�nition of the molecular underpinnings of HNSCC devel-
opment and genomic characterization of individual patients 
will be needed to advance the goal of individually tailored and 
e�ective therapy for HNSCC.
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Oncoviruses
AUSTIN MATTOX, BRUCE H. HAUGHEY, SARA I.  PAI

Viruses are the second leading cause of human cancers. 
Approximately 12% of all human cancers are caused 
by only seven viruses, speci�cally Epstein-Barr virus 

(EBV), human papillomavirus (HPV), hepatitis B and C 
viruses (HBV and HCV), human T-cell lymphotropic virus-1 
(HTLV-1), Kaposi sarcoma herpesvirus (KSHV or HHV8), 
and Merkel cell polyomavirus (MCPyV).1 Human cancers 
caused by oncoviruses share several common features: (1) the 
viral infection is often necessary but not su�cient for tumori-
genesis; (2) persistent viral infection precedes cancer devel-
opment; (3) chronic in�ammation associated with the viral 
infection sets the stage for subsequent adaptive mechanisms of 
host immune evasion used by the cancer cell.1,2

Following a brief history of the discovery of oncoviruses, 
the four viruses with associated clinical manifestations in the 
head and neck region, speci�cally, HPV, EBV, MCPyV, and 
HHV8 (KSHV), are discussed. With each of these viruses, 
clinical presentation and viral biology with concomitant 
oncogenic mechanisms and immune evasion strategies are 
reviewed (Box 4.1).

Historical Background

Cancer has been recognized as a disease since early Egyptian, 
Greek, and Roman times. �e �rst written reports of can-
cer can be found in ancient Babylonian and Chinese texts 
and these �ndings led initial investigations into how lymph, 
blood, and, later, cells could underlie tumorigenesis and 
metastasis.3 Advances in cell theory, an improved under-
standing of human pathophysiology, and the discovery of 
viruses in the early 20th century paved the way for the estab-
lishment of the �eld of tumor virology (Fig. 4.1). �e person 

who pioneered the concept that viruses can cause tumors was 
Francis Peyton Rous. In 1911, Rous, while at the Rockefeller 
Institute, prepared a cell-free �ltrate from a spindle cell sar-
coma isolated from a chicken and injected the cell-free �ltrate 
into healthy hens. He discovered that the recipients devel-
oped the same tumors as the donors. From this observation, 
he hypothesized that a virus was the agent responsible for 
transmission.4 Later termed Rous sarcoma virus (RSV), it was 
the �rst known RNA virus and represented one of the �rst 
carcinogenic agents able to induce malignant solid tumor for-
mation in mammals.5 Subsequently, Rous received the Nobel 
Prize in Physiology or Medicine in 1966 for his discovery of 
tumor-inducing viruses.

�e 1930s to 1960s became the primary period of mamma-
lian tumor virus discovery. In 1935, Francis Rous and Joseph 
Beard identi�ed that a papillomavirus, then the �rst known 
DNA tumor-inducing virus, could cause warts that progressed 
to skin carcinomas.6 In 1936, Johns Bittner showed that a 
mouse mammary tumor virus present in the milk of cancer-
a�icted mice could transmit the disease to her o�spring. �is 
work, built upon by Ludwik Gross, identi�ed two additional 
RNA viruses, murine leukemia virus in 1951 and murine poly-
omavirus in 1953.7-10

�e 1960s and 1970s marked the discovery of human 
tumor viruses, namely EBV, HBV, and HPV. In 1965, Tony 
Epstein and Yvonne Barr established the �rst cell lines derived 
from Burkitt lymphomas and visualized intracellular particles 
resembling herpesvirus by electron microscopy. Following this 
discovery, Gertrude and Werner Henle proved that the herpes-
like virus was biologically active but phenotypically distinct 
from other herpesviruses, classifying EBV as the �rst human 
tumor virus.11,12 Work by Baruch Blumberg, who identi�ed 
the Au antigen that later was proved to be the surface antigen 
of HBV, established the necessary background to link chronic 
HBV infection to hepatocellular carcinoma (HCC).13 Similar 
to EBV-induced lymphomas, the incidence of HCC is strongly 
correlated with the length of HBV infection and exposure to 
other environmental agents, such as a�atoxin from peanuts. 
Work by Maurice Hilleman and colleagues at Merck resulted 
in production of the HBV vaccine based on the HBV surface 
protein discovered by Blumberg, e�ectively representing the 
�rst patent for a cancer vaccine that aimed to prevent chronic 
HBV infection and subsequent development of HCC.14

Restriction of viral protein expression
Molecular mimicry
Disruption of antigen presentation on major histocompatibility 

complex class I or II molecules
Disruption of cytokine and chemokine signaling
Increased expression of PD-L1

	 • Box 4.1	 	� Major Mechanisms of Immune Evasion 
Employed by Oncoviruses
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Building on early work on papillomaviruses in the 1950s, 
Harald zur Hausen proposed that HPV could be the caus-
ative agent of cervical cancer. zur Hausen demonstrated that 
HPV DNA was present in cervical cancer cells and that two 
types in particular, HPV16 and HPV18, were responsible for 
the majority of cervical cancer cases.16-18 Later epidemiologic 
work established that these high-risk HPV types were also 
linked to anogenital cancers and a subset of head and neck 
cancers. Fueled by success in developing an HBV vaccine and 
early work by Ian Frazer and others, clinical trials with com-
mercially developed virus-like particle vaccines that protected 
against HPV16 and HPV18 infection demonstrated e�cacy 
in preventing HPV infection and the development of HPV-
associated anogenital lesions.19

Viruses have contributed not only to our understand-
ing of oncogenesis but also to our understanding of basic 
cellular biology. Pioneers Howard Temin and David Balti-
more continued to work through the 1970s to prove that 
the RNA virus, RSV, depended on DNA replication and 
DNA-dependent RNA synthesis, eventually receiving the 
Nobel Prize in Physiology or Medicine in 1975 for their dis-
covery of reverse transcriptase.20,21 Building on their work, 
Michael Bishop and Harold Varmus postulated that RSV 
captured a cellular oncogene, in their work on src, through 

its reverse transcriptase-dependent life cycle.22 Later studies 
on retroviruses such as murine leukemia virus showed that 
tumorigenesis was caused by insertional mutagenesis of the 
viral genome into the host cell nuclear DNA.23 �e discov-
ery of p53 by Lane and Levine in 1979 and retinoblastoma 
(Rb) in 1971 by Alfred Knudson helped establish new para-
digms for tumor progression and began to provide a vision 
of how viruses might interact with speci�c genes to cause 
tumorigenesis.24-26

Since the 1980s, additional human tumor viruses, such 
as human T-cell leukemia virus type 1 (HTLV-1), HCV, 
and Kaposi sarcoma virus, have been identi�ed. HTLV-1, 
identi�ed by Robert Gallo and colleagues in 1980, was the 
�rst discovered human retrovirus and was linked to adult 
T-cell leukemia by Yorio Hinuma and colleagues.27,28 After 
the identi�cation of HCV as a �avivirus, Houghton and 
colleagues reported a link between HCV and HCC, which 
was similar to the link seen between HBV and HCC, not-
ing long-term infection with HCV as a major risk factor for 
the development of HCC.29 Additionally, during the early 
to late 1990s, a second tumorigenic human herpesvirus was 
discovered, called Kaposi sarcoma virus. After the associa-
tion between acquired immunode�ciency syndrome (AIDS) 
and a more aggressive version of Kaposi sarcoma was noted, 

1910-1930 1930-1960 1960-1970 1970-1980 1980-1990 1990-2000 2000-Present

1907: HPV discovered
1908: ALV discovered

1911: RSV discovered

1936: Mouse mammary
tumor virus discovered

1951: Murine leukemia
virus discovered

1953: Mouse polyomavirus and
human adenovirus discovered

1996: Polyomavirus linked
to human cancer

1994: KSHV discovered and
linked to Kaposi’s sarcoma

1965: EBV and Burkitt’s
lymphoma discovered

1967: HBV discovered

1962: Human adenovirus
induces tumors in hamsters

1970: Reverse
transcriptase discovered

1974: HPV linked to
cervical cancer

1975: HBV linked to
hepatocellular carcinoma

1976: HBV vaccine
developed

1979: p53 tumor
suppressor discovered

1989: HCV discovered

1986: E2F discovered

1980: HTLV-1 discovered 2006: HPV vaccine
licensed to prevent

cervical cancer

2011-15: Anti-PD1
and CTLA-4 antibodies

licensed for use

� Fig. �.�  Timeline of key events in cancer immunology and immunotherapy.
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Yuan Chang and colleagues discovered a new virus distantly 
related to EBV, named Kaposi sarcoma herpesvirus or human 
herpesvirus type 8 (HHV8).30 While the mechanisms by 
which human immunode�ciency virus (HIV) potentiates 
HHV8-mediated tumorigenesis are not completely under-
stood, current research suggests that HHV8 replication may 
be increased in the presence of HIV. In 2008, a new polyoma-
virus was described to cause Merkel cell carcinoma (MCC), 
a rare but particularly aggressive form of human skin cancer 
derived from neuroendocrine cells.31

Human Papillomavirus
Overview
HPV are non-enveloped DNA viruses that contain a double-
stranded genome of approximately 8 kilobases (kb). HPV 
types are often clinically categorized into either low- or high-
risk groups, based on their predilection to induce cancers in 
their host. �e majority of the 200 di�erent HPV types that 
have been characterized to date are in the low-risk category 
for malignant transformation. �e low-risk HPV types 6 and 
11 cause recurrent respiratory papillomas within the upper 
aerodigestive tract. In contrast, the high-risk HPV types 16 
(HPV16) and 18 (HPV18) can cause squamous cell carci-
nomas.32,33 In the United States, up to 80% of oropharyn-
geal (tonsil and base of tongue) cancers are caused by HPV 
infection. Depending on the location of the epicenter of the 
tumor, patients with HPV-related head and neck squamous 
cell carcinoma (HPV-HNSCC) may present with tonsil 
asymmetry, throat pain, dysphagia, referred otalgia, halitosis, 
or weight loss (Fig. 4.2). Because HPV-HNSCCs originate 
in the crypts of tonsils, rather than the surface epithelium 
as is the case for tobacco-related tumors, there also may be 
no detectable mass or abnormality at the primary tonsil site, 
and patients may present with an asymptomatic neck mass. 
In addition to causing cancer in the oropharynx, HPV can 
cause cancers at other sites within the head and neck region, 
including the sinonasal tract.34

Genomic Organization and Life Cycle
HPV replicates only one of its two circular DNA strands 
and the 8 kb genome can be divided into a 4 kb early (E) 
region that encodes primarily nonstructural proteins, a 3 kb 
late (L) region that encodes two viral capsid proteins, and 
a 1 kb noncoding region (long control region, LCR) that 
contains cis-acting elements that control viral replication 
and gene expression from the E and L regions35 (Fig. 4.3). 
Based on our understanding of the cervical mucosa, HPV has 
a tropism for the basal cell layer within strati�ed squamous 
cell epithelium. �e virus links its life cycle to the di�eren-
tiation program of the strati�ed squamous epithelial cells as 
the infected epithelial cells migrate through the various cell 
layers.36 While the mechanism of cellular invasion has not 
been completely characterized, �4�6 integrin has been pos-
tulated to play a crucial role.37 Similarly, the events leading 

to intracellular viral coat shedding and nuclear import of the 
HPV genome remain largely uncharacterized.

Based on the cervical model, the HPV genome is primarily 
held to a low copy number as the infected basal epithelial cells 
undergo di�erentiation into squamous keratinocytes. Once 
the keratinocytes have terminally di�erentiated, the virus repli-
cates to high copy number, expresses the L genes, and produces 
progeny virions.38 HPV proteins E1 and E2 have been shown 
to have key roles in viral DNA replication. E2 is a transcription 
factor that interacts with the consensus motif ACCN6GGT in 
the viral LCR, acting primarily as a transcription activator.39 
However, E2 can also act as a transcriptional repressor of viral 
gene expression, such as E6 and E7, as the basal epithelial 
cell undergoes its di�erentiation process to become a kerati-
nocyte.40 E2 also associates with the viral DNA helicase E1 
to ensure accurate and precise gene promoter recognition.41  

A

B

� Fig. �.�  A, Squamous cell carcinoma of the right tonsil which extends 
into the soft palate. B, Staining of the cancer for p16 by immunohisto-
chemistry and its location in the oropharynx suggests an HPV etiology. (B 
from Duncan LD, Winkler M, Carlson ER, et�al: p16 immunohistochemistry 
can be used to detect human papillomavirus in oral cavity squamous cell 
carcinoma, J Oral Maxillofac Surg 71:1367-1375, 2013.)
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In contrast, the viral E4 protein has been shown to interact 
with the keratin intermediate �laments in the keratinocyte, to 
destabilize their quaternary architecture, and to allow for the 
release of new virions.42

Integration of the HPV genome seems to be biased toward 
genic regions, and integrations are associated with alterations 
in DNA copy number, mRNA levels, and chromosomal rear-
rangements. Additionally, cancers that have integrated HPV 
genomes appear to have di�erent patterns of DNA methyla-
tion and gene expression.43 In general, the viral E6 and E7 
genes are consistently maintained during viral genome integra-
tion, while other genes, such as E1 and E2, are often lost.44 
Maintenance of E6 and E7 expression is necessary for sustain-
ing the tumorigenic phenotype. Loss of E2 has been shown to 
support a growth advantage in keratinocytes, in that E2 has the 
chance to become reactivated and suppress E6 and E7 expres-
sion in some clonal populations.45 Additionally, E5, a viral 
protein that activates receptor tyrosine kinases (RTKs) in a 
ligand-independent manner, is also lost upon host cell genome 
integration. Studies have shown, however, that maintenance of 
E5 expression in the infected keratinocyte is not necessary for 
oncogenesis.46

HPV E6 and E7 Oncoproteins
�e oncogenic potential of high-risk HPV16 and HPV18 is 
driven by the expression of the viral oncoproteins E6 and E7. 
In the cervical model, keratinocytes that express high levels of 

E6 and E7 have been shown to display histopathologic char-
acteristics of high-grade squamous intraepithelial lesions and 
show increased genomic instability.47,48 E6 and E7 have been 
shown to inactivate p53 and Rb tumor suppressors, respec-
tively.49 Additionally, E6 can activate human telomerase 
reverse transcriptase (hTERT) transcription, allowing for the 
maintenance of telomere length and, thus, immortalization of 
the keratinocyte.

�e HPV E7 protein consists of 100 amino acids and con-
tains no characterized enzymatic activity but has been shown 
to associate with complexes of other intracellular proteins. E7 
interacts with Rb through LXCXE conserved motifs within 
conserved region 2 that is similar to the adenovirus E1A pro-
tein. �e LXCXE pocket regulates the activity of the E2F tran-
scription factor family that is responsible for controlling cell 
cycle transitions, primarily the G1/S-phase transition.50-52 In 
addition to binding Rb, E7 helps challenge the growth-arrest 
capabilities of cyclin dependent kinase inhibitors, such as p21 
and p27. �e resulting inhibition of p21 and p27, coupled with 
unrestrained activity of the E2F transcription factor, allows for 
continual expression of genes necessary for DNA replication, 
transcription, and translation to produce viral progeny.53-55 
Recent reports have also shown that E7 may interact with 
transcriptional co-activators, such as p300 and CREB binding 
partner (CBP), leading to increased rates of viral E6 and E7 
transcription.56,57

�e HPV E6 protein is also a low molecular weight protein 
of 150 amino acids that contains two CXXC motifs. As E7 
induces unrestrained cellular and viral DNA synthesis by inac-
tivating Rb, inhibiting p21 and p27, and activating p300 and 
CBP, the keratinocytes typically initiate apoptotic pathways 
that are dependent on p53 expression and activity.58 �us, 
HPV E6 abrogates this p53 response by forming a complex 
with the keratinocyte E6-AP protein that is necessary for p53 
activation. Part of the HECT (homology to E6 C terminus) 
family of E3 ubiquitin ligases, E6-AP does not interact with 
p53 in the absence of E6, rather E6 retargets E6-AP to ubiqui-
tinate p53, targeting it for proteasomal degradation.59-62 Fur-
ther research has shown that E6 proteins interact with factors 
other than p53, such as p300 and ADA3 (a transcriptional 
co-activator).63,64 Additionally, the PDZ binding domain on 
E6 may allow for sca�olding of additional transduction path-
ways that may include interferon regulation and other kinase 
activities.65

Cellular life spans are highly dependent upon the length of 
cellular telomeres and activation of p53-dependent pathways 
when these telomeres are shortened below a critical length. As 
each round of DNA replication leads to progressively shorter 
telomeres, cancer cells must �nd a mechanism of maintain-
ing telomere length. HPV E6 has been shown to induce 
hTERT transcription, leading to telomere maintenance and 
immortality.66

Genomic Instability
HPV E6 and E7 combine to inactivate tumor suppressors Rb 
and p53, which are responsible for cellular checkpoints that 
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� Fig. �.�  The human papillomavirus (HPV) genome. Late (L) expressed 
genes L1 and L2 encode two viral capsid proteins, whereas early (E) 
expressed genes E1-7 encode primarily nonstructural proteins. E1 and E2 
play key roles in viral DNA replication, whereas E5 has been discovered 
to activate receptor tyrosine kinases in a ligand-independent manner. E6 
and E7 are the main oncogenes in HPV and are known to inactivate p53 
and Rb, respectively. (From Riemer AB, Keskin DB, Zhang G, et al. A con-
served E7-derived cytotoxic T lymphocyte epitope expressed on human 
papillomavirus 16-transformed HLA-A2+ epithelial cancers. J Biol Chem. 
2010; 285: 29608-22.)
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monitor cell size, nutritional status, and most importantly, 
DNA quality. E6 and E7 cooperate to induce defects in chro-
mosomal separation during mitosis, resulting in aneuploidy, 
primarily resulting from centrosome abnormalities.67 E7 
expression induces centrosome and centriole duplication errors 
in normal cells, increasing the chance that an error will occur 
in chromosomal separation.67 Errors in chromosome separa-
tion lead to gain or loss of chromosomes or other genomic sta-
bilities that can increase the malignant potential of the cell. 
E6 and E7 may also synergize to cause anaphase bridges that 
lead to double-stranded DNA breaks.68 Furthermore, multiple 
mitotic checkpoints are subverted in cells that express HPV E6 
and E7, leading to tetraploidy or sub-chromosomal loss.69,70 
Common mutations in HPV-HNSCC include helical domain 
changes in PIK3CA, ampli�cation of TP63 and SOX2, loss of 
TRAF3, genomic ampli�cation of the gene E2F1, and retention 
of CDKN2A that is commonly lost in HPV negative cancers.71

Mechanisms of Immune Evasion
Modulation of the host innate and adaptive immune systems 
by HPV facilitates its evasion of natural killer (NK) and CD8+ 
T cells acting upon infecting keratinocytes. HPVs are non-
lytic and non-enveloped, replicate their genomes in the host 
nucleus, and do not have a blood-borne phase of infection. �e 
low pro�le maintained by HPV, preferred codon usage, molec-
ular mimicry, modulation of major histocompatibility complex 
(MHC) class I and II antigen presentation, and interference 
with interferon (IFN) production and signaling combine to 
allow HPV to escape detection by the host immune system.

Regulated Expression of Immunogenic Viral Protein
As the life cycle of HPV is non-lytic and does not contain 
a blood or lymph-borne phase of infection, HPV does not 
elicit pro-in�ammatory signals that would activate dendritic 
cells (DCs) or Langerhans cells (LCs) in the microenviron-
ment. Very low levels of immunogenic HPV proteins E6 
and E7 are expressed during keratinocyte di�erentiation, 
and those that are expressed are primarily contained in the 
nucleus of the infected cells.72 �us, availability of exogenous 
viral antigens to be presented on MHC class II molecules in 
antigen-presenting cells (APCs) is low. Additionally, because 
HPV does not infect DCs or LCs, robust presentation of viral 
antigens on APC MHC class I molecules is also impaired. �e 
redundancy of codons to encode the same amino acid and 
the number of tRNA molecules that recognize a particular 
codon di�er among viruses and mammalian cells. HPV uses 
codons not commonly employed by mammalian cells, allow-
ing an additional level of control of expression of early and 
late genes.73 �is additional level of control suppresses E6 
and E7 expression during basal keratinocyte di�erentiation 
and contributes to the lack of available epitopes displayed on 
MHC class I and II molecules.73

Molecular Mimicry
Molecular mimicry is exempli�ed when the structural proper-
ties of a foreign molecule closely resemble an endogenous host 

molecule. �e molecular mimicry between HPV E7 and several 
human proteins may allow HPV to harness the host process 
of self-tolerance to inhibit recognition of viral epitopes. HPV 
E7 shares common amino acid sequence motifs with proteins 
involved in DNA excision repair, namely, XPGC (xeroderma 
pigmentosum group G complementing protein) and RBP-1 
(retinoblastoma binding protein-1).74-76 A cell-mediated pro-
cess that targets these epitopes would cause dysregulation of 
genome repair and lead to abnormalities in the key G1/S-phase 
cell cycle checkpoint. �us, HPV may have evolved to mimic 
epitopes to which the adaptive immune system is centrally 
tolerant.

Alterations in Antigen Presentation Machinery
A key evasion mechanism used by HPV is the modulation of 
antigen presentation on MHC class I molecules. CD8+ cyto-
toxic T lymphocytes recognize infected cells by interacting with 
viral peptides bound to MHC class I on the surface of infected 
cells. HPV prevents antigen presentation of proteasome sub-
units low molecular weight peptide 2 and 7, LMP2 and LMP7, 
and of the transporter associated with antigen processing 1 and 
2, TAP1 and TAP2, through a variety of mechanisms, includ-
ing reduced expression of selective class I proteins.77 �e E7 
protein has been shown to repress the promoter for MHC class 
I heavy chain expression and represses the activity of a bidirec-
tional promoter that regulates transcription of the TAP1 and 
LMP2 genes.78 HPV E7 may also inhibit the ATP-dependent 
transport of peptides into the endoplasmic reticulum (ER) via 
TAP1/TAP2.79

In addition to HPV E7, HPV E5 acts to inhibit degrada-
tion of epidermal growth factor in human keratinocytes and 
prevents acidi�cation of endosomes by interacting with the 
pore-forming subunit of the vacuolar H+-ATPase.80 MHC 
class I complex stability is dependent upon pH. E5-modulated 
alkalization of endosomes and the Golgi apparatus disrupts 
intracellular tra�cking of proteins, including MHC complex 
I.81 Additionally, E5 has been shown to downregulate the spe-
ci�c surface expression of HLA-A and HLA-B, both of which 
are responsible for presenting class I�restricted viral epitopes 
to CD8+ T cells. Surface expression of HLA-C and HLA-E 
remains normal, allowing HPV-infected keratinocytes to evade 
NK cell scanning.81 In addition to modulating MHC class I 
expression, E5 may also impact MHC class II epitope presen-
tation. �e invariant chain (Ii) is required to chaperone and 
stabilize MHC class II and is degraded in endosomal com-
partments to allow for epitope placement in the class II bind-
ing cleft. Because E5 prevents acidi�cation of endosomes, Ii 
degradation is hindered and the formation of peptide-charged 
mature MHC class II molecules is inhibited. �us, HPV E5 
may also inhibit CD4+ T cell recognition by downregulating 
MHC class II molecules.82

Alterations in Pro-in�ammatory Cytokines
Type I IFN, which is produced by virally infected cells, primes 
infected cells and the neighboring cells for antiviral activity. 
Additionally, type I IFN has immune stimulatory activity that 
can chemoattract neutrophils, macrophages, NK cells, and 
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DCs.83,84 HPV has evolved to circumvent the antiviral proper-
ties of type I IFN by using E7 to inhibit IFN�-mediated signal 
transduction. HPV E7 binds IFN-regulatory factor (IRF)-9, 
preventing it from translocating to the nucleus and activating 
the ISRE (IFN-stimulated response element) that transcribes 
factors involved in antiviral defense and immune system 
responsiveness.85,86 E7 also binds IRF-1 and inhibits IRF-1�
mediated activation of the IFN� promoter. �e E7/IRF-1 
complex recruits histone deacetylase to the IFN� promoter, 
preventing transcription of the locus.87 Reduced availability 
of IRF-1 also leads to downregulation of IRF-1 target genes, 
including TAP1 and MCP-1 (monocyte chemoattractant pro-
tein-1).88 HPV E7 may also reduce binding of NF-�B to its 
consensus DNA sequences, further dampening the immune 
response.89 In addition to HPV E7, the E6 oncoprotein also 
interacts with the IFN pathway. E6 binds IRF-3, inhibiting 
transcription of the IFN� gene.90 Additionally, E6 interac-
tion with the kinase Tyk2 prevents Tyk2 from associating with 
IFN�-1R, further impairing JAK/STAT signaling that contrib-
utes to the IFN� transduction cascade.91 E6 may also inhibit 
expression of IFN-responsive genes such as interleukin (IL)-8 
and IL-18, which serve as CD8+ T-cell chemoattractants and 
activators, respectively, as well as NF-�B and cell cycle regula-
tion loci.57,92,93

Immune Checkpoint Activation
HPV-HNSCC localizes to the lingual and palatine tonsils�
lymphoepithelial organs that represent a �rst line of defense 
against oral infections. Paradoxically, despite oncogenic HPVs 
expressing foreign viral antigens that are capable of eliciting 
robust immune responses, the viruses are nonetheless able to 
escape immune clearance. Localized expression of programmed 
cell death ligand-1 (PD-L1) within the reticulated epithelium 
of the crypts of the tonsils, which are the sites of origin of 
these virus-related cancers, suggests that the reticulated epithe-
lium of the tonsillar crypts may represent a distinct immune 
microenvironment relative to the surface epithelium.94 �e 
deep invaginations of tonsil crypts make them susceptible to 
collection of bacteria and foreign material. �us, the resident 
lymphohistiocytes are chronically exposed to high concentra-
tions of foreign antigen. It is therefore possible that, even in 
the absence of overt chronic tonsillitis, there is ongoing basal 
immune activation in the crypts that drives PD-L1 expression. 
Given the selective expression of PD-L1 within the deep crypts, 
this region may consequently represent an immune-privileged 
site, in which e�ector function of virus-speci�c T cells is down-
modulated, thereby facilitating immune evasion at the time of 
initial HPV infection and subsequent virus-induced malignant 
transformation.

Epstein-Barr Virus
Overview
EBV is a prototypic member of the herpesvirus family and has 
a linear DNA viral genome encased within a nucleocapsid and 
a viral envelope.95 Greater than 90% of the world�s population 

is infected with EBV, often from an early age, and EBV trans-
mission is postulated to occur by salivary exchange.96 Primary 
infection with EBV is typically asymptomatic, although if 
infection is delayed until adolescence, EBV may present as 
infectious mononucleosis, which is characterized by promi-
nent cervical lymphadenopathy, pharyngitis, and fever.97 
Patients typically shed high viral titers from the lytic infection 
occurring in the oropharynx and have a characteristic IgM 
response. Latent infection in memory B cells can cause lym-
phomas in immunosuppressed individuals, including Hodgkin 
and Burkitt lymphomas. Of particular importance to otolar-
yngologists, malignant transformation associated with epithe-
lial infection with EBV is associated with nasopharyngeal and 
certain salivary gland carcinomas98 (Fig. 4.4).

Genomic Organization and Life Cycle
EBV infects both B cells and epithelial cells of the oropharynx, 
posterior nasopharynx, parotid gland, and tonsils. Infection of 
B cells establishes a latent infection in memory B cells through 
binding of its major envelope glycoprotein, gp350, to CD21 
(also known as complement 2 receptor and complement C3d 
receptor) on the surface of B cells.95 In addition, MHC class II 
molecules on the surface of the B cell function as a co-receptor 
for a second EBV glycoprotein, gp42, which is necessary in 
concert with glycoproteins gH and gL to permit EBV entry 
into B cells.99 Additionally, EBV infection of epithelial cells 
has been noted through the detection of EBV DNA within 
cells lining the parotid duct and EBV DNA and mRNA in 
sloughed oropharyngeal epithelial cells and tonsillar lymphoid 
cells.100 Because epithelial cells do not express MHC class II 
molecules characteristic of APCs, EBV attaches to epithelial 
cells through another glycoprotein, gH, and entry into epithe-
lial cells is mediated by gH/gL complexes.101,102

�e 18-kb double-stranded linear DNA molecule consists 
largely of genic regions interspersed with direct tandem repeats 
and is replicated by a virally encoded DNA polymerase103  

� Fig. �.�  Squamous cell carcinoma of the right nasopharynx with an etio-
logic origin from Epstein-Barr virus infection.
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(Fig. 4.5). Within latently infected cells, the viral genome is 
held in multiple copies as an extrachromosomal episome that 
is replicated by host DNA polymerases.104 After cellular entry, 
the linear DNA molecule circularizes by virtue of the direct tan-
dem repeat sequences at the termini of the DNA.105 Viral gene 
expression is tightly controlled during latent infection in order to 
limit recognition of infected cells by cytotoxic CD8+ T cells. Six 
EBV nuclear antigens (EBNAs 1, 2, 3A, 3B, 3C, and LP) and 
three membrane proteins (LMP 1, 2A, and 2B) are expressed at 
low levels during latency.97 Additionally, two small noncoding 
RNAs, EBER1 and EBER2, are consistently expressed but their 
function remains poorly characterized.97 �e nuclear antigens 
appear important for maintenance and replication of the epi-
somal EBV genome and the latent membrane proteins function 
in oncogenesis by inducing cell-surface adhesion molecules and 
upregulating the expression of anti-apoptotic proteins. EBNA1 
interacts with viral promoters to regulate the transcription of the 
EBV nuclear antigens and LMP1, while EBNA2 interacts with 
DNA-binding protein RBP-J� (J�-recombination-binding pro-
tein) to activate CD23 and LMP1 and LMP2A.106,107 EBNA-LP 
additionally interacts with EBNA2 to allow for e�cient cellu-
lar growth and transcriptional activation of histone deacetylase 
1 and cyclin A, and is modulated by interactions with various 
EBNA3 family members.108-111 �e oncogenic role of the EBV-
encoded latent membrane proteins is discussed here.

EBV Latent Membrane Oncoproteins
LMP1 is the main oncogenic protein of EBV. Studies on 
rodent �broblasts showed that LMP1 expression is both 

necessary and su�cient for EBV-induced B-cell transfor-
mation and that LMP1 functions as a constitutively active 
member of the tumor necrosis factor receptor family, driv-
ing numerous signaling cascades, including the NF-�B, JNK, 
and MAPK pathways, regardless of the presence or absence 
of TNF ligand.112,113 Additionally, LMP1 shares sequence 
similarity with CD40, allowing it to serve as a partial agonist 
receptor to allow for transmission of growth and di�erentia-
tion signals to B cells.114 LMP1 ligand-independent signaling 
also induces the expression of cell-surface adhesion molecules 
and upregulates numerous anti-apoptotic proteins, including 
BCL2. 115

LMP2A transforms epithelial cells and modulates their 
adhesion and motility, potentially through activation of the 
PI3K-AKT pathway and increases in nuclear �-catenin.116,117 
In B cells, LMP2A also drives proliferation and survival of 
undi�erentiated B cells, allowing those cells without immuno-
globulin on their surfaces to migrate to peripheral lymph nodes 
and lymphoid organs such as the spleen and Peyer patches.118 
Additionally, LMP2A has been shown to induce the expression 
of genes involved in cell-cycle progression and prevention of 
apoptosis in Reed-Sternberg cells in Hodgkin lymphoma.119,120

Mechanisms of Immune Evasion
EBV encodes two key proteins, BCRF1 and BARF1, which 
provide robust mechanisms for escape from the adaptive 
immune system and persistence of infection. �e cytokine 
and chemokine receptor BCRF1 shares signi�cant sequence 
similarity with IL-10, allowing it to inhibit IFN� synthesis by 
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blood mononuclear cells. Decreased levels of IFN� prevent 
activation of antiviral programs in neighboring epithelial and 
adaptive immune system cells.121 In contrast, EBV BARF1 
functions as a soluble decoy receptor for colony-stimulating 
factor 1 (CSF-1). Because CSF-1 typically increases expression 
of IFN� by mononuclear cells, BARF1 expression prevents 
the antiviral actions of IFN�, including induction of prote-
ases and nucleases that control viral DNA replication and cap-
sid production.122 Additionally, EBV-infected cells typically 
downregulate the expression of proteins necessary for antigen 
presentation and processing on MHC class I molecules that 
are important for recognition of viral peptides of CD8+ T cells, 
including TAP1/2 and MHC class I.123

Recent studies have shown that PD-1 expression is upregu-
lated on tumor-speci�c cytotoxic CD8+ T cells in nasopharyn-
geal carcinoma and EBV-associated lymphoma.124,125 PD-1 
overexpression was correlated with shorter overall survival, dis-
ease-free survival, and recurrence-free survival and was shown 
to be an independent risk factor for treatment failure by tradi-
tional chemotherapy and radiation therapy.

Merkel Cell Carcinoma Polyomavirus
Overview
Discovered in 2008 by Patrick Moore and Yuan Chang, 
MCPyV is a non-enveloped, icosahedral, double-stranded 
DNA virus with a genome of around 5 kb.126 Merkel cell 
carcinoma (MCC), a malignancy of neuroendocrine cells, is 
diagnosed in approximately 1,500 patients per year, although 
annual incidence has been increasing by 5�10% in recent 
years.127-129 MCC typically presents as an asymptomatic skin 
lesion that expands rapidly and is more prevalent in immu-
nosuppressed, older, and fair-skinned people130,131 (Fig. 4.6). 
MCC most commonly presents in sun-exposed areas, primar-
ily on the head and neck, although cases are also seen on the 
upper and lower limbs.127 Although MCC is relatively rare, it 
represents an aggressive subset of skin cancers, with a mortality 
rate approaching 30% or higher.129

Epidemiologic studies suggest that a combination of immu-
nosuppression, ultraviolet light exposure, and infection with 
MCPyV creates the ideal setting for development of MCC. 
Serology-based antibody testing for MCPyV capsid proteins 
demonstrates that 80% of the adult population is seroposi-
tive and is most likely asymptomatically infected with the 
virus during early childhood.132 Viral DNA has been found 
in the respiratory tract, saliva, lymphoid tissues, and gastro-
intestinal tract, although the skin is the primary residence of 
the virus.31 However, current understanding of the complete 
viral life cycle and route of transmission is limited by a lack of 
laboratory-based experimental systems in which MCPyV can 
be propagated.

Genome Organization and Life Cycle
As mentioned, a comprehensive understanding of the MCPyV 
life cycle is limited by a lack of cell line models that can 
propagate MCPyV in the context of MCC. Recent reports 
suggest that MCPyV infects Merkel cells by initially binding 
glycosaminoglycans, including heparan sulfate, then associ-
ating with sialic acid, which functions as a co-receptor for 
gene transduction.133 �e 5.4-kb, circular, double-stranded 
DNA genome has a similar architecture to other polyoma-
viruses and contains bidirectional early and late coding 
regions134 (Fig. 4.7). �e three genes�large T antigen (LT), 
small T antigen (sT), and 57kT antigen (57kT)�allow for 
viral DNA replication, while the late genes�virus proteins 
1 and 2 (VP1 and VP2)�encode the structural components 
of the virus capsid.135 �e early gene products are primarily 
responsible for modulating cell cycle progression and tumor 
formation in MCC.

MCPyV LT has numerous protein domains that have the 
potential to contribute to MCPyV oncogenesis, including a 
nuclear localization sequence, an Rb-binding domain, a DNA 
origin-binding domain, and a helicase domain.136 �e sT pro-
tein contains a protein phosphatase 2A (PP2A) binding site 
that has been shown to be important in virus-induced cellular 
transformation to MCC.137

Oncoproteins
�e exact role of LT and sT in MCPyV oncogenesis is tenu-
ous, with con�icting data; some groups suggest that MCP 
requires MCPyV T antigen proteins for pathogenesis, and 
other groups suggest that T antigens may play a role in ini-
tial oncogenesis but are not required after initial transfor-
mation.138-141 Knockdown of LT and sT has been shown to 
increase cell death and decrease proliferation of MCC, with 
sT most likely serving as the main oncogenic protein. sT 
antigens have the ability to bind PP2A to allow for unregu-
lated cell cycle progression. sT preserves the hyperphosphor-
ylated status of transcription factor eIF4E-binding protein 
1 (4E-BP1), allowing eIF4E to associate with the 5� cap on 
processed mRNA and promote active translation.137 Addi-
tionally, the Rb-binding motif of LT may sequester Rb and 
allow for unregulated progression through the G1/S-phase 

� Fig. �.�  Merkel cell carcinoma in a sun-exposed area of the face. Dif-
ferential diagnoses can include basal cell carcinoma, epidermoid cyst, or 
amelanotic melanoma.
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cell cycle checkpoint.138 Tumor-speci�c mutations that trun-
cate LT allow for the retention of the DnaJ domain that 
binds heat shock proteins and the Rb-binding domain, but 
remove the origin-binding and helicase domains necessary 
for transcription of viral DNA to produce virions.142 �us, 
MCPyV-positive MCC often does not produce mature virus 
via a lytic cycle.

Interestingly, MCPyV-positive MCCs overwhelm-
ingly lack p53 mutations, although high copy numbers of 
MCPyV viral DNA are associated with p53 expression in 
as few as 7% of MCPyV-positive tumors.143 �us, while 
overexpression of mutated p53 likely does not contribute 
to oncogenesis, it is unclear how MCPyV inactivates the 
p53 pathway. Recent work has suggested that the LT anti-
gen can bind to the DNA-binding domain of p53 to inhibit 
p53-dependent transcription of cell cycle arrest and pro-
apoptotic genes.144,145

Mechanisms of Immune Evasion
Given the lack of a model system to culture MCPyV-positive 
MCC, the mechanisms of immune evasion employed by 
MCPyV remain uncharacterized.

Kaposi Sarcoma Herpesvirus
Overview
Kaposi sarcoma was �rst discovered in 1872 by Moritz Kaposi 
and was initially recognized to a�ect Mediterranean and Eastern 

European men in their late 60s. During the acquired immune 
de�ciency syndrome (AIDS) epidemic, however, KS became 
associated with one of the most aggressive AIDS-associated 
cancers that presented with lymphadenopathy and cutane-
ous dark purple lesions148,149 (Fig. 4.8). �e lesions are highly 
angiogenic, contain numerous T and B cells, and are domi-
nated by a mixture of erythrocytes and endothelial cells that 
have the characteristic spindle morphology of KSHV-infected 
cells.150 KSHV, the etiologic cause of Kaposi sarcoma, can be 
classi�ed into �ve major serotypes, primarily corresponding to 
di�erent geographic distributions, and can be associated with 
four epidemiologic forms, including sporadic KS, African KS, 
HIV-associated KS, and immunosuppressive-associated KS.148 
KSHV infects and remains latent in up to 50% of sub-Saharan 
Africans, while seroprevalence rates in Europe, Asia, and North 
America are less than 5%.151 Its 165 kb linear DNA genome 
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� Fig. �.�  The Merkel cell polyomavirus (MCPyV) genome. The three 
genes, large T antigen (LT), small T antigen (sT), and 57kT antigen (57kT), 
function to allow for viral DNA replication, while the late genes, virus pro-
teins 1 and 2 (VP1 and VP2), encode the structural components of the 
virus capsid. LT and sT are thought to be the main oncogenes of MCPyV 
by sequestering Rb and encoding a protein phosphatase 2A (PP2A) bind-
ing site to preserve hyperphosphorylated 4E-BP1, respectively.

A

B

� Fig. �.�  A, Kaposi sarcoma involving the oral mucosa. A con�uence of 
several raised, nodular lesions involve the right oropharynx and the soft 
and hard palate, crossing the midline to involve the contralateral orophar-
ynx. B, An isolated exophytic lesion involving the mucosa overlies the left 
mandible. Kaposi sarcoma can invade the bone and cause tooth mobility.
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is similar to other herpesviruses and becomes episomal upon 
host cell entry. Characterized by both latent and lytic por-
tions of its life cycle, latent infection is relatively quiescent and 
shows limited production of virions and other immunogenic 
viral particles. �e DNA sequence of latent cycle genes shows 
homology to human cellular genes and may contain excised 
copies of the human genome that were acquired as the virus 
evolved to maintain a proliferative advantage and avoid detec-
tion by the immune system.152,153

Genome Organization and Life Cycle
�e KSHV genome is organized as linear dsDNA that is 
enclosed in a viral capsid and envelope154 (Fig. 4.9). KSHV 
primarily infects endothelial cells and gains entry to the cell in 
two di�erent phases: attachment and membrane fusion and/
or endocytosis. KSHV encodes numerous glycoproteins neces-
sary for cellular attachment, including those conserved with 
other herpes viruses, including gB, gH, gL, gM, and gN.155,156 
Additionally, KSHV has been shown to bind heparan sulfate, 
the integrin �3�1, and DC-SIGN, a marker found on dendritic 

cells.157-160 After attachment to the endothelial cell surface, 
KSHV likely enters the cell by fusion of the viral envelope and 
cellular plasma membrane and/or endocytosis via a clathrin-
mediated mechanism.161-163

�e latent phase of the KSHV life cycle is restricted to 
expression of a few viral proteins, including latency-associated 
nuclear antigen (LANA), cyclin D, viral FLICE-inhibitory 
protein (vFLIP), and Kaposin.164-167 Low levels of protein 
expression are maintained by hypoacetylation of promoter 
histones and methylation of DNA. LANA seems to be the key 
protein necessary for persistence of the KSHV episomal viral 
genome during latency by a�xing it to the host cell nuclear 
chromatic structure, primarily through histone H3 and H4 
association.168 Other proteins function in maintaining an 
oncogenic state and are discussed herein later. In contrast, 
systematic expression of viral capsid and envelope proteins, 
identi�ed as immediate early, early, and late genes, character-
ize the lytic cycle. Cells that undergo stochastic lytic reac-
tivation express macrophage in�ammatory protein-1, viral 
IL-6, viral Bcl-2, and various miRNAs.169,170 �e immediate 
early genes tend to activate downstream genes responsible for 
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� Fig. �.�  The Kaposi sarcoma virus (KSHV/HHV8) genome. The linear DNA genome of KSHV encodes 
numerous glycoproteins gB, gH, gL, gM, and gN necessary for cellular attachment and entry. Latent 
phase gene expression is restricted to latency-associated nuclear antigen (LANA), cyclin D, vFLIP, and 
Kaposin, which are the four genes thought to drive KSHV oncogenesis. LANA is important for maintain-
ing the viral episome during latency and represses cellular Rb and p53 activity. Viral cyclin-D (vCyclin) 
drives unrestrained cell cycle progression, while vFLIP activates the NF-�B pathway. Kaposin has been 
shown to increase cytokine release. Upon lytic phase reactivation, various in�ammatory proteins, cyto-
kines, and chemokines are expressed from the viral genome, including vIL6, vCCL2, vCCL3, and vIRFs. 
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making the host cellular environment suitable for viral rep-
lication. �e RTA protein is the best characterized among 
immediate early genes and serves as the key protein necessary 
for latent to lytic cycle progression. RTA binds the pluripo-
tent transcription factor Oct-1, in combination with RBPJ�, 
to drive transcription of lytic cycle genes but is repressed by 
the key latent protein LANA.171,172 �e early gene subsets are 
characterized by the expression of Kaposin and viral IL-6.173 
Kaposin encourages the export of intron-lacking viral RNA 
from the nucleus, although the mechanism is poorly de�ned. 
KSHV also encodes a viral version of IL-6 that is activated 
during the lytic phase to promote proliferation and survival 
of B cells and upregulates expression of a viral G-protein 
coupled receptor (GPCR) to contribute to tumor angiogen-
esis.174 Late gene expression is primarily focused on the pro-
duction of viral capsid and envelope components.

Oncoproteins and miRNAs
Four key latency-associated proteins, LANA, vCyclin, vFLIP, 
and Kaposin B, along with a cluster of miRNAs, are known 
to contribute to KSHV oncogenesis. LANA is the protein 
required for establishing and maintaining KSHV latency in 
proliferating endothelial cells by tethering the circular viral 
DNA to host chromosomes during mitosis.175 LANA also 
interferes with Rb and p53 function through its E3 ubiqui-
tin ligase activity, leading to unrestrained cell cycle progression 
and a hampered DNA repair response.176,177 Nuclear seques-
tration of GSK-3� (glycogen synthase kinase 3�) also pre-
vents �-catenin phosphorylation and degradation, leading to 
increased transcription of TCF/LEF-regulated genes that have 
been shown to be involved in cellular di�erentiation.178 LANA 
may also epigenetically silence the TGF-� locus, further con-
tributing to oncogenesis.

�e viral cyclin shares signi�cant homology with cellular 
cyclin D, although it has been shown to interact with a broader 
repertoire of cyclin-dependent kinases and is less sensitive to 
cyclin-dependent kinase inhibitors, such as p21.179-181 vCyclin 
drives unrestrained cell cycle progression, leading to activa-
tion of the p53-mediated DNA damage response. However, 
LANA inhibition of the p53 response allows for robust pro-
gression and continued mitosis. In contrast, vFLIP has been 
proved to be a potent activator of the NF-�B pathway, lead-
ing to increased expression of NF-�B-regulated cytokines and 
driving an in�ammatory local tumor microenvironment.182-184 
Kaposin B also increases cytokine release, speci�cally of IL-6, 
by blocking the degradation of cytokine mRNAs through its 
interaction and activation of MK2 (MAPK-associated protein 
kinase 2).185

A cluster of latency-associated 12 miRNAs has been shown 
to be highly active in KSHV-associated cancers.186 One of 
the miRNAs, miRNA-k12-11, mimics the host oncogenic 
miRNA-155 that is important in immune regulation and lym-
phocyte di�erentiation.187 miRNA-k12-11 downregulates the 
expression of BACH-1, a transcriptional repressor of hypoxia, 
and associated genes like HIF1� to further modulate KSHV-
associated tumorigenesis.188

Mechanisms of Immune Evasion
KSHV interferes with both the adaptive and innate immune 
system to avoid detection and elimination of KSHV-infected 
epithelial cells, including interfering with IFN signaling, alter-
ing the host cell chemokine repertoire, inhibiting comple-
ment, and escaping NK and cytotoxic T-cell responses. Upon 
infection of epithelial cells with KSHV, the cytoplasmic pro-
tein IRF3 becomes phosphorylated and is translocated to the 
nucleus to induce the expression of IFN�. However, KSHV 
encodes viral IRF genes that are structurally similar to host 
IRFs but lack key tryptophan residues that are necessary for 
DNA binding.189 �us, the vIRFs inhibit the production of 
type I IFN genes by acting as dominant inhibitors of cellular 
IRFs. vIRF1 has also been shown to bind and sequester p300, a 
key transcriptional co-activator required for e�cient transcrip-
tion of viral response genes, while vIRF3 interacts with IRF7 to 
prevent the DNA-binding activity of IRF7 and thus blocking 
the production of IFN�.190,191

KSHV modulates the host chemokine response by encoding 
three viral chemokine homologs, vCCL1, cCCL2, and vCCL3, 
that function as either agonists or antagonists of host chemo-
kine receptors in order to skew the antiviral immune response 
toward an immunosuppressive TH2 phenotype instead of an 
immunostimulatory TH1 phenotype.192 vCCL1 acts as an 
agonist for CCR8, while vCCL2 agonizes CCR3 and vCCL3 
agonizes CCR4. �ese CCR3, CCR4, and CCR8 receptors 
are expressed preferentially on TH2 lymphocytes.150,193-195 
Additionally, vCCL2 is immunosuppressive and can antago-
nize a wide variety of host cytokine and chemokine recep-
tors found primarily on TH1 cells. By skewing the immune 
response toward a TH2 phenotype, virally infected cells can 
avoid attracting cytotoxic CD8+ T cells.192,196 Myeloid-derived 
cells such as macrophages can also be suppressed by a virally 
encoded homolog of CD200 that provides an inhibitory signal 
to cells that produce TH1 cell-associated cytokines.197

�e complement system that culminates in the formation 
of the membrane attack complex and results in cell death can 
be activated by antibody binding, recognition of pathogen 
surfaces, or recognition of carbohydrates on the microbial 
surface.198 KSHV has evolved to interfere with the path-
ways of complement activation by encoding host regulators 
of complement activation.199 �e lytic protein KCP (KSHV 
complement control protein) enhances decay of the classic C3 
convertase, prevents C3b deposition on virally infected cells, 
and serves as the necessary co-factor for inactivation of C3b 
and C4b.200

Similar to other oncoviruses, KSHV downregulates MHC 
class I expression, primarily through two lytic cycle gene prod-
ucts, K3 and K5.201 K3 and K5 increase ubiquitination of cell 
surface MHC class I molecules, leading to rapid internaliza-
tion and lysosomal degradation.202 �is prevents expression 
of viral proteins on MHC class I molecules, leading to a less 
robust activation of the cytotoxic T-cell response. However, 
downregulation of MHC class I molecules is usually a signal 
for NK cells to recognize and lyse virally infected cells. K5 has 
been shown to downregulate cell surface molecules ICAM-1 
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and B7-2, two co-stimulatory molecules that are necessary 
for NK cell activation, through increased ubiquitination and 
lysosomal degradation.203,204 Downregulation of ICAM-1 pre-
vents NK cells from binding tightly enough to virally infected 
cells to recognize a lack of MHC class I molecules, and lack of 
B7-2 prevents robust activation by not providing a necessary 
co-stimulatory signal.202

Conclusion

Virally induced malignancies serve as a model system in which 
to understand mechanisms of oncogenesis and immune eva-
sion. Viruses induce oncogenesis by modulating the cellular 
biology through oncogene capture, insertional mutagenesis, 
and genome instability,32 while simultaneously employing 
mechanisms to escape host immune recognition and clearance. 
A robust understanding of both of these mechanisms can pro-
vide a foundation upon which to build a growing understand-
ing of cancer development as well as better direct e�orts in the 
development of novel treatment strategies for virally associated 
cancers.
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Anatomic Imaging: Computed Tomography 
and Magnetic Resonance Imaging

Anatomic imaging has become an indispensable tool in the 
clinical evaluation and staging of head and neck squamous cell 
carcinoma. Enhanced neck computed tomography (CT) is the 
modality of choice for most institutions for work-up of new 
head and neck cancer because of its widespread availability, 
short scan times, excellent multiplanar reconstruction capabili-
ties, and familiarity among clinicians.

Enhanced magnetic resonance imaging (MRI) o�ers several 
advantages over CT; however, MRI is mainly limited by long 
scan times. MRI is particularly well suited to speci�c anatomic 
locations, such as the paranasal sinuses, salivary glands, and 
oral cavity, because motion artifacts are less problematic there. 
Dental amalgam artifacts are also typically much smaller on 
MRI than CT, allowing for better visualization of oral cavity 

primary lesions. Soft tissue contrast is better with MRI even in 
patients without technical artifacts, allowing for more sensitive 
detection of subtle lesions (Fig. 5.1). Hypopharynx and larynx 
cancers may be better imaged with good quality MRI, par-
ticularly for cartilage invasion. However, patients with issues 
related to managing secretions and motion or claustrophobia 
are better imaged with CT.

Imaging is helpful in initial cancer work-up to evaluate local 
spread of disease that may be inaccessible to clinician evalua-
tion, and it has the potential to upstage primary and nodal sta-
tus. Anatomic imaging with CT and MRI can also be helpful 
for preoperative identi�cation of variant anatomy that may be 
at risk (Fig. 5.2), particularly during trans-oral robotic surgery.

Imaging can bene�t evaluation of the post-therapy neck 
because patients may have indurated di�cult-to-palpate necks 
or abnormalities involving deep non-palpable structures in 
the neck. Examples include retropharyngeal nodal metastasis, 

A B

� Fig. �.�  Axial non-contrast CT (A) performed in a 53-year-old woman with fullness in the anterior �oor of 
mouth shows no convincing abnormality. Reason for lack of contrast is unclear. Axial T1-weighted post-
contrast MRI with fat saturation (B) performed at the same time as A shows excellent delineation of a right 
sublingual gland enhancing mass (arrow), later proven to be adenoid cystic carcinoma.
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� Fig. �.�  Axial contrast-enhanced CT demonstrates medial deviation of 
the left internal carotid artery (arrow). This anatomic variant is a relative 
contraindication to oropharyngeal trans-oral robotic surgery resection, 
because of the risk for vascular injury.

� Fig. �.�  Axial T1-weighted post-contrast MRI reveals extensive peri-
neural tumor spread in the pterygopalatine fossa and spreading along V2 
with invasion of the cavernous sinus and skull base (arrows) in a patient 
previously treated for left parotid adenoid cystic carcinoma. Tumor had 
originated from the auriculotemporal nerve.

perineural tumor spread, and localized involvement of bone, 
cartilage, or marrow.

For many institutions, CT is a much simpler and easier tool 
for initial cancer evaluation. MRI is most useful to evaluate the 
paranasal sinuses and salivary glands and to evaluate cases of 
suspected skull base, intracranial and/or orbital spread of dis-
ease, intracranial involvement, and perineural tumor spread 
(Fig. 5.3). Any tumor that involves osseous structures, and in 
particular the skull base, may bene�t from both CT and MRI 
characterization because of inherent and complementary advan-
tages (CT for early cortical erosion and osseous destruction and 
MRI for marrow involvement and better soft tissue detail).

Primary Site Evaluation by Imaging

�e goal of primary site imaging is for surgical planning and to 
improve clinical staging by detection of deep spread of disease 
that may not be clinically accessible to evaluation (Fig. 5.4). 
Some primary neoplasms, particularly those involving salivary 
glands, are nearly invisible on CT and may only be well dem-
onstrated on MRI (Fig. 5.5). Some examples of improved pre-
operative staging through imaging include the paraglottic fat 
invasion, which may upstage a clinical T2 laryngeal carcinoma 
to T3 (Fig. 5.6) and spread of retromolar trigone carcinomas 
to the masticator space or skull base. Cartilage assessment is 
best performed by reviewing bone window views of neck CT. 
Sclerosis is a non-speci�c imaging �nding (Fig. 5.7); however, 
destruction adjacent to enhancing neoplasm is predictive of 
invasion (Fig. 5.8). Identifying subtle cartilage destruction on 
CT is more challenging than on MRI because of variations 

in normal cartilage ossi�cation. Overt extralaryngeal exten-
sion provides de�nitive evidence of cartilage destruction and 
upstages laryngeal cancers to T4, however. Invasion of the 
carotid sheath or prevertebral muscles by the primary site 
or nodes may not be easily evaluated clinically, but may be 
detected on CT or MRI, allowing for correct staging to T4c.

Evaluation of submucosal disease can be aided by imaging, 
particularly for tumors of cartilage origin. Although MRI can 
be somewhat useful, CT for chondroid tumors of the larynx is 
most characteristic and nearly pathognomonic (Fig. 5.9).

Lymph Node Evaluation by Imaging

Imaging evaluation of lymph nodes is neither su�ciently sensi-
tive nor speci�c for accurate staging, usually necessitating for-
mal neck dissection and histologic con�rmation. Adding CT 
was shown to improve the detection rate of cervical adenopa-
thy from 75% using physical examination alone to 91% using 
both CT and physical examination in one comparative study.1 
�e following criteria are commonly accepted standards for 
pathologic or malignant lymph nodes on imaging:
	1.	� Size >1.5 cm in levels I and II*
	2.	� Size >1 cm in remaining nodal levels
	3.	� Imaging evidence of necrosis
	4.	� Rounded nodal shape/morphology
	5.	� Intense and/or heterogeneous enhancement

* �ere is some controversy regarding the choice of short versus long axis 
for nodal measurement, with resulting impact on relative sensitivities and 
speci�cities.
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� Fig. �.�  Sagittal multiplanar reconstruction (A) from a contrast-enhanced CT demonstrates a soft tis-
sue mass with internal calci�cations eroding the hard palate (arrows). Biopsy disclosed mucoepidermoid 
carcinoma. Axial bone windows (B) in the same patient show invasion into the right greater palatine fora-
men (arrow).

� Fig. �.�  Axial contrast-enhanced CT shows a subtle mass in the right 
submandibular gland (arrow) in a patient with upper aerodigestive tract 
squamous cell carcinoma and �udeoxyglucose-avid nodule (positron 
emission tomography [PET] not shown) in right level I suspicious for 
metastatic adenopathy. This was biopsy-proven pleomorphic adenoma. 
Salivary gland masses can be nearly occult on enhanced CT, and MRI is 
better to evaluate. Note that primary salivary neoplasms are an occasional 
source of false-positive studies for metastatic carcinoma with PET. Careful 
correlation with anatomic imaging is required for correct diagnosis.

� Fig. �.�  Axial contrast-enhanced CT shows soft tissue invasion into the 
pre-epiglottic fat (arrow), a clinically inapparent �nding that upstages this 
supraglottic cancer to T3.
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� Fig. �.�  Axial contrast-enhanced CT in a patient with small primary 
squamous cell carcinoma in the left post-cricoid hypopharynx adjacent to 
marked left cricoid sclerosis (arrow). Sclerosis is common and not a reli-
able indicator of cartilage involvement, in that it may be reactive.

� Fig. �.�  Axial contrast-enhanced CT shows erosion of the cricoid 
(arrow) consistent with invasion of adjacent squamous cell carcinoma.

� Fig. �.�  Axial contrast-enhanced CT in a 53-year-old man with vocal 
cord paralysis and submucosal mass lesion of the subglottis demonstrates 
enlargement of the cricoid cartilage (arrow), with smooth margination and 
relatively low attenuation. No destructive changes are evident. Imaging 
characteristics are nearly diagnostic for laryngeal chondroid neoplasm.

� Fig. �.��  Axial contrast-enhanced CT in a 24-year-old woman with pal-
pable left level II cystic mass (arrow) mimicking branchial cleft cyst. This 
was metastatic papillary thyroid carcinoma. Metastatic adenopathy in thy-
roid cancer is frequently cystic and may have calci�cations. Human pap-
illomavirus�positive squamous cell carcinoma is also known to result in 
cystic level II adenopathy that can mimic branchial cleft cyst if no obvious 
mucosal primary is evident.

New neck masses in a young adult should be considered 
malignant until proven otherwise. A common error is assum-
ing that cystic level II region masses are misdiagnosed as bran-
chial cleft cysts, when malignant adenopathy is a far more 
common cause of cystic masses in this location (Fig. 5.10). �e 
rise in human papillomavirus�positive cancer has contributed 
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� Fig. �.��  Axial contrast-enhanced CT (A) and sagittal multiplanar recon-
struction (B) demonstrate a mass between the sternocleidomastoid and 
platysma muscle (arrows). This localizes to the parotid tail, suggesting pri-
mary parotid neoplasm; however, in this case biopsy con�rmed melanoma 
metastasis to an intraparotid lymph node. Skin cancers of the ear and 
scalp usually metastasize �rst to the parotid lymph nodes, being that they 
are the �rst order nodal basin. Skin or systemic cancers may metastasize 
here, and it is common for patients to under-report a history of skin can-
cers that may be a helpful clue to diagnosis.

to the prevalence of cystic nodal metastasis as a common clini-
cal presentation for unknown primary head and neck cancer.2 
Other interpretive errors include misinterpretation of masses 
at the angle of mandible as level II metastasis, which may be of 
parotid tail in origin. Masses here favor primary parotid neo-
plasms or metastases from skin malignancies (Fig. 5.11).

Nodal extracapsular extension (ECE) increases the rate of 
locoregional failure and is an indication for adjuvant chemo-
radiation therapy. CT evidence of ECE includes ill-de�ned 
or irregular nodal borders and adjacent soft tissue invasion  
(Fig. 5.12). Although studies evaluating imaging prediction of 
ECE have shown low sensitivity overall, there is good speci-
�city when there is invasion of adjacent normal structures.3,4 
Radiographically detected ECE has little predictive impact 
on locoregional control, but is a predictor of distant control 
failures and lesser survival, independent of formal pathologic 
staging.5

Imaging the N0 Neck
Imaging is a helpful adjunct to evaluation of the clinically 
node-negative neck. �e choice of modality is usually depen-
dent on institutional expertise. Evaluation of various modali-
ties has shown no signi�cant di�erence in diagnostic accuracy 
for CT, MRI, positron emission tomography (PET), or ultra-
sound (US). Based on meta-analysis data, pooled estimates 
for sensitivity were 52%, 65%, 66%, and 66%, for CT, MRI, 
PET, and US, respectively. Pooled estimates for speci�city 
were 93%, 81%, 87%, and 78% for CT, MRI, PET, and 
US, respectively.6 Disadvantages of US include a technical 
inability to detect deep lymph nodes such as retropharyngeal 
lymph nodes and operator dependence, although technical 
artifacts on CT, MRI, and PET such as those due to metallic 

� Fig. �.��  Axial contrast-enhanced CT in a 60-year-old man with hypo-
pharyngeal squamous cell carcinoma is suspicious for invasion of the pre-
vertebral muscles, although this was not documented clinically. Extensive 
metastatic adenopathy is also present (arrow), with margins inseparable 
from the lateral aspect of the carotid sheath and perivertebral space, sus-
picious for invasion and extracapsular extension (arrow). Gross radiologic 
evidence of extracapsular extension correlates with worse prognosis. This 
patient also had a synchronous lung cancer identi�ed at presentation (not 
shown).
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� Fig. �.��  Axial contrast-enhanced CT (A) in a patient with clinically low-risk T1 N0 M0 oral tongue cancer 
(arrow) showed no adenopathy. This patient underwent sentinel lymph node sampling to avoid cervical 
lymph node dissection. Contrast-enhanced CT (B) and positron emission tomography (not shown) per-
formed 13 months later showed massive left nodal recurrence in levels II through IV (arrow).

implants can also distort or limit image quality. Selected 
patients may be able to avoid diagnostic cervical lymph node 
dissections given low pre-test probability and imaging-nega-
tive nodal evaluation.

Sentinel Lymph Node Evaluation
Sentinel lymph node evaluation is a more recently adopted 
strategy to avoid the risks of cervical lymph node dissection in 
low-risk cancer patients. �e draining lymph node identi�ed 
scintigraphically can be selectively removed, and if cancer-free, 
has been used to justify avoidance of prophylactic and diag-
nostic cervical lymph node dissection.7 Data to support this 
approach are limited, however, and even low-risk patients may 
have nodal failures (Fig. 5.13).

Imaging Nodal and Metastasis Staging Impact 
on Treatment Planning
Identi�cation of lymph nodes not removed by a cervical neck 
dissection is important for radiation treatment planning. Small 
sub-centimeter lymph nodes may be non-palpable but morpho-
logically abnormal on CT, allowing for correct characterization 
(Fig. 5.14). Retropharyngeal lymph nodes are not clinically 
palpable and can easily be overlooked on imaging (Fig. 5.15). 
Although uncommon, these are present in about 10% of oro-
pharyngeal and 8% of hypopharyngeal squamous cell carcino-
mas, and confer worse outcomes in terms of disease recurrence, 
distant relapse, and survival.8,9 Recognition is important because 
retropharyngeal adenopathy represents an important cause of 
treatment failure if not included in the radiation �eld.10,11

PET can also be a helpful adjunct to determine nodal metas-
tasis, although it is also limited by a number of factors. First, 
small lymph nodes (<5 mm) may be a source of false-negative 
results. Nodal cystic or necrotic change is a frequent source 
of false-negative PET studies because the centrally necrotic 

� Fig. �.��  Axial contrast-enhanced CT in a patient with a large supraglot-
tic squamous cell carcinoma demonstrates a small necrotic right level III 
lymph node (arrow), which is pathologic given its necrotic appearance. 
Small nodes like this may be non-palpable and can impact N staging.
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� Fig. �.��  Axial contrast-enhanced CT in a 63-year-old man with oropha-
ryngeal cancer. An irregularly marginated rim-enhancing nodule in the left 
retropharyngeal space (arrow) was an atypical site of metastatic adenopa-
thy. This occurs in about 10% of oropharyngeal carcinomas and is impor-
tant to include in the radiation treatment plan.

portion is not metabolically active and therefore does not take 
up radionuclide. Notable sources of radiographically false-pos-
itive lymph nodes on PET include in�ammatory and infected 
lymph nodes, recent intervention (biopsy and/or radiation), 
and interpretive errors (normal morphologic uptake misinter-
preted as adenopathy). Many sources of potential errors can 
be minimized with knowledge of normal variant uptake and a 
dedicated contrast-enhanced neck CT for co-localization.

Detection of synchronous or metachronous primary carci-
nomas and metastatic disease is aided by either CT or PET/
CT. Some abnormalities can be easily missed with imaging, but 
may be aided by directed clinical history and physical exami-
nation. �ese include uncommon locations of head and neck 
cancer metastatic disease dissemination, such as dermal and 
muscle metastases (Fig. 5.16), and metastases to brain and spi-
nal cord. Dedicated brain and spine MRI best detects metas-
tases to the neuraxis, although the metastases are sometimes 
incidentally detected at the top of the �eld of view on routine 
neck CT surveillance (Fig. 5.17).

Physiologic Imaging: Positron Emission 
Tomography

PET has also become commonplace in head and neck cancer, 
although its use is limited geographically by reimbursement 

A B

� Fig. �.��  Sagittal multiplanar reconstruction (A) from a contrast-enhanced CT in a 56-year-old man with 
stage IV squamous cell carcinoma of the larynx demonstrates enhancing soft tissue invading the prever-
tebral muscles (arrow), suspicious for perivertebral space invasion. Axial contrast-enhanced CT (B) in a 
29-year-old woman with squamous cell carcinoma shows a subtle enhancing mass in the left paraspinal 
muscles (arrow). The mass was initially missed until the patient brought this area, which was painful, to 
clinical attention. This was biopsy-proven metastatic carcinoma.
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issues. �e primary indication for PET at initial presentation is 
to assess for distant metastatic disease, to evaluate for potential 
primary sites in the setting of the unknown primary cancer 
(Fig. 5.18), and/or to evaluate physiologic activity within bor-
derline cervical adenopathy.12

PET is useful in the post-treatment setting to evaluate for 
local and distant disease recurrence. �e main limiting factors 
with post-treatment PET are surgical and particularly radiation 
therapy changes that cause increased uptake due to in�amma-
tion that can mimic tumor recurrence. Delaying PET for 12 
weeks after treatment minimizes this confounder.

Some cancers are non��udeoxyglucose (FDG)-avid tumors, 
particularly small and/or necrotic tumors, but also those with 
low metabolic activity. �ese can be sources of false-negative 
PET studies, but can be resolved with enhanced CT/cross-sec-
tional imaging. PET is not helpful for discriminating recurrent 
tumor from in�ammation and infection, including radione-
crosis, which can be PET avid. Background avidity can obscure 
malignant disease, such as brain metastasis, but this is often 
easily resolved with dedicated anatomic imaging. Interpre-
tive errors include mis-registration errors (motion during scan 
results in inappropriate localization of FDG-avid tissue) and 
muscle uptake, which can be resolved by review of non�co-
registered images. Finally, salivary uptake in infectious, in�am-
matory, and benign neoplastic processes can mimic metastatic 
disease (Fig. 5.19).

Most PET studies are co-registered to a CT performed con-
currently. Ideally, this should be a contrast-enhanced study 
of diagnostic quality similar to other CT scans; however, at 
many institutions only a low-dose non-contrast CT is obtained 
because of reimbursement limitations. �is makes interpreta-
tion more challenging. In the future, PET/MRI holds prom-
ise as an evolving modality in head and neck cancer because 
it combines functional and molecular information with ana-
tomic imaging, but there is a paucity of data on its utility in 
that it is currently primarily a research tool.

� Fig. �.��  Axial contrast-enhanced CT reveals a metastatic lesion to the 
brain (arrow) in a patient with recurrent laryngeal cancer. These �nding 
prompted a change in treatment plan to palliation.

A B

� Fig. �.��  Axial contrast-enhanced CT (A) shows necrotic level II adenopathy (thick arrow) in a patient with  
unknown primary squamous cell carcinoma. Subtle left palatine tonsillar asymmetry (thin arrow) might  
suggest a possible primary source although concurrent positron emission tomography (B) is more  
convincing, given the focal hypermetabolism (arrow), and helps guide directed biopsy.
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� Fig. �.��  Axial positron emission tomography image (A) raises concern for metastatic adenopathy in right 
level II (arrow) in this patient with primary squamous cell carcinoma. Axial contrast-enhanced CT (B) properly 
localizes this mass to the right parotid gland. Fine-needle aspiration showed pleomorphic adenoma (arrow).

Post-therapy Imaging: Recognizing Normal 
Postoperative Changes

Given the wide variety of surgical treatment options available 
to patients, it is helpful to be familiar with the normal appear-
ance of the postsurgical neck, particularly if seen by a surgeon 
or radiation oncologist other than the primary treating physi-
cian. Flaps, lymph node dissections, and denervation changes 
all change the appearance of the neck on imaging in recog-
nizable ways. Surgical �aps that incorporate bone and fat do 
not result in interpretive dilemmas; however, the incorporation 
of muscle and other soft tissue structures can make di�eren-
tiation from tumor challenging. Obtaining a baseline imaging 
study can help improve the ability to detect recurrent cancer in 
this setting. Other than detection of new enlarging soft tissue 
abnormalities compared with the postsurgical baseline exami-
nation, the most useful imaging clue to recurrent neoplasm 
is the presence of abnormal enhancement. Variations in con-
trast enhancement, dose, and timing can in�uence detection 
rate, however. Stomal and suture line recurrences are frequent 
sources of local treatment failures, as is cervical adenopathy 
(Fig. 5.20).

Patients undergoing small bowel grafts for aerodigestive 
tract reconstruction normally incorporate mesenteric lymph 
nodes that can mimic malignant adenopathy (Fig. 5.21). �is 
should be recognized as a normal postoperative appearance; 
however, if there is persistent concern, negative metabolic 
imaging with PET and/or short interval follow-up to docu-
ment stability can be useful adjuncts to con�rm a suspected 
benign nature.

Post-therapy Imaging: Imaging of Radiation-
Induced In�ammatory Changes

Imaging is determined by the location involved. New brain 
enhancement after radiation therapy for upper aerodigestive 
tract carcinomas can be con�rmed by review of the radiation 
�elds and dosimetry charts. Perfusion-weighted MRI can be a 
helpful con�rmatory test if needed (Fig. 5.22).

�e hallmark �ndings of radionecrosis include soft tissue 
gas, bony and/or cartilaginous fragmentation, and lack of 
normal enhancement. Exposure of bone or cartilage may be 
seen clinically and/or radiographically and helps in diagnosis. 
Although mandibular involvement is most frequently encoun-
tered, other sites of involvement, such as laryngeal cartilage and 
vertebral radionecrosis, can be more clinically challenging due 
to their deep and inaccessible locations. Imaging can improve 
characterization of radionecrosis in these areas if gas and �uid 
collections are observed in areas where no recent instrumenta-
tion has been performed (Fig. 5.23). Superimposed infection 
is very common. Osseous or cartilaginous fragmentation and 
destructive changes are also typical �ndings.

PET is frequently positive in radionecrosis and thus does 
not serve to distinguish this from tumor recurrence. Although 
biopsy or surgical resection is the gold standard for diagnos-
tic con�rmation, it can aggravate radionecrosis and should be 
avoided if feasible. Some cases of laryngeal chondronecrosis are 
successfully treated with antibiotics and hyperbaric oxygen, 
although many cases may require complete total laryngectomy. 
Hyoid necrosis is a �nding that should warrant particular cau-
tion, because it can herald future carotid �blow-out,� given the 
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� Fig. �.��  Axial contrast-enhanced CT (A) and coronal multiplanar reconstruction (B) in a patient after 
laryngopharyngectomy with jejunal �ap reconstruction shows rounded lymph nodes (arrows) included as 
part of the normal mesenteric free �ap transfer. This should not be confused with malignant adenopathy.

A B

� Fig. �.��  Axial contrast-enhanced CT (A) and sagittal multiplanar reconstruction (B) in a 70-year-old 
man with a history of base of tongue squamous cell carcinoma status post neck dissection and chemo-
radiation many years earlier. He recently underwent total laryngopharyngectomy and �ap reconstruction 
for new cancer of the right oropharynx and subglottis. Early stomal recurrence is noted (arrows). Focal 
enhancing nodules, particularly along �ap margins, should raise concern for recurrent disease.
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� Fig. �.��  Coronal �uid attenuation inversion recovery imaging (A) and coronal T1 post-contrast MRI (B) 
in a patient status post radiotherapy for tonsil cancer shows edema and enhancement in the medial right 
temporal lobe (arrows) that is typical for radionecrosis. Correlation with the dosimetry maps and perfu-
sion weighted imaging, along with short interval surveillance imaging, can help con�rm the diagnosis and 
ensure image resolution and differentiation from developing central nervous system neoplasm or infection.

proximity of the carotid artery (thus assuming a similar radia-
tion dose) to the hyoid.

A benign �nding occasionally seen after radiation therapy 
is cystic transformation of a preexisting thyroglossal duct cyst 
or remnant.13 Such remnants are not uncommon, and they 
may be small and underappreciated on the pretreatment study. 
Because the remnants may enlarge and cystic change may 
develop, during radiation treatment, they can mimic malig-
nant level VI adenopathy (Fig. 5.24). Comparison to the pre-
treatment scan can usually identify the lesion and con�rm this 
benign entity. Surveillance imaging will show regression of the 
lesion after in�ammation has subsided.

Conclusion

Imaging has become a useful tool in the work-up of patients 
with head and neck cancer. Although many institutions vary 
with regard to preference in modality, contrast-enhanced neck 
CT is the most practical and widely used modality because 
it is less susceptible to motion and many technical artifacts. 
Despite limitations, PET is particularly helpful in M staging 
(distant metastatic disease), helping guide directed biopsies in 
unknown primaries, and to further characterize clinically and/
or radiographically indeterminate disease. MRI is the preferred 
modality for detecting perineural spread of disease and for 
assessing the potential of sinonasal, orbital, and intracranial 
spread of disease.

� Fig. �.��  Axial contrast-enhanced CT in a 62-year-old man after re-
irradiation for recurrent base of tongue cancer reveals a rim-enhancing 
�uid collection with pockets of gas surrounding a fragmented and eroded 
hyoid bone (arrow). These �ndings are consistent with radionecrosis and 
the clinician should be wary of a higher risk for future carotid �blow-out�; 
the internal carotid artery is in close proximity, also surrounded by low-
density phlegmon and/or abscess.
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A B

� Fig. �.��  Axial (A) and sagittal multiplanar reconstruction (B) images in a patient with cystic transforma-
tion of a preexisting thyroglossal duct cyst (arrows) developing after radiation therapy for squamous cell 
carcinoma. Routine surveillance imaging showed regression.
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A patient may come in to the o�ce with a complaint 
that resembles a diagnosis, such as �I have a cancer.�  
	However, more commonly a patient arrives with a 

symptom, one that requires an examination to determine the 
cause�and the more accurate the examination, the more accu-
rate and precise the diagnosis. Symptoms that most commonly 
trigger an endoscopy of the upper aerodigestive tract are:
	�	� A voice problem
	�	� A breathing problem
	�	� A swallowing problem
	�	� A neck mass

For these symptoms, endoscopy can play many roles:
	�	� Finding a lesion
	�	� Visibly identifying what the lesion is likely to be
	�	� De�ning the margins of the lesion
	�	� De�ning the functional impairments of the lesion
	�	� Predicting which functional impairments are likely after 

treatment of a lesion
Although there are times when even an average physician 

can place a mirror in the back of the throat and identify a can-
cer, standard endoscopy can go far beyond the simple indirect 
mirror assessment of the larynx. Standard-de�nition endos-
copy can identify the major structures of the larynx (Fig. 6.1).

Standard endoscopy still has some signi�cant limitations. 
From the typical endoscopic viewpoint (see Fig. 6.1), only 
non-subtle masses are identi�able and many problems with 
breathing and phonation are missed.

Goals of advanced endoscopy include:
	�	� For hoarseness: Determine what pathology impairs vocal 

cord vibration.
	�	� For dyspnea: Determine if a change in anatomy is creating 

a �xed airway obstruction between the upper pharynx and 
the carina or determine if a change in vocal cord movement 
functionally obstructs the airway.

	�	� For dysphagia: Determine if there is a mass along the 
pathway of the esophagus. Determine if there is a change 
from normal in laryngeal elevation, laryngeal closure or 
epiglottic inversion during a functional evaluation of 
swallowing.

	�	� For a neck mass: Determine if there is a subtle primary lesion 
in the pharynx or larynx.
Advanced endoscopic evaluation of the pharynx and larynx 

is the combination of technology (equipment) and technique 
(expertise) leading to a precise diagnostic view of both the struc-
tures and the function of this anatomic region. High-de�nition 
technology for imaging the pharynx and larynx, including the 
vocal cords, currently includes:
	�	� Chip-on-tip endoscopes
	�	� High-de�nition cameras
	�	� Stroboscopic lighting
	�	� Digital recording
	�	� High-de�nition monitors
	�	� Selective color �lters

Additional technologies will likely continue to be developed 
and added to the clinical examination as they become available 
and understood.

High-de�nition techniques allow the examiner to optimize 
images, regardless of whether they are obtained with high or 
low technology or even lower quality equipment. An optimum 
combination of equipment and technique leads to a cost-e�ec-
tive, high-yield, and accurate diagnosis. It can lead to a detailed 
conversation with the patient about diagnosis, treatment, and 
future function.

High-de�nition techniques include:
	�	� Moving the endoscope close to the area of pathology
	�	� Using lidocaine to pass obstructions
	�	� Using both rigid and �exible endoscopes for improved per-

spective
Low-de�nition laryngeal endoscopy is where examiners may 

have high-technology equipment and even a high-technology 
education, but they:
	�	� Do not realize where to aim the endoscope given the symp-

tom
	�	� Do not take the time to record quality images of the area of 

pathology
	�	� Do not understand the need for using low technology wisely 

to bring the area of pathology into focus
	�	� Do not review for mistakes to learn from them
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Endoscopy Laboratory

A voice laboratory might contain some or all of the following:
	�	� Endoscopes (rigid and/or �exible [�ber-optic or chip-on-tip])
	�	� Camera and processor (integrated or external, possibly with 

color selectivity)
	�	� Bright light source
	�	� Stroboscope
	�	� Hardware and software for recording and reviewing video 

with simultaneous audio
	�	� High-de�nition monitors

Flexible Endoscopes
�ere are a number of variations in the equipment available 
for �exible laryngoscopy. �e main di�erence is between 
�ber-optic technology, where the camera is mounted onto 
the eyepiece, and chip-on-tip technology, where the camera is 
integrated into the tip of the endoscope. �e �exible aspect of 
these technologies allows the endoscope to be passed through 
the nose, which typically reduces the gag re�ex during the 
examination (compared to a transoral mirror examination). 
�e endoscope can easily be passed close to the vocal cords 
and even beyond the structures of the larynx. Most laryngeal 
function is retained during a �exible endoscopic examination.

Flexible endoscopes have a wider-angle lens than rigid endo-
scopes, enabling a wider-angle perspective than the human 
eye. Consequently, close objects appear relatively larger than 
objects farther away (Fig. 6.2). With bright light, there is high 
depth of �eld, so much of the image can be in focus at a given 
time. Endoscopes with an even curve in their distal articula-
tion and with the articulation located close to the tip of the 
endoscope are easiest to maneuver in the con�nes of the phar-
ynx and larynx (Fig. 6.3). One of the most valuable features of 
�exible endoscopes with a tight curve is the ability to change 

• Fig. �.�   Flexible endoscope wide �eld of view compared with a rigid endoscopic narrower �eld of view. 
Images taken on the same day, at the same approximate pitch and same approximate phase of strobos-
copy. The camera is positioned at approximately the tip of the epiglottis. Left, Standard de�nition (640 × 
480) chip endoscope has a wide �eld of view, and the vocal cords appear in the distance. Right, High- 
de�nition (1080i) rigid endoscope (camera oriented horizontally to �ll more of the frame) has a narrower 
�eld of view, and the vocal cords appear larger viewed from the same distance with the camera at the tip 
of the epiglottis.

• Fig. �.�   Flexible endoscope tip curvature. The more uniform the curve 
and the closer the articulation to the tip, the more maneuverable the endo-
scope will be within the con�nes of the larynx. Left, Less �exible articula-
tion. Right, More �exible articulation.

Lingual tonsils

Epiglottis

True vocal cord

False vocal cord

Cricoid

Arytenoid

Piriform sinus

Esophageal introitus

Pharynx

• Fig. �.�   Standard or typical endoscopic view of larynx. General structures including lingual tonsils, epi-
glottis, false vocal cords, true vocal cords, arytenoids, anterior cricoid cartilage, esophageal inlet, piriform 
sinuses and pharyngeal walls are visible. Left, Chip-on-tip endoscopic view. Right, Flexible �ber-optic view.
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perspective or the angle of view within the con�nes of the air-
way. A modi�ed view of the vocal cords provides additional 
perspective on the same area of pathology (Fig. 6.4).

Fiber-optic Endoscopy
Typically the �exible �ber-optic endoscope is attached to a 
light source and to a separate camera. �e predominant appeal 
for �ber-optic technology is the relative low expense compared 
to newer chip-on-tip technology.

Although an attached camera can be updated from stan-
dard de�nition to high de�nition, the images provided by 
�ber-optic technology are of inherently limited quality 
because after the glass �bers carry light to the interior of the 
larynx, they transmit the image of the larynx back through 
the �bers to the camera, which is attached externally. �ese 
relatively large glass �bers are visible in any image produced. 
When the image is recorded, the pixilation of the glass �bers 
may interact with the pixels on the recording device to cre-
ate a moirØ e�ect. Attempts to diminish the honeycomb 
quality in the image and moirØ e�ect often involve a loss of 
resolution by blurring the image either physically or elec-
tronically. Ultimately when glass �bers break over time, 
light absorption becomes complete and leads to a black spot 
in the image (Fig. 6.5).

Re�ected light decreases greatly with distance from the cam-
era processor. Technology built into camera processors may 
compensate for inadequate light through electronic ampli�ca-
tion or video gain, which comes at the expense of digital noise. 
Digital noise is particularly evident when the endoscope is rela-
tively far away from the pathology. For example, with the endo-
scope at the level of the tip of the epiglottis, there is signi�cant 
loss of light at the level of the vocal cords, several centimeters 
distant. Because most users have the auto-gain function turned 
on, electronic ampli�cation of the image occurs without the 
examiner even sensing degradation of the image. As electronic 
gain increases, more pixels in the image are assigned colors that 
don�t actually exist. �e image becomes more pixelated. Addi-
tionally, as capillaries become blurred, the image becomes more 
apparently red (Fig. 6.6).

Chip-on-Tip Endoscopy
Chip-on-tip technology derives its name from miniaturiz-
ing the electronic sensor or chip and then placing this chip 
camera (which was previously attached to the endoscope eye-
piece) onto the tip of the endoscope, transmitting images elec-
tronically through the �exible scope to an external processor. 
Because the image no longer passes through light �bers, moirØ 
e�ect is eliminated and the images are much clearer (Fig. 6.7).

• Fig. �.�   Angle of view. Left, Vocal cords viewed from above. The left true vocal cord is bowed and there 
is atrophy of the left false vocal cord. Right, With the endoscope oriented nearly parallel to the vocal cords, 
the left vocal cord’s thyroarytenoid muscle atrophy becomes more apparent compared directly with the 
mass of the right vocal cord.

• Fig. �.�   Fiber-optic endoscope view. Fiber-optic light �bers are visible as circles. Left, Broken �bers are 
black dots. Right, Intentionally defocused image reduces the effect of pixilation at the expense of clarity.
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As chips become smaller, higher resolution chips lead to 
higher de�nition images and/or smaller endoscopes. When 
topical anesthesia of the larynx is not used, smaller endoscopes 
can generally be moved closer to the laryngeal structures before 
gagging or laryngeal irritation occurs. Additional processing of 
the image such as selective light absorption can perceptually 
alter the information in the images (Fig. 6.8).

Rigid Endoscopes
Rigid transoral laryngeal endoscopes (Hopkins rod) tend to 
come in two con�gurations based on the angle of view: 70-degree 
and 90-degree endoscopes (Fig. 6.9). Sometimes a quick focus 

ring is added, although the claim is made that this absorbs some 
light. In general, the glass transmitting the image through a rigid 
endoscope carries more light than �exible endoscopes.

�e bene�ts of the rigid endoscope are that it provides a high-
clarity image, it can be attached to a standard-de�nition cam-
era, and it may be upgraded with a high-de�nition camera later. 
Because attached cameras can be physically larger than chip-on-
tip cameras, higher de�nition cameras are typically available for 
rigid endoscopes; 4K cameras are currently being released. Rigid 
transoral endoscopes are particularly valuable for the perpendic-
ular view of vibrating-margin (mucosal-edge) lesions of the vocal 
cords. When attached to a stroboscope, mucosal lesions on the 
margin of the membranous vocal cord stand out in high contrast 

• Fig. �.�   Left, Automatic light gain by the camera processor adds dots of varying colors through inter-
polation when the endoscope is relatively far away from the tissue being imaged. Striping is the moiré 
effect created by interaction between the discrete light �bers in the scope and the pixels in the camera 
chip. Right, By moving the endoscope closer to the structures, the pathology �lls more pixels, more light is 
re�ected from the tissue, and automatic gain is reduced with a reduction of digital noise.

• Fig. �.�   Flexible endoscopes. Examination on the same day as Fig. 6.6. Left, Fiber-optic endoscope—
Fibers visible, particularly broken �bers as black spots, digital noise present as speckling and redness, 
moiré effect as yellow and red striping. Right, Chip-on-tip endoscope—clearer image.
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against the background of the dark trachea (Fig. 6.10), making 
it most useful for lesions of the mucosal margin.

�e potential pitfalls of the rigid endoscope are that it usu-
ally provides only a single perspective view, various anatomic 
structures can obstruct the image (uvula, base of tongue, epi-
glottis, posterior pharyngeal masses, supraglottic squeeze), 
gagging may preclude an examination altogether, and it has a 
relatively shallow depth of �eld. Functional evaluation is lim-
ited, because the tongue is often stabilized by the examiner�s 
hand.

Camera and Processor
In the video world, what is meant by �high de�nition�?

Although any combination of x by y dimensions could be 
used, the video broadcast industry settled on a relatively few 
standardized sizes and ratios. �e most popular, based origi-
nally on television formatting, has been labeled standard de�-
nition (SD). When televisions were still analog, the standard 
called NTSC consisted of 525 lines, the aspect ratio was 4:3 
(horizontal:vertical), and the images were recorded at almost 
60 frames per second (exactly 60 frames led to interference 
from 60-cycle current). Each frame consists of two �elds, 
which are interlaced and leave an artifact in single frames of 
moving objects (Fig. 6.11). As digital technology took over 
this standard, the 4:3 aspect ratio turned into 640 × 480 pix-
els used to record the same image (some of the additional ver-
tical lines were used for other things during the analog era). 
Newer developments include 60 frames per second recorded 
in some cameras with only 1 �eld per frame (progressive), 
which eliminates interlacing artifact. Many other compro-
mises have been made over time for technical as well as com-
mercial reasons. Technology has not stood still, and silicon 
means an increasing number of pixels can be processed and 
stored. Various compromises have led to higher de�nition 

• Fig. �.�   Selective color imaging. Left, Standard light. Right, Using the trumpet maneuver to insuf�ate 
the piriform sinus spreads the laryngeal tissue away from the lateral pharyngeal wall (yellow double-headed 
arrow), and the selective color lighting highlights the vascularity of this tumor and clearly differentiates the 
tumor margin (blue arrows point to tumor margin).

• Fig. �.�   70-degree and 90-degree rigid endoscopes. The 70-degree 
endoscope (above) typically depresses the tongue, bringing the tip closer 
to the vocal cords than the 90-degree endoscope (below). The 90-degree 
endoscope has a quick-focus ring.

• Fig. �.��   Rigid endoscope viewpoint. Perpendicular orientation of the 
rigid endoscope highlights the vocal cord margins. Opaque, mid-right 
vocal cord vibratory margin swelling and translucent left vocal cord polyp 
clearly de�ned.
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