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Seen on a graph, the survival rate for many cancers resembles a precipice. Discovered 
at an early stage, most cancers are quickly treatable, and the prognosis is excellent. 
In late stages, however, the typical treatment protocol becomes longer, more intense, 
and more harrowing for the patient, and the survival rate declines steeply. No 
wonder, then, that one of the most important means in fi ghting cancer is to prevent 
or screen for earlier stage tumors. 

Within each oncologic specialty, there is a strong push to identify new, more useful 
tools for early diagnosis and treatment, with an emphasis on methods amenable to 
an offi ce-based or clinical setting. These efforts have brought impressive results. 
Advances in imaging technology, as well as the development of sophisticated mole-
cular and biochemical tools, have led to effective, minimally invasive approaches to 
cancer in its early stages.

This series, Early Diagnosis and Treatment of Cancer, gathers state-of-the-art 
research and recommendations into compact, easy-to-use volumes. For each particu-
lar type of cancer, the books cover the full range of diagnostic and treatment proce-
dures, including pathologic, radiologic, chemotherapeutic, and surgical methods, 
focusing on questions like these:

■ What do practitioners need to know about the epidemiology of the disease and its 
risk factors?

■ How do patients and their families wade through and interpret the many tests they 
face?

■ What is the safest, quickest, least invasive way to reach an accurate diagnosis?
■ How can the stage of the disease be determined?
■ What are the best initial treatments for early-stage disease, and how should the 

practitioner and the patient choose among them?
■ What lifestyle factors might affect the outcome of treatment?

Each volume in the series is edited by an authority within the subfi eld, and the 
contributors have been chosen for their practical skills as well as their research cre-
dentials. Key Points at the beginning of each chapter help the reader grasp the main 
ideas at once. Frequent illustrations make the techniques vivid and easy to visualize. 
Boxes and tables summarize recommended strategies, protocols, indications and 
contraindications, important statistics, and other essential information. Overall, the 
attempt is to make expert advice as accessible as possible to a wide variety of health 
care professionals.

For the fi rst time since the inception of the National Cancer Institute’s 
annual status reports, the 2008 “Annual Report to the Nation on the Status 
of Cancer,” published in the December 3 issue of the Journal of the National 
Cancer Institute, noted a statistically signifi cant decline in “both incidence and 
death rates from all cancers combined.” This mark of progress encourages all of us 
to press forward with our efforts. I hope that the volumes in Early Diagnosis and 

Series Preface



viii

Treatment of Cancer will make health care professionals and patients more 
familiar with the latest developments in the fi eld, as well as more confi dent in appling 
them, so that early detection and swift, effective treatment become a reality for all 
our patients.

Stephen C. Yang, MD
The Arthur B. and Patricia B. Modell 

Professor of Thoracic Surgery
Chief of Thoracic Surgery

The Johns Hopkins Medical Institutions
Baltimore, Maryland
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Early detection of cancer is one of the “Holy Grails” of management of that disease, 
made all the more urgent by the recent announcement that cancer is expected to 
supersede heart disease as the number one cause of death in the United States by 
2010. The fundamental concept is based on the time-honored observation that treat-
ment is most successful with earliest staged lesions. Together with the concept that 
tumors grow and increase in stage in a generally uniform manner over time, clinical 
experience of improved outcome when cancer is detected early provides enormous 
intuitive benefi t to early detection. Whether this logic follows the observations is 
arguable, but the rationale is strong enough to drive many clinical and laboratory 
endeavors, which we outline in the chapters that follow.

Endeavors to improve early detection of head and neck cancer face some chal-
lenges common to all types of cancer and some that are particular to upper aerodi-
gestive malignancy. From a population and demographic vantage point, head and neck 
cancer is much less common than the most common adult malignancies—lung, pros-
tate, breast, and colon—but it ranks in the top ten in the United States, about as 
common as lymphoma or melanoma. Elsewhere, head and neck cancer is a bigger 
public health problem. Long the most common adult cancer in India, the emerging 
economy in China has opened that population to the risk of smoking-related cancers 
including HNSCC. It is too common a cancer to ignore with no effort at public health 
endeavors for detection and prevention, but uncommon enough to raise problems 
with who to screen and how to raise and maintain health provider skill and awareness 
for the task. The dental community has embraced head and neck cancer screening 
through useful efforts of the American Dental Association and the National Institute 
of Dental and Craniofacial Research, and, indeed, for those Americans who visit the 
dentist regularly, dental screening of soft tissues makes sense. Dental providers look 
at the mouth routinely, gaining a familiarity with normal and diseased states, and 
they see their clients frequently enough to maintain a regular program of screening. 
However, those most at risk for traditional forms of head and neck cancer are heavy 
smokers and drinkers, a group that often does not visit the dentist regularly. Further-
more, dental screening ends at the tonsil arch, where a new epidemic of cancer 
affecting nonsmokers and attributed to the human papillomavirus begins. Therefore, 
despite the advent of several new products marketed to help dental professionals 
with oral screening (which can be billed to the cash-paying client at a markup), dental 
screening alone will not adequately address all early detection concerns for head and 
neck cancer.

Primary care providers can visualize the tissues of the oral cavity and can palpate 
the neck for metastatic nodes, but all other regions of the upper aerodigestive tract 
are inaccessible for screening by visualization or palpation except by expert clinicians, 
chiefl y otolaryngologists. Hence, like colon cancer, head and neck cancer screening 
is relegated to a specialist-referral arrangement outside the routine of health 
maintenance paradigms. Unlike prostate cancer, there is no blood test that adequately 
screens for head and neck cancer, and individuals cannot perform effective self-exams 
as they can for breast cancer. Even for the specialist, small cancers deep within crypts 
of the lympho-epithelium of the oropharyngeal tonsillar tissue (palatine and lingual 
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tonsils) or within hidden folds in the hypopharynx or laryngeal ventricle may remain 
elusive for years before suspected and detected.

Turning to technology, hope for an effective screening tool for head and neck 
cancer has been the impetus for a great deal of research during the past decade, much 
of which is outlined in this volume. The challenge to identify markers for cancer that 
can be detected quickly, noninvasively, and cheaply with high specifi city and 
sensitivity is daunting. Even if such a test were available, individuals at risk would 
still need to be reached by the health care establishment in order to receive the test, 
and then a clinically detectable lesion would need to be identifi ed prior to initiating 
intervention. Still, efforts to apply radiographic studies, molecular detection of 
tumor-specifi c proteins, or nucleic acid alterations examining various specimens, 
including both blood and saliva, are underway across the country and around the 
world.

Much of this volume is dedicated to treatment of early cancers of the head and 
neck, where the goal is to effectively eradicate cancer while preserving both function 
and form of vital tissues and organs. Each region within the upper aerodigestive tract 
is unique in its challenges in this regard. Small lesions within the larynx are amenable 
to laser excision with great precision, avoiding collateral damage to remaining portions 
and preserving laryngeal function. Oral cavity lesions, likewise, are accessible to 
simple surgical extirpation, often with acceptable functional result. However, in both 
these regions, occult changes within cells surrounding the clinical lesion lead to a high 
rate of recurrence of cancer over time, particularly in the smoking population. 
Cancers of the nasopharynx and oropharynx are more sensitive to radiation, making 
this the treatment of choice after early detection. However, radiation delivered to 
these areas is a one-time tactic, making management of those cases that are not con-
trolled a much greater strategic problem. Salvage surgery in these areas is hampered 
by the need to detect persistence early in a treatment-altered fi eld even more limited 
in its access to physical and radiographic screening.

This timely volume seeks to address these issues in a comprehensive manner, 
pointing out the need, the challenges, and the prospects for future innovation. With 
cancer on the ascent in public concern in the United States, and increasing in fre-
quency along with tobacco use in major population centers worldwide, it is diffi cult 
to overestimate the importance of early detection. It is our hope that the thoughtful 
submissions that follow will contribute in coming years to endeavors to improve the 
plight of many individuals who contract this most debilitating and deadly disease.

Wayne M. Koch, MD
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Molecular Gene Alterations as 
Early-Detection Markers

Ian M. Smith, Joseph A. Califano III, 
and Patrick K. Ha

K E Y  P O I N T S
● Early diagnosis of head and neck squamous cell carcinoma (HNSCC) is the most signifi cant factor 

in predicting survival for each tumor site.
● HNSCC has many promising molecular markers including human papilloma virus (HPV), p53, 

cyclin D1, p16, cyclooxygenase-2 (COX-2), epidermal growth factor (EGF), and vascular endo-
thelial growth factor (VEGF).

● Molecular markers have been applied in several ways: early detection of cancer or screening and 
disease follow-up and progression.

● Population-based screening tests are extremely diffi cult to successfully undertake, owing to the 
low overall incidence and the associated rates of false-positive results in this sample set.

● Alternative efforts for molecular detection that do not require as much specifi city for clinical use 
include molecular surgical margin analysis, lymph node analysis, disease surveillance after treat-
ment, mole cular staging, and/or molecularly tailored therapies.

● To date, few of the approaches for molecular screening and diagnosis have been taken to clinical 
trials. Notable exceptions are tests for loss of heterozy gosity (for prognosis of premalignant lesions) 
and toluidine blue (for early detection).

● Many detection sources have been studied including saliva, salivary rinses, mouth scrapings, and 
blood serum or plasma.

● Major developmental efforts have been conducted on specifi c alterations including p53 mutation 
detection, mitochondrial mutations, promoter hypermethy lation, loss of heterozygosity, and HPV 
detection.

Introduction

Early diagnosis is the most signifi cant factor in predicting survival for each tumor site 
(Table 1-1). With the advent of newer biomedical technologies, there has been an 
increased interest in the development of early screening tests and noninvasive diag-
nostic tests for head and neck squamous cell carcinoma (HNSCC). Basic science 
understanding of the genetic and epige netic alterations in the pathogenesis of cancer 
has yielded new molecular diagnostic approaches. Our understanding of tumor 
molecular biology has led to translating these advances into relevant clinical situations 
and applied pathology. Many promising molecular markers have been found including 
human papilloma virus (HPV), p53, cyclin D1, p16, cyclooxygenase-2 (COX-2), 
epidermal growth factor (EGF), and vascular endothelial growth factor (VEGF). This 
chapter discusses HNSCC molecular biomarkers—their benefi ts and limitations.

Molecular markers have been applied in several ways: early detection of cancer, 
disease follow-up and progression, specialized applications such as molecular surgical 
margin and lymph node analysis, molecular staging, and selection of tailored thera-
pies. Each use of molecular markers is intended to improve patient survival, but these 
markers do so in different ways.



Chapter 1 Molecular Gene Alterations as Early-Detection Markers2

This chapter discusses applications for mole cular markers, premalignant disease 
and cancer progression model, body fl uids, and mechanisms for detection, and it gives 
a background of genetic alterations used for detection. Several underlying assump-
tions should be mentioned at the outset. Tumor development is now widely recog-
nized as a process involving multiple alterations affecting the genetic code that 
accumulate over time. Key molecular pathways may be affected by alterations in one 
of several targets, which may accrue over time in an order that may vary from case 
to case. There are several recognized clinical subsets of head and neck cancer, such 
as HPV-related oropharyngeal cancer, typical smoker-drinker cancers of the oral 
cavity or larynx, nonsmoker, nondrinker cancers of the lateral tongue, and so on. 
Each of these subsets may have somewhat distinctive molecular profi les.

The use of molecular markers for early detection therefore depends on the relative 
prevalence of specifi c alterations in the population to be tested and on the relative 
position of each alteration in the tumor progression pathway. Interpretation of col-
lected molecular data must take into consideration several issues. First, is the molecu-
lar target truly indicative of the fully transformed malignant state, or by itself is it 
indicative only of risk or probability of cancer? Some markers may be present to a 
greater degree in cancer but still present in benign states. If so, how distinct is the 
breakpoint between benign and malignant state?

Molecular Marker Applications

Early Detection (Screening)

Head and neck squamous cell tumors have a tendency toward late-stage presentation 
because these growing neoplasms are often asympto matic and taken as a whole. The 
noted exception is laryngeal lesions, which can often arise on the vocal folds and 
cause hoarseness, leading to an earlier medical presentation as well as anterior oral 
cavity lesions that may be easily visualized by the patient or the primary care or 
dental professional. Other head and neck cancers manifest as dysphagia, odynophagia, 
or a mass—symptoms associated with late-stage present ation. This chapter covers 
areas of investigation in molecular diagnostics, which include tests that may be 
adapted to screen high-risk populations without previous symptoms or fi ndings, and 
the development of tests that may be used for detection of occult, persistent, or 
recurrent disease in patients who have already been diagnosed with HNSCC.

Table 1-1. Five-year Survival of Head and Neck 
Squamous Cell Carcinoma by Site 

and Extent of Disease at Presentation

Tumor Site

Extent of Disease

Local Regional Distant

Lip 91.4 82.6 52.2
Oral cavity 71.4 45.8 21.8
Salivary gland 85.5 56.7 23.4
Oropharynx 58.4 41.2 20.3
Nasopharynx 65.3 50.9 28.8
Hypopharynx 46.8 29.7 15.7
Larynx 79.2 54.8 35.4
Other 61.8 38.4 11.6

Adapted from Carvalho AL, Nishimoto IN, Califano JA, Kowalski LP: 
Trends in incidence and prognosis for head and neck cancer in the 
United States: a site-specifi c analysis of the SEER database. Int J 
Cancer 114(5):806–816, 2005.



Chapter 1 Molecular Gene Alterations as Early-Detection Markers 3

Within the realm of early detection, population-based screening tests are extremely 
diffi cult to successfully develop and deploy, owing to the low overall incidence and 
the associated rates of false-positives in this sample set. Population-based screening 
tests do benefi t from well-outlined risk factors including tobacco and alcohol use. 
Even so, they suffer because of the diffi culty of producing tests with adequate sen-
sitivity to be useful in detection and with adequate specifi city to not generate large 
numbers of false-positive results in the setting of low incidence. Furthermore, it is 
known that many of the common genetic alterations in HNSCC can be detected in 
patients who smoke but who do not have evidence of overt carcinoma. Other molecu-
lar detection applications, such as mole cular margin detection, detection of nodal 
metastasis, and disease surveillance after treatment, simply do not require this level 
of testing specifi city because the pertinent markers can be identifi ed from the analysis 
of existing tumor tissue.

Tests developed in the laboratory for molecular diagnosis must be validated in 
clinical trials. To date, few of the approaches for molecular screening and diagnosis 
have been taken to clinical trials. Notable exceptions are tests for loss of heterozygos-
ity (LOH) used for prognosis and toluidine blue staining of oral lesions as a means 
of enhancing detection.

Disease Surveillance: Follow-up and Progression

Routinely, patients who are postoperative or post-chemotherapy or radiation therapy 
are monitored by interval physical examination and radiologic imaging. Identifying 
early recurrence would be expected to have survival benefi t or at least a benefi t in 
reduced morbidity and tumor burden in patients with recurrences. Many of the 
molecular techniques discussed here lack the requisite sensitivity and specifi city for 
population-based screening. However, because primary tumors can be studied directly 
in the setting of disease surveillance for recurrence, molecular alterations can be 
directly tailored to the patient. These efforts show remarkable promise in monitoring 
recurrence and treatment outcomes. Prominent examples of techniques include 
toluidine blue and LOH.1

Molecular Margin or Lymph Node Analysis

Traditional intraoperative frozen section and paraffi n sections have been used to 
detect the presence of negative surgical margins and lymph node metastasis. However, 
intraoperative frozen sections are expensive, time-consuming, and effort-intensive 
and may not be as accurate as nonfrozen histopathology. Therefore, some surgeons 
rely on postoperative reports of margin detection based on hematoxylin-and-eosin 
(H&E)–stained slides to guide therapy. If margins are positive, patients may be sub-
jected to repeat operations. Quick, reliable, and sensitive molecular detection tech-
niques would augment surgical management. Published studies have used p53 
mutation detection, p53 expression, and methylation markers to assess the presence 
of positive margins with varying success.2,3

Nodal status has a signifi cant impact on overall survival in HNSCC, underscoring 
the importance of accurate staging of cervical lymph nodes. The traditional diagnostic 
approach relies on H&E staining; however standard methods of pathologic examina-
tion can yield false-negative results. Often, isolated neoplastic cells or micrometas-
tases can be missed.4 Investigators have attempted to use techniques such as 
quantitative reverse transcription-polymerase chain reaction (qRT-PCR), to detect 
cancer-specifi c antigens fast enough for use with pathologic frozen-section analysis. 
No studies have shown adequate usefulness for wide-scale adoption in detecting 
tumor spread to lymph nodes. Yet, pilot scale studies have shown promise in improv-
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ing nodal staging. Molecules used successfully for detection include pemphigus vul-
garis antigen5 and squamous cell carcinoma antigen.6 These studies offer promise that 
molecular detection will be translated into the clinic. One signifi cant caveat remains 
that the clinical signifi cance of molecular-positive cervical metastasis has not been 
demonstrated to date. The identifi cation of tumor in a pathologically N0 neck, result-
ing in upstaging to N+ would be expected to have a greater impact than identifi cation 
of additional nodes in cases already pathologically N+. Carefully designed prospective 
trials are a must to prove the effi cacy of these applications.

Molecular Staging and Molecularly Designed Therapies

Efforts to coordinate clinical trial treatment arms to molecular diagnostic criteria have 
been made in the last 10 years. Adequate predictors of response have been elusive, but 
some promising targets have been found. One group has found that cyclin D1 overex-
pression correlates with cisplatin sensitivity in cell lines.7 Over expression of epidermal 
growth factor receptor (EGFR) has also been implicated in cisplatin resistance.8

Cancer Progression Model

Approaches to molecular diagnosis rely on heritable, documented changes involved in 
the pathogenesis of cancer. The head and neck cancer progression model was initially 
derived from Vogelstein’s description of colon cancer progression.9 This theory states 
that cancer results from multiple accumulated, progressively transforming genetic 
alterations in clonal population cells. This hypothesis is based on several principles, 
including the following: (1) neoplasms are caused by tumor suppressor gene inactiva-
tion and/or proto-oncogene activation; (2) an accumulation of genetic and epigenetic 
events causes the development of a tumor phenotype; and (3) net accumulation of 
alterations rather than a specifi c order of events determines the malignant pheno-
type.10,11 In oral cancer, a similar stepwise progression model has also been described.

HNSCC is highly correlated with environmental exposures such as cigarette 
smoke, smokeless tobacco, and alcohol. Most theories concerning the etiology of 
HNSCC derive from accumulated molecular changes that are infl icted by DNA-
damaging, carcinogenic exposures. Through comparison of the spectrum of altera-
tions in premalignant and invasive cancers, genetic and epigenetic alterations can be 
classifi ed as early or late.

Several common clinical lesions that may represent the premalignant state leading 
to HNSCC are leukoplakia, erythroplakia, oral lichen planus, and submucous fi brosis. 
Clearly an elevated cancer risk is associated with these lesions, but controversy 
remains regarding whether cancers develop from these lesions directly or are merely 
heralded by their appearance with invasive tumor and eventually appear elsewhere 
in the upper aerodigestive tract. Predicting which lesions progress and also being able 
to detect these lesions early can help in early disease eradication. Several published 
reports indicate that dysplastic leukoplakic lesions can be stratifi ed for their ability 
to develop into cancer, based on allelic LOH.12,13 Molecular analysis may indicate the 
likelihood of progression of both free-standing dysplastic lesions and those that 
remain after previous treatment of invasive cancer. Reliable prediction of cancer 
development in these lesions is discussed in several sections of this chapter.

Mechanisms of Detection

Sample Collection

To date, samples for molecular detection have primarily come from oral fl uids (brush-
ings, washings, or saliva) or blood (plasma or serum). Unlike with cervical cancer, 
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traditional pathologic approaches (e.g., cytology) have failed to yield adequate test 
sensitivity and specifi city for clinical usefulness. Figure 1-1 shows different methods 
of sample collection.

Blood

Blood is a convenient source of DNA for molecular diagnostic efforts to fi nd genetic 
and epigenetic alterations that are cancer-specifi c. Studies use either the blood 
plasma—the liquid component of blood, or the serum—blood plasma in which clot-
ting factors (e.g., fi brin) have been removed. Other studies have considered changes 
in blood leukocytes, such as oxidative 8-oxoguanine DNA damage to predict cancer 
risk and treatment response.14

Oral Cavity

Several collection methods exist for surveying tumor-associated molecular changes 
from the oral cavity. Salivary rinses refer to sample collection in which a patient 
rinses the mouth with saline or other liquid and simply expels it into a specimen cup. 
Saliva can be collected by repeated expectoration over time, from the gingival pocket, 
or from salivary duct cannulation. Usually, centrifugation is used to produce fl uid 
devoid of cells and debris. Finally, commercially available cytology kits harvest cells 
using oral brushings. Brushes used in suspicious areas to scrape oral mucosa yield 
markedly more cells than do rinses.

Assays

DNA Techniques

Molecular assays depend on the specifi c requirements of the cellular molecule to be 
detected: DNA, RNA, or protein. Classic techniques for DNA detection include big 
dye termination sequencing, polymerase chain reaction (PCR), quantitative real-time 
PCR (qPCS), and in situ hybridizations. In addition, epigenetic alterations (e.g., 
promoter methylation) can be detected by bisulfi te sequencing, methylation-specifi c 
PCR (MSP), or in a quantitative fashion by quantitative methylation-specifi c PCR 
(qMSP).

RNA Techniques

RNA detection can be accomplished by RT-PCR or by quantitative RT-PCR, or 
the entire mRNA complement can be detected with an expression microarray. 
Expression micro arrays use small silicon chips or glass slides with embedded 
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short segments of DNA (termed oligos) to detect and quantitate the presence of 
specifi c sequences. The advantage of expression microarrays is the large scale of 
screening afforded. Chips are devised that can accurately measure the expression 
of all 40,000 plus genes in the genome. The disadvantage is the statistical and logistic 
management of such a large quantity of data.

Protein Techniques

Proteins have been detected by traditional assays such as Western blot, ELISA 
(enzyme-linked immunosorbent assay), and immuno histochemistry. Novel proteomic 
techniques have the ability to assay expression in a high-throughput fashion across 
the entire human genome. New discovery techniques include two-dimensional SDS-
PAGE gels (separates proteins based on size, charge, and isoelectric point) along with 
innovations in mass spectography, SELDI-TOF (surface-enhanced laser desorption 
and ionization time-of-fl ight mass spectrometry), and MALDI-TOF (matrix-assisted 
laser desorption ionization time-of-fl ight mass spectrometry). These proteomic tech-
niques can assay expression of a large number of different proteins, and efforts are 
being made to apply these to samples such as saliva and blood for molecular cancer 
detection.

Specifi c Genetic Alterations

Cytogenetic Alterations: CGH/FISH/SKY

HNSCC displays many cytogenetic alterations including aneuploidy, chromosomal 
gain, chromosomal loss, and translocations. Several techniques exist to assess the 
presence of cytogenetic alterations: spectral karyotyping (SKY), which is a chromo-
somal staining technique that is help ful in fi nding translocations, and fl uorescence in 
situ hybridization (FISH), which uses probes designed to detect specifi c copy number 
changes in chromosomes. These techniques allow for the detection of large-scale 
genetic alterations or rearrangements that may not be detected using other molecular 
assays. Figure 1-2 shows one type of well-studied cytogenetic alteration in head and 
neck cancer: LOH, in which there is cytogenetic or genetic loss of one allele.

Others have considered whole-chromosomal alterations, specifi cally aneuploidy. 
Sudbo and colleagues15 in 2001 showed that chromosomal copy changes (aneuploidy)  
could have prognostic signifi cance in HNSCC. Sudbo’s group found a signifi cant 
association between cancer progression in premalignant lesions and chromosomal 
aneuploidy. This work15 has been retracted because of data inconsistencies. At this 
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time, further work is being conducted to investigate whether there is any valid effect 
of chromosomal aneuploidy on the progression of premalignant lesions.

PCR–Based Detection: Loss of Heterozygosity/Microsatellite Instability

Microsatellite instability (MSI) refers to alterations in copy number of small repeats 
of a short nucleotide motif (usually one to fi ve nucleotides long) in the genetic 
sequence of a cell. It was discovered initially in colon cancer,16 but also has been 
found to be a feature of head and neck cancer.17 Figure 1-3 demonstrates how MSI 
is detected. The most common microsatellite in humans is a dinucleotide repeat of 
cytosine and adenine, which occurs in tens of thousands of locations in our genome. 
When MSI is present, these areas are aberrantly replicated, leading to expansion or 
contraction of the locus. MSI has been found to be associated with errors in DNA 
replication and DNA repair enzymes.18 After the discovery of MSI, efforts were made 
to use these microsatellite alterations to detect cancer cells in a background of normal 
tissue. Micro satellite analysis by PCR can reveal either MSI or LOH (loss of one 
portion of a parental chromosomal). LOH is one possible mechanism of tumor sup-
pressor gene inactivation fulfi lling Knudson’s two-hit hypothesis.

According to Knudson, complete silencing of a suppressor gene occurs by inactiva-
tion of each allele through a variety of mechanisms. Researchers have used these 
tumor-specifi c alterations for cancer detection using saliva or plasma of HSNCC 
patients. A group of MSI alterations was initially reported in the serum of 29% of 
patients with HNSCC.19 These alterations were then used to assay saliva samples of 
patients with HNSCC in a pilot study to detect tumor-specifi c genetic alterations in 
exfoliated oral mucosal cell samples. Spafford and colleagues20 studied samples from 
44 HNSCC patients and 43 healthy control subjects. They showed LOH or MSI in 
at least one marker in 38 (86%) of 44 primary tumors with identical alterations found 
in the saliva samples in 35 of the 38 cases (92% of those with markers; 79% overall). 
MSI was detectable in the saliva in 24 of 25 cases (96%) in which it was present in 
the tumor; LOH was identifi ed in the test sample in 19 of 31 cases (61%) in which 
it was found in the primary tumor. No microsatellite alterations were detected in 
any of the samples from the healthy control subjects.20

Microsatellite testing is now clinically available. However, other studies have 
found greater rates of background MSI in normal samples, which has mitigated the 
sensitivity in widespread application of these tests.21
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Figure 1-3. Microsatellite instability (MSI). Polymerase chain reaction (PCR) is used to amplify a 
sequence with known MSI. Typically, the alteration is detected by standard DNA gel electrophoresis, 
and the difference in the length of the MSI is seen as difference in migration of the band. In this 
example, the MSI in the cancer has resulted in an increase in the number of AG repeats and a longer 
DNA fragment that migrates less through the gel electrophoresis.
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Another application for LOH testing is the diagnosis and prognostic estimation of 
oral premalignant lesions and squamous cell carcinoma. Early changes in HNSCC 
include LOH of two specifi c chromosome sites (sites 3p14 and 9p21).22 Groups have 
found that these areas of LOH have a correlation with clinical outcome. In a study 
of 48 oral squamous cell carcinomas, allelic imbalance at 3p24-26, 3p13, and 9p21 
had a 25-fold increase in mortality rate.23 Increased frequency of allelic imbalance at 
more loci (P = .002) was found in any area of dysplasia that developed into cancer 
(n = 39 cases) compared with case-matched dysplastic lesions that did not progress 
into cancer. Many of these subsequent developing cancers occurred in a different 
site, in accord with the theory of fi eld cancerization (genetic changes caused by 
mutagens that produce a fi eld effect).24 Rosin and associates25 studied 116 premalig-
nant cases for LOH at 19 microsatellite loci on 7 chromosome arms (3p, 4q, 8p, 9p, 
11q, 13q, and 17p) and found that those with LOH at 3p and/or 9p and additional 
losses (on 4q, 8p, 11q, or 17p) showed a 33-fold increase in relative cancer progres-
sion risk. Rosin and associates also found that this technique of LOH detection had 
signifi cant promise for moni toring oral lesions via assay of the cell cytology because 
they frequently showed the same LOH that was found in the primary tumors.

Sequence Alterations

p53

p53 is one of the most well-known and frequently altered tumor suppressor genes 
in human cancers. It functions primarily as a transcription factor with many tumor-
suppressive downstream targets activated. It was initially found underlying the inher-
ited syndrome of cancer susceptibility, Li-Fraumeni. This trans cription factor binds 
to the promoter sequence of many downstream targets and causes activation of 
mRNA transcription. p53 is activated and expressed in normal cells under a variety 
of circumstances, most commonly after DNA damage. It induces cell-cycle arrest in 
response to DNA damage as well as either DNA repair activation or activation of 
apoptosis, depending on the context of the DNA injury (Fig. 1-4).

Over 50% of head and neck cancers harbor mutations (typically missense) of the 
p53 tumor suppressor gene.25a Detecting these mutations in body fl uids of HNSCC 
patients has been the subject of many studies. Early efforts used plaque hybridization 
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Figure 1-4. p53 tumor-suppressor gene. DNA damage causes activation via tetramerization, 
resulting in transcriptional activation of a number of targets and resulting in increase of DNA repair, 
arrest of the cell cycle, and activation of apoptosis. In head and neck cancers, missense mutations can 
occur at almost any point in the coding sequence, but most are in the DNA-binding domain. HNSCC, 
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to identify known p53 mutations that had already been identifi ed in the primary 
tumor. The salivary rinse had the same p53 mutation in 5 of 7 patients.26,27

One other approach to p53 mutation detection has been to measure p53 antibodies 
in the serum of cancer patients. One group found that 27% (7 of 26) of patients 
with oral squamous cell carcinomas had circulating antibodies against p53 (ELISA).28 
Others considered a group of 126 patients with oral squamous cell carcinomas com-
pared with 80 control patients, assaying with ELISA for p53 autoantibodies in the 
serum collected during a post-treatment surveillance period of 5 years. None of the 
control patients had these antibodies, but 18.6% of the primary cancer patients and 
50% of the recurrent patients had p53 autoantibodies detected. In addition, the p53 
antibody-positive patients had noticeably poorer prognosis (P < .005), and overall 
survival rate at 5 years for the p53-positive group was 24% (half that of the p53-
negative group).29

Mitochondria

Studies over the last decade have pointed increasingly to the role of mitochondrial 
alterations in human cancers and HNSCC in particular. Mitochondria are involved 
in many cell pathways implicated in carcinogenesis. They are central to the apoptosis 
pathway (programmed cell death), the site of oxidative phosphorylation, the genera-
tor of free radicals, as well as the source of cellular energy (respiration) in cells. Their 
role in the tumorigenesis of head and neck cancer has been slowly coming to light.

Zhou and colleagues30 found that 41 of 83 (49%) HNSCC tumors contained 
mtDNA mutations. Mutations occurred within noncoding (D-loop) and coding 
regions. Mitochondria have their own genome (Fig. 1-5) that includes genes encoding 
for the electron transport chain (NADH, cytochrome c, and cytochrome c oxidase), 
ATP synthase, and protein synthesis genes. Mitochondrial DNA also is present at 
higher concentrations facilitating detection studies. As a screening tool, Fliss and 
associates31 found detectable mitochondrial mutations by PCR in 67% (6 of 9) of 
salivary rinse samples from head and neck cancer patients that corresponded to muta-
tions found in tumors.

A change has been noted in the overall content of mitochondrial DNA that 
increases as a proposed compensation for general mitochondrial dysfunction. Mito-
chondrial DNA content has been conclusively demonstrated to increase with progres-
sive degrees of mild, moderate, to severe dysplasia and fi nally carcinoma.32 This 
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change was used for a salivary detection strategy by Jiang and associates.33 In the 
saliva, multivariate analysis showed a signifi cant and independent association of high 
levels with diagnosis of HNSCC by measuring salivary mtDNA/nuclear DNA using 
two mitochondrial genes: COX 1 and COX 2.

Epigenetic Changes

Somatic genetic and epigenetic alterations have been the focus of studies of HNSCC 
patho genesis. Epigenetics changes are heritable DNA alterations that do not affect 
the coding sequence but do affect the regulation of genes. Examples of these changes 
are promoter hypermethy lation, acetylation, and histone modifi cations.

Methylation

By far the most useful and best studied of these in HSNCC has been gene promoter 
hypermethy lation. This functional alteration takes place in the regulatory units of 
the genome (the promoters) in areas termed CpG islands. Molecularly, CpG 
(cytosine-guanine dinucleotides) can be modifi ed at the 5′ carbon of the carbon ring 
of cytosine (Fig. 1-6) by the addition of a methyl group from S-adenyl methionine 
(SAM) by the DNA methyltransferase enzyme family (DNMT). Although this phe-
nomenon was initially shown to be the cause of X-chromosome inactivation and 
genetic imprinting, inactivation of tumor suppressor genes in this manner has been 
increasingly shown to play a role in tumorigenesis. This adheres to the canconical 
Knudson two-hit hypothesis, which suggests that tumor suppressor genes are inacti-
vated by two separate silencing events. Methylation has been shown to be suffi cient 
to cause a “hit” to one allele in multiple genes. After both alleles have been silenced, 
the cell may undergo changes to its phenotype that contribute to malignancy (e.g., 
cell-cycle alterations, inhibition of apoptosis, and so on).

One advantage of methylation as a tumor marker is its ready use for screening. DNA 
is stable in the blood or saliva, and very small levels of methylation can be detected in 
a background of other DNA products by sophisticated means, including bisulfi te 
sequencing and quantitative or standard methylation-specifi c PCR (Fig. 1-7).

Early methylation studies of HNSCC examined a panel of four putative tumor 
suppressor genes whose inactivation was associated with a cancer phenotype. At least 
one of these four genes—p16, MGMT, GST, and DAPK—exhibited signifi cant pro-
moter hypermethylation in 42% of primary tumors.34 Other genes epigenetically 
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silenced in HNSCC include RASSF1A,35 hMLH1 (DNA mismatch repair gene),36 
E-cadherin,37 and STAT1.38

Once these molecular changes were identifi ed, efforts were undertaken to use 
them for molecular diagnosis. Recent studies have shown correlation in the presence 
of methylation of p16 between tumors, saliva, and serum via MSP. Normal controls 
showed no p16 methylation.39 Another group found methylation in the oral rinses of 
patients with premalignant lesions corresponding to that of reported oral rinse methy-
lation rates for invasive cancer. In fact, p16 and MGMT were observed to be methyl-
ated by MSP in 44% and 56%, respectively, of the premalignant oral rinse samples.40 
However, to date it has been diffi cult to develop assays with suffi cient sensitivity 
(HNSCC tumors are heterogeneous in their genetic changes) and specifi city (normal 
cells may have methylated alleles) for clinical application for early detection.

Expression Array

An emerging technology that offers unparalleled assessment of the expression of 
many genes simultaneously is expression microarray. Small silicon chips or glass slides 
are embedded with thousands of gene-specifi c oligonucleotides to study the simul-
taneous mRNA expression of many genes within a sample. This technology has the 
ability to compare gene expressions of the human genome in many samples to explore 
signifi cant differences in gene expression patterns between tumor tissues and normal 
tissues, or to compare aggressive tumors with indolent tumors. From the standpoint 
of molecular diagnostics, it is hoped that this technology will reveal a gene expression 
signature that can differentiate normal aerodigestive mucosa from that of HNSCC. 
Gene expression microarray has already been used clinically in breast cancer to 
produce a tool with demonstrable effi cacy for predicting treatment effects and prog-
nosis in clinical trials. In head and neck cancer, this approach has been used for 
screening and diagnosis. Using saliva and blood serum to look for early detection 
markers, premalignant oral lesions have been shown to have marked differences in 
expression patterns compared with tumors and normal mucosa.11

mRNA expression differences have been studied in the saliva of patients with 
HNSCC. A group at University of California—Los Angeles found 1679 genes (P < 
.05) with differing expression levels in the saliva of HNSCC compared with those 
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of controls. The most promising salivary RNA biomarkers were IL8, IL1B, DUSP1, 
HA3, OAZ1, S100P, and SAT. Combination of the biomarkers resulted in a 91% 
sensitivity accompanied by a 91% specifi city to distinguish HNSCC patients.41 These 
fi ndings have yet to be validated in an independent set. Recently, researchers have 
questioned the effi cacy of RNA detection in the saliva. A feasibility study 
concluded:

the combination of (a) a minimal microarray signal, which was unaffected by 
RNase treatment, (b) the presence of a conventional RT-PCR housekeeper product 
in both RNase-treated and no-RT saliva samples, (c) the absence of a conventional 
RT-PCR housekeeper product in DNase-treated conditions, and (d) the absence 
of an RNA-specifi c RT-PCR product shows that any microarray or RT-PCR signal 
in the saliva must arise from genomic DNA, not RNA. Thus, saliva extracts do 
not support mRNA expression studies.42

Viral Detection

Human Papilloma Virus

A popular area of research in recent years has interrogated the role of HPV in the 
carcinogenesis of HNSCC. HPV, specifi cally high-risk types (16, 18, and so on), is 
a well-characterized primary cause of cervical cancer. Especially enticing is the fact 
that its recognition in cervical cancer has yielded one of the most effective forms 
of cancer screening, early detection, and increased cure rates in cancer to date. 
HPV is now recognized as a likely cause of a subset of head and neck cancer,43 
particularly in oropharyngeal and tonsillar lesions. There are numerous subtypes of 
this virus (more than 20), but most have not been shown to be carcinogenic. HPV 
subtypes 16 and 18 are the most-studied high-risk subtypes, but the majority of 
evidence in head and neck cancer has implicated HPV subtype 16 as an etiologic 
agent in more than 90% of HPV-related head and neck cancers.

HPV produces two key proteins, E6 and E7, which have the potential to transform 
human cells. These viral oncogenes have been shown to inactivate two crucial human 
tumor suppressor genes: p53 (E6) and pRb (E7). This inactivation results in loss of 
cell-cycle control, impaired cell differentiation, increased mutations, and chromo-
somal instability.44

Overall in HNSCC, HPV genomic DNA can be detected by real-time PCR-based 
methods in 26% of all cancers.45 However, in head and neck cancer, this virus has a 
predilection for the lingual and palatine tonsils of the oropharynx. Data looking at 
only the subset of the oro pharynx suggest that 50% or more of these tumors are 
HPV-positive.

It is interesting that HPV-associated cancers have tended to have increased sur-
vival and better outcomes. Schwartz and colleagues46 found that HPV-16–positive 
patients had signifi cantly reduced overall and disease-specifi c mortality rates com-
pared with other patients after adjustment for age, stage, treatment, smoking, alcohol, 
education, and comorbid disease.

New studies show promising molecular screening approaches that have increased 
sensitivity for detection. Real-time PCR of HPV-associated DNA is now the standard 
for detection at low thresholds. However, use of these technologies as screening tests 
suffers from low sensitivity.47 Saliva screening for the HPV virus by Zhao and associ-
ates48 found a 45.6% incidence of tumor HPV positivity in HNSCC patients, of 
whom 57% had detectable salivary rinse HPV-16. Salivary rinse for HPV DNA detec-
tion had a sensitivity of 32.6%. Depending on the threshold for HPV-16 positivity 
in the assay, specifi city increased only slightly—from 97.2% to 98.7% at the higher 
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cutoff, and the authors suggest that more than 99% specifi city would be required for 
population-based screening.

HPV seropositivity has also been an intriguing risk factor for the development 
of head and neck cancer. The largest study examining HPV-16 seropositivity found 
an odds ratio of 2.2 for developing head and neck cancer in a cohort of 292 patients 
who were followed up in a screening study and who had eventually developed 
HNSCC. Fifty percent of the oropharyngeal and 14% of tongue cancers contained 
HPV-16 DNA, according to PCR analysis.49 The diagnostic utility is again limited 
by the number of HPV-seropositive patients who will not develop head and neck 
cancer or have seropositivity from any number of other sources. Technologies such 
as competitive PCR combined with mass spectrometry have promise for yielding 
more specifi city with positive results of one one-copy number of DNA over real-
time PCR, but the issue of false-positive nonpathologic detection of HPV remains.50 
In a case-control study examining HPV-16 in the saliva, 19% of head and neck 
cancer patients (n = 201) were saliva-positive, and 10% of control subjects (n = 
333) were positive, yielding an odds ratio of 2.6.51 HPV likely has low utility for 
population-based screening. HPV positivity, though, may eventually play a role in 
disease monitoring, surveillance, and clinical decision making.

Epstein-Barr Virus for Nasopharyngeal Carcinoma

The association between the Epstein-Barr virus (EBV) and nasopharyngeal carcinoma 
(NPC) has long been known. NPC is a common epithelial neoplasm among the 
Chinese populations in southern China and Southeast Asia. EBV gene products are 
frequently detected in NPC tissues along with elevated serum viral load and antibod-
ies against viral proteins (VCA and EA). Elevated plasma EBV DNA load is an 
important marker for disease presence and for monitoring disease progression. Tan 
and colleagues52 looked at 78 untreated NPC patients, and plasma EBV DNA was 
quantifi ed using qRT-PCR. They found a signifi cant decrease in EBV DNA plasma 
load after treatment (1669 ± 637 copies/mL → 57 ± 37 copies/mL; P < .05). In 
addition, plasma EBV DNA load was shown to be a good prognosticator of disease 
progression and clinical outcome.

EBV antibodies have been used to predict development of disease. It has been 
noted that a serologic window of elevated titers of the EBV antibody can be detected 
in patients who go on to develop NPC. Ji and associates53 found EBV antibody 
levels to be an early marker of NPC with considerable positive predictive value in 
a study of 39 NPC patients followed up for 15 years. Serologic screening at enroll-
ment identifi ed patients who already had elevated titers and had clinical manifesta-
tions earlier (median = 28 months) than those who developed higher levels after 
enrollment (median = 90 months).

Viral load has also been considered as a molecular staging means. In one study, 
circulating EBV DNA load data were combined with TNM staging to determine the 
effi cacy of molecular staging in 376 patients with NPC. Pretherapy circulating EBV 
DNA load was an independent prognostic factor for overall survival in NPC 
patients.54

Serum Protein Markers

CD44

The soluble adhesion molecule CD44 has gained recent attention in the HNSCC 
literature. Prince and associates55 used this marker for cell sorting by fl ow cytometry 
to defi ne a malignant subpopulation of potential cancer stem cells in HNSCC. CD44 
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has previously been implicated in HNSCC pathogenesis. One of its advantages is its 
cell surface location and its availability for detection by routine clinical approaches 
such as ELISA. In one study, the levels of sCD44st, sCD44v5, sCD44v6, sICAM-1, 
and sVCAM-1 were considered in 81 patients with HNSCC versus 20 controls, 
before and after treatment. The levels of all fi ve of these markers were signifi cantly 
higher in the HNSCC group than in those of the control group. In addition, sCD44st, 
sCD44v5, and sCD44v6 median serum levels were signifi cantly reduced after treat-
ment.56 However, a separate group considering CD44 isoforms in the serum used 
ELISA to show that there was no signifi cant difference between the serum levels of 
sCD44v6 in HNSCC individuals and those in healthy smokers. Moreover, there was 
no correlation between the serum level of sCD44v6 and UICC (International Union 
Against Cancer) stage, TNM stage, or histologic grade.57

Epithelial Growth Factor Receptors

HNSCCs commonly have upregulation of epithelial growth factor (EGF) pathways. 
The epithelial growth factor receptor (EGFR) is in the molecular tyrosine kinase 
family of cell surface receptors that are implicated in the pathogenesis of many forms 
of cancer. EGFR overexpression is observed in 42% to 80% of head and neck 
cancers.58 A meta-analysis showed worse outcomes for patients with EGFR overex-
pression in seven of eight studies.59 Recently, overexpression of EGFR has been tar-
geted with immunomagnetic cell enrichment and RT-PCR to detect circulating head 
and neck tumor cells. This technique was successful in fi nding 1 cancer cell per 105 
total leukocytes 77.8% of the time.60

Vascular Endothelial Growth Factor (VEGF)

VEGF is also a tyrosine kinase receptor and a promising serum biomarker. One study 
found that serum VEGF levels (by ELISA) was higher in patients with larynx cancer 
(317.22 ± 25.46 pg/mL) compared with a group of control patients (47.83 ± 0.13 pg/
mL). This increase was signifi cant (P < .001). In univariate analysis, elevated s-VEGF 
correlated with poor Karnofsky performance status for all patients with advanced 
laryngeal carcinoma (P < .08).61

Proteomic Approaches

Novel proteomic techniques provide the ability to assay protein expression in samples 
in a high-throughput manner across the translated human genome. These technolo-
gies may enable researchers to identify unique protein expression, or expression 
patterns, in cancer compared with normal tissues. In conjunction with screening 
approaches seeking blood or saliva markers, new clinical tests may be found for 
screening, premalignant progression, or tissue diagnosis. Traditional techniques 
include two-dimensional SDS-PAGE gels that separate proteins based on size, charge, 
and isoelectric point. Improvements of mass spectography and SELDI-TOF (surface-
enhanced laser desorption and ionization time-of-fl ight mass spectrometry) as well 
as MALDI-TOF (matrix-assisted laser desorption ionization time-of-fl ight mass spec-
trometry) techniques can assay expression of a large number of different proteins in 
a given sample. Protein-based microarray technologies with chips embedded with a 
library of known antibodies (more than 10,000 are now possible) are also available 
to look at genome-wide protein expression in a sample.

These proteomic techniques have recently been used for HNSCC molecular 
research. Soltys and colleagues62 used SELDI-TOF to assay protein expression in the 
plasma of 56 patients with head and neck cancer, with 52 controls, and compiled 
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37,356 data points representing a particular protein’s expression for each sample. 
From these two groups, signifi cant differences in expression were isolated to 65 
specifi c SELDI-TOF peaks. This study also included a completely separate “valida-
tion set” of 57 cancer patients and 52 normal controls. The goal was to demonstrate 
the predictive ability of these markers in the plasma. Results were promising showing 
correct identifi cation of 39 of 57 HNSCC patients and 40 of 52 noncancer controls, 
for a sensitivity of 68% and a specifi city of 73%. It is interesting to note that their 
model tended to overpredict cancer in control smokers, which is often a problem in 
cancer marker studies. A group from Pittsburgh recently used a multiplexed immu-
nobead-based panel to assay in the serum 60 biomarkers in 116 HNSCC patients 
before treatment, 103 patients successfully treated, and 117 smoker controls. The 
highest diagnostic power was found in a panel comprising 25 biomarkers, including 
EGF, EGFR, interleukin 8 (IL8), tissue plasminogen activator inhibitor-1 (TPA 
inhibitor-1), α-fetoprotein, matrix metallopeptidase 2 (MMP2), matrix metallopep-
tidase 3 (MMP3), interferon-alpha (IFN-α), interferon-gamma (IFN-γ), interferon 
inducible protein-10 (IFN-inducible protein-10), regulated on activation, normal T 
cell expressed and secreted (RANTES), macrophage infl ammatory protein-1α, IL-7, 
IL-17, IL-1 receptor-α, IL-2 receptor, granulocyte colony-stimulating factor, meso-
thelin, insulin-like growth factor-binding protein 1, E-selectin, cytokeratin-19, vas-
cular cell adhesion molecule, and cancer antigen-125. This study had impressive 
sensitivity (84.5%) and specifi city (98%). Ninety-two percent of patients in the active 
disease group were correctly classifi ed from a cross-validation serum set. These 
extremely promising data suggest that use of many markers in tandem may enable 
adequate sensitivity and specifi city for reliable molecular detection.63

Other Applications

Molecular markers can be used to probe surgical margin and lymph nodes for the 
detection of minimal residual disease and micrometastases. Traditional pathologic 
review can easily miss individual tumor cells or small nests of meta stases. Molecular 
detection methods can lead to improved staging and better outcomes by reducing 
local and regional recurrence rates. p53 was an early target used for the study of 
surgical margins and lymph nodes.

Surgical Margins

Tissues that were deemed histologically free of cancer were found to contain tumor-
specifi c TP53 mutations in 13 of 25 cases, and negative lymph nodes actually har-
bored a mutation in 6 of 28 cases.64 Five cases with molecular evidence of involved 
margins experienced local recurrence of disease within the fi rst 3 years after treat-
ment. The need to distinguish positive surgical margins from dysplasia indicative of 
local fi eld effects (genetic changes affecting a large area of tissue caused by tobacco 
smoke, for example) has complicated this fi eld signifi cantly. Precancerous cells 
around the index tumor may share only some tumor-specifi c molecular alterations, 
and so may elude detection, or be counted as minimal residual fully transformed 
tumor cells. One study considered primary tumors, surgical margins, and local recur-
rences using a panel of LOH markers. Based on variations in the spectrum of molecu-
lar alterations in the index tumor and surrounding mucosal cells, they showed that 
61% (8 of 13) of locally recurrent lesions studied actually had not come from the 
primary tumor, but rather from fi eld effect cancerization. These results demonstrate 
the diffi culty in relying on molecular marker analysis at the margin of a resection.65

In a pilot study considering the feasibility of early detection using methylation 
markers, QMSP (quantitative tumor suppressor gene hypermethylation assay) was 
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used to assay operative margins intraoperatively. Methylated DNA was present in 
the margins in 50% of patients in whom the primary tumor was also methylated.66 
Another effort considered immunohistochemical expression of p53 and eIF4E (4E) 
and found signifi cant differences in disease-free interval between patients with 4E-
positive and 4E-negative margins (P = .003), but no signifi cant association with p53, 
which remained after multivariate analysis.2 These results suggest that molecular 
detection at the margin will eventually prove to have prognostic signifi cance and 
possibly guide surgical management.

Lymph Nodes

Because lymph nodes do not contain normal epithelium, detection of subclinical 
deposits of metastatic HNSCC in nodes does not present as great a problem with 
false-positive results as does margin analysis. This improves detection specifi city using 
tumor-specifi c markers and suggests that nodal detection is likely to be used clinically 
before margin analysis. However, survival benefi t from the detection of microscopic 
foci of disease in lymph nodes has not been clinically documented.

Detection of nodal disease may have a direct effect on postoperative treatment 
selection in that radiation is typically used whenever nodes are involved. Therefore, 
molecular detection converting a case from N0 to N+ would result in appropriate 
escalation of treatment.

The fi rst attempt to detect nodal micro metastasis with molecular markers targeted 
TP53 mutations. The investigators found that 5 of 33 nodes examined (15%) showed 
metastases by light microscopy, but 11 of 33 (33%) were found to be tumor-positive 
with molecular diagnosis.67 The p53 tumor suppressor gene is mutated in more than 
50% of HNSCC tumors, but the large variety of mutations limits its applicability as 
a quick and reliable method of detection.

Others have looked at squamous cell carcinoma antigen (SCAA) mRNA expres-
sion by nested PCR. They found that in 198 histologically negative nodes SCCA was 
expressed in 37 (18.7%). A micrometastatic focus was found in nine of these lymph 
nodes (4.6%) by additional sectioning.6 Other studies have considered the MUC1 
gene, E48, cytokeratin 14 (CK14), CK20 primarily using RT-PCR. Ferris and associ-
ates5 published promising reports of four qRT-PCR markers for intraoperative nodal 
diagnosis. This feasibility study assessed 40 previously reported markers in 19 histo-
logically positive nodes and 21 negative nodes. Using qRT-PCR they found four 
markers that discriminated between positive and benign nodes with accuracy greater 
than 97%. These were pemphigus vulgaris antigen, SCCA1/2, parathyroid hormone-
related protein (PTHrP), and tumor-associated calcium signal transducer 1 
(TACSTD1).

Each study has been shown to successfully uncover subclinically node-positive 
patients. However, although the clinical management of head and neck cancer dic-
tates that patients with even a slight risk of nodal metastasis based on tumor site and 
staging receive therapy that treats the nodal basins of the neck with either radiation 
therapy or surgical node dissection, this increased fi delity in fi nding regional lymph 
node disease has not translated to improved regional control or survival.

Conclusion

Additional basic science effort is needed to identify and validate markers to bring 
molecular detection to the clinic. The technologies discussed in this chapter are in 
the preclinical research stage. At present, there are many novel markers and tech-
niques that are promising. Many new technologies are revolutionizing this fi eld: 
expression arrays (mRNA expression arrays), proteomic approaches (protein micro-



Chapter 1 Molecular Gene Alterations as Early-Detection Markers 17

arrays, SELDI/MALDI-TOF), and molecular imaging techniques (positron emission 
tomography [PET]). Older technologies remain critical: RT-PCR, quantitative DNA 
PCR, QMSP, ELISA. Many areas of potential clinical utility exist: screening high-risk 
patients for disease, predicting malignant progression, improvements in staging and 
prediction, therapy selection, adequate margin assessment, and diagnosis of lymph 
node disease.

As translational research moves forward, rigid statistical analysis is required, par-
ticularly with adequate multivariate analyses. Multiple markers may need to be 
combined to produce clinical useful assays. Promising diagnostic markers require 
independent validation cohorts. Intelligent design of prospective clinical studies is 
critical to validate and prove effi cacy. There is considerable reason for optimism that 
novel molecular markers will change the way patients are diagnosed, surgically staged, 
and followed up after treatment.
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K E Y  P O I N T S
● The human proteome is defi ned as the full set of proteins encoded by the genome.
● Proteomics, or protein pattern analysis, is the characterization and quantifi cation of proteins in 

tissues and body fl uids.
● SELDI (surface-enhanced laser desorption/ionization) analysis and classifi cation algorithms have 

been established by several groups to have both high throughput and robust sensitivity and specifi c-
ity in differentiating serum samples between head and neck squamous cell carcinoma (HNSCC) 
patients and control patients.

● Using MALDI-TOF (matrix-assisted laser desorption/ionization-time of fl ight) technology as a 
discovery platform may allow generating biomarker panels for use in more accurate prediction of 
prognosis and treatment effi cacies for HNSCC.

● These proteomic technologies hold tremendous promise for providing clinicians with tools that 
may allow screening of high-risk populations, such as tobacco users and those with known human 
papilloma virus, for HNSCC.

● Detection of HNSCC cancers in earlier stages may fi nally provide our patients with the improved 
disease-specifi c survival that both researchers and clinicians have long hoped for.

Introduction

Head and neck squamous cell carcinoma (HNSCC) remains a signifi cant disease, 
making up over 5% of all cancers in the United States and an even larger proportion 
of cancers worldwide.1 Along with squamous cell carcinoma of the lung, it is one of 
the few human cancers that appears to be primarily due to environmental causes. 
These causes are generally identifi able. Tobacco use, excess alcohol consumption, and 
human papilloma virus (HPV) are well-established risk factors for HNSCC.

Over the last 30 years, there have been many changes in the way HNSCC is 
diagnosed, treated, and even studied. Imaging technologies including computed 
tomography, magnetic resonance imaging, and positron emission tomography allow 
physicians much improved adjuncts to standard physical examination for both diag-
nosis and surveillance. Organ preservation via combined chemotherapy and radiation 
therapy has become a standard of care for many subsites of HNSCC, including many 
laryngeal, oropharyngeal, and sinonasal tumors. New and improved surgical extirpa-
tive techniques, complex reconstruction utilizing free tissue transfer, and improved 
speech and swallowing rehabilitation, have maximized both functional and cosmetic 
outcomes. All these advances have allowed a perceived improvement in the quality 
of life for HNSCC patients. Yet, little progress has been documented regarding 
improved survival rates, begging the obvious question: why not?

There may be many answers to this question. One intuitive answer is that given 
the usual location of these tumors within the upper aerodigestive tract, tumor symp-
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toms mimic those of common ailments. Tumors are therefore often discovered in 
advanced stages. Because the American Joint Committee on Cancer (AJCC) staging 
system is specifi cally tied to survival by design, advanced-stage illness equates to 
poorer survival.2 Despite increased awareness and education about the potential 
effects of tobacco and alcohol use, the incidence of HNSCC in the United States 
has changed very little, since elimination of the known environmental causes seems 
impractical. Indeed, prevention and early diagnosis are therefore accepted as main-
stays of successful HNSCC treatment. Nevertheless, no accepted screening test 
exists for this cancer type. In fact, screening for HNSCC is not mentioned in recent 
screening guidelines of the American Cancer Society3 presumably because of the lack 
of suffi cient screening tools available to physicians. Aside from a complete head and 
neck history and physical examination with imaging studies in patients with suspi-
cious clinical fi ndings or symptoms, there are no accepted methods for screening for 
the appearance and recurrence of these cancers. To remedy this situation, many 
researchers have dedicated much of their work to facilitate early detection of 
HNSCC, the importance of which is exemplifi ed by this textbook series.

The search for biomarkers and biomarker patterns predictive of HNSCC has 
focused largely on the detection of genetic abnormalities that lead to the develop-
ment of HNSCC.4,5 This topic is specifi cally covered in depth in Chapter 1. Despite 
the identifi cation and characterization of multiple genetic aberrations in HNSCC, 
none has yet been determined to enhance early detection of HNSCC. Recently, 
attention has therefore focused on deciphering the HNSCC proteome in search of 
diagnostic biomarkers.

The human proteome is defi ned as the full set of proteins encoded by the genome. 
Proteomics, or protein pattern analysis, is the characterization and quantifi cation of 
proteins in tissues and body fl uids. Proteomic methods can be used to compare 
protein expression patterns in normal versus cancer patients or to compare samples 
at different times from the same patient. Proteomic research has traditionally involved 
two-dimensional gel electrophoresis (2D-PAGE) to detect differences in protein 
expression in tissue and body fl uid specimens between the healthy (control) group 
and the disease group.6,7 In 2D-PAGE, proteins are separated on the basis of size and 
charge. Although 2D-PAGE has been the primary historical technique in conven-
tional proteomic analyses, it has limitations in detection, particularly for proteins of 
low abundance and molecular mass less than 10,000 Da, is labor-intensive, has low 
throughput, and is not easily applied in the clinical setting.

Mass spectrometry analysis of proteins and peptides has evolved rapidly over the 
last decade. A mass spectrometer instrument consists of at least three common fea-
tures: an ionization source, a mass analyzer, and a detector. For analysis of proteins, 
particularly from clinical samples, the two most common types of mass spectrome-
ters involve an electrospray-ionization source coupled to an ion-trap mass analyzer 
(ESI-MS) or a matrix-assisted laser desorption/ionization (MALDI) source with a 
time of fl ight (TOF) mass analyzer. Because ESI-MS involves the generation of mul-
tiply charged ions in solution prior to mass analysis, interpretation of the data can be 
complicated in protein-dense clinical samples (such as serum) since extensive up-
front purifi cation and protease digestions are required, resulting in less sample 
throughput. The MALDI-TOF process involves the laser desorption of sample spotted 
on a metal plate, resulting in primarily single ion species. This allows for the profi ling 
of multiple desorbed protein species and is more amenable to a higher throughput 
analysis required for many clinical specimens. Surface-enhanced laser desorption/
ionization-time of fl ight (SELDI-TOF) mass spectrometry is an affi nity surface, chip-
array variant of MALDI-TOF. Although ESI-MS is a critical and useful tool in the 
analysis of proteins from clinical samples, it has not been extensively applied to 
HNSCC serum samples. Thus, in this review focus is on the applications of 
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the MALDI-TOF and related SELDI-TOF approaches for assessing early detection 
assays for head and neck cancers.

Surface-Enhanced Laser Desorption/Ionization

One of the initial technologic advances in proteomics for the analysis of complex 
biologic mixtures is surface-enhanced laser desorption/ionization time of fl ight mass 
spectrometry (SELDI-TOF-MS).8,9 As summarized in Figure 2-1, this modifi cation 
of MALDI technology uses ProteinChip arrays that are coated with variable chemical 
surfaces (e.g., ionic, hydrophobic, or metallic) to affi nity-capture protein molecules 
from patient samples (e.g., serum, tissue, and saliva). The chip is then irradiated with 
a laser, which causes the adherent proteins to “fl y off” as charged ions. The ions travel 
through a vacuum tube, and the mass-to-charge (m/z) ratios are calculated based 
on their time of fl ight (TOF) through the ion chamber (reviewed in references 10 
and 11).

In the early part of this decade, applications of this technology had shown great 
potential for early detection of prostate, breast, ovarian, and bladder cancers.12–15 
Interest in applying this technique to HNSCC soon followed, although there remains 
a relative paucity of published work on SELDI and HNSCC, with less than 10 studies 
currently in the literature. The fi rst study combining HNSCC and SELDI was by 
Wu and associates16 in 2002 in which the authors used SELDI techniques to augment 
their 2D-PAGE experiment investigating protein differences between two cell lines 
from a primary and metastatic tumor from a single HNSCC patient. The different 
protein bands determined by the 2D-PAGE analysis were cut out and processed via 
SELDI to arrive at m/z data that was then used to query a database to facilitate 
identifi cation of the protein species. The researchers concluded that the proteins 
enolase-alpha, annexin-I, and annexin-II could be important in head and neck cancer 
metastasis. This study bridged the divide between the gold standard method of 2D-
PAGE analysis and the newer SELDI techniques, and it furthered interest in applying 
SELDI in HNSCC analysis.
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Figure 2-1. Schematic summary of SELDI-TOF (surface-enhanced laser desorption/ionization–time of fl ight) mass 
spectrometry profi ling.
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The use of SELDI for large-scale analysis of multiple HNSCC patient samples 
was not reported until 2004 by researchers at the Eastern Virginia Medical School.17 
In this study, SELDI was used to analyze serum from 99 HNSCC patients and 102 
healthy nonsmoking control subjects. The serum protein expression profi les were 
then used to develop and train a classifi cation and regression tree algorithm. This 
algorithm, or decision tree, when tested reliably achieved a sensitivity of 83.3% and 
a specifi city of 100% in discriminating HNSCC from normal control serum samples. 
These results generated much excitement in the hope that the SELDI technique had 
potential for the development of a screening test for the detection of HNSCC. Soon 
after, Soltys and associates18 published their work analyzing the proteomic spectra 
of 113 HNSCC cancer patients and 104 control subjects. In this work, half of the 
study group was used in training sets while the other half was used for testing their 
decision algorithm using a Lasso technique for data analysis. The results yielded a 
sensitivity of 68% and a specifi city of 73%. Although the study showed lower accu-
racy in correctly classifying samples, the signifi cance of this work was to show that 
with a heterogeneous control group that includes tobacco and alcohol users, one could 
expect higher misclassifi cation rates. Both of these studies refl ected the shift in para-
digm from focusing on specifi c or novel tumor biomarker discovery to the use of this 
technology to assay the patterns of protein expression, regardless of whether the 
individual protein species for all peaks were known. However, it was clear that many 
samples of both HNSCC patients and controls of varying demographics would be 
needed to minimize confounding factors for this data analysis technique.

This issue was partially addressed later in 2004.19 In this study, we analyzed 99 
HNSCC, 102 healthy nonsmoker, and 25 healthy smoker serum samples. The serum 
protein expression profi les were used to develop a classifi cation tree algorithm, which 
achieved a sensitivity of 83.3% and a specifi city of 90% in discriminating HNSCC 
from normal and healthy smoker controls. The positive and negative predictive values 
were 80% and 92%, respectively. This showed that training the decision algorithm 
with a group of samples from tobacco users could enhance the accuracy of the analy-
sis. Furthermore, this work was the fi rst to show that this same SELDI method could 
allow for a known tumor marker, metallopanstimulin-1 (MPS-1), to be detected in 
sera from HNSCC patients based on its mass alone. The peak relative intensity of 
the 10,068-Da MPS-1 protein correlated consistently with MPS-1 levels detected 
by radioimmunoassay in serum samples of both HNSCC patients and controls. The 
10,068-Da peak was confi rmed to be MPS-1 by SELDI immunoassay. Our conclusion 
was that the SELDI technique may allow for the development of a reliable screening 
test for the early detection and diagnosis of HNSCC, as well as for the potential 
identifi cation of specifi c tumor biomarkers.

One limitation of the studies discussed thus far is that the HNSCC populations 
were heterogeneous in both subsite and stage. A small study by Xiao and associates20 
specifi cally examined 33 HNSCC samples from only the larynx, comparing them with 
31 matched healthy control samples using SELDI techniques. The results demon-
strated correct classifi cation of 97% for both HNSCC samples and controls. The 
results also suggested that the accuracy of SELDI-generated decision algorithms may 
be enhanced by examining more homogeneous samples. Gourin and colleagues21 
further attempted to stratify analysis by subgroups. In their study, sera from 78 
HNSCC and 68 healthy control patients were compared. Using SELDI techniques, 
classifi cation tree analysis based on peak expression yielded 82% sensitivity and 76% 
specifi city. The researchers then specifi cally addressed subgroups of the HNSCC 
samples, correctly classifying 88% of laryngeal tumors, 83% of oral cavity tumors, and 
81% of oropharyngeal tumors.

Another study specifi cally addressed the identifi cation of a certain protein species 
using SELDI techniques. Le and associates22 induced hypoxia in vitro in the cell line 
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FaDu, originally a hypopharyngeal HNSCC primary tumor, and used SELDI analysis 
to identify an upregulated protein species at 15 kDa. The researchers then identifi ed 
this protein as galectin-1. After staining 101 HNSCC tissue samples for galectin-1, 
they used the immunohistochemical data to compare with historical patient data. 
They concluded that galectin-1 was a signifi cant predictor of overall survival on mul-
tivariate analysis of the retrospective data. Roesch-Ely and colleagues23 combined 
genomic and SELDI proteomic approaches. In their fi rst study, the authors confi rmed 
calgranulins A and B and annexins 1 and 2 to be downregulated in HNSCC at the 
genomic level, in contrast to cutaneous squamous cell carcinoma. This, too, proved 
true on SELDI protein profi le analysis. They then showed novel expression patterns 
of calgranulins A and B in normal mucosa as well as in HNSCC mucosa. A second 
study by the same researchers examined 113 HNSCC tissue samples and 73 healthy 
samples.24 They also tested mucosa distant from the primary tumor in 99 samples 
and adjacent to the tumor in 18 samples by SELDI-TOF-MS on IMAC30 (the most 
frequently used in HNSCC research) ProteinChip Arrays. It is interesting that the 
authors’ prediction algorithm correctly classifi ed normal mucosa and tumor samples 
with 94.5% and 92.9% accuracy, respectively. More important, when they applied 
the classifi cation algorithm to the distant and adjacent mucosa, the distant tissue was 
accurately classifi ed in only 59.6% of samples, and 27.3% of these histologically 
benign samples were classifi ed as aberrant or HNSCC. Similarly, 72% of the adjacent 
tissue was predicted as aberrant. These data suggest that SELDI proteomic analysis 
can identify potential changes in the con tinuum from HNSCC to histologically 
benign tissue that otherwise would not be apparent on standard histology. When 
Roesch-Ely and colleagues24 compared the protein profi les in the distant samples with 
clinical outcome of 32 patients, they noted that the association between aberrant 
profi les and tumor relapse was statistically signifi cant (P = .018), concluding that 
SELDI proteomic profi ling could be a signifi cant adjunct to standard histopathologic 
diagnosis and may be useful in predicting clinical outcome.

SELDI analysis and classifi cation algorithms have therefore been established by 
several groups to allow high throughput with robust sensitivity and specifi city in dif-
ferentiating serum samples between HNSCC patients and control patients. However, 
to be used in a screening method for a cancer that is as rare as HNSCC in the general 
population, the sensitivity and specifi city need to be dramatically improved. Multi-
institutional trials with shared samples, as carried out with other cancer types such 
as prostate cancer25,26 are necessary to determine if SELDI protein expression pattern 
analysis can achieve its potential for HNSCC.

MALDI-TOF and MALDI-TOF/TOF

The demonstrated high-throughput capabilities and surface capture utility of SELDI-
TOF have spurred the development and use of more sensitive MALDI-TOF instru-
mentation coupled with derivatized-magnetic beads or other nanoparticle surfaces as 
front-end protein capture strategies.27–29 A summary schematic diagram is shown in 
Figure 2-2. From an instrumentation perspective, more sensitive MALDI-TOF/TOF 
tandem mass spectrometers continue to be developed. The fi rst TOF analysis pro-
vides the protein profi le scan, as has been described, and selected proteins of interest 
are further analyzed at the amino acid/peptide level in the second TOF to provide 
direct protein sequences and therefore protein identities. The magnetic beads allow 
robotic processing and automation of the samples onto the MALDI spot plates. 
MALDI spot plates differ from SELDI chips in that they generally contain 384 spots 
per steel plate; however, they are similar in that dimensions are similar to a standard 
96-well plate. The other difference is that the beads provide the surface capture 
component and are separate from the spot plate that is inserted into the instrument. 
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The beads provide a scalability function to allow more sample to be interrogated than 
the defi ned SELDI chip surface area. Like the SELDI chip surface, these beads can 
be “derivatized” with multiple chemical or biologic affi nity components. Eluted 
samples from the beads are mixed with matrix, spotted on the plate, and laser 
desorbed for mass analysis by TOF, as described for the SELDI process. The peak 
spectra generated are analyzed with the same types of algorithms that have been 
applied to SELDI data.

In one of the fi rst published MALDI profi ling studies of clinical serum sets, 
Sidransky and associates30 evaluated sera from 99 patients with HNSCC, 92 patients 
with non-small cell lung carcinoma (NSCLC) and 143 control subjects. In this study, 
no enrichment by affi nity capture surfaces was used as sera samples were diluted 1 : 100 
in water and nondenaturing detergent, mixed with matrix and spotted directly onto 
a MALDI sample plate. The resulting spectra were evaluated using a t test feature-
selection procedure and linear discriminant analysis (LDA) to determine whether the 
cancer patient profi les could individually be classifi ed separately from the controls as 
well as to determine differences between the NSCLC and HNSCC cohorts. Using 45 
features from each spectra, receiver operating characteristic (ROC) curves were 
derived, yielding an optimal cancer model cutoff of 73% sensitivity and 90% specifi city. 
This cancer model could distinguish the NSCLC samples from healthy controls, and 
gave distinctly lower sensitivities relative to the HNSCC samples. Ten m/z peaks in 
the 5 to 111 kDa range were predominantly found to be overexpressed in HNSCC 
subjects compared with controls. The results from this initial study implied that dis-
tinct protein differences were present and refl ective of HNSCC and NSCLC disease 
states, but no further protein identifi cation or follow-up has been reported.

To compare results from our previous SELDI studies with newer proteomic 
expression profi ling strategies, a subset of the same samples was used with an auto-
mated chemical affi nity magnetic bead fractionation strategy for MALDI-TOF mass 
spectrometry analysis.31 New cohorts of healthy smoker serum samples and a series 
of paired pretreatment and post-treatment HNSCC sera were also assessed. The 
TOF/TOF tandem mass spectrometry feature of the MALDI instrument used was 
applied to the identifi cation of many low-molecular-weight peptides differentially 
expressed in the different serum cohorts.
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Figure 2-2. Schematic summary of 
bead-based fractionation combined 
with MALDI-TOF mass spectrometry 
profi ling. MALDI-TOF/TOF, matrix-
assisted laser desorption/ionization-time of 
fl ight/time of fl ight.
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Figure 2-3. Detection of a differentially expressed peak at m/z 5065 on the MALDI and SELDI platforms. 
A, A peak at m/z 5065 detected on the MALDI platform is underexpressed in HNSCC when compared with normal 
sera. B, A peak of m/z 5065 is found to be underexpressed in HNSCC sera on the SELDI platform. HNSCC, head and 
neck squamous cell carcinoma; MALDI, matrix-assisted laser desorption/ionization; SELDI, surface-enhanced laser 
desorption/ionization.

We designed a MALDI-TOF bead-based analysis for comparison with one of our 
previous SELDI-TOF studies of normal (n = 27), healthy smoker (n = 25), and 
HNSCC (n = 24) serum samples. An HNSCC cohort of 48 serum samples from 24 
patients consisting of matched pretreatment and 6- to 12-month post-treatment 
samples was also used. An immobilized metal ion affi nity chromatography-copper 
(IMAC-Cu) derivatized magnetic bead was used to bind low mass serum peptides, 
the same affi nity surface used with the SELDI-TOF approach. Also, the magnetic 
beads allowed a 20 times higher amount of serum to be used in the initial binding 
reaction. All processing steps were automated with a Bruker Daltonics ClinProt 
robotic system, software (FlexAnalysis), and UltraFlex III MALDI-TOF/TOF mass 
spectrometer. As expected, there were shared peak features for both SELDI and 
MALDI analyses. As shown in Figure 2-3, the discriminatory peak at 5065 m/z was 
found to be underexpressed in HNSCC sera on both platforms. A separate profi le 
of the spectra in this region obtained with MALDI-TOF is shown in Figure 2-4 for 
each of the three sample sets. Another underexpressed in HNSCC peak at 5132 m/z 
was also detected.

Visualization options of the resulting MALDI-TOF data have also improved. An 
example of a screenshot for the MALDI-TOF data generated is shown in Figure 2-5, 
and different views include heat maps, average peak intensities, principal component 
analysis, and three-dimensional spectral overlays. In the working mass range of 1000 
to 10,000 m/z, about 200 peaks were resolved and used with a k-nearest neighbor 
genetic algorithm in FlexAnalysis to generate cross-validated classifi cation models. 
The best model resulted in the correct classifi cation of 89% normal, 93% benign, and 
98% HNSCC samples compared with the SELDI-TOF study classifi cation rates or 
100% normal, 80% benign, and 83% HNSCC. An example of the differential spectra 
obtained for one of the peaks identifi ed in the analysis at 1469 m/z, which was later 
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identifi ed as fi brin A, is shown in Figure 2-6. A more specifi c principal component 
analysis of the intensities of two peaks at 1469 m/z and 4173 m/z is shown in Figure 
2-7, which highlights the overexpression of 1469 m/z in cancer samples relative to 
underexpression of 4173 m/z in cancer samples.

Using weak cation exchange derivatized magnetic beads for serum protein capture, 
a two-way comparison of all pretreatment versus post-treatment samples was carried 
out. The k-nearest neighbor algorithm generated a cross-validated model that cor-
rectly predicted 79% classifi cation of pretreatment HNSCC and 88% post-treatment 
samples. The low mass proteins and serum peptides were then analyzed by MALDI-
TOF/TOF MS for sequence identifi cation directly from the same magnetic bead-
captured samples. The proteins identifi ed that were differentially expressed 
represented fragments of kininogen-1 and fi brin peptide A. One conclusion from this 
aspect of the study was that further analysis of these low mass peptides is warranted, 
since it is still diffi cult to differentiate disease-specifi c differences from potential 
serum sample processing artifacts, refl ected in the detection of the fi brin A clotting-
associated peptides.

This initial study using newer high-resolution MALDI-TOF/TOF mass spectrom-
etry combined with bead fractionation proved suitable for automated protein profi l-
ing. It also has the capability to simultaneously identify potential biomarker proteins 
for HNSCC. Furthermore, we were able to show some modest improvement with 
the MALDI-TOF in identifying groups with HNSCC when compared with our prior 
data using SELDI-TOF. Using this MALDI-TOF technology as a discovery platform 
may allow generation of biomarker panels for use in more accurate prediction of 
prognosis and treatment effi cacies for HNSCC.

Future Applications

MALDI-TOF Imaging in Tissue

Proteomic analysis of cells derived directly from HNSCC tissues represents an 
increasingly attractive target as methods of isolation improve and sensitivities of mass 
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B, The stacked spectra overlay illustrates the m/z 1469 peak intensities for every sample analyzed: healthy normal 
versus HNSCC.
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spectrometers increase. One newly emerging application is that of MALDI-TOF 
imaging of frozen tissue samples prepped directly on MALDI plates.32 Rather than 
being represented as peak heights, an individual protein or peptide is assigned a pixel 
intensity and color. Therefore, the larger the peak intensity at a given mass, the 
brighter the pixel color of that protein in the image of the tissue at that location. This 
allows simultaneous protein profi ling analysis of all the cell types in a heterogeneous 
tumor tissue, and all these data are linked to pathology and cytology results. For 
HNSCC, this MALDI-TOF imaging approach has the potential to better defi ne 
molecular tumor margins and aid in multiple prognostic and treatment decision-
making processes.

Conclusion

Mass spectrometry techniques, such as MALDI-TOF and SELDI-TOF, allow for 
differentiation and classifi cation of samples for a given disease state. The expression 
profi ling studies described herein for HNSCC biomarkers have largely been pilot-
sized and geared toward discovery applications. Based on what has been learned from 
larger-scale SELDI studies of serum from prostate cancer,13,25,26 moving these studies 
toward clinical validation will require larger sample collections, standardization of 
the sample processing and storage conditions, calibration of instrumentation between 
institutions, and continued development of software to store and analyze complex 
datasets. This will obviously require a large investment in money and coordination 
of clinical resources.

The proteomic technologies nonetheless hold tremendous promise to provide cli-
nicians with tools that may eventually allow screening of high-risk populations, such 
as tobacco users and those with known human papilloma virus, for HNSCC. Fur-
thermore, detection of these cancers in earlier stages may fi nally provide our patients 
with the improved disease-specifi c survival that both researchers and clinicians have 
long hoped for. Finally, for patients who suffer with higher-staged disease, closer 
observation may become possible with proteome analysis, thereby detecting the 
presence of molecular disease before the detection of clinically evident disease.
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K E Y  P O I N T S
● Currently, there is insuffi cient evidence to support or refute the use of a visual or palpation exami-

nation or any other method of screening for oral cancer in the general population.
● A successful head and neck cancer screening program requires both supply and demand for 

services.
● Public awareness campaigns have sought to increase demand by promoting care-seeking and 

increased knowledge of head and neck cancers.
● Contact with health care providers represents a potential opportunity for increasing the supply of 

cancer screening. Adults visit a physician 3 to 10 times per person per year and visit a dentist 1 
to 3 times per year.

● Organizational level factors mainly affect the supply side of the cancer screening equation. Applying 
information technology and aligning payment policy are two critical areas for organizational level 
interventions to improve head and neck cancer screening programs.

● Organizational level changes are likely to produce more substantial improvements in head and neck 
cancer screening outcomes than patient or provider level interventions.

● New head and neck cancer research is required to trigger relevant organizational changes at a 
national level as has happened for cancers of some other anatomic sites.

Overview of Screening

Evidence generated from randomized controlled trials takes an average of 17 years 
to be incorporated into clinical practice.1 Add to this the years it may take to propose, 
acquire funding for, and conduct such trials, and a generation may easily pass between 
concept and practice. Meanwhile, head and neck cancers continue to arise, patients 
continue to need care for these cancers, and clinicians continue to be called on to 
provide that care. (U.S. incidence and survival rates are shown in Figures 3-1 and 
3-2.) Clearly, we must assess and make the best use of the evidence we have at hand 
while allowing that new evidence may alter our practices. This chapter takes a public 
health viewpoint on the screening of head and neck cancer. From this vantage point, 
not only are tumor and patient level characteristics relevant, but so too are provider 
and organizational level factors. The effectiveness of a given screening test is deter-
mined by factors from all these levels, including such varied issues as the anatomic 
site of the tumor, patient beliefs, provider training, and system-wide access to 
care.

There is very little published evidence that is specifi c for health services issues 
regarding cancer screening and even less that is specifi c for head and neck cancer 
screening. In the discussion that follows, evidence specifi c to head and neck cancer 
is used when available and supplemented with relevant evidence from more general 
cancer screening studies.
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Figure 3-1. Incidence rates of head and neck cancer by site and gender. (Data from Age-Adjusted Seer Incidence and 
U.S. Death Rates and 5-Year Relative Survival Rates (2000–2004). http://seer.cancer.gov/csr/1975_2004/results_single/
sect_01_table.04_2pgs.pdf)
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Screening versus Diagnosis

The purpose of population screening for head and neck cancers is to classify asymp-
tomatic persons into those likely or unlikely to have the disease. Population screening 
assumes that head and neck cancer has a substantial detectable preclinical stage and 
that early treatment offers benefi ts that exceed the burdens and costs of screening. 
Those screened and found likely to have the disease get follow-up with more exten-
sive testing using the current gold standard tests to form a fi nal diagnosis. Figure 3-3 
depicts the event timeline for head and neck cancer, with tumor progression rate 
largely determining the speed with which a given tumor moves along the timeline. 
Development of screening tests focuses on advancing the time point for detection to 
as early in the presymptomatic period as possible.

In current practice, visualization and palpation form a commonly used test for the 
screening of many head and neck cancers, whereas biopsy with pathology report form 
the gold standard for a fi nal diagnosis. The costs and burdens of screening should 
include all considerations of fi nances, time, discomfort, acceptability, and morbidity 
resulting from screening.

By its very nature, screening for head and neck cancers should have costs and 
burdens that are substantially lower than those of the gold standard tests used for a 
fi nal diagnosis. Unlike the tests used to make a fi nal diagnosis, screening results in 
some false-negatives and false-positives. These false initial screening results are the 
trade-off for using a test with lower costs and burdens than those of the gold standard 
tests.

The development of new methods and tests for the screening of populations is 
guided by the desire to minimize the resulting burdens, costs, and false diagnoses, 
and to maximize the benefi ts—largely through the early identifi cation of head and 
neck cancers.

Anatomic Sites Amenable to Screening

Direct Visualization and Intraoral and Extraoral Palpation

Not all anatomic sites are equally amenable to the screening of asymptomatic people 
using current methodology. In addition, the range of anatomic sites amenable to 
screening depends on the degree of specialized training and experience of the pro-
vider performing the screening. However, for most primary care providers, direct 
visualization and/or palpation are most easily accomplished for lip, oral cavity, salivary 
gland, and a few pharyngeal tumors and nearly impossible for many other head and 
neck tumors. Laryngeal tumors are rarely detected before symptoms are noted, 

Tumor progression rate
Potential

screening period

Detectable tumor

Patient awareness of symptom

Patient seeks help from a provider

Patient diagnosed/staged

Treatment initiated

Patient, provider, organization
level delays

Figure 3-3. Head and neck cancer screening event timeline.
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A B

Figure 3-4. Step 6 (tongue) of the American Dental Association (ADA) 8-step, 90-second oral cancer 
examination. The ADA recommends that all adult patients receive this screening on a routine basis as part of a regular 
oral examination. (From Perform a death-defying act. The 90-second oral cancer examination. J Am Dent Assoc 
132:36S–40S, 2001.)

Box 3-1. Points to Remember When Screening for Oral Cancer

Most oral cancers are located on the lateral borders of the tongue, fl oor of the mouth and lips—
special attention should be focused in these areas.

Tell your patient what you are doing with each procedure and why.

Always note any changes in color and texture of all soft tissues or any swelling. If you detect an 
abnormality, determine the history of the lesion; if the abnormality has been of more than two 
weeks’ duration, take appropriate action to obtain a biopsy.2

Follow up to ensure a defi nitive diagnosis of an abnormality.

Teach your patients about the signs and symptoms of oral cancer.

If a patient uses tobacco products, provide appropriate counseling or refer patient for counseling.2

Remove all removable prostheses before starting the examination.

From Perform a death-defying act: the 90-second oral cancer examination. J Am Dent Assoc 132: 36S–40S, 2001.

although it is fortunate that the most prevalent symptom—hoarseness—is often dis-
played early. The most commonly used screening method takes advantage of the 
ability to directly visualize and palpate the anatomic sites of the lip, oral cavity, and 
some portions of the pharynx. An oral cancer examination involves three compo-
nents: (1) an extraoral palpation, (2) an intraoral palpation, and (3) an intraoral visual 
inspection). Each step of an oral cancer examination with accompanying photos was 
provided to all American Dental Association (ADA) members in a recent supple-
mental publication in the Journal of the American Dental Association (Fig. 3-4). The 
ADA summary of important points to remember when screening for oral cancer is 
given in Box 3-1.

Clinicians need certain instruments and supplies to conduct a thorough and time-
effi cient examination. Suggested tools for the oral head and neck cancer examination 
include an adequate light source, mirrors (laryngeal and nasopharyngeal), gloves, 
tongue blades, and 2 × 2 gauze pads. For providers appropriately trained in their use, 
anesthetic nasal spray, a fl exible nasopharyngolaryngoscope, an otoscope, and a nasal 
speculum are additional instruments that allow for visualization of an expanded range 
of anatomic sites (Fig. 3-5).
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Figure 3-5. Instruments and supplies for conducting an 
examination for oral cancer.

Sensitivity, Specifi city, and Positive Predictive Values of 
Visualization and Palpation

Direct visualization and/or palpation entail very low patient costs and burdens and 
require minimal training, suggesting that a wide range of types of providers could accom-
plish these screenings.3,4 Visualization and palpation have reported ranges of 70% to 
80% sensitivity, 70% to 99% specifi city, and 40% to 60% positive predictive value.5–11

Evidence for Screening Benefi ts

Since the 1970s, the survival rates for oral and pharyngeal cancer have improved, but 
those for cancer of the larynx have declined (Fig. 3-6A and B). To reduce overall 
morbidity and mortality from head and neck cancer, Healthy People 2010 set goals 
to increase the number of adults with annual oral cancer screenings and the proportion 
of oral cancer diagnosed at local stage.12 However, there is currently no evidence-based 
consensus regarding who should undergo oral cancer screenings and how often. The 
American Cancer Society recommends oral cancer screenings for all adults as part of 
a regular overall cancer screening.13 Both the Canadian Task Force on Clinical Preven-
tive Services and the U.S. Task Force on Clinical Preventive Services (USTFCPS) 
report that there is insuffi cient evidence to recommend routine population screening 
for oral cancer by health care professionals, but they do recommend an annual exami-
nation by a physician or dentist for high-risk patients (those over 60 with heavy alcohol 
and tobacco use).14–15 Task Force statements refl ect a lack of evidence to support 
population screening from randomized controlled trials. Such trials are unlikely to be 
conducted in the United States for reasons of practicality (low prevalence) and ethics 
(i.e., assigning subjects to not receive screening for head and neck cancer would fall 
below the current standard of care). Therefore, it is unlikely that an evidence-based 
guideline will be forthcoming in the United States in the near future.

Despite evidence of a protective effect of screening against advanced-stage disease, 
no reduction in mortality rate was recorded over a 10-year period from a national 
oral cancer control program in Cuba.16 Only one randomized controlled trial of an 
oral cancer screening program has published results.8 This study, conducted in India, 
shows no clear mortality reduction with screening, although several potential meth-
odologic weaknesses may play a role in explaining this result. Nonetheless, at this 
point there is insuffi cient evidence to support or refute the use of a visual examina-
tion as a method of screening for oral cancer in the general population. In addition, 
“No robust evidence exists to suggest that other methods of screening, toluidine blue, 
fl uorescence imaging or brush biopsy, are either benefi cial or harmful.”17

There are, however, advocated oral cancer guidelines that do not rise to the level 
of an evidence-based guideline but that may function as one. The Canadian Dental 
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Association recommends that all adults get an oral cancer examination as part of a 
regular examination on a 6-month time interval, and the British Dental Association 
recommends the same examination but with an annual time interval. The ADA 
advises patients to seek regular oral cancer screening as part of regular care without 
stating a specifi c time interval. Nonetheless, the ADA has initiated an oral cancer 
awareness campaign through its journal and the media, which includes instruction on 
how to perform all three components of an oral cancer examination for all adults “on 
a regular basis.” Despite these recommendations, only 15.0% of adults 40 years of 
age and older report receiving an oral cancer examination in their lifetime18; the 
number rises to 25% when limited to adults with a recent dental visit. These screen-
ing rates are extremely low and probably refl ect a combination of poor patient ability 
to recall events as well as providers not performing the screenings. Patient report of 
a screening varies little by smoking status,19 a highly relevant risk factor for cancer.20 
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Figure 3-6. Relative survival rates by year of diagnosis of oral and pharyngeal cancer (A) and cancer 
of the larynx (B). (A, Data from SEER, at http://seer.cancer.gov/csr/1975_2004/results_single/sect_20_
table.06A.pdf. B, Data from SEER, at http://seer.cancer.gov/csr/1975_2004/results_single/sect_12_
table.06.pdf.)
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This fi nding seems to indicate that there is little targeting of high-risk patients by 
providers for screening. The most common reason given by dentists for not perform-
ing an oral cancer examination for patients 40 years of age and older on their initial 
visit was that acute problems or emergencies prevented it,21 a statement that offers 
little in explaining the dramatically low rates reported by patients.

Tumor Factors in Cancer Screening

Tumor level factors play an important role in shaping screening efforts and are men-
tioned here to provide perspective on the discussion of the different levels of factors 
that follow. Anatomic site, stage at diagnosis, tissue type, and histologic grade all 
help to determine patient survival and morbidity directly or indirectly. Tumor pro-
gression rates vary widely and may be largely determined by the genetic profi les of 
the tumor and the patient. Variation in progression rates complicate attempts to 
demonstrate benefi ts from a screening program. For example, a rapidly progressing 
tumor may be diagnosed at an advanced stage and result in poor survival time despite 
being detected early by screening. Knowledge of molecular and genetic predictors of 
progression rates would go a long way toward understanding and improving screening 
efforts, but no consensus on markers has yet been achieved. Oral squamous cell car-
cinogenesis is associated with a wide range of genetic abnormalities, so much so that 
simple DNA ploidy may represent a valuable approach to population screening.22

The Supply-and-Demand Equation for Successful Cancer Screening

A successful head and neck cancer screening program requires both a supply and 
demand for the services. Demand generally arises from patient level factors, whereas 
supply is largely determined by provider and organizational level factors. A number 
of factors involving characteristics of the individual patient and the providers they 
contact are associated with whether or not a person receives timely cancer screening. 
It is obvious that a person must actually be “at risk of being screened” to have any 
hope of benefi ting from the screening effort. For an individual to be at risk of cancer 
screening, a successful program must overcome factors that derive from three dif-
ferent levels—patient, provider, and organizational—that together form the supply-
demand equation. Each of these levels of factors interacts with the other to determine 
whether an individual will receive timely screening for head and neck cancers. A 
summary of some of the factors reported to affect cancer screening rates can be 
found in Box 3-2. Many of these factors have not only direct effects on cancer screen-
ing but also indirect effects by interacting with the factors of other levels.

The Demand Side of the Equation

The fi rst part of this successful screening equation is to have the patient perceive the 
process as being acceptable and potentially benefi cial. Barriers to obtaining cancer 
screening in general are listed in Box 3-3.23–25 It has been demonstrated among head 
and neck cancer patients that low levels of care-seeking behavior contribute to the 
risk of an advanced-stage diagnosis.26,27 Patients fail to seek health care for a number 
of reasons, including attitudes about self-effi cacy, fatalism, and self-esteem. Unfor-
tunately, persons with the highest risk for developing head and neck cancers because 
of high exposures to tobacco and alcohol often display low care-seeking behaviors. 
For example, although dentists provide the majority of asymptomatic head and neck 
cancer diagnoses, there is strong evidence that smokers are less likely to visit a dentist 
for nonemergency care than are nonsmokers.28 In addition, both general educational 
levels and specifi c cancer knowledge levels are associated with cancer stage at diag-
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nosis. In several studies, it was found that the public’s poor knowledge of the risk 
factors and signs and symptoms of oral cancer may have led them to believe that an 
examination was unnecessary.29–33 As a result, public awareness campaigns have 
sought to improve the situation and promote care-seeking and increased knowledge 
of head and neck cancers.34,35 However, it is important to note that addressing the 
“demand side” only through patient level factors is not likely to result in a successful 
screening program.

Improving the demand side of the screening equation through various health promo-
tion and education interventions is ultimately a necessary but insuffi cient approach to 
successful cancer screening. A patient who is educated to be health-seeking, who 
accepts the screening process and perceives its potential benefi ts, is still not a patient 
screened for head and neck cancer unless the “supply side,” or provider and organiza-
tional level issues, are also adequately addressed.

The Supply Side of the Equation

What are some of the provider level factors involved in cancer screening? Note that 
some of the barriers to obtaining cancer screening in general that were previously 
listed as patient level factors also have provider level implications. For example, lack 

Box 3-2. Some Patient, Provider, and Organizational Level Factors 
Reported to Affect Head and Neck Cancer Screening

Patient Provider Organizational
Age Age Reminder systems

Race Gender Science-based policy

Gender Training High-risk profi ling

Income Liability Health care delivery system

Education Distribution Payment plan

Fatalism Reimbursement Legislative mandate

Comorbidity Centralized administrations

Usual source of care Economies of scale

Insurance coverage Goal setting

Place of residence Audits and formal feedback

Care-seeking behavior Scope-of-practice laws

Knowledge of head and neck cancer

Box 3-3. Barriers to Obtaining Cancer Screening

Lack of a usual source of care

Inadequate insurance coverage

Low educational attainment

Older age

Nonwhite race

Low income

Rural or inner city residence
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of a usual source of care and rural or inner-city residence may simply refl ect a dearth 
of appropriate providers available to the patient as opposed to any individual patient 
level issues.23–25 However, even when adequate numbers of providers are available, 
other issues may conspire against a successful screening program. More frequent and 
regular contact with the health care system, especially when the same provider is 
involved, has been found to increase the likelihood of being screened for several types 
of cancer.36–38 However, among a population with no substantial barriers to access to 
health care, those with regular physician contact did not necessarily display fewer 
advanced-stage diagnoses among head and neck cancer patients.39 Unlike cancer 
screening for other sites, head and neck cancer screening may not have been offered 
by the providers that these patients were visiting, at least not at rates suffi cient to 
demonstrate any substantial advantages.40 Studies of primary care physicians have 
found gaps in oral cancer knowledge, low rates of oral cancer screening, and high 
interest in obtaining continuing education to enhance their knowledge.41,42 For 
example, individual physician characteristics that have been reported to be associated 
with higher breast cancer screening rates include younger age, being an internist, and 
being female.43,44 Being an internist was also associated with earlier stage at diagnosis 
for head and neck cancer among their patients.40

National data suggest that, on average, adults visit a physician from 3 to 10 times 
per year and visit a dentist from 1 to 3 times per year.45,46 Therefore, among the 
population visiting either of these provider types in a given year for nonemergent 
care, many potential opportunities arise for performing head and neck cancer screen-
ing. Currently, dentists provide most oral cancer examinations,47 are more likely to 
detect asymptomatic lesions, and do more routine screening for oral cancer than 
physicians.48 Dentists are also more likely to consider oral cancer screening within 
their scope of practice and to have the appropriate training to perform an examina-
tion.47 Yet, only 15.0% of adults 40 years of age or older report undergoing an oral 
cancer examination in their lifetime,49 and report of an examination varies little by 
smoking status.19 Even if these patients are substantially underreporting oral cancer 
screening because of an inability to recall past efforts, there appears to be many 
missed opportunities for screening of head and neck cancers. These reports indicate 
that substantial problems exist with performing head and neck cancer screening on 
asymptomatic patients regardless of the patient’s risk for cancer or the provider’s 
training. In other words, improved provider training for screening patients may result 
in improvements in screening rates, but even among well-trained providers rates are 
low. This suggests that we should expect limited screening rate improvements from 
efforts focused only on provider training/education.

Interaction of Patient and Provider Factor Levels

It is interesting that not only do the different factor levels have their direct effects 
on cancer screening but patient and provider level factors also interact with each 
other. For example, Allison and colleagues50 recently found that provider level delays 
in head and neck cancer diagnoses were associated with patient level factors such as 
comorbidity, age, and education in a multivariate analysis. Such interactions can 
suggest high leverage points for interventions. In many cases, an interaction of a 
number of diffi cult-to-address issues may be eliminated when the most easily modifi -
able among them is identifi ed and addressed.

Organizational Factors in Cancer Screening

Organizational level factors tend most directly, but not exclusively, to affect the 
supply side of the screening equation. These factors generally manifest as policies 
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and regulatory law driven by a combination of social contract and economic forces. 
Based on observed screening improvements for cancers at other anatomic sites, orga-
nizational level factors likely represent the most powerful areas for interventions 
among all the levels discussed in this chapter. Organizational factors may be usefully 
separated into two categories for exploring their potential impact on head and neck 
cancer screening.

Use of Information Technology

Opportunities for taking advantage of advances in information technology include 
both simple and complex approaches. At the simple end of the spectrum are prompts 
and reminder systems that could be implemented via stand-alone computers, internet 
or Web-based systems in a wide range of settings including single offi ces of solo 
practitioners to large networks of providers.51,52 In fact, reminder systems consis-
tently display two- and threefold improvements in cancer screening rates and repre-
sent one of the simplest and most effective interventions for accomplishing this.53 
At the more complex end of the spectrum are computing methodologies to model 
screening programs that maximize various health outcomes against limited resources. 
For example, when applying an artifi cial neural network using the known prevalence 
of risk factors for oral cancers in a given community and applying the sensitivity and 
specifi city of visual and palpation screening methods, it was determined that 80% of 
all tumors would be discovered by screening only 25% of the population.54,55 This 
result would be accomplished theoretically by identifying and screening only persons 
with a high risk for developing oral cancers.

Aligning Payment Policy with Screening

Financing of health care is fragmented in the United States with most care being 
fi nanced through large corporations. The unemployed and even about 30% of 
employed persons have no health insurance beyond their own out-of-pocket pur-
chases. Many among those with health insurance are underinsured with minimal 
benefi ts and very large deductibles. Unfortunately, many of the uninsured and under-
insured are among those most at risk for head and neck cancer and could benefi t 
most from a screening program. These high-risk but poorly insured persons are left 
with the unlikely situation of funding their cancer screening through out-
of-pocket expenditures. Different health care delivery systems and fi nancing plans 
have different potentials for developing successful cancer screening programs, and a 
brief look at some of the differences is instructive.

Misalignment of payment with screening goals is a feature of certain delivery 
systems, including fee-for-service plans. An example is when the benefi ts from cost 
reductions by reduced treatment through earlier diagnoses accrue to a third-party 
insurer, whereas the cost of the efforts of earlier diagnoses is borne largely by provid-
ers in the plan. Another organizational level misalignment of payment with screening 
goals occurs with reimbursement variation by provider type. Reimbursement rates 
are generally higher for physicians who are specialists than for primary care providers. 
Such organizational forces help drive decisions about whether a provider specializes, 
where they locate their practice, and how they practice. This, in part, helps to explain 
other outcomes that affect screening rates, including provider shortages in rural and 
inner city locations.56

In a large employer-funded health care system, providers play little to no role in 
decisions about coverage policies and reimbursement levels. Science-based policy is 
also rare in this system. Such decisions are largely made under market forces involv-
ing employers and third-party insurers with some input from government regulators. 
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As a result, individual provider behavior, knowledge, and training, though important, 
are potentially secondary to organizational forces in determining screening behavior. 
For example, physicians in the Department of Veterans Affairs were much more 
likely to perform cancer screening as a result of system-wide policies than because 
of their individual knowledge or attitudes concerning screening.57 An additional result 
of the way that health care is fi nanced in the United States, and a potential organi-
zational barrier to screening, is that the highest cost of cancer screening in the indus-
trialized world is found in the United States.58

One sector in which payment policy for cancer screening follows science-based 
guidelines consists of “equal access” providers such as the Veterans Administration, 
staff model health maintenance organizations, and safety net groups. Although this 
sector is relatively small, it can serve as an example of cancer screening outcomes 
that may occur when services are science-based and access barriers are low. For 
example, racial/ethnic disparities in cancer screening rates are measurably lower in 
this sector than in other provider settings.59

Health maintenance organizations have been found to be more likely to have 
cancer screening guidelines, systems for screening delivery, and screening monitor-
ing.60 Such organizations are associated with better preventive and screening out-
comes than other delivery models.61 Several characteristics of health maintenance 
organizations are associated with improved cancer screening outcomes including 
centralized administrations, economies of scale, goal-setting, audits, and formal feed-
back and provider discussion about practices and policies. All these characteristics 
point to greater ease in instituting changes for an improved cancer screening at the 
organizational level than interventions focused solely on patients or providers.62

Some examples of national interventions to improve screening for other cancer 
sites may serve as models for improving head and neck cancer screening. Legislation 
mandating mammography coverage by private insurers has been rolled out across all 
50 states beginning in 1987 and correlates with substantial increases in its use.63 
Medicare Part B, which provides nearly universal coverage for Americans 65 years 
and older, has had a substantial impact on the use of cancer screening services. The 
National Breast and Cervical Cancer Early Detection Program is administered by the 
Centers for Disease Control and Prevention to provide screening for poor and unin-
sured women and is linked to the Medicaid program to provide follow-up care for 
those with positive results. This program provides an example of identifying persons 
with a high risk for the disease and a high risk for not receiving any cancer screening 
and combining it with a continuum of follow-up care—all directed from an organiza-
tional level. Another example is the increased screening rates and reduction in late-
stage tumors of the colon subsequent to Medicare coverage for the relevant screening 
tests.64 In all these examples of successes in screening of cancers from other anatomic 
sites, coverage determination is largely science-based, suggesting a strong need for 
conducting new research to support the use of head and neck cancer screening.

Summary and Future Issues

Efforts to develop new screening tests and diagnostic tools will play a role in the 
success of any cancer screening program. Screening methods that are less invasive, 
that result in earlier detection, lower costs, lower false-positive and false-negative 
rates, and that simplify the training involved in their delivery will all result in changes 
in the success of a screening program. New screening tests and methods may also 
result in a shift of provider types needed to screen, availability of the screening across 
population groups, acceptability and perceived value of the screening by patients, and 
ability to demonstrate clear reductions in morbidity and mortality when added to a 
screening program.



Chapter 3 Screening for Head and Neck Cancer: Health Services Perspective42

However, regardless of the screening tests and diagnostic tools available, at a 
minimum all of the following steps must occur for a successful cancer screening 
program: (1) organizational structure must support bringing the provider and patient 
together in a timely manner for the purpose of a cancer screening; (2) a provider 
must be qualifi ed to do the cancer screening and offer it to the patient; (3) the patient 
must perceive the process to be acceptable and potentially benefi cial; (4) with these 
three steps accomplished, appropriate follow-up care must then be available before 
the ultimate outcomes of reductions in morbidity and mortality from head and neck 
cancers are observed.

We have seen that interventions at the three levels of patient, provider, and orga-
nizational system are possible to improve cancer screening rates. Increasing the 
awareness and knowledge of head and neck cancer signs, symptoms, and risk factors 
are some of the ways to improve screening rates at the patient level. Simple reminder 
systems, appropriate payment, and appropriate training may result in improvements 
at the provider level. But changes at the organizational level are likely to produce the 
most substantial improvements in head and neck cancer screening rates. The ability 
to produce screening guidelines and monitor compliance, to align payment with 
importance of the screening, and to ensure appropriate training and patient education 
all are features more easily accomplished under certain types of health care delivery 
systems, including single-payer or equal-access health maintenance delivery systems. 
Note that preventive health messages to reduce or eliminate exposure to risk factors 
for head and neck cancer can be delivered during screening and can represent another 
avenue for reducing morbidity and mortality through population screening.

For organizational change to occur, research must be accomplished to ascertain 
whether there are clear benefi ts to head and neck cancer screening. Only then can 
these powerful organizational factors be brought fully into play. As depicted in Figure 
3-7, having a relevant science base in place will then allow the development of guide-
lines and supportive legislation to ensure implementation and availability of the 
screening programs throughout the population. With screening guidelines and/or 
legislation in hand, organizational level factors can fi nally be mobilized to remove 
barriers to care and put appropriate resources into the establishment of a successful 
head and neck cancer screening program. This is the same basic formula followed 
with measurable success for the screening of other sites such as cancers of the colon, 
breast, and cervix. Legislative action can not only mandate head and neck cancer 
screening to specifi c groups but shape scope-of-practice acts and constructive-liability 
systems to allow unencumbered implementation of the programs.

Research

Patient Level Provider Level

Organizational Level
Resource allocation

Health promotion
Legislative mandates

Scope-of-practice laws
Health care delivery system

Science-based screening guidelines

Timely cancer screening
and follow-up

Figure 3-7. The role of research in achieving timely head 
and neck cancer screening.
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4
Strategies for Oral 
Cancer Detection

Joel B. Epstein and James J. Sciubba

K E Y  P O I N T S
● Approximately two thirds of head and neck cancers are diagnosed at an advanced stage of 

disease.
● Early detection has an impact on prognosis.
● Detection requires head and neck and mucosal visual examinations and palpation.
● Adjuncts to facilitate early detection of head and neck cancer and premalignant lesions are 

needed.
● Adjuncts may facilitate biopsy site selection and margin delineation of mucosal disease.
● Vital tissue staining (in vivo) has shown usefulness in facilitating detection, biopsy site selection, 

and margin delineation.
● Imaging technologies and exfoliative cell collection with molecular technology are in 

development.

Introduction

Oral and oropharyngeal cancer statistics continue to demonstrate the value and posi-
tive impact of achieving an early diagnosis of the condition, with one person in four 
(approximately one person per hour) dying of the disease and survivors often suffer-
ing functional and cosmetic as well as psychosocial diffi culties. In the United States, 
approximately 30,000 patients per year are diagnosed with oral cavity or oropharyn-
geal squamous cell carcinoma (OSCC). This represents 3% of all cancers.1–3 The 
baseline annual risk is approximately 1 in 10,000 of the adult U.S. population.4

Although 84% of patients with oropharyngeal cancers survive at least 1 year after 
diagnosis, approximately 50% die within 5 years.5,6 Ninety-fi ve percent of OSCC 
cases occur in patients over 40 years of age, and well-known risk factors include 
tobacco and alcohol use.6,7 Human papillomavirus (most commonly HPV 16) has 
been reported in 18.9% of oropharyngeal cancers and a lower percentage of oral cavity 
cancers and represents an additional risk factor.8 The impact on the patient and his 
or her family in having the disease recognized and treated promptly while early in 
its stage or while preinvasive is enormous. Yet statistics continue to show that a sig-
nifi cant proportion of oral cancer patients present initially with advanced-stage 
disease, thus complicating their management, function, quality of life, and lifespan.

Clinical Mucosal Alterations

Oral mucosal alterations serving as possible harbingers of oral premalignant disease 
or transformation include leukoplakia, erythroplakia (erythroplasia), and erythro-
leukoplakia (speckled leukoplakia). The reported risk of developing dysplastic 



Chapter 4 Strategies for Oral Cancer Detection46

Figure 4-1. A diffuse and homogeneous form of 
leukoplakia is present over the ventral tongue with indistinct 
borders, soft texture, and a solitary ulceration at the 
superior margin. Upon further study it was shown to be a 
severe epithelial dysplasia.

Figure 4-2. A thickened and nodular leukoplakia extends 
from the attached gingiva into the mucobuccal fold.

Figure 4-3. An erythroleukoplakia along the lateral tongue 
margin is characterized by a centrally erythroplastic region 
surrounded in part by a heavily keratotic component, which 
microscopically was noted to represent a superfi cially 
invasive squamous cell carcinoma.

alterations within this group of lesions varies widely, with one study noting a trans-
formation rate ranging from 6.5% for homogeneous leukoplakias to 23.4% for eryth-
roplakia9 (Figs. 4-1 through 4-3). Particular attention must be directed to 
erythroplakias, in which a particularly high rate of dysplasia or frank carcinoma is 
present at the time of the initial diagnosis.10,11

Eighty-fi ve percent of oral premalignant lesions (OPLs) and/or malignancies may 
present as a white lesion (leukoplakia).11–13 When examined microscopically, 20% of 
cases of leukoplakia may show hyperkeratosis with dysplasia.14 It is interesting that 
the least common sites for leukoplakia—the lateral tongue and the fl oor of the 
mouth—are the sites most likely to harbor dysplasia (25% and 50%, respectively).14 
Although more rare, approximately 90% of erythroplakic lesions represent severe 
dysplasia or carcinoma at the time of diagnosis.10,15
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An unusual and important form of leukoplakia, proliferative verrucous leukoplakia, 
was defi ned in 1985 by Hansen and colleagues.16 In this unique form of mucosal 
disease, an unusually high rate of malignant transformation is seen in association with 
expanding, elevated/exophytic white tissue changes with corresponding fi ssure for-
mation over multiple sites. These changes are often in a discontinuous or separated 
distribution (Fig. 4-4). In a long-term follow-up study, it was confi rmed that this 
form of leukoplakia is a high-risk lesion for transformation to cancer, with women 
affected more frequently than men, despite a considerably lower incidence of ciga-
rette or smokeless tobacco use.

Understanding the clinical and biologic nature of oral mucosal alterations with 
premalignant potential capable of transformation to invasive cancer is crucial to early 
diagnosis through screening and examinations. Early recognition of subtle or obvious 
clinical alterations during routine or periodic examinations is important, but statistics 
point toward either a lack of recognition of these lesions at early phases or a failure 
of many individuals to comply with screening recommendations. A variety of effec-
tive clinical tools have been designed to aid physicians and dentists in the evaluation 
of subtle oral mucosal alterations that may represent the initial phases of cancer or 
precursor lesions.17

The gold standard tool is tissue biopsy. Newer tools that are easy to use may assist 
in the selection of lesions for biopsy with impressive levels of sensitivity and specifi c-
ity. These tools assist in the detection of alterations that are not appreciated by the 
naked eye on routine tissue examination or they better characterize those changes 
that are visible. Boxes 4-1 and 4-2 present desirable characteristics of adjunctive 
approaches for lesion identifi cation, and Box 4-3 presents conditions in which adjuncts 

Figure 4-4. Widespread alteration over the dorsal and 
lateral margins of the tongue with a generally thickened, 
papillary to verrucous surface and uneven contour 
characterize this form of leukoplakia.

Box 4-1. Requirements of Adjunctive Tests for Patient Examination

Inexpensive, easy to use

Well tolerated, noninvasive

Rapid-acting, real-time clinical information

Used as adjunct to other imaging techniques and cellular techniques

No impact on histologic interpretation

Enhance visibility of mucosal lesions that may harbor dysplasia, CIS/SCC

Sensitive and specifi c for dysplasia/CIS/SCC; assist in differentiating dysplastic/malignant change 
from infl ammatory lesions

CIS, carcinoma in situ; SCC, squamous cell carcinoma
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may be of particular usefulness. Adjuncts to the oral examination that may enhance 
identifi cation of lesions of concern are reviewed below.

The risk profi le for developing oral cancer is known, but the rate of death has 
remained virtually unchanged over the past three decades.5 There are not yet suffi -
cient data to state that screening and early detection of OPL and cancer result in a 
clear decrease in mortality rate from this disease.18,19 It is clear that regular visual 
screening programs can increase the detection of oral surface lesions that may be 
either malignant or premalignant.20,21 Five-year survival rates would be expected to 
improve if OSCC is detected earlier,5,6 when it requires less aggressive treatment 
with reduced morbidity and reduced cost of care. The potential valuable role of early 
detection and adjuncts to clinical examination have been documented in outcomes 
of other diseases.

History and Examination

A comprehensive history and head and neck and oral examinations are practical during 
routine dental offi ce visits and require only a few minutes to perform since the oral 
exam does not include endoscopy.17,22,23 Unfortunately, the head and neck and oral 
examinations may not always be performed as routinely or as frequently as recom-
mended,24,25 even though a standard visual examination for suspicious lesions is critical 
for identifying and diagnosing mucosal disease. The history should include attention 
to known risk factors, history of upper aerodigestive tract cancer, and potential symp-
toms. The examination includes a general head and neck exam, with palpation of 
cervical lymph nodes, oral inspection, and palpation of the oral cavity. To assess subtle 
tissue changes in texture or color (particularly erythroplakia), a bright white light 
source is required, and a halogen light source is recommended.

Box 4-2. Usefulness of Adjuncts for Detection of Oral Mucosal Lesions

Increase visibility and detection of oral mucosal lesions

Accelerate decision for biopsy

Aid in biopsy site selection

Assist in detection of margin of abnormal tissue: may disclose larger area of retention than seen 
with standard clinical exam

Correlate with phenotypic change in oral lesions at risk of cancer and with carcinoma

Correlate with genetic/molecular markers in oral premalignant and malignant lesions

Predict risk of progression to cancer, including in histologically benign and mildly dysplastic tissue

Box 4-3. Lesions and Conditions in Which Adjuncts May Provide Additional Information

Diffi cult diagnostic presentations:

Clinically minimal/occult mucosal lesions

Multiple sites of leukoplakia; synchronous SCC

Irregular leukoplakia/erythroplakia

Lichenoid mucosal changes

Submucous fi brosis

Mucosal appearance following cancer treatment: persistent/recurrent SCC; premalignant lesions

Immunosuppressed patients: hematopoietic cell transplantation, solid organ transplantation, 
therapy of immune disease (e.g., rheumatoid arthritis, lupus erythematosus); HIV
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Chemiluminescence

Chemiluminescence was developed as an adjunct to the Pap smear of the uterine 
cervix after an acetic acid wash.26–29 The use of chemiluminescent illumination in 
cervical examination increases the sensitivity of detection of dysplastic and malignant 
lesions, with a modest decrease in specifi city.28 In a study of 3300 female patients,29 
negative predictive values (NPV) for squamous cell cancer (SCC) of 94.7% were 
identifi ed by Pap smear alone. These values rose to 99.1% with the addition of che-
miluminescence. Because visual presentation of cervical and oral/pharyngeal lesions, 
including SCC, may be similar with benefi cial contribution by chemiluminescence,30 
this technology was applied to the oral cavity examination. The use of acetic acid 
followed by chemiluminescent illumination for the identifi cation of oral mucosal 
lesions has been reported to result in an improvement in visual lesion parameters in 
several studies involving several institutions.31–33

In a preliminary study of chemiluminescence of 26 lesions, enhanced visibility of 
the lesions was reported, but discrimination of white lesions due to keratotic, infl am-
matory, or dysplastic lesions was not achieved.31

Kerr and colleagues32 examined 501 consecutive subjects over age 40 years with 
a positive tobacco history who underwent a standard visual examination with con-
ventional incandescent lighting followed by examination with chemiluminescent 
lighting. With standard visual examination of 270 subjects, a total of 410 mucosal 
lesions were detected, of which 127 were deemed clinically “suspicious” for OPL or 
SCC based on defi nitions of the World Health Organization. Ninety-eight of these 
lesions were also visualized by chemiluminescent lighting, and an additional six lesions 
were seen that were not detected previously by visual examination. Chemilumines-
cence resulted in enhanced visibility of white but not red lesions (P < .01). The white 
lesions were brighter, sharper, and smaller with chemiluminescent lighting compared 
with incandescent illumination.

Chemiluminescent light examination was also assessed in a multicenter study of 
134 subjects made up of those referred for evaluation of newly identifi ed oral 
mucosal lesions or for follow-up of previously treated upper aerodigestive tract 
cancer.33 A total of 138 lesions were identifi ed with incandescent light (123 or 89%) 
and clinically diagnosed as leukoplakia. Ninety-eight percent (or 135) of the lesions 
identifi ed on standard lighting were also seen by chemiluminescence using ViziLite 
(Zila, Inc, Phoenix, AZ) illumination. Of the three lesions not seen with chemilumi-
nescence, two were red with clinical features that were not suspicious for malignancy 
and the third was a leukoplakia that was on the lower gingiva and was later diagnosed 
on biopsy as lichen planus. Two lesions were visible only with ViziLite, and both 
were later confi rmed to be benign. There were no statistically signifi cant differences 
in lesion detection (P > .10) with chemiluminescence. However, subjective clinical 
visibility of the identifi ed lesions was judged to be enhanced with ViziLite in 54.1% 
of lesions. Increased sharpness of the lesion margin was seen in 48.1%, and increased 
report of lesion texture was seen in 35.6%. Lesion visibility based on brightness, 
sharpness, and texture was enhanced using ViziLite (P < .001), whereas a slight 
increase in the mean lesion size was not signifi cant (P = .06).

Overall, chemiluminescent light following routine examination with incandescent 
light increases visibility of oral white and mixed red/white lesions, largely owing to 
an increase in the brightness of the lesions and a more distinct contrast at the border. 
Moreover, the surface texture of the lesions may also be enhanced.

Direct Fluorescence Imaging (Autofl uorescence)

Autofl uorescence is a characteristic of all tissue and has been assessed for changes 
that may occur in carcinogenesis. Single-center studies have reported use of a simple, 
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hand-held device (VELscope, LED Dental, Inc, British Columbia, Canada) for direct 
visualization of autofl uorescence of oral tissue. A pilot study of 44 patients reported 
that VELscope showed a 98% sensitivity and 100% specifi city compared with histo-
logic fi ndings in discriminating normal mucosa from severe dysplasia/carcinoma in 
situ (CIS)/SCC.34 Although the authors suggested the potential to use the device as 
an adjunct for oral cancer screening, biopsy guidance, and margin delineation,34 this 
was not a true screening study, and the suggested use in screening was not refl ected 
in the design in this pilot trial.

In a second report of three cases from the same institution, the authors reported 
identifi cation of occult lesions that the clinicians had not noted during routine exami-
nation.35 A study of fl uorescence of 20 surgical specimens of OSCC was conducted 
at the same institution.36 All tumors showed loss of fl uorescence, and in all but one 
case fl uorescence loss extended beyond the borders of the clinical lesion from 4 to 
25 mm. Multiple biopsies were assessed from the 20 OSCC cases: 36 biopsies were 
from fl uorescence-positive regions; of these, 89% showed histologic abnormality (7 
OSCC/CIS, 10 severe dysplasia; 15 mild/moderate dysplasia) compared with 1 of 
66 fl uorescence-negative specimens. Molecular assessment of biopsies of the margins 
showed loss of heterozygosity (LOH) in sites previously associated with tumor recur-
rence (3p and/or 9p) in 12 of 19 fl uorescence-lost versus 3 of 13 fl uorescence-
retained specimens (P = .04). These results suggest that fl uorescence may assist in 
margin evaluation in patients with diagnosed OSCC.

An extensive literature review of autofl uorescence for imaging in oral oncology with 
emphasis on human trials was published.37 The mechanism of autofl uorescence has 
been related primarily to connective tissue fl uorophores in the tissue matrix or in 
cells, including collagen, elastin, keratin, and NADH (the reduced form of nicotin-
amide adenine dinucleotide) and may be primarily attributed to oxy- and deoxyhe-
moglobin. Scattering occurs from irregularities in the index of refraction caused by 
cell structures, including nuclei and organelles, epithelial thickness and keratin, blood 
concentration (hemoglobin), and collagen content. Thus, there is variation in fl uores-
cence owing to changes in connective tissue and epithelium. Cell metabolism that 
may be increased in malignant disease may lead to altered NADH. The evaluation of 
autofl uorescence in the oral cavity may be complicated by the complex oral fl ora, 
which may contain microorganisms that also fl uoresce, as seen in one study in which 
fl uorescent material could be wiped off the mucosal surface resulting in a change in 
imaging.38 This study also showed that though sensitive, autofl uorescence shows 
ambiguous results for SCC of the dorsum tongue and where plaque was present. 
Furthermore, the ability of autofl uorescence to distinguish between infl ammatory and 
premalignant and malignant tissue changes has not been clearly documented. These 
variables present challenges in the use of autofl uorescence in the oral environment.

The key issue is the potential of this technology to distinguish OPL/SCC from 
benign and healthy oral tissues in the complex oral environment, and indeed addi-
tional studies are necessary. It is possible that bacterial retention and activity at sites 
of SCC enhance autofl uorescence. However, although sensitivity in single-center 
studies looks promising, the potential for false-positives has yet to be determined in 
large populations and is likely to be high.

The risk of false-negative results must also be determined. If a lesion is malignant, 
autofl uorescence may provide additional information about lesion margin. DeVeld 
and colleagues37 note that overall the sensitivity of autofl uorescence may be useful 
in addition to accurate clinical examination, but specifi city was a concern because of 
the diffi culty in distinguishing premalignant from benign lesions and because of vari-
ability in autofl uorescence. The authors anticipate that larger studies and clinical use 
will lead to increased false-positive results and more variations in outcome. In their 
own study, DeVeld and colleagues37 reported that they could not distinguish differ-
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Figure 4-5. Positive uptake of toluidine blue dye highlights an area of leukoplakia (A) that is rimmed with blue dye 
uptake (B).

ent types of lesions, which they related to variable degrees of keratinization, hyper-
plasia of the epithelium, and variation in blood content of the tissue, which is often 
increased in infl ammatory lesions. In addition, they could not distinguish the role of 
oral microbes in fl uorescence. They also note the potential infl uence of tissue pig-
mentation and the effects of tobacco and alcohol use in patients upon tissue 
autofl uorescence.

Toluidine Blue

Toluidine blue (TBlue) stain has been shown to be selective for staining of prema-
lignant and malignant mucosal lesions (Fig. 4-5). A meta-analysis of the literature to 
1989 assessing the effectiveness of TBlue in identifying OSCC revealed sensitivity 
ranging from 93.5% to 97.8% and specifi city ranging from 73.3% to 92.9%.39 A study 
in Sri Lanka using TBlue in a single examination protocol of 102 subjects with undi-
agnosed oral lesions revealed 18 cases of OSCC, of which 7 were detected only after 
TBlue staining.40

Epstein and others41 assessed the usefulness of TBlue as a diagnostic aid in 46 
patients with prior upper aerodigestive tract cancer. All visual lesions or lesions 
identifi ed with TBlue were biopsied. Seventy-eight percent of the lesions diagnosed 
as CIS or SCC were identifi ed upon clinical examination. whereas 100% were identi-
fi ed after TBlue (P = .02) with no false-negatives. In this high-risk population, TBlue 
had a sensitivity of 100% and specifi city of 51%. TBlue and clinical examination 
resulted in a similar number of false-positive results (33%), although application of 
TBlue was more accurate (68%) than clinical examination (59%). False-positive rates 
of TBlue retention associated with traumatic or infl ammatory conditions were 
decreased by delaying until confi rmation of staining at a second exam approximately 
14 days later. This approach resulted in an accuracy of over 80% for detecting malig-
nant and dysplastic lesions.42–46

A multicenter surveillance study of 668 patients previously treated for upper 
aerodigestive tract cancer was conducted by experienced clinical providers.47 Clinical 
examination was conducted by one observer and followed by an examination after 
TBlue rinse application by a provider blinded to the fi nding of the fi rst observer. 
Patients returned for follow-up if mucosal change was seen at the fi rst visit or if 
TBlue was retained; all lesions identifi ed on the second visit were biopsied. A total 
of 96 biopsies were completed in 81 patients, and 30 lesions received a histologic 
diagnosis of SCC/CIS. Twelve lesions were described as clinically suspicious (sensi-
tivity 40.0%), whereas 29 of the lesions retained TBlue (sensitivity 96.7%; P = .0002). 
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Most of the lesions considered clinically suspicious were not SCC (20/59, 33.9%), 
and only 57.9% (11/19) thought clinically to represent cancer were diagnosed as 
SCC on biopsy. Only 2 of 14 (14.3%) of erythroplakic lesions and 2 of 12 (16.7%) 
initially diagnosed as nodular/benign leukoplakia were histopathologically CIS/SCC. 
Greater sensitivity of TBlue compared with visual examination was associated with 
an increase in the number of false-positive results from 21 to 60. Biopsies of an 
additional 56 lesions were conducted based on TBlue staining, 31 of which repre-
sented signifi cant pathology (14 dysplastic lesions; 17 SCC or CIS). This study 
showed that sensitivity of TBlue was much higher than with visual examination alone 
in identifying lesions subsequently diagnosed as SCC or CIS (97.3% versus 37.8%), 
whereas specifi city was similar (visual exam 97.1%, TBlue 90.7%). The increased 
sensitivity of TBlue was attributed to 12 biopsy-positive lesions that were not identi-
fi ed on visual examination. These lesions were clinically smaller and therefore more 
likely to be diffi cult to identify. In a previous single-center study,28 the predictive 
value of the clinical exam was similar to that of the multicenter study (43.8% versus 
36.4%),47 but the TBlue predictive value was considerably higher (50.9% versus 
32.6%), indicating a relatively larger number of false-positives in the multicenter 
study.

TBlue may also be useful in assessing the extent of a lesion, lesion margins, and 
other sites of involvement not seen on clinical examination.28,40,43–50 Assessment of 
the margins was studied in 50 consecutive patients with OSCC prior to resection.48 
TBlue identifi ed positive resection margins in three cases and identifi ed three cases 
of second primary SCC that were not identifi ed on visual examination.48

Another paper assessed TBlue in 14 patients with SCC, stained preoperatively, 
and resected with a 1-cm margin of either extent of stain or clinical disease.51 Only 
if intense TBlue stain was not seen was the result termed negative. This differs from 
other studies in which stain uptake was termed positive (intense), equivocal (minimal 
retention), or negative (no retention); therefore, the results of other studies cannot 
be directly compared. TBlue was positive at all sites of SCC, confi rming previous 
studies of SCC. However, 10 sites of CIS or severe dysplasia were not reported as 
positive, but the number with minimal stain was not reported.51 The authors of this 
study stated that dysplasia was not stained, which differs from fi ndings in other 
studies (see previous text).

Biopsy site selection may be diffi cult in large variably erythroleukoplakic lesions 
and in patients following head and neck cancer therapy. Also, radiation therapy may 
lead to delayed healing if tissue biopsy or trauma occurs, which may make clinicians 
hesitant to biopsy. Therefore, patients with prior upper aerodigestive tract cancer 
who are at highest risk of new second cancers or recurrent disease are more diffi cult 
to assess clinically. TBlue may promote biopsy in postradiation patients, aid in site 
selection of biopsy, and improve the diagnostic yield.28,39,42,43,45–47,52 False-negative 
results are critical in cancer management, and TBlue has consistently shown low 
false-negative rates.26,45,46

Molecular/genetic change in epithelial lesions is the basis of development of OPL 
and progression to cancer (Figs. 4-6 through 4-8). Analysis of loss of heterozygosity 
of selected chromosomal segments using polymerase chain reaction (PCR) can be 
used to document genetic alterations in oral mucosal lesions that predict risk of 
cancer progression in OPLs and to help identify patients with an increased risk of 
recurrence or spread of malignant disease after treatment.53 Continuing studies have 
documented preferential TBlue binding in lesions with sites of molecular change 
associated with cancer or risk of progression to cancer.

TBlue staining has been shown to be related to genetic changes (allelic loss or loss 
of heterozygosity) that are associated with progression of OPLs to cancer even in 
histologically benign lesions and lesions with mild dysplasia.53,55,56 TBlue has been 
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Figure 4-6. Mild epithelial dysplasia with basal and 
parabasal cellular atypia.

Figure 4-7. Moderate epithelial dysplasia characterized by 
nuclear hyperchromatism, inverted nuclear-cytoplasmic 
ratio, and an atypical mitotic fi gure. These changes extend 
to approximately 50% of the epithelial thickness.

Figure 4-8. Severe epithelial dysplasia is characterized by 
abnormal cytologic features extending through the epithelial 
thickness, but not extending beyond the basement 
membrane.

shown in a cross-sectional study to stain oral mucosal lesions that exhibit loss of 
heterozygosity for regions containing genes thought to be important in oral carcino-
genesis.54 A longitudinal, prospective study of 100 patients with OPLs followed up 
for a mean of 44 months confi rmed and extended these fi ndings.56 Fifteen of the 100 
OPLs progressed to OSCC, of which 4/19 arose from lesions with histologic hyper-
plasia, 4/64 from low-grade dysplasia, and 7/17 from high-grade dysplasias. Most of 
the cancers (60%) developed at the site of the index biopsy, marked by TBlue, and 
the remaining 40% arose within a 2-cm region. Only 5% of the TBlue-negative lesions 
progressed, whereas 33% of the TBlue-positive lesions developed OSCC (P = .0002). 
In addition, time to progression to cancer was signifi cantly less for TBlue-positive 
lesions (P < .01), and the hazard ratio for developing OSCC was more than six times 
greater in TBlue-positive cases (6.67; 95% CI: 1.87–23.70; P = .0008). Positive TBlue 
staining was seen in 26% of nondysplastic lesions, in 23% of lesions with mild/moder-
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ate dysplasia, and in 94% with severe dysplasia (P < .0001). Furthermore, TBlue 
retention was shown to predict risk of progression for OPLs even with benign histol-
ogy or minimal dysplasia, and it was associated with a high-risk molecular pattern 
(loss of heterozygosity at 3p and/or 9p plus any other arm—[40% versus 14%], P = 
.023). This prospective trial supported the studies that reported TBlue retention in 
“molecularly positive lesions,” even in those diagnosed histologically as benign or 
mildly dysplastic lesions. These two studies suggest that lesions stained with TBlue 
demonstrate allelic loss in histologically benign lesions, suggesting that previously 
reported “false-positive toluidine blue staining” may represent true molecularly posi-
tive fi ndings based on allelic loss.55 These studies show the potential usefulness of 
Tblue to identify both OPLs and SCC.

Chemiluminescence and Toluidine Blue

A recent study examined the adjunctive value of a chemiluminescent light source 
(ViziLite, Inc.) and the application of pharmaceutical-grade TBlue (TBlue[630]) to 
assess lesions identifi ed during the conventional oral soft tissue examination.57 Lesions 
deemed clinically suspicious by visual examination under incandescent light were 
further assessed under chemiluminescence followed by TBlue stain. Each clinically 
identifi ed lesion was biopsied and diagnosed based on routine histopathology. Ninety-
seven clinically suspicious lesions were identifi ed in 84 patients. The chemilumines-
cent exam identifi ed all oral lesions previously identifi ed on incandescent light 
examination and found improved brightness and/or sharpness of margins in 61.8% 
of identifi ed lesions, features that may assist in detection. Biopsied lesions that also 
had the TBlue stain retention reduced the false-positive rate by 55.26% while main-
taining a 100% negative predictive value. This trial showed that chemiluminescence 
may facilitate lesion identifi cation by an increase in visibility, and TBlue stain reten-
tion was associated with a potential large reduction in biopsies showing benign histol-
ogy (false-positive biopsy results) while maintaining a 100% negative predictive value 
for the presence of severe dysplasia or cancer. The addition of TBlue to the examina-
tion would have resulted in a 55.26% reduction in the number of false-positive 
biopsies, while maintaining a diagnosis of all lesions with severe dysplasia and  OSCC. 
This study was conducted by clinical experts and the results may not be applied 
uniformly to the general population of practitioners.57

The Oral Brush Biopsy

In patients who have an obvious neoplasm or in whom a neoplasm is strongly sus-
pected, a tissue biopsy performed with standard scalpel or punch biopsy technique 
is the method of choice. This gold standard retains its preeminence for accuracy in 
the proper hands.

In cases of less than obvious but observable mucosal change, however, the brush 
biopsy methodology has been shown to have a correspondingly high degree of speci-
fi city, sensitivity, and positive predictive value together with ease of use and a rapid 
learning curve.58–60 Scheifele and colleagues61 confi rmed earlier studies in which the 
sensitivity and specifi city of the brush biopsy procedure were confi rmed. Some 
studies report a high false-positive rate, and false-negative fi ndings have also been 
reported.62,63 Any positive or atypical result requires follow-up and biopsy. Key to 
the diagnostic success of the oral brush biopsy is obtaining a full-thickness sampling 
of the oral epithelium from a representative site. This may be accomplished by using 
a specially designed stiff circular brush that, when applied to the observed mucosal 
lesion, is twisted several times until bleeding points (microbleeding) are noted. This 
microbleeding confi rms that the clinician has penetrated the superfi cial lamina propria 
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and obtained a full sampling of the entire epithelial surface layer. The epithelial cells 
and other cell types that were obtained can then be easily transferred to a glass slide, 
fi xed, and processed. Phenotypic change can be evaluated for the presence or absence 
of dysplastic cellular changes indicative of the degree of cytologic alteration.

This cellular analysis uses sophisticated image recognition software that is capable 
of recognizing alterations of nuclear volumes, staining characteristics, cytoplasmic 
volume, and nuclear chromatin. These individual changes are recorded by the imaging 
software, which are then confi rmed or negated by a pathologist, who then creates 
the report of fi ndings. This analysis might then demand a defi nitive scalpel biopsy or 
allow continued observation only or an elective removal or management of a now 
highly likely benign lesion.

Salivary Diagnostics

Recent studies have described the use of salivary fl uid (whole saliva) for a potentially 
wide variety of diseases and conditions, including the diagnosis of oral mucosal dys-
plastic disease and carcinoma.

The prospect that salivary fl uid may serve as the medium for the diagnosis of oral 
cancer and precancer holds great interest. The hypothesis is based on the presence 
of salivary biomarkers in the form of mRNA transcripts or signatures. By utilizing 
DNA microarray gene expression profi ling technology, it is proposed that it will be 
possible to monitor or capture the onset and progression of oral cancer or precancer 
as well as to monitor patients after treatment.64 In early studies, it has been demon-
strated that four genes within the salivary transcriptome core were able to predict 
and discriminate whether saliva collected was from a healthy subject or from a patient 
with oral cancer.65 These gene products included interleukin-8 (IL-8), ornithine 
decarboxylase, spermidine acetyltransferase, and IL-1{b}, with consistent results in 
the ability to discriminate.

In addition, other investigators report, by way of whole saliva analysis, a link 
between the presence of OSCC and elevated levels of reactive nitrogen species and 
substantially reduced salivary antioxidants. In addition, higher levels of salivary car-
bonylation levels and DNA oxidation markers were detected in saliva of oral cancer 
patients.66,67

Discussion

Early detection of OPLs and SCC is expected to have a signifi cant impact on prog-
nosis. Early detection relies on the ability to identify potential sites of abnormality, 
to differentiate OPLs from benign, reactive, and infl ammatory conditions, to make 
the decision to perform a biopsy, to select a biopsy site, and to make an accurate 
pathologic diagnosis. Each of these steps is subject to variability.68,69

Examination of mucosal lesions aided by TBlue staining enhances prediction of 
epithelial dysplasias progressing to OSCC as well as progression of even nondysplastic 
and mildly dysplastic lesions based on associated high-risk loss of heterozygosity 
molecular profi le. This suggests the potential clinical value of TBlue in evaluation of 
OPLs as well as in patients with CIS and SCC.56 Indeed, TBlue has been shown to 
assist in identifying OPLs and margins of dysplastic/malignant tissue that may not 
be readily apparent clinically. In addition, TBlue staining is associated with loss of 
heterozygosity profi le that is associated with SCC and risk of progression of OPLs 
to OSCC.

The fi nding of loss of regions of chromosomes containing presumptive tumor sup-
pressor genes in a TBlue-stained group, but not in the negative group, suggests the 
molecular mechanism of TBlue staining. Therefore, TBlue staining may have predic-
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tive value for cancer transformation, associated with the loss of heterozygosity fi nd-
ings previously confi rmed as being associated with OSCC and OPLs at risk of 
progression to cancer. Thus, TBlue may provide clinicians with an additional tool for 
judging cancer risk of OPLs and can guide the management of these lesions (e.g., 
monitoring or intervention with surgery and/or chemoprevention). It is possible that 
in studies in which loss of heterozygosity was not assessed, binding of TBlue reveals 
lesions with advanced loss of heterozygosity or loss of more than two arms with risk 
of progression to cancer. Some lesions with dysplasia do not retain stain, whereas 
other lesions that appear clinically and histologically benign, and yet represent true 
molecularly positive lesions with high risk of progression to cancer due to genetic 
profi le. Patients with these lesions require careful follow-up and treatment. Further-
more, even when OPLs are identifi ed, predicting the risk of progression to cancer 
has been unreliable, other than that based on degree of dysplasia, in which a greater 
degree of severity of dysplasia may correspond to increased risk of progression. TBlue 
retention is associated with molecular clones at an increased risk of progression even 
in histologic diagnoses of benign hyperplasia or mild dysplasia.

Chemiluminescence has been shown in studies to enhance the characteristics of 
oral lesions, which may increase detection due to increased visibility. The utility of 
chemiluminescence is enhanced when used in combination with TBlue. Further 
research on tissue autofl uorescence is needed.

The oral brush biopsy technique offers the clinician an alternative to the more 
formal tissue biopsy in instances in which the identifi ed mucosal alteration does not 
merit the clinical suspicion of a cancerous lesion. This technique may offer sensitivity 
and specifi city and a minimally invasive approach with no local anesthesia, suturing, 
or cautery and no postoperative discomfort for initial evaluation of a lesion. It may 
also be useful in follow-up of OPLs.

A further use of the brush biopsy tool may be to provide cellular material for 
molecular analysis in that it lends whole and intact epithelial cells that may be trans-
ferred to a glass slide and easily fi xed or in a fl uid transport medium, where the 
sample is suspended for subsequent centrifugation, as the case may be.

Application of salivary diagnostics remains in the future but offers the promise of 
accuracy, ease of use, and a true screening tool. Clinical trials and further study, 
however, need to be carried out before this technology can be accepted and used 
clinically.

Future studies using molecular analysis and possibly DNA-cytometric analysis of 
exfoliated cells may help differentiate atypical and reactive or regenerative cells from 
those that are truly dysplastic or neoplastic in nature.70,71

Summary

Cancer development is a complex molecular process, eventually resulting in suffi cient 
genetic or epigenetic change that leads to histologic phenotypic change and ultimately 
to clinical change. Clinical visualization of mucosal lesions is required to allow the 
next steps in diagnosis. Two visual adjunctive devices are approved by the FDA, using 
chemiluminescence and autofl uorescence. Single-center and multicenter trials have 
used chemiluminescence with consistent evidence that visualization of white lesions 
is enhanced and may facilitate identifi cation of oral mucosal lesions. Early studies of 
autofl uorescence suggest that this imaging may be effective. However, many technical 
issues need to be overcome for oral use, and although sensitivity may be increased, 
most trials show low specifi city.

Toluidine blue (TBlue) staining may provide clinicians with an additional tool for 
judging cancer risk of oral premalignant lesions (OPLs) and may guide the manage-
ment of these lesions (e.g., monitoring or intervention with surgery and/or chemopre-
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vention). TBlue is useful in the clinical management of patients and has been shown 
to assist in lesion identifi cation, biopsy site selection, and margin identifi cation of 
OPLs and oropharyngeal squamous cell carcinoma (OSCC). TBlue may be valuable in 
the clinical assessment of high-risk patients and in those in whom OPLs have been 
identifi ed, and it may guide treatment and assess follow-up response to treatment. 
The clinical implications are that TBlue can facilitate visualization of lesions, acceler-
ate the decision to biopsy, aid in biopsy site selection, provide additional information 
on margins of lesions, and refl ect the loss of heterozygosity (LOH) profi le with risk of 
progression of even histologically benign lesions or lesions with mild dysplasia. The 
combined use of chemiluminescence and TBlue has been shown to identify lesions 
with severe dysplasia, carcinoma in situ, and squamous cell carcinoma, with a reduc-
tion in the number of unnecessary biopsies.
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Early Radiographic Detection 
of Head and Neck Cancer: 
Positron Emission Tomography

Heather A. Jacene

K E Y  P O I N T S
● 2-Fluoro-[18F]-deoxy-2-D-glucose positron emission tomo graphy/computed tomography (FDG-

PET/CT) is more useful than anatomic imaging for the evaluation of patients with head and neck 
cancer. 

● FDG-PET/CT is currently indicated for the diagnosis, staging, and re-staging of head and neck 
cancer.

● For the detection of locoregional lymph node meta stases from head and neck cancer, the sensitivity 
of FDG-PET/CT ranges from 67% to 91% with specifi cities from 80% to 100%.

● In up to 25% of people undergoing FDG-PET/CT, distant metastases or a second primary tumor 
may be detected.

● FDG-PET/CT should be performed at least 10 days after the completion of chemotherapy to 
avoid false-negative studies.

● FDG-PET/CT appears to be more accurate for the detection of recurrent head and neck cancer 
when obtained at least 8 weeks after the completion of radiation therapy. The optimum time to 
obtain a post-treatment FDG-PET/CT should be individualized to carefully consider possible 
imaging outcomes and the clinical scenario.

● Communication between the interpreting imaging physician and the referring physician is crucial 
for the most accurate interpretation of FDG-PET/CT scans.

Introduction

The early detection of cancer by imaging has relied on the detection of structural 
abnormalities by anatomic imaging for many years. Detection of cancer based on 
anatomy has several limitations. Structural abnormalities are often not detected until 
cancers have reached a size of 10 to 100 g, or until 1010 to 1011 cells are present1 and 
anatomic imaging does not provide information about “what is in a mass.” Detection 
of tumor depends on the difference in its radiographic appearance compared with 
the normal surrounding structures. In the postoperative patient, normal anatomy is 
often altered, thus decreasing the reliability of structural changes.

Metabolic tumor imaging with 2-fl uoro-[18F]-deoxy-2-D-glucose positron emission 
tomography (FDG-PET) has ameliorated these diffi culties and is rapidly becoming 
the standard imaging modality for a variety of tumor types. An obvious advantage of 
FDG-PET is its ability to detect tumor cells more independently from structural 
alterations.

There is now abundant literature on the use of FDG-PET for patients with head 
and neck cancer. Most of the early literature evaluated PET alone and included small, 
heterogeneous patient populations. Despite this, the technique proved to be more 
useful than anatomic imaging and is currently indicated for the diagnosis, staging, and 
re-staging of head and neck cancer. As with other malignancies, combined PET/CT 
has emerged as a powerful tool for the early diagnosis of cancer.
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This chapter focuses on the role of FDG-PET and PET/CT imaging for the early 
detection of squamous cell carcinoma of the head and neck, including comparisons 
with anatomic imaging modalities. “Early detection” by imaging and how this affects 
patient management can be considered in several situations: (1) initial staging of 
locoregional lymph nodes, (2) staging for distant disease, (3) detection of synchro-
nous primary tumors, and (4) early detection of residual or recurrent disease.

FDG-PET Imaging

Basic Principles

FDG-PET imaging is based on the principle that living cancer cells have increased 
rates of glucose utilization compared with normal cells, a phenomenon described by 
Warburg2 in the 1950s. FDG is a glucose analog and, similarly, it is transported into 
cells through glucose transporters and phosphorylated by the enzyme hexokinase II. 
Once phosphorylated, FDG-6-phosphate is not metabolized further in the glycolytic 
pathway and is unable to diffuse across cell membranes. FDG-6-phosphate is essen-
tially “trapped” within the cell. Cancer cells express higher levels of glucose trans-
porters, primarily glucose transporter 1, and hexokinase II, and therefore accumulate 
more FDG (and glucose) compared with normal cells3,4 (Fig. 5-1).

FDG is radiolabeled with the positron emitter 18F, which allows visualization of 
the FDG once it is localized within a tumor (Fig. 5-2). After a positron (β+ = posi-
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Figure 5-1. Schematic diagram of FDG and glucose entry into a cell. Similar to glucose, FDG is 
transported intracellularly via glucose transporters and phosphorylated by the enzyme hexokinase. 
FDG-6-phosphate is unable to cross cell membranes and is not metabolized further in the glycolytic 
pathway. In tumor cells, the level of the enzyme that de-phosphorylates FDG-6-phosphate is negligible 
and the molecule is essentially trapped within the cell.
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tively charged particle) is emitted, it travels a short distance (millimeters) before 
colliding with an electron (e− = negatively charged particle). The mass of the positron 
and electron is converted into energy in the form of two 511 keV gamma photons, 
approximately 180 degrees apart from each other. If the PET camera detects the 
two opposing photons within a certain time frame, an event is recorded and is 
assumed to have occurred along the line connecting where the photons were detected. 
Detection of multiple events forms the basis of image generation.

FDG-PET imaging is limited by lack of anatomic detail. The recent introduction 
of hybrid PET/CT scanners overcomes this limitation. Many clinical oncology studies 
have demonstrated advantages of hybrid PET/CT versus PET alone and software-
fused PET and CT images acquired during separate imaging sessions. The hybrid 
scanners consist of a CT scanner directly in front of a PET scanner. Images are 
acquired sequentially without changing patient position. The CT scan is used for 
attenuation correction and anatomic correlation. At present, most new sales are 
PET/CT scanners, and at the time this manuscript was prepared, only one of the 
three major PET manufacturers was still offering stand-alone PET scanners.

FDG-PET and PET/CT Technique

Precise FDG-PET techniques and image acquisition protocols may vary slightly 
among institutions; however, certain aspects are generally followed to ensure the 
highest-quality studies and comparability between serial scans and scans obtained at 
different institutions. Consensus recommendations for FDG-PET image acquisition 
were recently published to better standardize the FDG-PET imaging technique for 
clinical trials,5 but the recommendations can largely be applied in the clinical setting 
as well. Several aspects of the imaging technique are highlighted here because they 
are important both for imaging and for referring physicians to understand, especially 
in the setting of early detection of cancer.

Patient preparation is critical to ensure that images are of high quality. Preimaging 
instructions are usually provided by the imaging center, including a directive that 
patients should abstain from strenuous work or exercise for 24 hours before the study 
to decrease skeletal muscle uptake of FDG.

Patients should fast for at least 4 hours before arriving for their appointment, and 
serum glucose levels should be checked before FDG is administered. Glucose com-
petes with FDG for uptake into cells, and tumor metabolism may be underestimated 

511 keV gamma photon

511 keV gamma photon

180°

Tumor
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Figure 5-2. Schematic diagram of the detection of 18F-FDG. A positron (β+) is emitted from the 
site of 18F-FDG accumulation within a tumor and travels a short distance. The positron annihilates with 
an electron (e−) and the energy is converted into two 511 keV gamma photons approximately 180 
degrees apart from each other. If the PET (positron emission tomography) camera detects the two 
opposing photons within a certain time frame, an event is recorded and is assumed to have occurred 
along the line connecting the positions where the photons were detected. Detection of multiple events 
forms the basis of image generation.
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in the presence of high serum glucose levels.6 The exact cutoff level below which 
serum glucose level must lie varies from institution to institution, but the recom-
mended level for nondiabetic patients is less than 120 mg/dL and for diabetics 
between 150 and 200 mg/dL.5 High serum insulin levels can also negatively alter 
FDG biodistribution by shunting FDG to the muscle, thus leaving less FDG available 
for tumor uptake.7

The need for controlled glucose levels and low insulin levels can be particularly 
challenging in some patients with uncontrolled diabetes. In these patients, there may 
be a need for careful review of the indication for the scan and adjustment of insulin/
diabetic regimens in consultation with the referring physician. At our institution, 
patients refrain from taking regular insulin for at least 4 hours before the FDG injec-
tion and for 10 hours before longer-acting insulins. The consensus recommendations 
do not advise administration of insulin to adjust glucose levels at the time of the 
procedure; however, one study has evaluated the use of ultra short–acting insulin for 
this purpose and concluded that the images were not adversely affected with waiting 
times of at least 1 hour for FDG injection after insulin administration.8 This option 
may be used in special situations, such as when a patient has traveled a long distance 
to obtain the scan.

After the intravenous injection of FDG, there is an uptake phase time during 
which patients are asked to sit quietly in a dimly lit room. Talking and reading should 
be discouraged because muscle uptake in the head and neck can result. The tempera-
ture of the room should not be too cold because this may stimulate brown fat uptake 
of FDG.9 Uptake in muscle and brown fat can confound image interpretation. Stan-
dard imaging fi elds for head and neck cancer should include the entire head and neck 
region, most often extending from the vertex of the skull caudally.

When PET/CT is performed, the CT scan is used for both attenuation correction 
and lesion localization. Administration of intravenous contrast depends on the 
individual center. The addition of intravenous contrast improves the ability to 
differentiate blood vessels and lymph nodes and to examine the enhancement pat-
terns of abnormal densities. When an intravenous contrast CT scan is used for 
attenuation correction, quantifi cation of FDG uptake can be overestimated. This 
overestimation is most signifi cant when the intravenous contrast CT scan is obtained 
in the arterial phase, but it is small when delayed-phase intravenous contrast CT 
scans are used.10 If precise quantitation is necessary, CT attenuation correction 
should be performed with non-contrast scans. Clinically, the differences in quantita-
tion are small, but scans should be performed the same way in the test-retest 
setting.

Normal FDG Biodistribution and Physiologic Variants in the Head and Neck

Figure 5-3 demonstrates the normal biodistribution of FDG. In the pre- and post-
operative head and neck, a wide range of normal variation of FDG uptake exists (Fig. 
5-4). The advent of combined PET/CT imaging has led to the de  scription of these 
normal variations and physiologic patterns of FDG uptake.11 Several notable benign 
physiologic patterns of FDG uptake are particular to the head and neck region, brown 
adipose tissue (brown fat), skeletal muscle, and vocal cord uptake.

FDG uptake in brown fat in adult humans was fi rst described in 2003 by Cohade 
and colleagues.9 In hibernating mammals and newborns, brown fat functions as a 
thermogenic organ for maintenance of body temperature.12 The hallmark of brown 
fat FDG uptake is the fi nding of foci of intense FDG activity that fuses to fat density 
on the CT scan without an associated CT abnormality9 (Fig. 5-5). Without compari-
son with CT, the activity can be misinterpreted as lymph node metastases, although 
presently the pattern of uptake should be well recognized. Brown fat uptake has been 
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Figure 5-3. Normal biodistribution of FDG. High levels 
of FDG uptake are usually seen in the cerebral cortex, basal 
ganglia, and thalami (not shown). Unlike glucose, FDG is 
excreted in the urine accounting for the high uptake seen in 
the renal collecting systems and urinary bladder. FDG 
uptake in the heart is variable, and skeletal muscle uptake 
is usually low in the resting state. Working muscle 
accumulates FDG in correlation with work level. The liver, 
spleen, and blood pool have low-level FDG uptake, whereas 
the bone marrow, lung, and white adipose tissue have 
negligible uptake. FDG uptake in the rest of the 
gastrointestinal tract is variable.

reported to be associated with colder outdoor temperatures and tends to be visual-
ized more often in thinner patients.9

Skeletal muscle uptake of FDG varies according to the activity level of the muscle. 
Muscle activity is usually linear and symmetric, but it can be focal and asymmetric 
(see Fig. 5-4F, crosshairs). Neck dissection and reconstruction are often causes of 
asymmetric and focal uptake that can be confused with malignancy. In these cases, 
the visualized muscle uptake is usually compensatory because of an increase in work-
load. It is imperative that the reader have a good understanding of the type of neck 
dissection or reconstruction performed, and excellent communication between the 
reader and the surgeon is often necessary for accurate image interpretation. FDG 
uptake in various muscles in the head and neck has been described, including the 
longus coli, pterygoid, masseter, sternocleidomastoid, scalene, cricoarytenoid, and 
temporalis muscles.13–17 Unilateral spinal accessory nerve injury after head and neck 
surgery can lead to asymmetrically increased FDG activity in the trapezius muscle 
on the ipsilateral side. This resolves as the nerve recovers.18

Finally, the vocal cords normally have low levels of FDG activity (see Fig. 5-4E). 
However, a good example of asymmetric but physiologic uptake occurs when one of 
the vocal cords becomes paralyzed. The normal cord has increased FDG activity 
whereas the paralyzed cord does not (Fig. 5-6). The uptake in the normal cord is 
physiologic and compensatory and should not be confused with malignancy. The 
abnormal vocal cord may appear medially displaced on the corresponding CT scan, 
or the patient may have clinical evidence of vocal cord paralysis (i.e., hoarseness).
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Figure 5-4. Description of normal FDG 
uptake in the head and neck 
region. A, The extraocular muscles have 
intense FDG uptake usually in a linear 
pattern. B–D, The palatine tonsils (arrows) 
and soft palate (arrowhead) are visualized 
in most patients and have intense FDG 
activity. The parotid glands (P), 
submandibular glands (S), and sublingual 
glands (L) are seen in about 50% to 75% 
of patients and have moderate uptake 
(greater than the blood pool). The tongue 
has minimal FDG uptake (not shown). The 
level of FDG uptake in the tonsils and 
sublingual glands decreases with 
increasing age. E–F, Normal vocal cords 
(arrows) and thyroid gland (T) have 
minimal- to low-level uptake. (Left panels, 
CT; center panels, PET; right panels, fused 
images.)
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Initial Staging of Head and Neck Cancer

Lymph Node Staging

Accurate staging of cervical lymph nodes at diagnosis is of the utmost importance 
for patients with head and neck cancer. Lymph node status is a well-known inde-
pendent prognostic indicator of survival, and initial management decisions are based 
on the presence of metastatic cervical lymph nodes in addition to primary tumor 
extent. Clinical head and neck examination has been shown to be inaccurate for 
assessing lymph node status in up to 45% of patients, and computed tomography 
(CT), magnetic resonance imaging (MRI), and ultrasonography also have 
limitations.

Similar to primary head and neck tumors, lymph node metastases from head and 
neck cancers accumulate FDG19–24 (Fig. 5-7). The level of FDG activity within the 
lymph nodes can be variable, and standardized uptake values—a quantitative measure 
of FDG uptake—have been reported from the 2 to 7 range. FDG activity level can 
vary between the primary tumor and the nodal metastases and between nodal metas-
tases in a single patient.25

Figure 5-5. Physiologic FDG uptake in brown adipose tissue (brown fat). There are foci of intense FDG activity in 
the posterior neck bilaterally (arrows) that fuse to fat on the CT scan. Hypermetabolism in brown fat is most commonly 
seen in the head, neck, and supraclavicular areas, but can also be seen in the paraspinal and intra-abdominal regions. 
(Left panel, CT; center panel, PET; right panel, fused image.)

Figure 5-6. Asymmetric FDG activity in the vocal cords. There is FDG activity fusing to the right vocal cord which is 
physiologic (arrows). The left vocal cord is paralyzed, showing medial lateralization (arrowheads), with decreased FDG 
activity. In this case, the left, not the right, vocal cord is abnormal. (Left panel, CT; center panel, PET; right panel. fused 
image.)
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Table 5-1 presents a summary of the performance of FDG-PET and PET/CT for 
the nodal staging of head and neck cancer.19–24,26–32 Most of the studies evaluated 
patients with untreated squamous cell carcinoma with a variety of primary tumor 
sites. For the detection of lymph node metastases, the sensitivity of FDG-PET ranged 
from 67% to 91%, and specifi cities ranged from 80% to 100%. Most studies compared 
FDG-PET with at least one standard anatomic imaging modality. Considered together, 
the sensitivity of MRI, CT, and ultrasound ranged from 36% to 82%, 58% to 90%, 
and 72% to 84%, respectively. The specifi city of the anatomic imaging modalities 
ranged from 25% to 98%. Although there is a wide range of overlap in the sensitivi-
ties and specifi cities of the various imaging modalities, individual studies mostly 
demonstrated that FDG-PET was at least equivalent or superior to standard anatomic 
imaging in the detection of lymph node metastases in patients with head and neck 
cancer (Fig. 5-8).

There are fewer articles specifi cally discussing the use of combined FDG-PET/CT 
for lymph node staging in patients with an unoperated neck. Schwartz and col-
leagues32 reported a sensitivity of 96% for lymph node staging with combined PET/
CT versus 78% for contrast-enhanced CT. The specifi cities of the two modalities 
were equal (98.5%), but PET/CT was more likely to agree with pathology results in 
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Figure 5-7. Initial staging FDG-PET/CT scan detects early bilateral lymph node metastases. A 63-year-old man 
with newly diagnosed squamous cell carcinoma of the tongue presented for initial staging FDG-PET/CT scan. MRI of the 
neck revealed left-sided cervical lymph nodes, which were suspicious for metastatic disease. A, There was intense FDG 
activity fusing to the left tongue primary cancer (T) and a borderline-sized left cervical lymph node (arrows). B, Abnormal 
FDG activity was also visualized in a normal-sized right level II lymph node (arrowheads), which was suspicious for 
metastatic disease. As a result, the patient underwent bilateral, rather than unilateral, neck dissections. Malignancy was 
found in bilateral neck lymph nodes at surgery. (Left panels, CT; center panels, PET; right panels, fused images.)
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this study than the contrast-enhanced CT. Jeong and associates31 also found that 
PET/CT was more accurate than clinical exam, contrast-enhanced CT, and PET alone 
for initial lymph node staging.

More accurate staging with FDG-PET and PET/CT can impact patient care. Treat-
ment modalities have been reported to be altered in 18% to 50% of patients.18,29,30,33–35 
The ultimate effect on outcome, however, remains in question.

FDG-PET and PET/CT do have several limitations in the evaluation of lymph 
node meta stases. False-negative studies are primarily due to small foci of disease 
within lymph nodes. In one study, all lymph nodes larger than 12 mm were detected, 
but only 50% of those that were less than 6 mm were visualized on FDG-PET.36 
Infl ammatory and reactive lymph nodes are the major source of false-positives. The 
level of FDG uptake in metastatic and reactive lymph nodes has been shown to have 
substantial overlap.29 In addition, FDG-PET alone does not have high enough resolu-
tion to detect early bone and cartilage invasion by tumor.37

It is uncertain whether FDG-PET/CT will remain in the forefront as newer 
molecular and anatomic imaging techniques, including new radiotracers and contrast 
agents, are developed. Dammann and associates38 recently reported a higher sensitiv-
ity for the detection of lymph node metastases with MRI versus FDG-PET, with 
equal specifi cities. MRI also provided more optimal anatomic localization.

Synchronous and Incidental Primary Tumors and Distant Metastases

FDG-PET for the early detection of distant metastases and second primary tumors 
is particularly useful in patients with head and neck cancers. Patients with head and 
neck cancer have an increased risk—4% per year—for synchronous or metachronous 
primary tumors.39,40 The most common sites of synchronous primary tumors are 

Table 5-1. Performance of FDG-PET and PET/CT for the Nodal Staging of Head and Neck Cancer

Author (Year) N
Primary Tumor 
and Indication*

Sensitivity (%) Specifi city (%)

PET MRI CT US PET MRI CT US

PET alone

Bailet19 (1992) 16  71 58  98 98
Laubenbacher27 (1995) 22  90  78  95 71
McGuirt21 (1995) 38 25 previously 

 untreated
 81† 81†

McGuirt22 (1995) 49 Mucosal  83 90  82 79
Braams29 (1995) 12 Oral cavity  91  36  88 94
Wong24 (1997) 54 31 previously 

 untreated
 67 67 100 25

Adams28 (1998) 60  90  82 80 72  94 85 79 70
Stuckenson36 (2000) 106 Oral cavity  70  64 66 84  82 69 74 68
DiMartino20 (2000) 50 35 previously 

 untreated
 84 84 84  90 96 88

Hannah26 (2002) 40  82 81 100 81

PET/CT

Gordin30 (2007) 91 21 previously 
 untreated

100 100

Jeong31 (2007) 47  80.3 91.8 90.2  92.8 98.9 93.9
Schwartz32 (2005) 20 96 98.5 98.5 98.5

*Multiple primary head and neck squamous cell carcinoma sites and previously untreated disease unless specifi cally stated.
†Accuracy.
ECT, contrast-enhanced CT scan; MRI, magnetic resonance imaging; PET, positron emission tomography; US, ultrasonography.



Chapter 5 Early Radiographic Detection of Head and Neck Cancer: PET68

tobacco- and alcohol-exposed regions, such as lung, esophagus, and other parts of the 
upper aerodigestive tract. In addition, both advancing stage and diagnosis of a syn-
chronous tumor are negative prognostic factors. Five-year survival rates decline from 
48% to between 8% and 23% after diagnosis of a synchronous tumor.

The standard modalities available today for second primary cancer screening are 
primarily invasive and involve direct inspection of the most common areas at risk for 
a second primary tumor. Chest radiography is performed as part of the staging proce-
dures. However, in the current era of imaging, CT scanning is the most sensitive 
technique for evaluating the lung fi elds.

Drawing defi nite conclusions from the literature regarding the usefulness of FDG-
PET for the detection of metastases outside the head and neck and synchronous 
primaries is challenging. Moreover, it demonstrates our growing experience with PET 
over the past one and a half decades. In the small number of studies specifi cally 
addressing this topic,36,41–47 the patient populations were heterogeneous in regard to 
primary tumor location and stage, and only a small percentage of patients were identi-
fi ed with distant metastases or second primary tumors. The studies often considered 
distant metastases, synchronous tumors, and incidental primary tumors as one group 
of FDG-avid lesions outside the head and neck. Despite these limitations, most 
authors advocate the whole-body PET or PET/CT technique for initial staging of 

A

B

Figure 5-8. Early detection of lymph node metastases. A 55-year-old man with a new diagnosis of invasive, 
moderately differentiated squamous cell carcinoma of the right tonsil presented for a staging FDG-PET/CT scan. A, The 
primary tumor in the right tonsillar/base of the tongue region had intense FDG activity. B, A normal-sized (9 mm) right 
level II cervical lymph node also had increased FDG uptake (arrows), suspicious for a lymph node (arrowheads) 
metastasis. At surgery, this node was found to contain metastatic disease. (Left panels, CT; center panels, PET; right 
panels, fused images.)
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head and neck cancer rather than limiting the fi eld of view (Fig. 5-9), which is con-
sistent with current clinical practice.

Table 5-2 summarizes the key fi ndings of the studies evaluating FDG-PET for the 
detection of distant disease at initial diagnosis. The study of Keyes and colleagues41 
produced negative results, and the authors concluded that the high false-positive rate 
did not warrant imaging the thorax in patients with head and neck cancer. In this 
article, the six false-positive exam results were due to artifacts or infl ammation. Fur-
thermore, to support their conclusions, the authors argued that in two of the three 
true-positive cases, the metastases were also detected by standard imaging modalities. 
The high false-positive rate in this early study might have been related to a lower 
threshold for calling a focus of activity suspicious for malignancy on PET alone.

Subsequent studies have reported a 7% to 25% rate of detection of either distant 
metastases from head and neck cancer or a second primary malignancy.36,41–47 The 
most common locations of metastases reported are the lungs and the mediastinal 
lymph nodes. Second primary tumors have consistently been reported in the lung 
(Fig. 5-10). Stokkel and associates46 found a second upper aerodigestive tract tumor 
in eight of nine patients with a simultaneous detected primary tumor by PET. This 
represented 15% of the total patient population (N = 54). Other locations reported 

A
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Figure 5-9. Detection of recurrent disease and a second primary malignancy by FDG-PET/CT. A 65-year-old man 
with a history of squamous cell carcinoma of the base of the tongue post-resection and radiation presented with a new 
tongue mass. A, FDG-PET/CT scan revealed an intense focus of FDG activity in the right tongue base with associated 
soft tissue asymmetry. Pathology revealed recurrent squamous cell carcinoma. B, Whole-body PET/CT images revealed a 
previously undetected second primary squamous cell carcinoma in the esophagus (arrows). An infl ammatory hilar lymph 
node was also visualized (arrowheads). (Left panels, CT; center panels, PET; right panels, fused images.)
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Figure 5-10. Detection of a synchronous primary malignancy by FDG-PET/CT. A 73-year-old man with a history of 
a T2N0 squamous cell carcinoma of the supraglottic larynx post-supraglottic laryngectomy presented for an FDG-PET/CT 
scan with new-onset weight loss. A new 1-cm noncalcifi ed lung nodule with moderate FDG activity was identifi ed (arrows, 
A–C). The differential diagnosis included an infl ammatory nodule or malignancy. Given that it was a new fi nding from 
previous examinations, the nodule was resected and histology revealed a small, primary lung squamous cell carcinoma. 
No evidence of recurrent disease was identifi ed in the head and neck region (D).

Table 5-2. Key Findings of the Studies Evaluating FDG-PET for the Detection of 
Distant Disease at Initial Diagnosis

Author (Year) N
Pre-PET 
Stage III/IV

No. with Distant Metastases 
(DM) or Synchronous/
Second Primary (SP) Comments

Keyes41 (2000)* 56 8 3 DM 6 false-positive—artifact or infl ammation
1 false-negative

Stokkel46 (2000)* 54 Not given 9 SP (3 lung, 2 tongue, 1 
  tonsil, 1 pharynx, 1 

thyroid, 1 pyriform sinus)
Stuckenson36 (2000) 106 Not given 10 DM or SP
Teknos47 (2001) 12 12 3 DM 2 patients whose metastases were 

 undetected on other imaging
Kitagawa42 (2002)† 26 Not given 1 DM; 2 colon cancer 

 metastases
10 patients with infl ammatory nodes

Sigg45 (2003) 56 Not given 6.9%—important information for staging 
 trunk
5.2%—changed plan
1—ulcerative colitis

Goerres62 (2003)‡ 34 27 3 DM (lung, mediastinal); 
  4 SP (2 broncogenic 

carcinoma, 1 prostate, 
1 colon)

1 false-positive—degenerative changes
Management was changed in 15% of 
 patients due to PET or PET/CT

Koshy43 (2005) 36 33 3 DM All 3—curative to palliative intent
Nishiyama44 (2005) 53 Not given 2 DM (lung, liver); 5 SP 

  (2 gastric, 1 rectal, 
1 pancreas, 1 thyroid)

3 false-positives (2 pneumonias; 1 
 chronic thyroiditis)
1 false-negative for prostate cancer
2 second primaries only detected by PET

All studies done for staging prior to initial therapy, except Sigg, which evaluated 76 scans in 56 patients—54 scans to detect recurrence.
*Included cases of non–squamous cell carcinoma in the head and neck.
†Oral cavity or oropharyngeal tumors only.
‡Oral cavity tumors only.
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for incidental tumors include stomach, rectum, pancreas, and thyroid gland and 
metastases from colorectal and prostate cancer.

In a pilot study, Teknos and colleagues47 found that PET was able to detect occult 
lung and mediastinal metastases that went undetected by CT scanning in a small 
number of patients (n = 2 of 3). Stuckenson and colleagues36 reported that 10% of 
their patients had distant metastases or second primary tumors that were detected 
only by PET. Other studies in Table 5-2 required M0 status for entry into the study.

Note that truly early detection of synchronous lung or esophageal primaries with 
FDG-PET may be reduced owing to the inherent limitations of the technique. Small 
lung nodules and thin mucosal esophageal lesions may be below the resolution for 
detection by PET. In addition, the head and neck and gastroesophageal junction can 
have substantial physiologic FDG activity with considerable patient–to-patient vari-
ability, making it diffi cult to detect lesions with a high degree of specifi city.

Detection of Recurrent Disease

Performance of FDG-PET for Detection of Recurrent Disease

Late detection of recurrence portends a poor clinical outcome after salvage surgery. 
Table 5-3 summarizes the literature on the use of FDG-PET for the early detection 
of recurrent head and neck cancer. Overall, sensitivities are good (92% to 100%), 
particularly when patients present with clinical symptoms and/or clinical or radio-
graphic signs of recurrence.37,48–51

Higher sensitivities and accuracies for the detection of recurrent head and neck 
cancer have been reported with FDG-PET compared with CT/MRI and physical 

Table 5-3. FDG-PET for the Detection of Recurrent Head and Neck Cancer

Author (Year) N Primary Site*
Suspicion of 
Recurrence Therapy

Time Between End of 
Therapy and PET

Sensitivity 
(%)

Specifi city 
(%)Mean Range

Lapela48 (1995)  15 Clinical RT
Surgery (n = 11)

10 mo 
 (median)

2–56 mo  93  43

Lowe37 (1999)†  5/12 Laryngeal No RT 21 mo 5 mo–5 yr 100 Not done
Lonneux49 (2000)  44 Clinical Surgery; RT; 

  chemotherapy; 
combination

60 wk 6–728 wk  96  61

Terhaard50 (2001)  75 Larynx
Hypopharyngeal

Clinical RT 16.5 mo 4–67 mo  92  63

Wong51 (2002) 143 Clinical or 
  radiographic 

(70%)

Variety 6.9 mo  96  72

Yao53 (2000)  53 Clinical or 
 radiographic

Chemo-RT 15 wk 
 (median)

5–29 wk 100  94

Porceddu52 (2005)  39 Clinical or 
 radiographic

Chemo-RT 12 wk 
 (median)

8–32 wk  83  94

Rogers57 (2004)  12 No RT 1 mo Not given  45 100
Gourin54 (2006)  17 Oropharynx

Larynx
No Chemo-RT Not given 8–10 wk  40  25

Andrade55 (2006)  28 No Chemo-RT 8 wk 4–15.7 wk  76.9  93.3
Nayak56 (2007)  43 Not given Chemo-RT Not given 2–6 mo  88  91

*Multiple primary head and neck squamous cell carcinoma sites unless specifi cally stated.
†Five of 12 patients evaluated for recurrent disease
Chemo-RT, chemoradiation therapy; RT, radiation therapy.
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examination (Figs. 5-11 and 5-12).49,51 Lonneux and associates49 found higher sensi-
tivities and accuracies for FDG-PET versus CT/MRI: 96% versus 73%, and 81% 
versus 64%, respectively. The fi ve patients with recurrent laryngeal cancer in the 
study by Lowe and colleagues37 did not have early disease recurrence detected by 
CT. Furthermore, Wong and associates51 reported that 20% of the recurrences 
detected in their patients were unsuspected by physical exam, clinical symptoms, or 
conventional radiology.

The specifi city of FDG-PET for detection of recurrent head and neck cancer is 
not high (43% to 72%), performing similarly to CT/MRI.49 False-positive studies are 
mostly due to infl ammation (Fig. 5-13), infection, and radiation injury/necro-
sis.24,48,50,52,53 Severe dysplasia, histiocytic response, and foreign body giant cell reac-
tion have also been reported as causes for false-positive PET studies50,54 (Fig. 5-14). 
Specifi city seems to be site-specifi c and is dependent on the timing of the FDG-PET 
after the completion of therapy that includes radiation. Specifi city is higher (95% to 
96%) for the detection of regional and distant metastases compared with local recur-
rence (79%)51 and when performed more than 12 weeks after completion of 
therapy.49

A

B

Figure 5-11. Early detection of recurrent disease. A 65-year-old man with superfi cially invasive squamous cell 
carcinoma of the right lateral tongue underwent resection 4 years before presentation. A, The fi rst re-staging FDG-PET/CT 
was negative for disease recurrence. B, Re-staging PET/CT with intravenous contrast scan 9 months later revealed a right 
level II cervical lymph node with intense FDG activity (arrows). The patient underwent level I–IV right neck dissection, and 
pathology revealed a single right level II node with metastatic squamous cell carcinoma. (Left panels, CT; center panels, 
PET; right panels, fused images.)
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The overall sensitivity and specifi city of combined FDG-PET/CT for the detection 
of residual disease after defi nite chemoradiation have been reported to be 76.9% and 
93.3%, respectively.55 FDG-PET/CT was more accurate than contrast-enhanced CT 
(86% versus 68%). Contrast-enhanced CT had a higher false-positive rate than PET 
for detecting residual disease at the primary tumor site.

There is opposing literature regarding the use of quantitative analyses with stan-
dard uptake value for differentiation of recurrent disease versus benign processes. It 
is not surprising that substantial overlap of the standard uptake value has been dem-
onstrated between benign and malignant lesions.48 However, the standard uptake 
value may be helpful in patients scanned later than 12 weeks after the completion 
of therapy.49 Of course, the standard uptake value should not be used in isolation to 
make this determination.

In the setting of suspected recurrent head and neck cancer, the results of FDG-
PET scanning can affect and guide patient management. Lonneux and colleagues49 
proposed a conservative approach, with delay of biopsy, for patients with suspected 
recurrence and a negative PET scan (Fig. 5-15). A positive scan would be followed 
either by a repeat scan or biopsy, depending on the timing of the imaging study, 
before or after 12 weeks from the completion of therapy. By this approach, 21 of 

A B
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Figure 5-12. Recurrent head 
and neck cancer. A 54-year-
old man with a history of 
recurrent right base of tongue 
squamous cell carcinoma after 
chemoradiation, bilateral neck 
dissection, and repeat salvage 
surgeries presented for a re-
staging FDG-PET/CT scan. FDG-
PET/CT scan with and without IV 
contrast demonstrated extensive 
metabolic activity in the right 
pharyngeal mass (P) and at the 
base of the left-sided 
reconstruction (L). The area of 
recurrent tumor on the right was 
not as extensive as the 
postoperative changes on the 
concurrent CT scan. 
(A, noncontrast CT; B, FDG-PET; 
C, fused image; D, IV contrast 
CT.)
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A

B

Figure 5-13. FDG uptake in muscles and postsurgical infl ammation. A 60-year-old man with laryngeal squamous 
cell carcinoma presented for a staging PET/CT scan. A, Intense FDG activity is visualized in the primary right laryngeal 
carcinoma (arrowhead). Symmetric activity is also visualized in the bilateral scalene muscles (arrows). The linear nature of 
the scalene muscle FDG uptake is well appreciated on the maximum intensity projection image (top left, CT; top right, 
FDG-PET; bottom left, fused images; bottom right, maximal intensity projection image.). B, Intense FDG activity is also 
visualized fusing to the left of the tracheostomy tube (arrows). This is not an additional focus of disease, but rather 
infl ammation at the surgical site. (Left panel, CT; center panel, PET; right panel, fused image.)

Figure 5-14. False-positive FDG PET/CT scan for recurrent malignancy. A 70-year-old man with a history of 
squamous cell carcinoma of the left true vocal cord after left hemilaryngectomy and neck dissection presented for a re-
staging FDG-PET/CT scan. FDG-PET/CT images revealed a 6.5-mm soft tissue nodule adjacent to the anterior edge of 
right thyroid cartilage (arrows). Postoperative changes are also seen (arrowheads). The nodule was resected, and 
pathology revealed fi brovascular tissue with extensive foreign body giant cell reaction and no tumor. (Left panel, CT; center 
panel, PET; right panel, fused image.)
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38 patients in their series would have avoided an invasive procedure on the basis of 
a negative PET scan.49

The preceding study results were supported by Terhaard and colleagues,50 who 
performed serial PET scans on their patients and correlated the results with the 
outcomes. All patients with a negative scan after treatment had negative laryngosco-
pies for at least 1 year after the FDG-PET scan. Two of the three patients with 
eventual recurrences were PET-positive at the time of recurrence. Eighteen patients 
with negative initial biopsies but an apparently positive PET scan had a repeat scan. 
Nine of the second scans were positive, suggesting local disease recurrence, and six 
patients were shown to have disease on subsequent biopsy. The other nine patients 
had decreasing FDG activity, and all remained disease free for 1 year after the follow-
up PET scan. Considering the additional information from the follow-up PET scans, 
the sensitivity of PET for detection of recurrence rose from 92% to 97%, and a nega-
tive PET scan could exclude recurrent disease in 97% of patients. Specifi city improved 
from 63% to 82%. It should be noted, however, that in this study, all PET scans were 
performed at a median of 16.5 months after the completion of radiation therapy, a 
time at which FDG-PET appears to perform better in general.

FDG-PET for Excluding Planned Neck Dissection After Defi nitive Radiation

The role of a planned neck dissection after defi nitive radiation therapy remains con-
troversial because of the high rate of pathologic complete response in series of 
patients undergoing this surgery and because of a desire to avoid the added morbidity 
of un  necessary treatment. Given the apparent high negative predictive value of FDG-
PET for the detection of recurrent/residual disease, the role of PET for excluding a 
planned neck dissection is a logical application to investigate, but the results are still 
debatable.

Yao and associates53 reported on 53 patients (70 evaluable hemi-necks) with initial 
neck stage of N2a or greater head and neck cancer, who had a complete response of 
the primary tumor after defi nitive radiation therapy plus (n = 46) or minus (n = 7) 
chemotherapy. In this series, FDG-PET/CT scans were performed a median of 15 
weeks after the completion of therapy and 21 necks were PET-negative and CT/MRI-
positive. Four of these patients—three with residual lymphadenopathy greater 
than 3 cm—were negative for disease by neck dissection pathology. After a median 

Figure 5-15. Negative FDG-PET/CT scan for recurrent head and neck cancer. Postsurgical changes are visualized 
in the left neck; however, no abnormal focal areas of increased FDG activity are visualized in this patient with a history of 
oropharyngeal squamous cell carcinoma to suggest recurrent malignancy. (Left panel, CT; center panel, PET; right panel, 
fused image.)
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follow-up of 27 months, all 17 of the other PET-negative patients followed up clinically 
(14 with residual nodes less than 2 cm) were negative for disease. The negative predic-
tive value of FDG-PET for the detection of recurrent disease was 100%. The authors 
concluded that planned neck dissection could be eliminated in patients with negative 
post-treatment PET scan if nodes are smaller than 2 to 3 cm. Patients with nodes larger 
than 3 cm were few, and although those with negative PET scans did not recur for at 
least 2 years in this study, further data and correlation with outcomes are needed.53 
The researchers also speculated that the use of intensity-modulated radiation therapy 
may have contributed in part to the patients’ high control rates and questioned whether 
the time period of waiting 12 weeks from completion of therapy to PET was outside 
the window for optimal planned neck dissection.

Porceddu and colleagues52 found that after chemoradiation therapy for stage III/IV 
head and neck squamous cell carcinoma, FDG-PET had a 97% negative predictive 
value for the detection of residual nodal disease. Similar to Yao and associates,53 the 
39 patients in this series had a complete response of the primary tumor to chemora-
diation but presented with 0.8- to 3.5-cm residual nodes on physical examination or 
CT scan. The median time from end of treatment to PET scanning was 12 weeks, 
and 79% had the PET scans performed between 8 and 12 weeks after chemoradia-
tion. Five patients eventually failed at distant sites, one patient 6 months after the 
PET scan and four patients more than 1 year after therapy. The authors concluded 
that there is a low risk of recurrence if there is a complete response in the neck after 
radiation therapy and that residual tumor cells re-populate the nodes and can be 
detected by 8–12 weeks after therapy.52

More recently, the preceding results were confi rmed by Nayak and colleagues56 
with the newer combined PET/CT technique. Forty-three patients with N2 disease 
or greater underwent FDG-PET/CT at baseline and then within 2 to 5 months after 
completing chemoradiation. The sensitivity, specifi city and positive and negative 
predictive values for residual/recurrent disease were 88%, 91%, 70%, and 97%, 
respectively. In this series, four patients underwent a neck dissection for clinical 
reasons despite the negative PET scan, and the histology in the neck was negative 
for all. In addition, 86% of the patients were spared a neck dissection owing to the 
information provided by FDG-PET/CT.56

Not everyone is in agreement regarding the omission of a planned neck dissection 
because of several reports of higher false-negative rates for the detection of residual 
cancer with FDG-PET after the completion of radiation therapy. Rogers and associ-
ates54 found that six of seven patients with a negative FDG-PET scan at 1 month 
after radiation therapy for stage III/IV head and neck squamous cell carcinoma har-
bored residual disease at planned neck dissection. In four cases, residual carcinoma 
was seen in the setting of necrosis, and viability of tumor could not be commented 
upon.57

More recently, Gourin and associates54 evaluated 17 patients with stage N2 or N3 
oropharyngeal or laryngeal carcinoma treated with primary chemoradiation therapy. 
PET/CT scans were performed within 8 to 10 weeks after the completion of therapy, 
and no patient had clinically apparent disease at the time of the PET scan or neck 
dissection. Three (of six) studies were falsely negative.

Although the above data leave some question as to whether a planned neck dis-
section can be omitted for patients with a negative PET scan after chemoradiation 
therapy, more data seem to be emerging that support the appropriateness of a con-
servative approach in patients with a negative scan performed at least 8 weeks after 
completion of therapy. Note that the designs of the positive and negative studies 
discussed previously do differ, and this may have affected the results. In the studies 
that do not advocate omitting surgery, post-therapy evaluations were performed 
at earlier time points. Both higher rates of false-positive studies—mostly due to 
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infl ammation—and false-negative studies can be seen during this time frame. The 
time course of effects of radiation therapy on glucose transporters and hexokinase, 
which are required for FDG uptake, are unknown. False-negative studies may be 
more likely to occur when the residual tumor foci are microscopic.55 Furthermore, 
the patient populations were slightly different regarding the presence or absence of 
residual lymphadenopathy after radiation therapy.

PET/CT versus PET Alone and IV Contrast CT

In the post-therapy setting, interpretation of anatomic imaging is diffi cult as a result 
of altered anatomy. FDG-PET can be limited as well by post-therapy infl ammation. 
Chen and associates58 compared contrast-enhanced CT with FDG-PET/CT for the 
detection of residual disease in 30 patients with advanced squamous cell carcinoma 
of the head and neck treated with chemoradiation. Twenty-six patients had PET 
scans 8 weeks or less from the end of therapy, and 16 were obtained at 6 weeks or 
less. Contrast-enhanced CT showed the best accuracy for detecting residual disease 
at primary site with a lower false-positive rate, but PET/CT was better for detecting 
disease in neck nodes. False-negative studies were more likely to occur when the 
time between treatment and scanning was shorter.58

Other studies have also demonstrated the benefi t of PET/CT over PET alone in 
head and neck cancer. Combined PET/CT decreases equivocal fi ndings, has better 
accuracy for detecting cancer, and ultimately results in improved patient care.33,59

Timing of FDG-PET or PET/CT After Therapy

Although timing of the FDG-PET or PET/CT scan after therapy has been briefl y 
discussed in several of the above sections, this topic is important and deserves special 
comment. Ideally, a waiting period of 1 month should be observed between the 
completion of chemotherapy and obtaining a PET scan. “Stunning” of residual viable 
tumor cells (viable cells having less uptake than expected) has been demonstrated 
as occurring in vitro, which may be due to alterations in the expression of the proteins 
involved in glucose metabolism.60 Therefore, a delay in scanning is recommended to 
decrease the likelihood of false-negative scans. For practical purposes, if the 1-month 
wait period cannot be observed, then there should be a minimum duration of 10 days 
between the end of therapy and the post-chemotherapy FDG-PET scan.60

Most patients with head and neck cancer receive either radiation alone or radiation 
in combination with chemotherapy. Several groups have attempted to defi ne the 
optimal time to obtain a PET scan after radiation therapy; however, the results are 
more variable compared with chemotherapy alone, and no defi nite consensus or rec-
ommendations have been published. It seems clear that false-positive and false-
negative studies are more likely to occur if scans are obtained less than 8 weeks after 
the completion of therapy.

Explanations for false-negative scans after radiation therapy include microscopic 
disease that falls below the resolution of the PET scanner for detection and uncer-
tainty as to whether residual tumor cells in a specimen are in fact viable. Whether 
radiation induces the same stunning effect seen with chemotherapy has not been 
elucidated.

FDG-PET scans 1 month after therapy have been reported to be falsely positive 
as a result of post-radiation infl ammation. Higher levels of FDG uptake in a residual 
lymph node after radiation therapy are more likely to be associated with malignancy. 
Positive predictive values and specifi city can be improved based on the threshold 
used for a positive PET scan. In fact, Kim and colleagues61 found a high sensitivity 
and specifi city for the detection of residual disease in primary tumors and nodes using 
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a standardized uptake value of 3 as a malignancy threshold and support the use of 
early PET scanning 1month after defi nitive radiation.

Proponents of early scanning argue that longer waiting times can result in a delay 
in diagnosis, which may affect therapy options, increased anxiety among patients who 
want to know the outcome of the therapy, and possible loss of patients to follow up. 
Therefore, the clinical context and consequences of inaccurate FDG-PET fi ndings 
need to be carefully considered.

Conclusions

Metabolic tumor imaging with FDG-PET has emerged as a valuable tool for the 
evaluation of patients with head and neck cancer, particularly when obtained as a 
combined PET/CT scan. FDG-PET/CT detects early locoregional lymph node metat-
stases that may appear normal on anatomic imaging, and it is useful for detecting 
early recurrences in the post-treatment setting when normal anatomy is often altered. 
In addition, FDG-PET/CT detects distant metastases and synchronous or second 
primary malignancies in a signifi cant number of patients.

Attention to details for patient preparation prior to FDG-PET/CT scanning and 
image acquisition is critical for optimal images to be obtained. FDG-PET scanning 
after chemotherapy should be delayed at least 10 days to avoid false-negative studies. 
After chemoradiation, FDG-PET is more accurate with a longer delay (probably more 
than 8 weeks) from the end of therapy.

Regardless of the indication for FDG-PET/CT scanning, excellent communication 
between the referring physician and the imaging physician is essential. This should 
occur prior to imaging to ensure that the imaging physician is aware of the clinical 
history, particularly surgical history or altered anatomy, and also after imaging for 
review of the fi ndings.
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Chemoprevention of 
Head and Neck Cancer
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K E Y  P O I N T S
● Despite advances in early detection and diagnosis of head and neck cancers, the overall survival 

rates have shown only marginal improvement. Field cancerization and the multistep carcinogenesis 
process are thought to play a key role.

● Chemoprevention is defi ned as the use of drugs or other natural, synthetic, or biologic agents to 
inhibit, delay, or reverse the stepwise carcinogenic progression to invasive cancer.

● Retinoids are a well-studied class of chemopreventive agents. They have offered promising data 
on their effects in reducing oral leukoplakias, in lowering second primary cancers, and in delaying 
recurrences. Further trials are underway to validate these fi ndings.

● Numerous agents are in trial to identify those that prove to be effective and demonstrate low levels 
of toxicities and evoke good patient compliance.

● Recent investigations have emphasized the need for molecular and genomic (surrogate) biomarkers 
that can serve as intermediate end points.

● Well-defi ned risk stratifi cation strategies will further improve and help tailor chemopreventive 
therapies.

Introduction

Head and neck cancers account for approximately 3% to 5% of all cancer in the 
United States. According to the American Cancer Society’s publication Cancer Facts 
& Figures 2009, an estimated 48,010 people will develop head and neck cancer in 
2009, with an estimated mortality of 11,260, making head and neck cancer an impor-
tant public health problem.

Tobacco and alcohol are widely recognized as the leading risk factors for head and 
neck cancers. Historically, over 80% of head and neck cancers have been linked to 
tobacco use. Both tobacco and alcohol potentiate the carcinogenic effects of either 
alone and place people at a much greater risk for developing these cancers.

Unfortunately, despite the advances in early detection and diagnosis of head and 
neck cancers and the progress in multimodality treatment efforts including radiation, 
chemotherapy, and surgery, the overall survival rates for those with head and neck 
cancers have improved only marginally in the last three decades.1 More important is 
that despite curative treatment options for treating head and neck cancers, patients are 
subsequently faced with signifi cant mor bidities and even debilitating changes. In 1953, 
Slaughter and associates2 proposed the concept of fi eld cancerization to describe the 
premalignant histologic changes observed adjacent to oral carcinomas. Many early head 
and neck cancers were observed to arise in patients with these areas of fi eld canceriza-
tion. Consequently, lesions arising in fi elds of premalignant disease pose a dilemma for 
surgeons regarding the feasibility of complete and effective excision.

The extensive multifocal development of premalignant and malignant lesions is 
believed to result in an increased incidence of second primary cancers and locoregional 
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recurrences. A large number of patients who are successfully treated for early lesions 
develop second primaries due to condemned mucosa. Second primaries are estimated 
to occur at an annual rate of 3% to 10% (derived from populations mainly consisting 
of cigarette smokers), resulting in signifi cant threats to the long-term survival of 
patients.3 Patients with stage I and II head and neck cancer are more likely to die 
from a second primary tumor than from their original cancers.4 Patients with recur-
rence of disease or distant metastatic disease also experience a poor survival rate.

More recently, the multistep carcinogenesis process contributing to head and neck 
cancer is gaining tremendous interest. This includes genetic and epigenetic alterations 
and environmental and viral infectious causes. It has been suggested that cancer 
occurs through a series of genetic events that are necessary for solid epithelial tumors 
to arise.

Chemoprevention Strategies

The concept of preventive strategies to interrupt these processes has generated a 
great deal of interest. Chemoprevention, a term fi rst used by Sporn and colleagues,5 
is defi ned as the use of drugs or other natural, synthetic, or biologic agents to inhibit, 
delay, or reverse the stepwise carcinogenic progression to invasive cancer. Chemo-
prevention studies use these fundamental premises to identify alterations or biomark-
ers to serve as intermediate endpoints in the trials. Chemoprevention has been 
studied with much success in breast cancer and familial adenomatous polyposis, thus 
affording considerable attention in head and neck cancer treatments.6,7

Chemopreventive strategies can target high-risk individuals, individuals with pre-
cancerous lesions, and/or the prevention of second primaries or recurrences. Over 
2000 agents have been studied for chemopreventive effects. Specifi c molecular and 
cellular targeted therapies have aided in the clinical development of new agents. 
Extensively studied chemopreventive agents in head and neck cancer include reti-
noids, beta carotene, vitamin E, selenium, nonsteroidal anti-infl ammatory drugs, 
epidermal growth factor receptor (EGFR)-tyrosine kinase and farnesyl transferase 
inhibitors (Box 6-1). This chapter reviews both well-studied and newer promising 
chemopreventive agents.

Box 6-1. Potential Chemopreventive Agents

Retinoids
 Vitamin A
 Fenretinide
 Isotretinoin
 Etretinate

Beta carotene

Alpha-tocopherol

Selenium

NSAIDS
 COX-2 inhibitors
 ASA

Curcumin

Bowman-Birkman inhibitors

Green tea extract

Polyphenols

Blackberries

Pomegranate juice

Gugglesterone

Pioglitazone

Molecularly targeted agents
 EGFR—TKIs
 EGFR—farnesyl
 EGFR—EKB-569
 Transferase inhibitors
 p53 gene
  ONYX-015
  Ad5CMV

ASA, aspirin; COX-2, cyclooxygenase 2; EGFR, epidermal growth factor receptor; 
NSAIDs, nonsteroidal anti-infl ammatory drugs; TKIs, tyrosine kinase inhibitors.
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Retinoids

The retinoids include vitamin A and its biologically active derivatives retinal and 
retinoic acid (RA) along with a repertoire of more than 3000 of its synthetic deriva-
tives. The retinoid class has been studied for several years as potential chemopreven-
tive agents.

Retinoids exert a majority of their effects by binding to specifi c receptors and modu-
lating gene expression. This can result in potent consequences on premalignant and 
malignant cell growth, differentiation, and apoptosis. The development of new active 
retinoids and, more notably, the identifi cation of two distinct families of nuclear reti-
noid receptors have led to an increased understanding of the molecular mechanism of 
retinoid action and effect on gene expression.

Once vitamin A (retinol) has been taken up by a cell, it can be oxidized to retinal 
and then retinal can be oxidized to retinoic acid. The conversion of retinal to retinoic 
acid is an irreversible step. Retinoic acid can bind to two different nuclear receptors 
(the retinoic acid receptors (RARs) or the retinoid X receptors [RXRs]) to play an 
important role in gene transcription by interacting with DNA response elements in 
the promoter regions of specifi c genes (Fig. 6-1).

In 1978, Koch8 reported the fi rst study of synthetic retinoids in oral leukoplakia, 
which demonstrated complete or partial remissions in 43%, 45%, and 51% of patients 
after treatment with all-trans-retinoic acid (tretinoin), 13-cis-retinoic acid (isotreti-
noin), or etretinate, respectively. This showed considerable improvement over the 
15% spontaneous regression rates in oral leukoplakia. In 1986, a landmark random-
ized clinical trial by Hong and associates9 clearly demonstrated the effi cacy after 3 
months of treatment with high-dose isotretinoin against oral leukoplakia. However, 
the adverse effects of high-dose isotretinoin and the observed relapse rates after dis-
continuation of therapy led to a follow-up trial. Lippman and associates10 evaluated 
the use of high-dose isotretinoin for a 3-month induction period followed by low-dose 
isotretinoin for a maintenance period of 9 months compared with the use of beta 
carotene as maintenance. He was able to demonstrate that 92% of patients treated 
with low-dose isotretinoin had stable disease with minimal side effects compared 
with 45% response/stable disease rate in the beta carotene group. In 1990, Han and 
colleagues11 reported a randomized trial using 4-hydroxyphenol retinamide (4-HPR) 
for 4 months in patients with oral leukoplakia. An 87% complete response rate was 
noted versus 17% in the placebo group. Chiesa and colleagues12 conducted another 
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Figure 6-1. The retinoids.
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randomized trial to evaluate the effects of fenretinide (4-HPR) after surgical treat-
ment with laser resection of oral leukoplakia. The preliminary results had suggested 
decreased incidence of local recurrences and minimal toxicities in the treated group. 
However, the long-term follow-up results were inconclusive owing to low recruit-
ment of patients and early termination of the trial.

As a result of promising retinoid data on the effects of oral leukoplakia, Hong and 
associates13,14 designed a randomized phase III clinical trial using high-dose isotreti-
noin for prevention of second primaries or recurrences. The long-term follow-up 
results indicated no signifi cant differences in local, regional, and distant recurrences. 
However, the treatment group had demonstrated signifi cantly lower rates of second 
primaries at 14% compared with 31% and long-lasting retinoid activity. With the 
compelling data reported by Hong and associates, a trial was initiated with lower 
doses of isotretinoin in an attempt to reduce toxicities. NCI C91-002 was a random-
ized trial in patients with a history of head and neck cancer treated for a 3-year 
period with low-dose isotretinoin versus placebo. The fi nal analysis revealed that 
low-dose isotretinoin did not have an impact on second primaries but may delay 
recurrences.15

Because of the high risk of malignant transformation in advanced lesions and the 
resistance to single-modality therapies, the notion of combined treatment regimens 
emerged. Chemo prevention trials by Papadimitrakopoulou and colleagues16 and Shin 
and coworkers17 designed nonrandomized trials using interferon-α (IFN-α), alpha-
tocopherol, and isotretinoin for 1 and 2 years, respectively. The trial by Papadimi-
trakopoulou and colleagues revealed lower response rates to treatment in patients 
with high p53 expression, whereas Shin and colleagues demonstrated signifi cantly 
lower rates of second primary cancers with treatment. Further randomized trials are 
underway to validate this.

Beta Carotene

Beta carotene is a provitamin composed of two retinyl groups. It is broken down in 
the mucosa of the small intestine by beta carotene dioxygenase to retinal, a form of 
vitamin A. Beta carotene is an antioxidant that can be found in yellow, orange, and 
green leafy vegetables and fruits (Fig. 6-2).

Garewel and colleagues18 conducted a phase II clinical trial to assess the response 
rate of beta carotene given to patients with oral leukoplakia. They reported a 71% 
complete or partial response. Kaugars and colleagues19 studied the effects of 30 mg/
day of beta carotene given with ascorbic acid and vitamin E (alpha-tocopherol) for 
9 months to patients with oral leukoplakia. The researchers noted clinical improve-
ment in 56% of patients. In 1994, a randomized trial was conducted to examine the 
effects of daily supplementation with beta carotene and alpha-tocopherol.20 The 
study detected no reduction in lung cancer and suggested the possibility of harmful 
effects. In 1996, the Beta Carotene and Retinol Effi cacy Trial (CARET), another 
large randomized trial to determine the effects of vitamin A and beta carotene, 
reported their results.21,22 These results indicated an increased rate of lung cancer 
and cancer mortality, which led to a discontinuation of the trial and cessation of beta 
carotene in chemoprevention trials for oral leukoplakia patients. Also in 1996, the 
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Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study (ATBC Study), a ran-
domized trial evaluating the effects of vitamin A and beta carotene, was terminated 
early because of an increased incidence of lung cancer in patients with a history of 
smoking or asbestos exposure.23

Vitamin E

Vitamin E is the collective name for a set of eight related tocopherols and tocotri-
enols, which are fat-soluble vitamins with antioxidant properties. Of these, alpha-
tocopherol has been the most well studied for chemoprevention since it has the 
highest bioavailability and the body preferentially absorbs and uses this form. Vitamin 
E can be found in foods such as nuts, vegetable oils, avocado, and olives. Studies in 
animals and cell lines demonstrated inhibitory effects on growth in several cancers 
such as breast and prostate cancer24 (Fig. 6-3).

Thus far, chemopreventive trials using vitamin E in oral premalignancy patients 
have produced disappointing results. Benner and associates25 conducted a phase II 
trial in patients with oral hyperkeratosis who received alpha-tocopherol. Forty-six 
percent of patients demonstrated regression of the lesions with excellent compliance 
and tolerance. Bairati and associates26 conducted a randomized, double-blind, placebo-
controlled trial to assess the effects of alpha-tocopherol on the incidence of second 
primary tumors. The group who received the alpha-tocopherol demonstrated a higher 
rate of second primaries during the treatment period with no difference in the treat-
ment versus control groups after 8 years of follow-up.

Selenium

Trace amounts of the trace mineral selenium are necessary for cellular function. 
Major dietary sources for selenium include plants that are grown or animals that are 
raised on food grown in selenium-rich soils. Selenium gets incorporated into proteins 
to make selenoproteins, which exhibit antioxidant properties by preventing cellular 
damage from free radicals. Free radicals, which are a natural by-product of oxygen, 
may contribute to the development of cancers. Selenoproteins also play a role in 
regulating thyroid function and the immune system. Selenium may prevent or slow 
tumor growth by enhancing cellular immunity and preventing tumor angiogenesis.27

Although large amounts of selenium are shown to be toxic, observational studies 
have indicated that death from cancers is lower among people who have higher levels 
of selenium. Yadav and associates28 conducted a study in India that revealed that 
patients with lower levels of selenium had a signifi cant increase in the incidence of 
cancer compared with patients with higher levels of selenium. Patients who were 
being treated for cancer were supplemented with 200 mg of selenium, which appeared 
to enhance cell-mediated immunity and enhance the cytotoxic effects on tumor cells. 
Similarly, Combs and associates27 found that taking a daily supplement of selenium 
signifi cantly reduced the occurrence of and death from total cancers.

On the other hand, in 1982 data from the Nurse Health Study, a prospective 
study of toenail clippings collected from over 60,000 nurses for selenium level analy-
sis revealed no reduction in risk of cancer in nurses with higher levels of selenium in 

HO

O

Figure 6-3. Vitamin E (alpha-tocopherol) structure.



Chapter 6 Chemoprevention of Head and Neck Cancer86

their toenails.29 The SU.VI.MAX study concluded that low-dose supplementation 
(with 120 mg ascorbic acid, 30 mg vitamin E, 6 mg beta carotene, 100 mcg selenium, 
and 20 mg zinc) resulted in a 31% reduction in the incidence of cancer and a 37% 
reduction in mortality rate from all causes in males after a sex-stratifi ed analysis.30 
The study did not detect a signifi cant protective effect of selenium for females. The 
SELECT (Selenium and Vitamin E Cancer Prevention Trial) study is a prospective 
trial that is currently investigating the effect of selenium and vitamin E supplementa-
tion on the incidence of prostate cancer. Further investigation is necessary to evaluate 
the potential chemopreventive effects of selenium.

Nonsteroidal Anti-infl ammatory Drugs

Cyclooxygenase-2 Inhibitors

Chronic infl ammation and carcinogenesis are believed to be intimately linked to the 
development of some cancers. This relationship has been studied and the pathogen-
esis established in colorectal cancers. Cyclooxygenase-2 (COX-2) inhibitors, such as 
celecoxib, have been shown to effectively prevent adenomas in patients with familial 
adenomatous polyposis. COX-2 over expression has been found in several types of 
human cancers. More than a 100-fold increase in expression levels of COX-2 was 
found in head and neck squamous cell carcinoma (HNSCC) compared with normal 
oral mucosa.31 Up-regulation of COX-2 and prostaglandin E2 expression has been 
reported in malignant as well as premalignant head and neck lesions.32,33 Because of 
its role in carcinogenesis, apoptosis, and angiogenesis, it appears to be an excellent 
target for an effective chemopreventive agent.

Feng and colleagues34 reported on the dose-dependent effectiveness of celecoxib, 
a highly specifi c COX-2 inhibitor, in delaying the onset of early oral lesions and in 
slowing growth of the tumors in a hamster animal model. Zhang and colleagues35 
reported on the effects of targeting the epidermal growth factor receptor (EGFR) 
and COX-2 in human HNSCC cell lines. They concluded that the cooperative effects 
of targeting both pathways resulted in decreased pro duction of phosphorylated 
EGFR, vascular endothelial growth factor (VEGF), and Ki-67 (important biomarkers 
for angiogenesis and cell proliferation). The authors advocated future trials to evalu-
ate combination therapy.

Although animal and observational studies indicated that COX-2 inhibitors are 
effective agents for chemoprevention strategies, recent studies have reported 
increased risk of serious cardiovascular events, including heart attack and stroke. 
Papadimitrakopoulou and associates36 conducted a randomized phase II pilot study 
to determine the effects of celecoxib on 49 patients with oral premalignant lesions. 
They concluded that low doses of celecoxib at 100 mg and 200 mg twice daily were 
not effective in controlling premalignant lesions. The potential cardiovascular toxicity 
and the dose-dependent effi cacy of celecoxib indicated that it may be necessary to 
develop better methods to protect high-risk patients (Fig. 6-4).

Aspirin

Along with its anti-infl ammatory and analgesic effects, aspirin is well known for its 
cardioprotective effects. Aspirin acts as a nonselective COX inhibitor that blocks the 
action of both COX-1 and COX-2. This in turn inhibits PGE2 overexpression, which 
can be associated with infl ammation, tumor angiogenesis, inhibition of apoptosis, and 
cell proliferation.37 There is increasing evidence of the chemopreventive effects of 
aspirin on colorectal cancers. However, the data are limited in evaluating the role of 
aspirin on the risk of cancers of the upper aerodigestive tract. Researchers have 
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demonstrated possible protective effects of aspirin on smoking-related cancers such 
as lung38 and esophagus.39–41

Jayaprakash and colleagues42 conducted a hospital-based case-control study with 
529 patients in each arm. Patient characteristics were compared and analyzed. The 
groups were stratifi ed into three exposure categories: never exposed, moderately 
exposed, and highly exposed to alcohol and tobacco. Aspirin users showed a 25% 
reduction in the risk of head and neck cancers at all major sites. The most signifi cant 
risk reduction was noted in the moderate smoker and moderate drinker subset, and 
this effect was greater in women.

Future clinical trials are necessary to validate these fi ndings and assess the potential 
of aspirin as a chemopreventive agent.

Targeted Therapies

The more recent interest in the multistep carcinogenesis process has led to investiga-
tions of new targets and biomarkers, which may lead to new chemopreventive agents 
as well as inter mediate end points for trials. Molecularly targeted markers include 
growth factors and their receptors, tumor suppressor genes, and proto-oncogenes.

ras Gene

The ras proto-oncogene family includes H-ras, K-ras, and N-ras and is commonly 
found to be mutated in human tumors. Particularly, alterations in the H-ras gene are 
found in approximately one third of oral leukoplakia and squamous cell carcino-
mas.43,44 Researchers have demonstrated that farnesyl transferase inhibitors (FTIs) 
and S-farnesyl thiosalicylic acid (FTS) alter the expression of this gene by inhibiting 
the pathway in HNSCC cell lines. FTIs have been tested in clinical trials where they 
exhibited some antitumor effects.45–47 However, K-ras and N-ras remain active, thus 
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indicating that FTIs may not effectively inhibit the ras gene due to other mediators 
that affect this pathway. Strategies that utilize a combination of ras inhibitors that 
target different points in the pathway may be more effective and require further 
investigation.

Epidermal Growth Factor Receptors

EGFR is a transmembrane protein that is activated by specifi c ligands such as epi-
dermal growth factor, transforming growth factor-α, amphiregulin, and betacellulin. 
It is part of the ErbB family of receptors. It is also known as ErbB1 and Her1. Upon 
binding with growth factor ligands, the EGFR cell surface receptor is activated 
forming a homodimer. It may also bind to other members of the ErbB family to form 
a heterodimer. Mutations leading to the upregulation of EFGR have been associated 
with many cancers and are felt to correlate with an increased risk for disease recur-
rence. This overexpression can lead to uncontrolled cell division and result in cancer 
formation. The activation of EGFR tyrosine kinase and subsequent intracellular sig-
naling events leads to cell proliferation, cell survival, angiogenesis, and metastasis48,49 
(Fig. 6-5).

A 29-fold higher level of EGFR expression was demonstrated by Grandis and 
colleagues50 in patients with head and neck cancers compared with normal controls. 
Moreover, an increased level of EGFR expression was also noted in bronchial epi-
thelium lesions of smokers from squamous metaplasia to dysplasia to in situ 
carcinoma.51

EGFR proto-oncogene has been a target for chemopreventive trials. Anticancer 
agents that are monoclonal antibody inhibitors such as cetuximab or small molecule 
tyrosine kinase inhibitors such as gefi tinib and erlotinib are among the agents tested. 
Monoclonal antibodies work by blocking the extracellular ligand binding domain and 
kinase inhibitors inhibit the tyrosine kinase activity of EGFR, which is required for 
the activation of the downstream signaling cascade. EGFR inhibitors have also been 
shown to exert effects through antiangiogenic activity by decreasing factors such as 
VEGF and fi broblast growth factor. EGFR inhibitors have been well studied in lung 
cancers.
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Several studies have examined the effects of combination therapies with EGFR 
inhibitors, antiangiogenic agents, and radiation.52,53 Bozec and colleagues54 reported 
on the effi cacy of the combination of bevacizumab, erlotinib, and radiation, showing 
it to have the highest tumor growth inhibition and decreased number of positive 
lymph nodes produced by head and neck cell lines in an animal model. In addition, 
agents such as gefi tinib are generally well tolerated and are appealing candidates for 
chemoprevention trials.

EGFR inhibitors are being used in humans in combination therapy for treatment 
of head and neck cancer as radiosensitizing agents. Chemopreventive trials are under-
way to evaluate the effectiveness of these EGFR inhibitors in combination therapy 
for premalignant lesions in head and neck cancers.

p53 Gene

p53 is a tumor suppressor gene found on chromosome 17. Mutations in the expres-
sion of the p53 gene have been associated with decreased apoptosis and carcinogenic 
progression leading to decreased survival, poor response to neoadjuvant chemother-
apy, and higher risk of recurrence or second primaries. Inactivating alterations in the 
p53 gene occur in 40% to 50% of HNSCC patients55 and mutations are found in up 
to 45% of dysplastic lesions in the head and neck.56

Agents targeting the p53 gene have shown promising results in chemopreventive 
trials. ONYX-015 is an adenovirus lacking the gene E1B 55kd that binds to and 
inactivates p53, thus allowing for viral replication and selective destruction of p53-
mutant cells. Rudin and associates57 conducted a phase II trial with ONYX-015 
administered as a mouthwash to patients with premalignant oral lesions. They 
reported complete histologic resolution of dysplasia in 7 (37%) of 19 patients. It 
would be necessary to validate these fi ndings by performing larger randomized trials 
of the effi cacy of single-agent as well as combined use of ONYX-015.

Other Agents

New agents are continually being considered as chemopreventive candidates. Epide-
miologic studies have found that certain dietary agents may lead to anticarcinogenic 
effects through the ability to regulate cellular proliferation and modulate cell cycle-
associated proteins.58 Several of these agents have been studied and remain investi-
gational. Some of these are further discussed in the following text.

Curcumin

Curcumin is a polyphenol derived from Curcuma longa and is responsible for 
the yellow color in the Indian curry spice turmeric. Curcumin is known for its 
antioxidant, anti-infl ammatory, antiamyloid, wound healing, and antitumor proper-
ties. The exceedingly low rates of colon and prostate cancer observed in China 
and India are attributed to the use of turmeric; hence its chemopreventive effects 
in colon and prostate cancer have been explored with promising results. Curcumin 
was noted to downregulate the MDM2 oncogene, a protein associated with 
malignant tumor formation.59 It has also been shown to interfere with the activity 
of the transcription factor NF-κB.60 It exerts its anticancer effects by inducing apop-
tosis in cancer cells. Progress in the use of curcumin as a chemopreventive agent 
has been hindered by its low bioavailability and rapid degradation. Trials are 
underway to further elucidate the mechanistic role and potential as a chemopreven-
tive agent.
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Bowman-Birkman Inhibitor

In the 1940s, Bowman identifi ed a soybean-derived serine-protease inhibitor, which 
was later purifi ed by Birk in the 1960s and referred to as the Bowman-Birk inhibitor 
(BBI). Observational studies have alluded to the low incidence of several cancers 
including breast, colon, and prostate in areas such as Japan with high soy intake.61–63 
In the form of a concentrate, BBI has demonstrated anticarcinogenic activities at 
nanomolar concentrations and is being evaluated as a chemopreventive agent.64

A phase I clinical trial to evaluate the effects of oral BBI concentrate in patients 
with oral leukoplakia did not demonstrate any acute toxicity.65 A follow-up phase IIa 
trial conducted on 31 patients with oral leukoplakia by Armstrong and associates66 
revealed a dose-dependent statistically signifi cant decrease of 24.2% in total lesion 
area. The re  searchers were also able to demonstrate Neu staining in premalignant 
lesions as a possible surrogate end-point biomarker.67 Currently, randomized, placebo-
controlled trials are being performed.

Green Tea Extract

Green tea is made from the leaves of the Camellia sinensis plant. Epigallocatechin-
3-gallate (EGCG) is the most abundant catechin and the most active phenolic con-
stituent in green tea. EGCG has been reported to exert its antitumor effects by 
suppressing the phosphorylation of EGFR in numerous cancers.68–70 EGFR is over-
expressed in 80% to 90% of HNSCC, which in turn leads to enhanced tumor inva-
sion, resistance to chemotherapy, and decreased patient survival.71–73 Thus, agents 
such as EGCG offer promise of benefi t.

Masuda and colleagues68 demonstrated that EGCG inhibited cell growth by causing 
cell-cycle arrest and induced apoptosis in two human HNSCC cell lines. Zhang and col-
leagues74 explored the effects of combining EGCG with erlotinib (an EGFR-tyrosine 
kinase inhibitor) in fi ve HNSCC cell lines. They discovered that the combination of 
EGCG with erlotinib resulted in synergistic effects inhibiting signaling pathways and 
drastically augmenting induction of apoptosis.74

Human Papillomavirus Vaccine

Human papillomavirus (HPV) is a group of more than 100 related viruses that can 
affect the mucosa and epithelial tissues. An overall prevalence of HPV in HNSCC 
of 25.9% was reported in a worldwide review of studies.75 Higher prevalence was 
observed in the oropharynx, particularly tonsil and tongue base cancers. HPV-positive 
oropharyngeal cancer comprises a distinct molecular, clinical, and pathologic disease 
entity that has a markedly improved prognosis.76 Approximately 15% of HNSCC 
occur in patients who are nonsmokers and nondrinkers. A signifi cant portion of these 
cancers may be related to HPV infection. HPV-16 and -18 are deemed high-risk 
subtypes and have the ability to promote cancer development. Approximately 90% 
of HPV-positive tumors show the presence of HPV-16 DNA.77 Two bivalent and 
quadravalent vaccines (Gardasil and Cervarix) have been studied in cervical cancers 
and are FDA approved to protect against HPV-16 and -18 in young women. Assessing 
the effects of preventive vaccines before HPV exposure in reducing the incidence of 
cancers will take years. Therapeutic HPV vaccine that can enhance the immune 
response to eradicate or reduce already infected cells is yet to be determined.77

Conclusion

In spite of early detection and diagnosis of head and neck cancers, overall survival 
has not shown signifi cant improvements. Patients remain at risk for developing 
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cancers in areas of fi eld cancerization as well as second primaries. Behavior modifi ca-
tion to avoid known risk factors is clearly an important and effective strategy in 
decreasing the incidence of second primaries. Unfortunately, this is not suffi cient to 
correct genetic alterations that have already occurred as a result of carcinogenic 
exposures.

The fi eld of chemoprevention represents a promising area open to innovation in 
the management of head and neck cancers. Biochemoprevention and molecularly 
targeted agents are important potential treatment options. Clinical trials have dem-
onstrated effi cacy in the use of several chemopreventive agents and have evaluated 
the associated morbidities. Chemoprevention has also provided exciting results in 
the prevention of second primaries. Large clinical trials are necessary to evaluate 
newer agents and combinations of these agents in an attempt to defi ne their role 
in preventing head and neck cancer in high-risk patients. In addition, ease 
of administration, acceptable toxicities, good patient compliance, and good bioavail-
ability are required for successful application of a chemopreventive agent.

It is imperative to defi ne risk stratifi cation strategies to better tailor chemopreven-
tive therapies. Recent studies also emphasize the need for clearly defi ned molecular 
and genomic biomarkers that can be used for risk assessment and serve as surrogate 
endpoints.
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Early Treatment of the Larynx
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K E Y  P O I N T S
● Many modalities exist for the treatment of larynx cancer, and any treatment must be tailored to 

the individual patient, taking into account both the biologic behavior of the tumor and the ability 
of the patient to actively participate in recovery and rehabilitation.

● The anatomic organization of the larynx, including the cartilaginous framework, ligamentous and 
membranous components, and muscular elements, serve as natural boundaries for the spread of 
laryngeal cancer, and a detailed understanding of the anatomy of the larynx is of paramount 
importance when considering conservation laryngeal surgical approaches.

● Laryngeal cancer has multifactorial causes; however, tobacco and alcohol remain the most signifi -
cant risk factors.

● Squamous cell carcinoma (SCC) is by far the most common pathologic type seen in laryngeal 
cancer; however, other tumors also arise in this area, including verrucous carcinoma, neuroendo-
crine carcinoma, chondrocarcinoma, and other unusual malignancies.

● The distinct embryologic origins of the subsites of the larynx can explain the distinct biologic 
behavior of tumors in the supraglottis, glottis, and subglottis, respectively.

● A detailed preoperative evaluation, especially visualization of the anterior commissure and subglot-
tis, as well as an assessment of arytenoid mobility, is critical in deciding among treatment modalities 
for laryngeal cancer.

● Although a paucity of lymphatic drainage exists for the glottic larynx, tumors of the supraglottic 
larynx are notable for risk of early and bilateral regional lymph node metastasis.

● Transoral laser surgical approaches to early glottic malignancies provide excellent oncologic control, 
acceptable vocal outcomes, and early rehabilitation and are superior to organ preservation radiation 
therapy in terms of cost-benefi t analysis.

● Conservation laryngeal surgical approaches provide the head and neck surgeon with important tools 
to treat early primary and recurrent SCC of the larynx. When using these approaches, the surgeon 
must have a detailed understanding of the extent of the tumor and perform the preoperative 
diagnostic laryngoscopy to assess the feasibility of various options.

● Although there are some drawbacks, primary radiation therapy provides an excellent nonsurgical 
alternative in the treatment of early larynx cancer, and it provides excellent oncologic control and 
vocal outcomes.

Introduction

Although laryngeal cancer is relatively infrequent compared with other human malig-
nancies, such as cancer of the breast, stomach, and lung, its clinical impact is undeni-
able.1 Any treatment of laryngeal cancer has a profound impact on phonation, swallowing, 
breathing, and the protection of the airway because of the anatomic location and func-
tion of the larynx. The social consequences of treatment, including adverse effects on 
quality of life, mental health, and socioeconomic status, can be profound.3,4

Patients with glottic laryngeal cancer often present in an early stage because of 
hoarseness that can occur with very minimal tumor growth and even premalignancy. 
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Supraglottic lesions, on the other hand, may be silent until quite advanced. Like other 
sites in the upper aerodigestive tract, the options for treating laryngeal cancer, their 
likelihood of success, and associated morbidity are much better when discovered early.

Epidemiology

Cancer of the larynx comprises about 0.8% of all human malignancies and represents 
about 25% of head and neck cancers.1,2 There were an estimated 11,300 new cases of 
laryngeal cancer in the United States in 2007, with a 4 : 1 to 5 : 1 male-to-female pre-
dominance.1,3–5 The estimated number of deaths from larynx cancer in 2007 was 3650, 
which was a decrease from an estimated 4000 deaths in 2001. This modest apparent 
reduction in the number of deaths may be related to advances in screening, early 
diagnosis, or treatment; however, as with other head and neck malignancies, the overall 
5-year survival rates have remained essentially unchanged over the last 25 years.1

Anatomy

A thorough understanding of the relevant anatomy and potential patterns of tumor 
extension are essential for today’s head and neck surgeon, given the variety of surgical 
and nonsurgical options available to treat malignancies of the larynx, particularly those 
found at an early stage. For the assessment and treatment of laryngeal cancer, it is useful 
to divide the larynx into three subsites: the supraglottis, the glottis, and the subglottis. 
Embryonic development of these subsites establishes distinct lymphatic drainage pat-
terns, and thus markedly different clinical behavior of cancers in each subsite. The 
glottis comprises the paired true vocal folds. The supraglottis includes that portion of 
the larynx above the glottis; whereas the subglottis begins 5 mm below the free margin 
of the vocal folds and extends to the inferior border of the cricoid cartilage.

The substance of the larynx is composed of a bony and cartilaginous framework, 
fi broelastic ligaments, muscles, submucosa, and mucosa. In various combinations, they 
form several distinct spaces that permit or inhibit the spread of tumor in various 
directions. The cartilaginous and bony framework is primarily composed of the 
thyroid cartilage, the cricoid cartilage, the epiglottis, the hyoid bone, and the aryte-
noids. The thyroid cartilage is the largest cartilage of the larynx and is formed by the 
union of broad, paired lamina. The cricoid cartilage is the only complete ring of car-
tilage in the larynx; from it originates the conus elasticus, a fi broelastic structure that 
spans from each vocal fold to the cricoid cartilage, attaches posteriorly to the aryte-
noids, and condenses medially to form the vocal ligament. The cricoid cartilage like-
wise condenses into the cricothyroid ligament at the central portion of the cricoid.

Anteriorly, the conus elasticus attaches to the thyroid cartilage at Broyle’s liga-
ment, otherwise known as the anterior commissure tendon. This area is devoid of 
perichondrium, which is of particular clinical importance in lesions involving the 
anterior commissure. Other laryngeal ligaments and membranes of note include the 
thyrohyoid membrane, which drapes the entire circumference of the thyroid cartilage 
and proceeds upward to the hyoid bone. The quadrangular membrane spans from 
the superior portion of the arytenoids to the lateral portion of the epiglottis at its 
superior extent and from the inferior portion of the arytenoids to the petiole of the 
epiglottis at its inferior extent. Finally, the hyoepiglottic ligament spans from the 
hyoid bone to the epiglottis.

The cartilages, ligaments, and membranes of the larynx are of critical importance 
in that they delineate the potential spaces of the larynx, including the pre-epiglottic, 
paraglottic and subglottic spaces. The intrinsic muscles of the larynx control the 
movement of the true vocal folds. All but the cricothyroid muscle are innervated by 
the ipsilateral recurrent laryngeal nerve. This includes the posterior cricoarytenoid 
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muscle, the only abductor of the vocal fold. All muscles except the cricothyroid move 
the arytenoid cartilage in relation to the rest of the laryngeal framework to produce 
vocal fold adduction or abduction. The cricothyroid muscle produces tension and 
elongation of the vocal folds by rocking the thyroid cartilage on the cricoid and is 
innervated by the ipsilateral superior laryngeal nerve, which also carries the sensory 
afferent fi bers of the larynx above the glottis. In general, both motor and sensory 
innervations of the larynx are strictly lateralized; that is, there is no cross-innervation. 
The interaryenoid muscle may be an exception to this.

Etiology

The etiology of laryngeal cancer is generally multifactorial. Tobacco smoking and 
alcohol intake have a strong synergistic effect in the pathogenesis of squamous cell 
cancer (SCC). After cessation of smoking, the risk gradually declines, and there is 
almost no excess risk found after 20 years. It is interesting that a multiplicative effect 
has also been found for tobacco smoking and alcohol consumption.6–13 Habitual con-
sumption of a tea known as mate is associated with an increased risk of developing 
cancer of the larynx.11,13 Other risk factors have been reported, such as gastroesopha-
geal refl ux disease,14–18 dietary factors,14–18 and exposure to asbestos, ionizing radia-
tion, wood dust, and nitrogen mustard.19–21 Finally, cancer of the larynx has also been 
reported in individuals who have never smoked or consumed alcohol.22,23 Human 
papillomavirus (HPV)-associated disease, particularly in nonsmokers, represents an 
important category of disease that may behave in a biologically distinct manner with 
regard to overall aggressiveness and responsiveness to radiation. However, HPV-16 
rarely is found in laryngeal lesions, and HPV-11, which causes laryngeal papilloma-
tosis, very rarely progresses to a malignant state.

Pathology

SCC, representing 97.4% of laryngeal malignancies, is the most common histologic 
type. The remainder of laryngeal cancer histologic subtypes represent less than 3%.2 
Most malignant laryngeal tumors arise from the surface epithelium and therefore are 
SCC or one of its variants such as spindle cell or verrucous carcinoma. Sarcomas, 
adenocarcinomas, neuroendocrine tumors, and other unusual neoplasms make up the 
remainder of malignant laryngeal cancers. More than 50% of laryngeal SCCs present 
as localized disease, 25% present with regional metastasis, and 15% are fi rst seen at 
an advanced stage with or without distant metastasis.24,25

Epithelial Cancers

Most laryngeal SCC results from prolonged exposure to recognized carcinogens. 
Some of these changes are associated with keratosis.26 The severity of dysplasia is 
described as mild, moderate, or severe, depending on the extent of involvement of 
the surface epithelium. In general, the degree of dysplasia correlates with the likeli-
hood of transformation to invasive carcinoma.27,28 At best, the gross appearance of a 
lesion of the mucosal surface is an inconsistent indicator of malignant potential. The 
term leukoplakia describes a white lesion, usually appearing as such because of kera-
tinization. It is strongly suggested that dysplasia leads to carcinoma in situ (CIS), 
which then leads to invasive carcinoma, since the CIS is usually surrounded by dys-
plasia. CIS is a full-thickness mucosal epithelial dysplastic change without basement 
membrane invasion. Tumor thickness and the depth of tumor invasion are strongly 
correlated with cervical lymph nodes metastasis. In addition, the degree of cellular 
differentiation appears to correlate with the probability of cervical metastasis and 
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survival, although the degree of cellular differentiation is not considered the most 
signifi cant factor in grading the tumor29,30 (Table 7-1).

Other Laryngeal Cancers

Verrucous carcinoma is also of squamous origin and occurs in the oral cavity, larynx, 
esophagus, and sinonasal tract and on the genitalia.24,31 Some investigators consider 
it a separate entity32; however, others believe it to be a variant of well-differentiated 
SCC.33

Diagnosing verrucous carcinoma is diffi cult, even when the clinical index of sus-
picion is high. Although these lesions often destroy cartilage, they do not tend to 
metastasize, and aggressiveness is characterized by local invasion. The diagnosis is 

Table 7-1. TNM Staging of Cancer of the Larynx

Tumor Stage Characteristics

Supraglottis

T1 Tumor limited to one subsite of supraglottis with normal vocal fold mobility
T2 Tumor invades mucosa of more than one adjacent subsite of supraglottis or glottis 

or region outside the supraglottis (e.g., mucosa of base of tongue, vallecula, 
medial wall of pyriform sinus) without fi xation of the larynx

T3 Tumor limited to larynx with vocal fold fi xation or invades any of the following: 
postcricoid area, pre-epiglottic tissues, or minor thyroid erosion (inner cortex)

T4 Tumor invades through the thyroid cartilage, or extends into soft tissues of the 
neck, thyroid, or esophagus
T4a: Resectable (e.g., tumor invades trachea, soft tissues of neck, strap muscles, 

thyroid, or esophagus)
T4b: Unresectable (e.g., tumor invades prevertebral space, encases carotid 

artery, or invades mediastinal structures)

Glottis

T1 Tumor limited to vocal fold(s) (may involve anterior or posterior commissure) with 
normal mobility
T1a: Tumor limited to one vocal fold
T1b: Tumor involves both vocal folds

T2 Tumor extends to supraglottis or subglottis, or with impaired vocal fold mobility
T3 Tumor limited to the larynx with vocal fold fi xation, or invades paraglottic space, or 

minor thyroid cartilage erosion (inner cortex)
T4 Tumor invades through the thyroid cartilage or to other tissues beyond the larynx 

(e.g., trachea, soft tissues of neck including thyroid, pharynx)
T4a: Resectable, see above
T4b: Unresectable, see above

Subglottis

T1 Tumor limited to the subglottis
T2 Tumor extends to vocal fold(s) with normal or impaired mobility
T3 Tumor limited to larynx with vocal fold fi xation
T4 Tumor invades through cricoid or thyroid cartilage or extends to other tissues 

beyond the larynx (e.g., trachea, soft tissues of neck including thyroid, 
esophagus)
T4a: Resectable. Tumor invades cricoid or thyroid cartilage or invades tissues 

beyond the larynx (e.g., trachea, soft tissues of neck, strap muscles, thyroid, or 
esophagus)

T4b: Unresectable. Tumor invades prevertebral space, encases carotid artery, or 
invades mediastinum

Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source for this 
material is the AJCC Cancer Staging Manual, Sixth Edition (2002) published by Springer Science and Business Media LLC, 
www.springerlink.com.
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largely a clinical one, achieved most effectively by a pathologist and surgeon acting 
in concert. The typical verrucous carcinoma is slow-growing but relentless, appears 
exophytic and warty, is broad-based at its interface with the mucosa, and is either 
tan or white. The surface often is necrotic and infected, and the associated infl am-
mation of adjacent tissues frequently is remarkable. This tendency to cause infl am-
mation can erroneously infl uence treatment planning.34,35

Although SCC is regarded as a radiosensitive cancer, verrucous carcinoma is 
regarded as radioresistant.36 In addition, the literature suggests a potential for 
radiation-induced dedifferentiation of these tumors into anaplastic cancer, which 
may occur in 7% to 30% of verrucous carcinomas.31,36–43 Partial laryngeal surgery 
generally is considered the preferred strategy for verrucous larynx cancers.44

Recent diagnostic techniques, such as immunohistochemical analysis, allow eluci-
dation of more unusual laryngeal malignancies, such as neuroendocrine carcino-
mas.45–47 Surgical management of neuroendocrine carcinomas does not typically 
enhance survival.47,48 Despite this, for other laryngeal tumors of neuroendocrine 
origin such as paragangliomas and carcinoid tumors, surgical management is the pre-
ferred treatment.49

Other rare tumors reported to arise in the larynx are cartilaginous malignancies, 
plasmacytomas, sarcomas, malignant fi brous histiocytomas, adenocarcinomas, mela-
nomas, granular cell tumors, and primary lymphomas.49–54

Sites of Primary Disease

Supraglottis

Supraglottic carcinomas arise most commonly from the epiglottis and less frequently 
from the false vocal folds and aryepiglottic folds. They can be exophytic, ulcerative, 
or endophytic.55,56 The substance of the epiglottis is often destroyed by tumors on 
its surface.57,58 Early supraglottic carcinomas are initially confi ned to the pre-epiglottic 
space by the ligamentous boundaries of that compartment. Once those barriers are 
invaded, however, tumor growth occurs more rapidly.57,59 Modern imaging modali-
ties, especially magnetic resonance imaging (MRI), have greatly improved the ability 
to recognize tumor extension into the pre-epiglottic space and base of tongue. Assess-
ing the pre-epiglottic space and the anterior thyroid lamina is of paramount impor-
tance for patients who may be candidates for either transoral laser microsurgery or 
open conservation laryngeal surgery. This is not always a straightforward endeavor, 
since patchy ossifi cation in the laryngeal framework may present an ambiguous radio-
logic and clinical picture. Typically, however, healthy, nonossifi ed cartilage provides 
a fairly resistant natural barrier to cancer invasion. Finally, the quandrangular mem-
brane within the aryepiglottic fold plays an important role in diverting the leading 
edge of tumors.

Supraglottic carcinomas frequently metastasize to the cervical lymph nodes owing 
to the rich lymphatic drainage.60–64 The incidence of patients demonstrating clini-
cally positive lymph nodes at the time of diagnosis is 23% to 50% for supraglottic 
carcinoma of all stages.37,56,65–68 If a neck dissection is performed, a substantial 
number of patients with clinically negative necks are found to have histologically 
identifi able disease. If left untreated, this progresses to gross disease.61,62 In supra-
glottic cancers, the probability of cervical metastasis and of delayed contralateral 
metastasis increases in direct proportion to the size of the primary (i.e., the T 
stage).55,69,70 This trend may not be predictive for patients who have been previously 
irradiated.5

With clinically positive cervical nodes measuring 2 cm or more, the incidence of 
contralateral neck metastasis may exceed 40%.71 Cancers of the epiglottis are par-
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ticularly prone to produce bilateral metastasis. Even early-stage lesions may produce 
bilateral metastasis in more than 20%.70

Glottis

Glottic carcinomas are the most common type of laryngeal cancer in the United 
States (Fig. 7-1). Two thirds are confi ned to the vocal folds. Tumors arise most com-
monly on the anterior two thirds of the vocal fold, whereas a small percentage are 
isolated to the anterior commissure. The posterior commissure is rarely affected.72

The relatively poor lymphatic drainage of the true vocal folds (except near the 
posterior commissure) makes early metastasis uncommon. In addition, the conus 
elasticus and the thyroglottic ligament tend to divert vocal fold lesions at the free 
margin from continuing into the underlying vocalis muscle and paraglottic space. 
Likewise, the anterior commissure ligament (Broyle’s ligament) serves as a barrier to 
cancer spread outside the level of the glottis.73 If Broyle’s ligament becomes invaded 

A

B

C D

Figure 7-1. Early glottis lesions (Tis or T1) encompass a range of tumors, from plaquelike superfi cial lesions involving only 
part of one cord, to more endophytic lesions on both cords, to bulky lesions emanating from a mobile vocal fold. All of 
these could be treated with laser excision or radiation with a high likelihood of cure. A, Bulky lesion involving large portion 
of right true vocal fold. B, Similar bulky lesion of the right true vocal fold with apparent involvement of the anterior 
commissure. C, Plaque-like leukoplakia involving a large superfi cial area of the left true vocal fold. D, Multifocal bilateral 
ture vocal fold involvement.
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with carcinoma, cartilage penetration is more likely.74 This event is even more preva-
lent in the presence of thyroid cartilage ossifi cation.75,76

When caudal extension does occur, extralaryngeal spread may occur into the 
anterior neck either into the soft tissue or the Delphian lymph node.77 Of note, 1 
centimeter of subglottic extension anteriorly or 4 to 5 mm of subglottic extension 
posteriorly puts the border of the tumor to the upper margin of the cricoid, which 
potentially limits options for conservation laryngeal surgery. In addition, when vocal 
ligament and thyroarytenoid muscle involvement occur, paraglottic space and thyroid 
cartilage involvement become more likely. Finally, the neck and thyroid gland may 
ultimately become involved with more aggressive lesions.

Subglottis

Subglottic cancers are unusual, constituting 1% to 8% of all laryngeal cancers.72 They 
are mostly poorly differentiated and frequently demonstrate an infi ltrative growth 
pattern. They involve the cricoid cartilage early because there is no intervening 
muscle layer. The incidence of cervical metastasis from subglottic cancer is reported 
to be 20% to 30%. The actual incidence, however, may be signifi cantly higher because 
of primary spread to prelaryngeal and pretracheal nodal basins.78,79

Lymphatic Spread

The primary lymphatic drainage of the supraglottic larynx is to the jugulodigastric 
nodes. The submandibular area is rarely involved, and only a small risk of nodal 
involvement exists along the spinal accessory nerve. The incidence of clinically posi-
tive nodes exceeds 50% at the time of diagnosis, and bilateral nodal metastasis at 
diagnosis occurs in up to 16%.60 Extension of the primary tumor to the piriform sinus, 
vallecula, and base of tongue increases the risk of lymph node metastases.

For glottic carcinoma, the incidence of clinically positive lymph nodes at diagnosis 
is negligible for Tl lesions and 1.7% for T2 lesions.80 The incidence of cervical meta-
stases rises to 20% to 30% for T3 and T4 tumors. Supraglottic spread is associated 
with metastasis to the jugulodigastric nodes. Anterior commissure and anterior sub-
glottic invasion are associated with involvement of the Delphian node.

Pretreatment Evaluation

The preoperative workup of a patient suspected of having laryngeal cancer should 
serve to confi rm the diagnosis through biopsy, to map the extent of the lesion, and 
to search for synchronous lesions and/or metastatic disease. When mapping the 
extent of the lesion, it is of paramount importance to focus the evaluation on fi ndings 
that may indicate a worse prognosis such as anterior commissure involvement or on 
fi ndings that may rule in or rule out certain laryngeal preservation procedures.

Offi ce Examination

The preoperative evaluation starts at the initial offi ce visit. A thorough history and 
physical examination should be obtained. During the physical exam, the lateral and 
medial compartments of the neck should be palpated carefully. Extension of the 
cancer through the laryngeal cartilage can sometimes be palpated. Laryngeal cancers 
with involvement of the subglottis may present with a Delphian node or paratracheal 
nodal disease. Loss of the normal crepitus palpated upon moving the larynx back and 
forth may indicate extension of the tumor into the postcricoid or prevertebral area. 
The base of tongue should be palpated to evaluate for superior extension.
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Indirect mirror laryngoscopy is an invaluable tool for visualizing the larynx in the 
offi ce. Most patients can be examined by this method. Limitations include an inability 
to visualize the subglottis, and limited visualization of the anterior commissure. In 
addition, a rigid 90-degree laryngoscope and a fl exible fi beroptic laryngoscope may 
be used to further examine the larynx. By adding a stroboscopic light source, one 
can evaluate the mucosal wave of the true vocal folds, which may provide informa-
tion regarding the depth of invasion of a glottic carcinoma. Also, the addition of a 
camera to the fi beroptic laryngoscope allows documentation photographically or 
videographically of the extent of the lesion. The rigid endoscope provides a larger, 
brighter picture, but patients tend to gag more often, and the larynx is not in physi-
ologic position when examined. The fl exible laryngoscope provides a more physiologic 
view of the larynx, and one can navigate beyond obstructing lesions to obtain a more 
distal view, including a view of the proximal subglottis.

Radiographic Imaging

Preoperative imaging often supplements the fi ndings of the physical examination and 
can indicate subclinical involvement of the various spaces of the larynx. Computed 
tomography (CT) and MRI of the neck are both useful in this regard. Both can show 
invasion of the laryngeal framework by SCC. In addition, MRI can demonstrate 
involvement of the pre-epiglottic space and/or the paraglottic space that is not 
evident on physical exam. Radiographic delineation of the primary lesion is of critical 
importance when organ preservation modalities are used for treatment, since 
intensity-modulated radiation therapy (IMRT) techniques rely on precise anatomic 
details to inform the treatment protocols. In addition, several radiographic modali-
ties, including CT, MRI, positron emission tomography (PET)-CT, and ultrasound 
are used in the search for regional and distant metastatic disease. PET-CT technology 
in particular has revolutionized the workup of distant metastatic disease. More tra-
ditional modalities used in a metastatic workup include a chest radiograph, liver 
function studies, and CT of the chest, abdomen, and pelvis as indicated.81–83

Direct Laryngoscopy and Biopsy

The latter imaging studies are not a substitute for operative assessment of the tumor 
with panendoscopy. Flexible or rigid esophagoscopy is performed to evaluate for 
synchronous primaries. A direct laryngoscopy or a suspension microlaryngoscopy 
is also performed to map the tumor more accurately and assess fi xation of the 
arytenoid(s). The Dedo and Holinger laryngoscopes are used most often. The Holinger 
laryngoscope is particularly useful in investigating for laryngeal carcinoma because it 
provides excellent visualization of the anterior larynx and allows the examiner to 
maneuver around a larynx crowded with tumor. The Dedo laryngoscope is wider and 
allows the use of multiple instruments at the same time. It is more often used in 
suspension laryngoscopy, allowing the surgeon to have both hands free for 
instrumentation.

While mapping the tumor, it is important to document the anterior extent of 
tumor, anterior commissure involvement, involvement of the false vocal folds, ven-
tricles, postcricoid area, hypopharyngeal mucosa, and mucosa of the arytenoids. Rigid 
telescopes can be used as an adjunct to examine extension of disease into the subglot-
tis. All partial laryngeal procedures require at least one fully mobile and sensate cri-
coarytenoid complex and no involvement of the inter-arytenoid mucosa; therefore, 
this should be a focus of the laryngoscopy. Arytenoid fi xation indicates involvement 
of the cricoarytenoid joint, or extralaryngeal spread with tumor, and may preclude 
conservation laryngeal surgery. True vocal fold fi xation is not the same as arytenoid 
fi xation as vocal folds may be fi xed owing to the bulk of the tumor or to paraglottic 
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space involvement, neither of which affect arytenoid mobility. Fiberoptic laryngos-
copy and palpation of the vocal process of each arytenoid during operative laryngos-
copy are the best ways to assess arytenoid mobility.84,85

Treatment Methods

Endoscopic Management of Early Larynx Cancer

The transoral laser microscopic approaches for surgically treating SCC of the larynx 
have improved signifi cantly over the last 20 years with improvements in endoscopic 
instrumentation and laser technology. Advantages over primary radiation therapy or 
conservation laryngeal surgery include an abbreviated treatment time, potentially 
requiring only an outpatient surgical procedure. In addition, with transoral laser 
approaches, primary control is often attainable without necessitating the use of adju-
vant radiation therapy. Early reports using transoral laser techniques validated the 
approach as being oncologically sound.86 More recent reports demonstrate that both 
transoral laser microsurgery and primary radiation therapy provide roughly equivalent 
oncologic control. In their review of the existing literature comparing radiation 
therapy and transoral laser excision of early glottic cancers, Back and Sood87 report 
a range of local control rates for early glottic cancer treated with radiation therapy 
from 85% to 94% for T1 lesions and from 68% to 80% for T2 lesions, whereas tran-
soral excisions offer local control rates of 83% to 93% for T1 lesions and 73% to 89% 
for T2 lesions. Overall survival rates are also comparable. In addition, cost-benefi t 
analyses argue for a transoral laser microsurgical approach. Myers and colleagues88 
demonstrated transoral laser surgery for T1 glottic lesions to be a cost-effective 
option compared with conservation laryngeal surgery and radiation therapy. In a later 
report from the same group, Smith and colleagues89 demonstrated equivalent quality 
of life outcomes and functional results when comparing patients treated with endo-
scopic excision versus radiation therapy, but with the radiated patients experiencing 
increased number of work hours missed, as well as increased costs related to travel. 
Finally, although it has traditionally been accepted that vocal quality is superior after 
radiation therapy compared with transoral laser microsurgery for early glottic carci-
nomas, recent reports have brought this into question. Brandenburg90 compared vocal 
quality in patients with T1 glottic carcinoma who received radiation therapy with 
those who received transoral laser microsurgery with a 63-month follow-up period. 
His fi ndings demonstrated that whereas the postsurgical patient tended to have a 
more breathy voice, and the postradiation therapy patient tended to have a harsher, 
raspy voice, the overall vocal quality after laser cordotomy was comparable to voice 
quality after radiation therapy.

Transoral Treatment of Midcord T1 Lesions

Indications: These lesions are among the most readily accessible via a transoral endo-
scopic approach. Any lesion arising from the free edge of a mobile vocal fold is 
amenable to the transoral approach.

Contraindications: Unfavorable anatomy, includes patients with trismus or retrog-
nathia, preventing adequate exposure for visualization and instrumentation. Also 
contraindicated is tumor extension to the lateral recess of the ventricle.

Technical considerations: For lesions of the midfold without evidence of vocal 
fold movement impairment or anterior commissure involvement, the transoral 
approach is fairly straightforward. A microfl ap technique, whereby a tissue plane 
is developed along the superfi cial lamina propria of the vocal fold, may be used 
to assess the depth of invasion in these lesions. Unlike the resection of a benign 
lesion, the microfl ap in this case is resected, but the approach may afford superior 
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visualization of the depth of invasion and increased preservation of the vocal liga-
ment. For larger lesions of the vocal fold, the CO2 laser may aid in fi nesse control 
of the depth of dissection as well as hemostasis.

Endoscopic Cordectomy

Indications: The European Laryngological Society has developed a classifi cation 
scheme addressing endoscopic excisions of vocal fold lesions, including those for 
endoscopic cordectomy91 (Table 7-2). Using this classifi cation, Gallo and col-
leagues92 reviewed 156 patients with early glottic carcinoma treated with endo-
scopic laser surgery and stratifi ed patients based on stage, thus advocating a specifi c 
type of cordectomy (Table 7-3).

Contraindications: Several series have demonstrated adverse outcomes in patients 
managed with transoral laser excisions who have anterior commissure involve-
ment.93 Visualization of the extent of the anterior commissure involevment may 
be diffi cult, and the anatomic attachment of the vocalis ligament to the inner 
aspect of the thyroid perichondrium offers little impediment to microscopic 
involvement of the cartilage. Other large series, however, show no difference in 
local control rates when comparing patients with and patients without anterior 
commissure involvement.94,95 These controversies in the literature underscore the 
importance of thoroughly evaluating the anterior commissure with preoperative 
videostroboscopy, with preoperative imaging including CT and/or MRI to rule out 
thyroid cartilage invasion when there is any question of anterior commissure 

Table 7-2. Endoscopic Cordectomy Classifi cation by the European Laryngological Society

Subepithelial cordectomy Type I
Subligmental cordectomy Type II
Transmuscular cordectomy Type III
Total or complete cordectomy Type IV
Extended cordectomy encompassing:
 Contralateral vocal fold Type IVa
 Arytenoids Type IVb
 Ventricular fold Type IVc
 Subglottis Type IVd

Table 7-3. Indication for Laser Resection by Stage

T Stage Type of Cordectomy Indication

T in situ Type I
Type II
Type III

Depending on the extension of the involved area and the results 
of preoperative investigation (e.g., videostroboscopy)

T1a Type III Small (0.5–0.7 mm) superfi cial tumor involving middle third of TVF
T1a Type IV Tumor size > 0.7 mm and/or deep infi ltrative pattern and/or 

anterior commissure involvement
T1b Type Va

Bilateral cordectomy
Involvement of the anterior commissure in a horseshoe pattern
Multifocal cancer

Adapted from Gallo A, de Vincentiis M, Manciocco V, et al. CO2 laser cordectomy for early-stage glottic carcinoma: a long 
term follow-up of 156 cases. Laryngoscope 12:370–374, 2002.
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involvement, and with the necessary endoscopic equipment requirements to 
ensure complete evaluation of the lesion before excision.

Technical considerations: One of the long-held principles of oncologic resection is 
Halstead’s principle of en bloc resection. For the surgeon using transoral laser 
techniques, it is often not possible, nor advisable, to always attempt en bloc resec-
tion. A general principle of transoral laser techniques is that the initial incisions 
made with the laser are used to facilitate exposure of the tumor extent. This may 
include incisions through tumor, with additional laser cuts used to complete the 
resection with negative margins.

Endoscopic Supraglottic Laryngectomy (CO2 Laser)

Indications: Lesions that are small and accessible are the most obvious candidates 
for endoscopic excision for cure, including lesions of the suprahyoid epiglottis and 
aryepiglottic folds. Infrahyoid epiglottic lesions and false vocal fold lesions may be 
more challenging to resect because of their tangential orientation to the distal end 
of the laryngoscope.96

Contraindications: As with open supraglottic laryngectomy, depending on the extent 
of resection, patients undergoing endoscopic laser resections are at risk for post-
operative aspiration. An assessment of preoperative pulmonary function, as well 
as the involvement of a speech-language pathologist to assist in swallowing reha-
bilitation, is essential in these patients. In general, however, recovery of swallowing 
function in the patients who undergo endoscopic supraglottic laryngectomy is 
often faster and more satisfactory than those undergoing an open approach.

Technical considerations: As with glottic malignancies, en bloc resection is not essen-
tial to maintain the oncologic integrity of resection. In particular, lesions of the 
epiglottis may be divided by going directly through the tumor, facilitating the 
resection at the lateral margin. Instrumentation is particularly important when 
attempting endoscopic excision of supraglottic carcinomas. A variety of endoscope 
designs are available, including bivalved supraglottoscopes, which augment the area 
exposed for both visualization and instrumentation.

Endoscopic Extended Resections (CO2 Laser)

Indications: The oncologic feasibility of CO2 laser treatment of supraglottic carci-
noma for T1 and T2 lesions is well established. For more extensive resections, 
transoral laser excisions may be permissible for selected patients. In their series 
of 124 patients treated with CO2 laser excisions of supraglottic carcinomas, Motta 
and colleagues97 stratifi ed their patients into three categories based on T status 
(T1-3). For T3 patients, the investigators demonstrated acceptable 5-year local 
control rates of 77%. In this series, however, they stressed appropriate preopera-
tive screening of these patients considering only those with limited pre-epiglottic 
space involvement.

Contraindications: CO2 laser treatment of extensive pre-epiglottic space, tongue 
base or full-thickness lateral wall involvement is not recommended.

Technical considerations: Pre-epiglottic space involvement may be underestimated 
by standard imaging modalities necessitating re-staging based on operative fi ndings 
or on fi nal pathology. This is particularly relevant for tumors involving the laryngeal 
surface of the infrahyoid epiglottis. Davis and associates,98 in their series of 46 
endoscopic supraglottic laryngectomies staged as T2 preoperatively, found that 18 
(39%) were upstaged based on pre-epiglottic space invasion noted on fi nal pathol-
ogy. Of note, in their series, all patients were offered planned postoperative 
radiation, with a 97% rate of primary control. Clearly, a thorough preoperative 
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evaluation, including CT to rule out cartilage invasion, is essential in patients who 
are candidates for endoscopic extended resections.

Open Management of Early Glottic Cancer

Open management of glottic and supraglottic malignancies provides a time-tested, 
oncologically sound modality for the head and neck surgeon. In increasing level of 
complexity, the spectrum of these procedures ranges from laryngofi ssure with cor-
dectomy and reconstruction, to vertical partial laryngectomy, to open supraglottic 
laryngectomy, and to supracricoid laryngectomy. Of paramount importance in deter-
mining whether a patient is a candidate for organ preservation surgery is the preop-
erative physical examination, including fi beroptic laryngoscopy. Arytenoid mobility 
must be carefully assessed, since arytenoid immobility secondary to cricoarytenoid 
joint involvement or extralaryngeal spread is a contraindication to organ preservation 
surgery. CT and MRI imaging modalities may aid in determining the extent of pre-
epiglottic space and extralaryngeal involvement. Finally, detailed endoscopy under 
anesthesia using microscopic and/or endoscopic assistance to evaluate the subglottis 
is essential.

Cordectomy with Reconstruction

Indications: This approach is ideal for T1 glottic lesions that would otherwise be 
amenable to transoral laser microsurgical excision in patients with unfavorable 
anatomy. This includes patients with trismus or retrognathia, in whom adequate 
visualization of the entire larynx, particularly at the anterior commissure, is not 
possible.

Contraindications: Not recommended for cordectomy with reconstruction are more 
extensive lesions involving the contralateral vocal fold.

Technical considerations: The main advantage of cordectomy is the excellent visu-
alization afforded by the laryngofi ssure. A tracheotomy is generally necessary. 
For simple cordectomy, healing by secondary intention is an acceptable initial 
strategy; however, patients are often left with a breathy voice. Several recon-
struction strategies are available, aimed at improving voice and reducing aspira-
tion. Injection medialization procedures in the setting of cordectomies are often 
suboptimal secondary to loss of tissue bulk, postoperative scarring, and fi brosis.99 
Alloplastic implant medialization techniques provide more consistent voice 
restoration. Finally, operative reconstruction based on the strap muscles to 
augment the neocord have shown some effi cacy in voice restoration, with both 
open and endoscopic cordectomies.100 Imbrication laryngoplasty may be carried 
out when minimal tumor involvement of the vocal fold permits resection without 
violation of the false fold and underlying cartilage. A horizontal strip of thyroid 
cartilage can then be removed allowing imbrication of the false fold to the glottic 
level.101

Vertical Partial Laryngectomy

Indications: Vertical partial laryngectomy (VPL) is most commonly used to treat T1 
and select T2 lesions of the vocal fold. Local recurrence rates after vertical hemi-
laryngectomy for glottic carcinoma range from 0% to 11% for T1 lesions, 4% to 
26% for T2 lesions, and up to 46% for T3 lesions.102 Excellent oncologic control 
is generally obtained for T1 glottic carcinomas involving the mobile membranous 
vocal fold. Decreased oncologic control is evident with anterior commissure 
involvement, extension beyond the glottis, or impaired vocal fold mobility. T2 
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lesions with impaired vocal fold mobility may have differing degrees of thyroary-
tenoid invasion entering the paraglottic space, explaining decreased oncologic 
control with vertical partial laryngectomy. Similarly, subglottic extension of T2 
lesions may portend cricoid cartilage invasion, and extension into the supraglottis 
via the ventricle may increase the risk of thyroid cartilage invasion.103 These factors 
may result in the understaging of selected T2 lesions, thus explaining the higher 
local failure rates when vertical partial laryngectomy is used.

Contraindications: T3 lesions without cricoarytenoid joint involvement are better 
addressed with a supracricoid laryngectomy.

Technical considerations: All vertical partial laryngectomies involve a laryngofi ssure 
into the thyroid cartilage and paraglottic space. Placement of the thyrotomy 
depends on the position of the tumor determined by endoscopy. In the standard 
vertical partial laryngectomy, the resection extends from the anterior commissure 
to include the full extent of one membranous vocal fold and intrinsic musculature 
of the larynx to the vocal process of the arytenoid. The superior and inferior 
margins of resection are from the false vocal fold to 5 mm below the level of the 
true fold.104 A variety of extensions to the basic vertical hemilaryngectomy have 
been described, including the frontolateral vertical hemilaryngectomy, posterolat-
eral vertical hemilaryngectomy and extended vertical laryngectomy.102 Of note, 
when performing a vertical partial laryngectomy, it is advisable to tack the petiole 
of the epiglottis back into position with a 2–0 Vicryl suture so that the epiglottis 
does not prolapse posteriorly postoperatively. In addition, after the resection, the 
anterior commissure of the contralateral side should be sutured to the thyroid 
lamina to recreate tension of the vocal fold. As described for cordectomy with 
laryngofi ssure, a variety of reconstructive techniques have been used to facilitate 
voice restoration.

Open Supraglottic Laryngectomy

Indications: T1 and T2 lesions of the supraglottic larynx are indications for an open 
supraglottic laryngectomy. Excellent local control has been reported for T1 and 
T2 lesions with open supraglottic laryngectomy. T1 local control rates range from 
90% to 100%, whereas T2 local control rates range from 85% to 100%. The data 
on local control rates for more extensive lesions are less consistent, with T3 control 
rates ranging from 0% to 75% and T4 control rates of 0% to 67%.105–108 This dis-
crepancy in the literature may be a result of failure to appreciate extension of the 
glottic level via paraglottic spread and pre-epiglottic space

Contraindications: Glottic level involvement, invasion of the cricoid or thyroid car-
tilage, involvement of the tongue base to within 1 cm of the circumvallate papillae, 
involvement of the deep muscles of the tongue base and pre-epiglottic space are 
contraindications for an open supraglottic laryngectomy.

Technical considerations: The open supraglottic laryngectomy is defi ned by both the 
extent of the resection and the reconstruction. The typical supraglottic laryngec-
tomy preserves both true vocal folds, both arytenoids, the tongue base, and the 
hyoid bone. Pre-epiglottic space involvement necessitates resection of the hyoid, 
which can otherwise be left intact. While resecting the hyoid, it is critical to pre-
serve the superior laryngeal neurovascular pedicle, since successful swallowing 
rehabilitation depends on this. The reconstruction varies among surgeons. The 
approach of the senior author (R.P.T) reconstructs the neolarynx in a fashion 
analogous to the reconstruction described for supracricoid laryngectomy. Three 
separate, submucosal, interrupted 1-Vicryl sutures are looped around the remain-
ing thyroid cartilage and inserted into the tongue base. In cases in which the 
hyoid is preserved, the suture is looped around the hyoid as well. This creates an 
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impaction of the tongue base, with or without the hyoid bone, onto the remaining 
thyroid cartilage.

Supracricoid Laryngectomy

Indications: T1b, T2, T3, and selected T4 supraglottic and glottic carcinomas with 
decreased vocal fold motion or fi xation, pre-epiglottic space invasion, glottic level 
involvement at the anterior commissure or ventricle, and limited thyroid cartilage 
invasion without frank extralaryngeal spread are indications for supracricoid 
laryngectomy. Excellent local control and actuarial 5-year survival rates have 
been reported for both early glottic lesions (T1b-T2) and more advanced 
lesions.109 Chevalier and coworkers110 reported a 5-year actuarial survival rate 
of 84.7% and local control rates of 97.3% in 112 patients with either vocal fold 
fi xation or impaired motion on presentation.

Contraindications: Fixation of the arytenoid secondary to cricoarytenoid joint fi xa-
tion, extrinsic laryngeal muscle involvement, or recurrent laryngeal nerve involve-
ment, subglottic extension to the level beyond 1 cm or direct invasion of the 
cricoid, posterior commissure involvement, extralaryngeal spread, or extension to 
the outer perichondrium of the thyroid cartilage constitute contraindications to 
supracricoid laryngectomy.

Technical considerations: The supracricoid laryngectomy is likewise defi ned by both 
the extent of the resection and reconstruction. The surgical excision is en bloc 
and includes both true vocal folds, both false vocal folds, both paraglottic spaces, 
± epiglottis, the entire thyroid cartilage and may include one partial or full aryte-
noid resection.

Some key surgical points include:

1. The disarticulation of the cricothyroid joint is of critical importance and should 
be performed carefully to prevent recurrent laryngeal nerve damage.

2. The cricothyroid membrane should be incised along the superior border of the 
cricoid cartilage, and the subglottic region should be inspected to rule out 
subglottic extension of the tumor.

3. The arytenoid cartilage (or posterior arytenoid mucosa if the arytenoid is 
resected) must be gently pulled forward so that it will remain in proper posi-
tion postoperatively. This is achieved by placing a 4–0 Vicryl suture just above 
the vocal process or into the arytenoid mucosa and secured anteriorly with an 
air knot.

4. The reconstruction is predicated upon impacting the hyoid bone and tongue 
base ± the epiglottis to the cricoid cartilage using three symmetric 1-Vicryl 
submucosal sutures.

5. The tracheotomy should be placed at the level of the skin incision line, but the 
superior skin fl ap should be closed to the strap muscles to separate the trache-
ostoma from the remainder of the neck contents.

Radiation Therapy for Early Larynx Cancer

Part of the multidisciplinary evaluation of the patient with glottic carcinoma includes 
an assessment by a radiation oncologist. Early glottic malignancies are notable for low 
incidence of occult nodal metastasis, and, as such, single-modality treatment with 
curative radiation therapy is an acceptable option for many patients. Radiation therapy 
has several advantages, including its noninvasive nature, acceptable voice outcome, 
and excellent local control rates. For early-stage lesions, functional outcomes are 
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generally good, with most patients experiencing only self-limited symptoms of muco-
sitis, xerostomia, dysphagia, odynophagia, and local soft tissue reactions. Vocal quality 
has been demonstrated to change after radiation therapy, but most patients regain 
near-normal phonation after 1 year. Harrison and colleagues111 prospectively exam-
ined patients treated with early glottic cancer through computer-assisted voice analy-
sis and determined that the majority of irradiated patients with early glottic cancer 
demonstrated a decrease in breathiness and increased strain after primary radiation 
therapy, but enjoyed normal phonation 9 months after treatment.

Primary radiation therapy of glottic carcinoma results in excellent local control 
rates. In his review of patients treated with primary radiation therapy for T1 glottic 
carcinoma among a series from a single institution, Lee112 reported local control rates 
between 81% to 93%. Local control rates for T2 glottic lesions ranged from 65% to 
78%. Prognostic factors, such as involvement of the anterior commissure, tumor bulk, 
and the technical aspects of radiation biology have been evaluated in the literature. 
In several series, patients with involvement of the anterior commissure who were 
treated with primary radiation therapy fared worse in terms of local control, particu-
larly for T1 lesions.113,114 In a published 30-year experience of T1 glottic cancers 
treated with primary radiation therapy, Reddy and colleagues115 examined the effects 
of tumor bulk, T stage, anterior commissure involvement, treatment duration, and 
fraction size on local control. Although anterior commissure involvement was not 
prognostic in this series, tumor bulk proved to be a signifi cant prognostic factor on 
multivariate analysis, since patients with bulky tumors had lower local control and 
disease-free survival rates and shorter duration to recurrence than those with small 
tumors. Finally, technical aspects of radiation therapy, including total dose, fraction 
size, and overall treatment duration have been demonstrated to be signifi cant prog-
nostic factors for local control of T2, but not T1 carcinomas.113

Primary radiation therapy of early supraglottic malignancies likewise results in 
excellent local control rates. In contrast to glottic level malignancies, supraglottic 
carcinomas have extensive lymphatic networks bilaterally, resulting in a high 
incidence of occult jugulodigastric nodal metastasis at diagnosis. Local control after 
radiation therapy for early-stage supraglottic carcinoma ranges from 88% to 100% 
for T1 lesions and from 65% to 89% for T2 lesions.116–121 Because of the concern for 
regional nodal metastasis, the treatment volume for carcinoma of the supraglottis 
includes both the primary lesion and the regional nodal basin.122 The specifi cs of the 
radiation techniques vary, ranging from single fractionated once-daily treatments to 
twice-daily hyperfractionation and accelerated hyperfraction schedules.

Surgical Salvage of Early Cancer of the Larynx

Although total laryngectomy traditionally has been standard of care for surgical 
salvage of radiation failure laryngeal cancer, transoral laser microsurgical and open 
conservation laryngeal surgery approaches are gaining acceptance for selected patients 
who present with recurrence. Steiner and colleagues123 have advocated transoral laser 
microsurgery as a surgical modality in the salvage setting for patients with recurrent 
glottic carcinoma after radiation. In their series of 34 patients with early and advanced 
recurrent glottic carcinoma after full-course radiation therapy, they demonstrated a 
71% cure rate with one or more laser procedures, with only one patient requiring 
total laryngectomy (because of chondroradionecrosis).

Conservation laryngeal surgical approaches have also been used in the salvage 
setting with success. In their 20-year review of the MD Anderson Cancer Center 
experience of treating radiation failures with salvage surgery, Holsinger and associ-
ates124 reported adherence to well-established contraindications for conservation 
laryngeal surgery approaches including arytenoid fi xation, extensive pre-epiglottic 
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space invasion, subglottic extension, and extralaryngeal spread to exclude patients 
who were inappropriate candidates. For patients who were good candidates, a con-
servation laryngeal surgical approach rather than total laryngectomy did not cause a 
demonstrable change in locoregional control or disease-free survival. Other groups 
have reported similar results. In their review of 15 patients treated with supracricoid 
partial laryngectomy for surgical salvage, Spriano and colleagues125 reported excellent 
long-term oncologic control. Laccourreye and colleagues126 demonstrated a 75% long-
term larynx preservation rate with 100% local control for patients initially treated 
with supracricoid laryngectomy after failed radiation therapy. Motamed and col-
leagues127 investigated open versus endolaryngeal approaches for surgical salvage in a 
review of the literature. In their meta-analysis of all published literature on surgical 
salvage in laryngeal cancer, they found a preponderance of evidence to support the 
role of conservation laryngeal surgery in the treatment of recurrent localized disease 
after radiation therapy. However, the researchers exhibited a modest benefi t of open 
versus endolaryngeal approaches in overall local control.

Complications in the postoperative setting are higher in patients who have previ-
ously received radiation therapy. In radiation-naïve patients, supracricoid partial 
laryngectomy can be performed with low morbidity and mortality. In one of the 
largest series published of radiation-naïve patients undergoing supracricoid partial 
laryngectomy, Naudo and associates128 demonstrated a 1% mortality rate and 12% 
local complication rate. Previously radiated patients seem to fare worse, however. In 
a series of 23 patients managed with supracricoid laryngectomy for surgical salvage 
over a 14-year period, Makeieff and colleagues129 found that 17 of 23 patients expe-
rienced rapid recovery of swallowing; however, a signifi cant percentage (17.4%) 
developed long-term swallowing impairments, with two patients dying from aspira-
tion complications. Several series have demonstrated markedly elevated early and 
late complication rates in previously radiated patients. In their series, Laccourreye 
and colleagues126 had a major complication rate of 42%. Spriano and associates125 
described a similarly high major complication rate in previously radiated patients. A 
subsequent series by the same group demonstrated that swallowing problems were 
the most common challenge in the previously radiated patient.130 Likewise, in their 
meta-analysis, Marioni and colleagues138 found prolonged dysphagia and aspiration to 
be more common in radiated patients, with aspiration pneumonia and neolaryngeal 
edema to be the most frequently reported postoperative complications overall. 
Several groups have advocated early gastrostomy tube placement for this reason.

Management of the Neck in Early Larynx Cancer

Factors infl uencing management of the neck in early glottic cancer include the TNM 
staging of the primary lesion, the subsite of the larynx involved, and the modality 
chosen to treat the primary lesion. As discussed previously, early-stage lesions of 
the glottic larynx have low rates of regional lymph node metastasis because of the 
relative paucity of lymphatic drainage from this area. For early-stage lesions of 
the glottis in the N0 neck, close observation is an acceptable management strategy. 
The supraglottic larynx, on the other hand, has an extensive bilateral network of 
lymphatics along the jugulodigastric nodal basin. Lutz and colleagues132 at the Uni-
versity of Pittsburgh, in a retrospective review of 202 patients with supraglottic 
SCC treated with surgery or combined therapy, demonstrated a locoregional failure 
rate of 23%. In those treatment failures, 83% occurred in the neck with 90% of 
neck failures occurring in the undissected, contralateral side. A subsequent report 
by the same group showed a reduction in cervical recurrence from 20% to 9% by 
performing routine bilateral neck dissections in these patients.133 In their most 
recent report advocating routine bilateral neck dissections in all patients with T2 
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to T4 lesions and selected patients with T1 lesions, this approach demonstrated a 
further risk reduction for cervical recurrence to 7.8%.134 These data documenting 
such a signifi cant risk reduction in locoregional failure in the neck provide a com-
pelling argument for routine bilateral neck dissection in the management of supra-
glottic cancer. Steiner and colleagues,135 in their 24-year series of patients treated 
with transoral laser resection of supraglottic carcinomas, advocate management of 
the neck by either neck dissection or postoperative radiation therapy. Observation 
of the neck in patients with selected T1 lesions treated with primary transoral laser 
mircrosurgery may be an acceptable management strategy in the N0 neck, although 
this remains controversial in the literature.

Management strategies of the neck in patients undergoing salvage laryngeal surgery 
for recurrent/persistent laryngeal cancer are highly variable. Yao and associates,136 
because of the risk of occult disease, advocate bilateral neck dissections for T3 and 
T4 recurrent glottic lesions, and bilateral neck dissections for all recurrent supraglot-
tic lesions. In the institution of the senior author (R.P.T.), patients undergoing salvage 
total or supracricoid laryngectomy for laryngeal cancer recurrence/persistence after 
primary radiation therapy are staged by a preoperative CT scan. In patients staged 
N0, the neck is managed expectantly. We have previously reported no increased risk 
of recurrence in these patients with long-term follow-up.137 The addition of PET-CT 
in both the preoperative staging and postoperative surveillance period could poten-
tially aid the head and neck surgeon in assessing the risk of occult disease and treating 
the neck appropriately.
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K E Y  P O I N T S
● The accessible location of the oral cavity makes it an ideal site for early detection of epithelial 

malignancy.
● The less accessible nature of the oropharynx, together with a topography of deep crypts and 

mucosal folds, and prominent gag refl ex which impedes examination of many patients makes the 
oropharyngeal a challenging site for early detection of cancer.

● Prolonged exposure to tobacco and alcohol is the principle risk factor for oral cancer, while human 
papillomavirus (HPV)-16 infection is responsible for most cases of oropharyngeal cancer.

● Metastasis to nodal basins in levels I and II correlates with primary lesion thickness in the oral 
cavity, whereas (more frequently) bilateral metastasis to levels II and III characterizes oropharyn-
geal cancers.

● Field precancerous change is common in cases of oral cavity cancer with associated recurrences 
and second primary lesions.

● Primary surgical extirpation is the mainstay of oral cavity cancer treatment. Combined chemo-
therapy and radiation therapy have taken ascendancy as preferred fi rst-line treatment for all but 
the smallest oropharyngeal lesions.

● Advances in microvascular reconstruction and the advent of transoral laser and robotic surgery 
extend the surgical options available for oral cavity and oropharyngeal lesions.

Epidemiology

Each year 30,000 Americans are diagnosed with oral or oropharyngeal cancer. These 
entities cause over 8000 deaths, roughly one person every hour. Of the 30,000 newly 
diagnosed individuals, only 50% will be alive in 5 years. These statistics have not 
improved signifi cantly over recent decades. In the United States, 36% of oral cavity/
oropharyngeal cancer patients have localized disease at the time of diagnosis.1 It is 
generally agreed that the stage of oral cavity/oropharyngeal cancer at the time of 
diagnosis is one of the most important prognostic factors. Small localized oral cancers 
are readily curable with single-modality therapy, with control rates approaching or 
exceeding 90%. Unfortunately, most oral cavity squamous cell carcinomas and oro-
pharyngeal squamous cell carcinomas are detected only after they become symptom-
atic and are typically no longer early stage.

Anatomy

The oral cavity extends from the skin-vermilion junctions of the anterior lips to the 
junction of the hard and soft palates above and to the line of the circumvallate papil-
lae below and is divided into the following specifi c areas: lip, anterior two thirds of 
tongue, buccal mucosa, fl oor of mouth, lower gingiva, retromolar trigone, upper gin-
gival, and hard palate (Fig. 8-1). The oropharynx is located between the soft palate 



Chapter 8 Surgical Treatment of Early Oral Cavity and Oropharyngeal Cancers116

superiorly and the vallecula inferiorly; it is continuous with the oral cavity anteriorly, 
the nasopharynx superiorly, and the supraglottic larynx and hypopharynx inferiorly. 
It contains the base of tongue, soft palate, palatine tonsils, uvula, and lateral and 
posterior oropharyngeal walls.

Etiology

Although this chapter discusses the treatment of both oral cavity and oropharyngeal 
carcinoma, it is important to recognize that these are two very distinct tumors with 
different risk factors, clinical behavior, treatment response, and outcomes. Oral 
cavity cancer (excluding lip cancer) is caused primarily by tobacco and alcohol abuse 
in the Western world. In Asia, where oral cancer is far more prevalent, chewing betel 
nuts with or without tobacco is a primary etiologic risk factor. Other known risk 
factors throughout the world include yerba mate, marijuana, and khat2 (Fig. 8-2).
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Figure 8-1. Anatomy of the oral cavity and oropharynx. A, Open-mouth view. B, Tongue elevated, showing fl oor of 
mouth. C, Sagittal view. (From Abeloff MD, Armitage JO, Niederhuber JE, et al: Abeloff’s Clincal Oncology, 4th ed. 
Philadelphia: Churchill Livingstone, 2008, Figure 72-18.)
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Although oropharyngeal carcinoma is often caused by tobacco and alcohol abuse, 
there is a growing trend toward the development of oropharyngeal tumors in younger 
nonsmoking nondrinking persons. The human papillomavirus (HPV) is increasingly 
being recognized as an etiologic factor in oropharyngeal tumors of the palatine and 
lingual tonsils3–5 (Fig. 8-3). HPV-16 is identifi ed in most HPV-positive tumors, which 
have molecular-genetic alterations indicative of viral oncogene function.

Another distinct difference between oral cavity and oropharangeal carcinoma is 
the time course and tumor size at diagnosis. Cancers of the oral cavity are often 
readily visible on inspection by dental or medical primary care providers, or even by 
alert patients. Furthermore, because these lesions may be painful, they are amenable 

A B

Figure 8-2. The chewing of betel nuts (A, the fruit of Areca catechu Linn) and khat (B, Catha edulis) is common in many 
parts of the world. Betel nuts are either crushed or sliced very thin; the fresh leaves of khat are chewed. Often tobacco is 
added to the ground nuts or leaves. (Photo A © iStockphoto.com. Photo B from www.tradewindsfruti.com.)

Figure 8-3. The molecular surface of the atomic 
model of human papillomavirus generated by 
researchers at the Harrison Laboratory of the 
Howard Hughes Medical Institute. (Courtesy of 
the Harrison Laboratory.)
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to early detection. On the other hand, although oropharyngeal tumors may be small 
at diagnosis, lymph node metastasis is common because of the rich lymphatic drain-
age of the base of tongue and tonsillar region (Fig. 8-4). Approximately 70% of the 
patients have ipsilateral cervical nodal metastases; 30% or fewer have bilateral cervical 
lymph node metastases at diagnosis. Cervical lymph node metastases from oropha-
ryngeal cancers may be cystic, mimicking benign cystic diseases.6 Thus, although the 
primary tumor may be small, it is rare to detect oropharyngeal cancers at an early 
stage.

Diagnostic Workup

Lesions of the oral cavity are often detected by visual inspection. Certain subsites of 
the oral cavity are more likely to spawn lesions, particularly the lateral tongue, fl oor 
of mouth, alveolar surfaces, and buccal mucosa. The tongue dorsum and hard palate 
are uncommon locations for oral cancer.7 These sites may occasionally manifest 
tumors of minor salivary gland origin. Lesions have several characteristic appearance 
patterns including leukoplakia (Fig. 8-5), erythroplakia (Fig. 8-6), ulceration, or 
exophytic growth. Palpable thickness and fi rmness as well as “friability,” the tendency 
to blush or bleed with manipulation, are important features raising suspicion of 
cancer. Lesion surface extent and thickness should be estimated, as well as the pres-
ence of regional nodal metastases by palpation. Bimanual palpation of the submental 
and submandibular regions is important for the detection of small but fi rm nodes 
(Fig. 8-7). Radiologic imaging may contribute to the diagnostic evaluation through 
visualization of regional nodes and cortical bone erosion. Biopsy of oral lesions can 
often be accomplished in the outpatient clinic.

Oropharyngeal lesions are more diffi cult to detect because of their more posterior 
position exacerbated by the often overactive gag refl ex of many individuals (Fig. 8-8). 
Furthermore, the deeply involuted and irregular surface of the palatine and lingual 
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Figure 8-4. Superfi cial lymph glands and lymphatic vessels of the head and neck. (From Gray H: 
Anatomy of the Human Body, 20th ed. Philadelphia: Lea & Febiger, 1918, Fig. 602.)
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tonsils hinders visualization of small lesions. Palpation of tonsil and tongue base, 
though causing gagging, is actually reasonably well tolerated in the offi ce setting and 
is the best method of detection of small tongue-base cancers. The presence of a fi rm, 
raised area may be detected. However, the relative diffi culty of detection of oropha-
ryngeal mucosal lesions and the early dissemination of these tumors into the rich 
lymphatic system results in many cases presenting as regional nodal metastasis without 
obvious primary source. Computed tomography (CT), magnetic resonance imaging 

Figure 8-5. Leukoplakia lesion.

Figure 8-6. Erythroplakia lesion.

Figure 8-7. Bimanual examination of the 
submental and submandibular regions of oral 
cavity.
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(MRI), or positron emission tomography (PET) may help identify the occult primary 
site in some cases, but in others, panendoscopy with biopsy of common primary site 
candidates is needed.

Bilateral tonsillectomy is recommended in a patient presenting with nodal metas-
tasis of unknown primary when the palatine tonsils are in place.8 The presence of 
HPV DNA in fi ne-needle aspirate samples of occult nodal metastasis further increases 
suspicion of an oropharyngeal tonsillar primary cancer.9

Prognostic Factors in Early Oral Cavity and Oropharyngeal Cancer

At surgery, the adequacy of resection is important. A positive pathologic resection 
margin conveys a higher risk of local recurrence, probably indicative of a more aggres-
sive growth pattern that eludes physical judgment of disease extent.10 Patients with 
microscopically clear margins at initial resection have a signifi cantly better prognosis 
than those with positive margins even when repeated excision with subsequent nega-
tive margins is achieved or adjuvant postoperative radiation is given.11 The determina-
tion of the tumor-free resection margin is highly dependent on the serial sectioning 
and fi xation techniques. However, most authors agree that an adequate margin should 
be at least 5 mm wide in the resection specimen after ethanol fi xation.

Tumor Thickness and Depth

Clinical staging takes into account the two-dimensional surface extent of an oral 
cancer, but does not consider the depth of invasion until there is evidence of bone 
or deep muscle invasion (T4). Many authors have reported tumor thickness of even 
small lesions to be a signifi cant prognostic factor for the risk of occult nodal metastasis 
and hence higher stage and poorer outcome.12,13 Kurokawa14 found that tumor thick-
ness was the only factor that had signifi cant predictive value for subclinical nodal 
metastasis, local recurrence, and survival. They concluded that tumor thickness 
should be considered in the management planning of patients with early oral tongue 
carcinoma. Lim and colleagues15 reported that tumor thickness greater than 4 mm 
(Fig. 8-9) and low immunohistochemical expression of E-cadherin predicted poorer 
outcome in early tongue cancers. Some authors report that the depth of invasion 
(and not thickness) of the oral tumor is key. Jones and associates16 reported that a 
tumor depth over 5 mm signifi cantly increases the risk of local recurrence in stage I 
and stage II oral squamous cell cancer and suggested that combined-modality treat-
ment may be benefi cial in these patients. Kane and colleagues17 also concluded that 
depth is the most signifi cant predictor of cervical node metastasis in early squamous 

Figure 8-8. Tongue base tumor.
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cell carcinomas of the oral cavity. Other important histologic prognostic parameters 
include grade of differentiation and lymphovascular and perineural invasion.18

Patients with HPV-positive oropharyngeal tumors reportedly have an improved 
prognosis when compared with patients with HPV-negative tumors in several pub-
lished studies. Patients with HPV-positive tumors may have as much as a 60% to 
80% reduction in risk of dying from cancer when compared with the HPV-negative 
patient.4

Treatment

Oropharyngeal and oral cavity cancer are best managed by a multidisciplinary team 
of health care professionals (Box 8-1). The relative infrequency of these cancers and 
the technical nature of oral cavity/oropharyngeal cancer treatment suggest that treat-
ment of all but the simplest cases should be managed at cancer centers with experi-
enced staff. All cases should be reviewed by a tumor board, consisting of pathologists, 
radiologists, head and neck surgeons, radiation oncologists, and medical oncologists. 
Other key team members include oral surgeons, primary dentists, and prosthodon-
tists, speech-language pathologists, nutritionists, and social service professionals. At 
the multidisciplinary conference, the participants discuss each case in depth to opti-
mize treatment planning.

The Primary Tumor

Depending on the site and extent of the primary tumor and the status of the lymph 
nodes, the treatment of lip and oral cavity cancer may be surgery alone, radiation 
therapy alone, or a combination of both modalities.

Surgical excision is typically the treatment of choice for early-stage primary 
disease (T1-T2) of the lip, fl oor of mouth, oral tongue, alveolar ridge, retromolar 
trigone, hard palate, or buccal mucosa. Surgery must adequately encompass all the 
gross as well as the presumed microscopic extent of disease. In most cases, local 
excision of the tumor with a margin of clinically uninvolved tissue of 1.0 to 1.5 cm 
in all dimensions including depth yields optimal 5-year survival rates.19

A

Tumor thickness
Tumor depth

B

Figure 8-9. Graphic representation of tumor thickness and depth. 
Exophytic (A) and endophytic (B) tumors. (From Kane SV, Gupta M, Kakane 
AC, et al: Depth of invasion is the most signifi cant histological predictor of 
subclinical cervical lymph node metastasis in early squamous carcinomas of 
the oral cavity. Eur J Surg Oncol 32(7):2006, Fig. 1.)
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Many small oral tumors can be surgically extirpated via the oral cavity with no 
need for lip or mandible split. If regional nodes are positive or if high risk of occult 
disease exists, cervical node dissection is usually performed at the same time.

The Oropharynx

The main goals in treating patients with oropharyngeal cancer are achieving a cure and 
preserving both speech and swallowing functions. Squamous cell cancer of the base 
of tongue is readily treated by surgery or radiation therapy (Fig. 8-10). Results are 
equivalent with respect to survival and locoregional control. Surgical treatment of 
early primary lesions has been associated with local control rates of 74% to 100%.20

However, surgery of the tongue base often causes speech and swallowing diffi -
culty, which is not always fully compensated despite reconstructive procedures. If 
undertaken, surgery for early unilateral tongue base lesions entails resection of the 
base of tongue with primary closure. Surgical approach can be transoral, or it can be 
transcervical entering the pharynx above the hyoid or via a mandibulotomy, depend-
ing on the location of the tumor and the preference of the surgeon. Transoral resec-
tion of small tongue base lesions using the laser with or without robotic assistance is 
getting increasing attention and may permit adequate extirpation with minimal func-
tional defi cit.21

Figure 8-10. Squamous cell carcinoma of the 
oropharynx. (From Skarin AT (ed): Atlas of 
Diagnostic Oncology, 3rd ed. Philadelphia: 
Mosby, 2003, Fig. 3.50.)

Box 8-1. The Multidisciplinary Team

Core Team Members
Pathologists

Radiologists

Head and neck surgeons

Radiation oncologists

Medical oncologists

Other Disciplines
Oral surgeons

Primary dentists and prosthodontists

Speech-language pathologists

Nutritionists

Social service professionals



Chapter 8 Surgical Treatment of Early Oral Cavity and Oropharyngeal Cancers 123

Tonsillectomy is often performed for diagnosis of tonsil cancer.22 In the setting of 
very early occult disease, simple tonsillectomy may result in extirpation with ade-
quate tumor margins. However, it does not achieve adequate surgical treatment in 
many cases. Before 1990, most tonsil cancers were treated defi nitively with surgery. 
Over the last decade, however, a number of reports have suggested that primary 
radiation therapy may offer a therapeutic and functional advantage for the treatment 
of early disease.23 The phenomenon of nodal metastasis from palatine tonsils to the 
retropharyngeal nodal basin not included in standard neck dissection is often cited 
as a reason to treat patients with early oropharyngeal cancer with radiation even after 
surgical excision with adequate margins.

Treatment of the Neck in Early Oral and Oropharyngeal Malignancy

The patient with no clinical neck disease or very limited neck disease (N1) may be 
treated electively by radiation therapy or neck dissection. Because cure rates 
are generally comparable, the neck is generally treated with the same modality 
selected for the primary site. Regardless of the site of the primary tumor, a 
single lymph node found in either the ipsilateral or the contralateral side of the 
neck with extracapsular spread reduces the 5-year survival rate by 50%. The rate 
of metastasis refl ects the aggressiveness of the primary tumor and is an important 
prognostic indicator. Modifi ed and selective neck dissections clearly have been 
demonstrated as oncologically equal to the radical neck dissection in treating N0 
neck disease.

Sentinel lymph node biopsy is proposed by some for evaluation of early oral cavity 
and oropharyngeal patients with clinically negative necks. Authors state that sentinel 
node technique has the potential to decrease the number of neck dissections per-
formed in clinically negative necks.24

Transoral Laser Microsurgery

Laser excision of carcinomas of the upper aerodigestive tract has been advocated for 
several decades. The most widely used lasers are Nd:YAG and the CO2 lasers. Trans-
oral laser microsurgery (TLM) offers an alternative organ and function sparing surgical 
therapy to the primary tumor site. The benefi ts of TLM to patients include safety, 
shorter periods of hospitalization, organ preservation, and improved functional and 
cosmetic results.25 TLM has been used in both oral cavity and oropharyngeal lesions. 
In one study, CO2 laser microsurgery was found to be highly effective for accurate 
excision of early oral tongue cancers.26

Laser surgical treatment of cancer of the base of tongue presents a challenge even 
for experienced surgeons. A number of factors complicate the laser resection of car-
cinomas of the tongue base, including adequate exposure with identifi cation of tumor 
borders and more pronounced carbonization encountered as a result of the increased 
vascularization and the glandular tissue present in the tongue.27 The evidence base 
for long-term survival and functional outcomes for tongue base cancer have yet to 
be established, but preliminary results are encouraging.28

Transoral Robotic Surgery

The last decade has seen a tremendous growth in the fi eld of robotic surgery with 
an increasing number of procedures performed each year. Several attributes of this 
technology may offer advantages in oropharyngeal surgery in that it allows for excep-
tional visualization of the operative fi eld, precise handling of soft tissues, and multi-
planar transection of tissues.29



Chapter 8 Surgical Treatment of Early Oral Cavity and Oropharyngeal Cancers124

Robot-assisted technology may overcome surgical limitations (such as line-of-sight 
obstruction and limited operative fi eld). In one study, O’Malley and associates21 
concluded that transoral robotic surgery provides excellent three-dimensional visu-
alization and instrument access that allowed excellent manipulation of the tongue 
base and shortened procedure time.

One of the disadvantages of robotic surgery is the large initial capital investment.

Photodynamic Therapy

Even in the treatment of small oral and oropharyngeal tumors, surgery and radiation 
therapy can cause considerable morbidity, such as xerostomia, disfi guration, and 
impairment of swallowing, mastication, and speech.30 The method of photodynamic 
therapy (PDT) involves the use of a photosensitizing agent that is selectively concen-
trated in abnormal or neoplastic cells (Table 8-1). Depending on the type of photo-
sensitizer, it may be injected intravenously, ingested orally, or applied topically.31 
After application of the photosensitizer, it is selectively retained by tumor cells so 
that after several hours to days (determined by the kinetics of the compound’s dis-
tribution) there is more sensitizer in the neoplastic tissue than in the normal tissue. 
The photosensitizer is then activated with a specifi c wavelength of light matching 
the absorption characteristics that are unique to that specifi c photosensitizer, usually 
using a laser or other light source.

Initially, photodynamic therapy was considered experimental and had only limited 
applications for some superfi cially spreading tumors.32 New powerful photosensitiz-
ing agents with reduced skin phototoxic effects and improvements in light sources 
have led to photodynamic therapy being regarded as a viable clinical alternative to 
more conventional treatment modalities. Within the last decade, numerous clinical 
investigations have demonstrated the effectiveness of photodynamic therapy with 
dihematoporphyrin ether (PHOTOFRIN), 5-aminolevulinic acid (ALA), and meta-
tetrahydroxyphenylchlorin(mTHPC) in the treatment of minimally invasive early 
head and neck squamous cell carcinoma.33–37

The most extensively studied fi rst-generation photosensitizer is PHOTOFRIN, 
which is photoactivated at 630 nm, penetrating tissues to a depth of 0.5 ± 1.0 cm 
(Fig. 8-11). Dihematoporphyrin ether (DHE) concentrates in malignant tissue, 
is activated by penetrating light (630 nm), produces fl uorescence, and is photo-
chemically effi cient. The molecular and cellular mechanisms of PHOTOFRIN-
mediated photodynamic therapy include two prominent theories or mode of action: 
(1) irreversible oxidation of cellular components via an energy transfer process 
from the light-activated or excited triplet state of the photosensitizing drug to 
oxygen-producing singlet oxygen, resulting in mitochondrial insult and apoptosis; 
and (2) vascular endothelial damage with erythrocyte leakage and ischemic tumor 
necrosis.38

Table 8-1. Commonly Used Photosensitizers in Head and Neck PDT

Drug Dose (mg/kg) Light (J/cm2) DLI (hr) Wavelength (nm) Photosensitivity (days)

PHOTOFRIN 2.0 80 48 630 28

Foscan 0.15 20 96 652 14

ALA 30–60a 80  6 630  1

aAlso used as a topical cream with 10–20% ALA, with only local photosensitivity.
DLI, drug injection-light irradiation interval. From Allison RR, Cuenca RE, Downie GH, et al: Clinical photodynamic therapy of 
head and neck cancers: a review of applications and outcomes. Photodiag Photodyn Ther 2:205–222, 2005, Table 1.
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A recent study has suggested that photodynamic therapy causes the suppression 
of factors responsible for tumor invasion (MMP-2 and MMP-9) and that this may 
play a role in the therapeutic value of photodynamic therapy.39

Reconstructive Options

Small surgical defects in the fl oor of mouth, buccal and hard palate mucosa may be 
left to heal by granulation and re-epithelialization. Lesions of the lateral tongue can 
often be closed primarily, although it is necessary to be sure that deep margins are 
clear, since primary closure will involute the deep surface farther into the tongue 
structure. Split-thickness skin grafts (STSG) provide epithelial lining that maintains 
tongue mobility and are particularly useful for lesions involving the ventral surface 
of the tongue and fl oor of mouth.40 Meticulous attention to proper immobilization 
of the graft with a gauze bolster is a key feature in successful reconstruction using 
this approach. However, with early lesions that can be excised transorally, split-
thickness skin grafts provide adequate reconstruction with far less time, expense, 
hospitalization, and donor site morbidity than more advanced reconstructive options, 
such as radial forearm free tissue transfer.

Conclusion

Of all sites in the head and neck, oral cavity lesions should be amenable to early 
detection because the mucosa is accessible for viewing by both the patient and general 
health care provider. Furthermore, the rich innervation of oral mucosa ensures that 
even small lesions are likely to elicit tenderness or pain. Early diagnosis is also facili-
tated by the accessibility to biopsy without general anesthesia. Lesions of the oro-
pharynx are more challenging on both counts. Oral cavity lesions arise in typical 
smoker-drinkers, but also with an alarmingly increased frequency along the lateral 
tongue in young nonsmokers, making the selection of subjects for screening efforts 
more problematic.

Early detection is the fi rst step toward the overall goal of early treatment, which 
holds the promise of greater effi cacy (more likely, cure) with lesser morbidity, since 

Figure 8-11. PHOTOFRIN by itself is inactive. After it is injected into tissues, it is activated by 
a laser, and together the PHOTOFRIN and laser destroy cancer cells.
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single-modality treatment is suffi cient in many cases. Typically, in the oral cavity that 
treatment is simple surgical extirpation.

Although standard surgery remains the mainstay of treatment, the oral cavity 
provides an ideal location for application of alternative approaches such as photody-
namic therapy, whereas oropharyngeal lesions, typically treated with radiation, are 
increasingly the focus of attention of the newly developing programs using fl exible 
laser fi beroptics and robotics. Whether these modalities will maintain high disease 
control with reduced morbidity remains to be demonstrated.

A second aim that should be feasible for many patients who present with an early 
oral lesion is maintenance of oral function, particularly articulation and deglutition. 
Treatments ideally should not unduly disrupt tongue motion, oral sensation, salivary 
function and dental health.
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Early Treatment with Radiation 
and Chemotherapy
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K E Y  P O I N T S
● Head and neck squamous cell carcinoma (HNSCC) develops in a stepwise progression from early 

premalignancy to invasive cancer.
● On a molecular level, this progression involves a “fi eld effect,” in which carcinogen exposure can 

cause premalignant changes to cells throughout the mucosal area.
● Radiation therapy and surgery are currently the two preferred treatments. Chemotherapy shows 

great promise in addressing the challenges of early treatment of HNSCC, especially with patients 
who are at high risk for progressing to invasive cancer; however, more study is needed to improve 
delivery and prove effectiveness.

● Radiation therapy derives its main therapeutic advantage from the differential response of normal 
and cancerous cells to radiation as defi ned by radiobiologic principles of repair, repopulation, reas-
sortment, and reoxygenation. Altered fractionation regimens and recent technologic advances in 
the fi eld hold the promise of further widening this therapeutic window.

● Premalignant lesions (e.g., carcinoma in situ [CIS]) are amenable to defi nitive radiation therapy 
and may be treated with small opposed lateral fi elds with minimal toxicity. Recent evidence 
supports the use of higher doses per fraction for these slower-growing preinvasive entities.

● T1 and T2N0 laryngeal cancer can be effectively treated with radiation therapy alone; small 
opposed lateral fi elds are generally used unless the lesion is supraglottic or invading the supra-
glottis/subglottis, in which case elective nodal irradiation is carried out. Although functional 
outcome comparisons between surgery and radiation are scant, the effectiveness of both modalities 
in terms of local control is similar.

● The preferred treatment for patients with early oropharyngeal cancer is defi nitive radiation therapy; 
parotid-sparing techniques (e.g., intensity-modulated radiation therapy [IMRT]) should be used to 
reduce the incidence of late complications, particularly xerostomia.

● The preferred initial treatment for early cancer of the oral cavity is surgery, followed by radiation 
therapy as indicated. Selected lesions and tumors at certain sites are, however, quite amenable to 
defi nitive radiation therapy; tumor thickness/depth of invasion are important predictors of out-
comes after treatment.

● Brachytherapy is a way of delivering dose through radioactive sources to a very localized area in 
an attempt to spare normal tissues; this technique has been successfully used, either alone or in 
conjunction with external-beam radiation therapy, in selected early cancers of the oropharynx and 
the oral cavity.

● Adverse effects from radiation can be either acute or late in manifestation, and their magnitude 
depends on a variety of factors. When compared with early-stage laryngeal cancer, lesions of the 
oral cavity and oropharynx carry a relatively higher risk of adverse effects from radiation owing to 
their close proximity to some important normal structures (i.e., parotid glands, mandible, etc) and 
to their general requirement for elective nodal treatment.

● Current research efforts in chemotherapy are pursuing approaches that target the epidermal growth 
factor receptor (EGFR). EGFR is expressed in virtually all preinvasive and invasive HNSCC, and, 
when combined with radiation therapy, targeting EGFR contributes to the control of advanced 
disease. These factors have prompted the investigation of drugs that target this protein for use in 
early treatment of HNSCC.
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Introduction

Head and neck squamous cell cancer (HNSCC) remains a signifi cant cause of mor-
bidity worldwide, with approximately 400,000 new cases per year. At diagnosis, more 
than 50% of patients present with advanced locoregional disease.1,2 Of these, less 
than 30% are alive at 5 years after conventional surgery plus radiation therapy. 
Although ongoing advances in combined modality therapy (CMT) continue to 
improve locoregional control, 60% to 70% of patients still experience recurrence 
within 2 years, and 20% to 30% develop distant metastases.3

Treatment of early cancer or even preneoplasia offers a chance at a higher rate of 
cure. Specifi c aspects of HNSCC make this early treatment challenging. For example, 
one common attribute is fi eld cancerization, in which exposure to a carcinogen can 
cause precancerous changes to cells throughout the entire mucosal landscape. Because 
of this, treatment in one area may not prevent cancer from arising in other mucosal 
areas.

There are three approaches for dealing with early HNSCC: surgery, radiation, and 
chemotherapy. Surgery and radiation therapy are currently the dominant approaches. 
These approaches are well understood, and oncologists continue to fi ne-tune the 
exact combination of surgery and radiation and the order and dosages that result in 
higher rates of cure and better quality of life after treatment. The fi rst section of this 
chapter provides a detailed summary of the current use of radiation therapy (often 
combined with or used instead of surgery) in managing early HNSCC.

Chemotherapy is the least studied of the three approaches, although early studies 
show that it has great promise in its ability to address fi eld cancerization and the role 
that epidermal growth factor receptor (EGFR) plays in the growth of HNSCC. The 
second section of this chapter explores the potential of chemotherapy in early treat-
ment of HNSCC.

Radiation Therapy

General Radiotherapeutic Principles

Radiation therapy has played a long and prominent role in the management of head 
and neck malignancies. Just like surgery, it is an important way of achieving locore-
gional control and of potentially affecting long-term cure, especially in patients with 
early carcinomas of the head and neck. Radiation exerts its effects by the planned 
and targeted deposition of large amounts of energy in tissues. As a matter of fact, 
the gray (Gy), which is the principal unit of dose in radiation therapy, represents 
energy delivered per unit mass and is quantifi ed in joules per kilogram (J/kg). Radia-
tion exerts its deleterious effect primarily by ionizing atoms and molecules, which in 
turn leads to the formation of highly unstable and reactive chemical moieties that 
interact with tissues. The biologic changes that result from these ionization events 
occur at the cellular level and result primarily from damage to critical molecules, 
such as DNA. Depending on the type of radiation delivered, the effect can be either 
direct or indirect and can result in either single-stranded or double-stranded DNA 
breaks. Direct damage is common with heavy charged particles (e.g., protons), 
whereas indirect damage predominates with electromagnetic radiation (e.g., photon 
irradiation). The latter effect is called indirect because the energy deposited affects 
the water molecules in tissues fi rst, causing the creation of highly reactive hydroxide 
radicals that then go on to directly damage the DNA strands. Since photon irradiation 
is the most common way of delivering radiation today, the indirect effect is the 
principal mechanism by which radiation exerts its effects on cancerous and normal 
cells alike.



Chapter 9 Early Treatment with Radiation and Chemotherapy 131

By disrupting the genomic integrity of tumor cells in a way that they cannot 
effectively repair, radiation preferentially eradicates cancerous cells. Normal tissues, 
though receiving substantial amounts of radiation as well, have intact repair mecha-
nisms that enable them to eventually recover from the insult of radiation. An impor-
tant reason for this response differential is the fact that normal tissues undergo a 
coordinated cell-cycle arrest when exposed to excessive amounts of radiation, which 
allows for repair mechanisms to be activated and for the incurred genomic damage 
to be fi xed. This ability of normal cells to “pause” and to effectively repair minimal 
to moderate DNA damage allows radiation its main therapeutic advantage. Tumor 
cells cannot undergo such an arrest and as a result do not undergo adequate repair. 
In addition, the repair mechanisms of tumor cells are often fl awed, and the infl icted 
damage cannot be repaired as effectively as in normal cells. This overall lack of repair 
leads to a propagation of errors as these cancerous cells continue to divide, leading 
ultimately to so many irreversible chromosomal aberrations that the cells cannot 
continue their basic functions and eventually die.

The inherent ability of normal tissues to repair DNA is also one important reason 
why the total radiation dosage delivered is usually divided or fractionated into smaller 
daily portions. Early in the history of radiation therapy, investigators noted that 
normal tissues recovered very well and without many long-term side effects if the 
dose was divided into smaller daily fractions and given over a longer period of time. 
Only later did it become clear that delivering radiation in such a fashion allows addi-
tional time not only for normal cells to recover and repair any damage (sublethal 
damage repair), but also for these normal cells to undergo a few divisions and to 
repopulate the injured tissues. Fractionation can in addition enhance tumor sensitivity 
to radiation through reassortment and reoxygenation. Because cells are more suscep-
tible to radiation during mitosis and because not all tumor cells are undergoing active 
division during a particular radiation session, fractionation allows for redistribution 
of these cells into a more sensitive cycle and thereby for continued cell kill with each 
successive treatment.

Reoxygenation, on the other hand, occurs when well-oxygenated tumor cells die 
between fractions, creating an environment in which previously hypoxic cells are 
exposed to greater amounts of oxygen. Oxygen is necessary for radiation damage to 
be “fi xed,” since in its absence the damaged and highly reactive DNA molecule can 
be quickly reconstituted through the recruitment of hydrogen atoms from other 
molecules (i.e., water).

However, as far as head and neck cancer is concerned, locoregional control can be 
suboptimal when radiation therapy alone is used on a once-daily schedule. For this 
reason, altered fractionation regimens have been developed in which two and some-
times three doses of radiation are delivered every day. The time interval between 
fractions needs to be at least 6 hours to minimize normal tissue toxicity. Hyperfrac-
tionation usually refers to twice-daily radiation therapy delivery. For example, instead 
of delivering 2 Gy per day in one fraction, 1.25 Gy can be delivered twice per day 
for a total daily dose of 2.5 Gy. Accelerated fractionation, on the other hand, uses a 
total dose and fraction size similar to conventional treatment but achieves a shorter 
overall treatment time by giving two to three doses daily. Accelerated hyperfraction-
ation uses features of both accelerated fractionation and hyperfractionation. This 
regimen has been used as a way of increasing tumor kill while minimizing late com-
plications. Yet another approach is delivering once-daily treatments for the fi rst few 
weeks and then twice-daily treatments for the remainder of the treatment course, a 
technique called concomitant boost. A fi nal approach is hypofractionation, a method 
defi ned by the administration of less than fi ve fractions per week, generally in higher 
doses per fraction as in the treatment of cutaneous melanomas of the head and neck 
(e.g., two 6 Gy fractions/week for a total dose of 30 Gy).
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Through many years of both clinical experience and experimentation, radiation 
oncologists have established dose and fractionation regimens for a variety of tumors 
and conditions that achieve adequate tumor control while minimizing the collateral 
damage to normal tissues. More recently, the therapeutic advantage of radiation has 
been further increased by modern technologic advances such as three-dimensional 
planning and intensity-modulated radiation therapy (IMRT). These new ways of 
delivering radiation, along with new immobilization and image guidance techniques, 
allow for a much more precise and reproducible way of delivering dose. This has 
enabled clinicians to achieve ever greater normal tissue sparing and to further mini-
mize the adverse effects and complications from radiation therapy.

Carcinoma in Situ and Preinvasive Disease

Radiation therapy has been successfully used for many years as a primary treatment 
for premalignant lesions of the head and neck. These lesions range from premalignant 
atypia or dysplasia to carcinoma in situ (CIS) and superfi cially invasive carcinoma, 
and they almost always arise from the squamous epithelium lining the mucosa of the 
head and neck. Actually, these lesions are believed to give rise to invasive carcinoma 
through a multistep process of molecular and genetic derangements as described for 
other cancers.4,5 They are most commonly encountered in the glottic larynx and the 
oral cavity, where they are most likely to be symptomatic and hence detected at 
these sites. As a matter of fact, the largest experience of treating such lesions with 
radiation has been accumulated from patients with laryngeal lesions because they 
often present with hoarseness even when the true vocal cords are minimally involved 
by these preinvasive entities. CIS is the most common of these entities and represents 
on pathology investigation carcinomatous changes that are confi ned to the epithelium 
without a breach of the lamina propria. Its clinical appearance is that of a white or 
grayish thickening of the affected mucosa of the affected vocal cord. The manage-
ment of CIS of the glottis is controversial, with treatment practices ranging from 
primary radiation or surgery (vocal cord stripping, microexcision, cordectomy, or 
partial laryngectomy) to observation after biopsy. A few studies on the latter approach, 
however, have documented high rates of progression to invasive squamous cell car-
cinoma that is often no longer amenable to voice-preserving therapy.6 In addition, 
some series have shown that, owing to limited biopsy sampling, many patients with 
CIS actually harbor invasive disease.7 Therefore, most physicians advocate treatment, 
either with minimally invasive surgery or radiation.

Complete stripping of the mucosa of the cord is often curative for early dysplastic 
lesions (leukoplakia, erythroplakia, and hyperkeratosis). However, the disadvantage 
of this method is that patients need careful observation and frequently require repeat 
procedures that may eventually scar the cords, thus obscuring new lesions and leading 
to hoarseness. Furthermore, many radiation oncologists believe that surgical tech-
niques tend to be more operator-dependent than the well-established approaches and 
treatment paradigms with radiation, and that, unless patients are undergoing these 
procedures at high-volume head and neck cancer centers, they should preferentially 
be steered toward radiation. These considerations favor radiation therapy, which has 
traditionally conferred excellent local control rates in the range of 85% to 100%8–14 
(Table 9-1). In addition, surgical salvage rates after recurrence are excellent, ranging 
from 90% to 100%, whereas the salvage potential of radiation after surgery in early 
glottic lesions has not been as extensively investigated. The main disadvantages of 
radiation therapy are the acute adverse effects from treatment and the duration of 
treatment. Also, radiation for early disease limits the options available in the rare 
event of treatment failure or the more common development of a second primary 
cancer within the radiation fi eld. Reirradiation is fraught with diffi culties and is 
used uncommonly. This leaves surgery as the principle means of salvage treatment. 
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Table 9-1. Local Control Results From Large Recent Studies of Radiation 
Therapy for Early Glottic Cancer

Study Year N % Five-Year Local Control

Tis

Wang8 1997 60 92
Spayne et al9 2001 67 98
Garcia-Serra et al10 2002 30 88
Cellai et al11 2006 89 84

T1

Wang8 1997 665 93
Warde et al12 1998 449 91 (T1a)

82 (T1b)
Mendenhall et al13 2001 291 94 (T1a)

93 (T1b)
Cellai et al11 2006 831 84

T2

Wang8 1997 237 71–77
Warde et al12 1998 230 69
Frata et al14 2006 256 73

Furthermore, some critics point out that most patients salvaged with surgery after 
recurrence require total laryngectomy and that initial treatment with surgery tends 
to be more cost-effective.15,16

The radiation techniques for CIS lesions are pretty standard, and setup is quite 
simple. Patients are usually treated with two 5 × 5 cm opposed lateral fi elds that 
cover the glottic larynx with a 1- to 2-cm margin. The superior border of the fi eld 
is placed at the top of the thyroid cartilage, and the inferior border is extended to 
the bottom of the cricoid. Anteriorly, the fi eld extends 1 to 2 cm past the skin 
surface, and posteriorly it stops at the anterior edge of the cervical vertebral bodies 
(Fig. 9-1). Occasionally, the fi elds are turned (collimated) slightly to match the pre-
vertebral line posteriorly and tilted inferiorly by 5 to 10 degrees to avoid the shoul-
ders, especially in patients with short necks. Both cobalt-60 and 4 to 6 megavoltage 
(MV) photons can provide adequate coverage of the glottis, whereas higher energy 
beams are generally avoided because of a greater risk of underdosing the anterior 
commissure. This consideration arises from a phenomenon called dose buildup, which 

Figure 9-1. Fields for a patient with extensive carcinoma in situ of right true vocal cord. Lesion extent outlined in 
yellow. Total dose given was 66 Gy in 2 Gy per fraction.
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Figure 9-2. Isodose lines (dose distribution as percentages 
of prescribed total dose) for a patient with CIS of the glottis.

essentially means that higher energy beams deposit most of their energy deeper into 
tissues while sparing/underdosing superfi cial structures. Even with 6 MV, there is 
some risk of underdosing anterior tumors, especially in very thin patients, thus neces-
sitating tissue equivalent bolus material to allow for adequate buildup.

Bolus is a general term used in radiation oncology that defi nes various ways of 
simulating additional tissue in the patient so that the dose can be effectively modifi ed 
to cover more superfi cial structures (i.e., skin, subcutaneous structures). Computed 
tomography (CT)-based planning is generally recommended to better assess dose 
distribution and to determine whether wedges should be used. Wedges are beam 
modifi ers that when placed in front of the beam allow for a varying dose distribution 
in tissue, depending on the angle of the wedges used. With laryngeal lesions, two 
15-degree wedges are usually used to improve homogeneity and dose distribution to 
the mid and posterior portions of the vocal cords (Fig. 9-2). Treating without wedges, 
on the other hand, is recommended for anterior lesions, since small hot spots in areas 
of disease are generally acceptable. Radiation doses of 66 Gy in 2 Gy per fraction 
have been traditionally used. However, recent data from Japan have substantiated 
the use of larger doses per fraction for these early and slower-growing lesions.17 As 
a result, some centers now irradiate with fractions of 2.25 Gy, administering total 
doses of 56.25 to 58.5 Gy for CIS.

Early Laryngeal Cancer

Laryngeal Anatomy and General Treatment Considerations

Laryngeal cancer is the most common head and neck cancer, affecting approximately 
10,000 Americans per year and accounting for almost one third of all head and neck 
malignancies.18 The larynx is divided into three anatomic regions: supraglottic, glottic, 
and subglottic. The supraglottic larynx comprises the supra- and infrahyoid epiglottis, 
the aryepiglottic folds, the arytenoids, and the false vocal cords. The glottic larynx 
encompasses the true vocal cords (including anterior and posterior commissures), 
and the subglottic larynx extends from the lower edge of the glottis to the inferior 
aspect of the cricoid cartilage.

Because of its early manifestation of disease by hoarseness of voice, most glottic 
carcinoma is often discovered early and is therefore a highly curable malignant tumor. 
Supraglottic lesions, on the other hand, are less likely to present early and often 
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present with locoregional lymph node involvement. In contrast to the supraglottis, 
the glottis has virtually no lymphatic drainage, and therefore a very small risk of 
lymph node metastasis with T1 or small T2 lesions19 (Box 9-1). For example, the 
incidence of lymphadenopathy at diagnosis is about 5% for early glottic lesions and 
20% for the more extensive T3/4 tumors.20 In addition, according to Byers and col-
leagues,21 the rate of occult nodal involvement is approximately 16% in patients with 
T3-4N0 disease at the time of elective nodal dissection, with the most frequently 
involved nodes being the upper and mid-jugular nodes. As smaller tumors grow, 
however, they begin to involve the supraglottic or subglottic structures, which have 
more extensive lymphatic networks, thus signifi cantly increasing the risk of nodal 
involvement. For example, older studies have shown that 55% of patients with supra-
glottic cancers have clinically involved lymph nodes and that up to 50% of the 
remaining clinically node-negative patients have pathologic nodal involvement upon 
further evaluation.22,23

Subglottic tumors have a similarly high rate of lymph node involvement, but in 
contrast to supraglottic cancers, which tend to preferentially involve the upper and 
mid-jugular nodes, they tend to spread to the lower jugular, pretracheal, and pre-
laryngeal (Delphian) nodes fi rst. Based on these and other studies, it is generally 
accepted that patients with T1/2 glottic tumors do not require elective nodal irradia-
tion, whereas patients with early supraglottic and subglottic tumors merit a compre-
hensive treatment of the nodal chains in addition to the primary tumor.

Early Glottic Cancer

Both radiation therapy and voice-preserving surgery (excision, cordectomy, or hemi-
laryngectomy) are accepted treatment modalities for early invasive lesions (T1-2N0) 
of the glottis. Even though large individual series have demonstrated comparable local 
control rates, there has been no direct comparison of these two treatment modalities 
in a prospective trial. A recent Cochrane review tried to compare the effectiveness 
of radiation therapy and surgery in early laryngeal cancer but concluded that there 
is not enough evidence to establish a clear superiority.24 In addition, there are no 
randomized data on functional outcomes after either treatment to help guide clini-

Box 9-1. T-Staging for Early Laryngeal, Oropharyngeal, and Oral Cavity Carcinoma

Larynx
Tis: Carcinoma in situ

T1: Supraglottis: Tumor limited to one subsite of supraglottis with normal cord mobility
Glottis:  T1a, tumor limited to one vocal cord or T1b, tumor limited to both vocal cords with 

normal cord mobility
Subglottis: Tumor limited to subglottis

T2: Supraglottis:  Tumor invades more than one supraglottic subsite or glottis or region outside 
supraglottis without larynx fi xation

Glottis: Tumor extends to supra- or subglottis and/or with impaired cord mobility
Subglottis: Tumor extends to glottis with normal or impaired cord mobility

Oropharynx and Oral Cavity
Tis: Carcinoma in situ

T1: Tumor 2 cm or less in greatest dimension

T2: Tumor more than 2 cm but not more than 4 cm in greatest dimension

Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source for this 
material is the AJCC Cancer Staging Manual, Sixth Edition (2002) published by Springer Science and Business Media LLC, 
www.springerlink.com.
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cians in their recommendations. In general, the choice of therapy is dictated by both 
the need for tumor control and the desire to preserve phonation after therapy, which 
in turn depend on a variety of factors, such as tumor location, volume of disease, 
extent of invasion, anterior commissure involvement, and nodal status. In addition, 
socioeconomic considerations, such as patient age, occupation, and likelihood of 
compliance, can also inform the physician as to what treatment method may be most 
appropriate for a particular patient.

Regardless of the choice of therapy, both surgery and radiation offer excellent 
local control rates in patients with T1 glottic cancer. For example, in one of the 
largest surgical series reported to date, the 3-year local control rates for patients with 
T1a and T2b lesions undergoing laser cordectomy were 94% and 91%, respectively.25 
In another large study using radiation as the treatment of choice, the 5-year local 
control rates were comparable at 94% for T1a and 93% for T1b tumors.13 Because 
T1 lesions can be so diverse in terms of presentation, many clinicians base their 
treatment recommendations on ancillary criteria, such as lesion size, shape, location, 
and anterior commissure involvement. Some of these criteria, such as involvement 
of the anterior commissure, are thought to be poor prognostic factors that have a 
negative impact on the likelihood of local control and voice preservation after 
therapy.26 The largest retrospective study on outcomes in radiation therapy in T1 
glottic cancer recently published by Cellai and colleagues11 from Italy lends further 
support to these fi ndings. A total of 831 patients with T1N0 glottic tumors were 
analyzed and a 5-year local control rate of 84% was reported (see Table 9-1). This 
compares favorably with local control rates from other published series, but more 
important, in this study lesion extent and anterior commissure involvement were 
shown to predict in a statistically signifi cant way for local or locoregional failure on 
both univariate and multivariate analyses.11 In addition, some investigators have 
reported signifi cantly lower actuarial local control rates after radiation therapy for 
bulky versus small T1 lesions, lending some credence to the approach of laser exci-
sion followed by radiation for more extensive T1 tumors.27 In general, however, either 
radiation therapy or surgery alone is used, and both are given equal consideration if 
the lesion is small, is limited to one vocal cord (T1a), and has no extension to the 
arytenoids or the anterior commissure.

Occasionally endoscopic laser resection is recommended over radiation therapy 
for the well-defi ned superfi cial lesion located in the middle third of the vocal cord, 
particularly when it is along the cord’s free edge, because radiation therapy takes 
much longer to administer. This recommendation is also supported by studies that 
have shown very similar voice quality measures in patients with mid cord tumors 
undergoing limited excision as well as those receiving defi nitive radiation therapy for 
such early glottic lesions.28 In contrast, because the surgical management of larger 
(especially T1b) lesions requires the removal of greater amounts of tissue with an 
increasing potential for poor voice quality as a result, radiation is usually the preferred 
initial treatment for those tumors.

Even though many clinicians take into consideration the potential for dysphonia 
after either mode of therapy, there are really very few good studies comparing voice 
quality after radiation with voice quality after laser excision. In fact, most studies are 
retrospective single-institution series, which, when taken together, yield confl icting 
impressions. On the one hand, Hirano and colleagues29 concluded in the 1980s that 
hoarseness and poor approximation of the vocal cords were more frequently observed 
in patients treated with laser excision. Similarly, data from our institution suggested 
a few years later that a higher proportion of patients treated with radiation for T1 
glottic carcinoma retain normal to near-normal voice quality when compared with 
patients treated with laser excision.30 However, more recent evidence seems to con-
tradict these fi ndings, perhaps refl ecting improvements in endoscopic microsurgical 
techniques. A study from Canada, for example, suggests that even though vocal cord 
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function (as assessed by videostroboscopy) was superior in the patients who received 
radiation, the patients who underwent endoscopic resection of their tumors actually 
scored higher on subjective and objective voice assessments (Voice Handicap Index 
questionnaire and Visi-Pitch parameters).16 In addition, a recent meta-analysis of 
almost 300 patients with T1 glottic tumors treated either with laser excision or 
radiation concluded that both treatment methods result in comparable levels of voice 
handicap.31

Other investigators have attempted to single out specifi c patient- or treatment-
related characteristics that predict poor voice quality after treatment. For instance, 
McGuirt and colleagues28 observed that the greater the amount of vocalis muscle 
resected during laser excision, the greater the decline of voice quality post-treatment. 
As far as radiation is concerned, continued heavy tobacco exposure during radiation 
therapy and extensive vocal cord stripping or multiple biopsies before radiation 
therapy have been postulated by some to adversely affect postirradiation voice 
quality.32 Others have suggested that voice overuse during radiation may also degrade 
one’s voice after treatment.33

In summation, it is very challenging to discern any signifi cant benefi t of one treat-
ment versus another in patients with T1 lesions of the glottis. Radiation therapy 
continues to be one standard approach in treating these patients. Endoscopic laser 
excision can provide comparable local control rates and post-treatment voice quality 
in selected patients and has the main advantage of brevity at a potentially lower cost, 
being in most cases a single outpatient procedure.

Given that T2 lesions are by defi nition larger, extending beyond the glottis or 
causing some impairment of vocal cord mobility, it is not surprising that these tumors 
are somewhat more diffi cult to control with either surgery or radiation. Local control 
rates with radiation alone range from 65% to 80%, ultimately reaching 70% to 90% 
after surgical salvage8,12,14 (see Table 9-1). As far as surgery is concerned, both a verti-
cal partial laryngectomy or a partial supracricoid laryngectomy are acceptable options 
for bulkier and more invasive T2 lesions, especially since local control rates are excel-
lent and preservation of vocal cord function is somewhat less of an issue once phona-
tion has been compromised by tumor invasion. Endoscopic resection is also an option, 
particularly in selected patients with T2 glottic tumors that are discrete, superfi cial, 
and with normal vocal cord mobility. Nonetheless, radiation alone is still the preferred 
treatment approach at many institutions because of the somewhat better functional 
outcomes. Some investigators have even shown improved rates of disease control 
(92% versus 72%, 5-year disease-free survival) and better voice preservation rates 
(89% versus 61%) for T2N0 tumors treated with concurrent chemoradiation. 
However, given the low incidence of distant dissemination in these patients and the 
greater toxicity, this approach should not be routinely recommended without further 
validation.34

The wide range in local control rates for T2 glottic cancer is in part due to the 
heterogeneity of presentations within this stage of disease. The second largest experi-
ence to date on T2 lesions treated with radiation alone was recently reported by Frata 
and colleagues,14 who attempted to single out features associated with a poor outcome. 
Over 250 cases were analyzed retrospectively, and a cumulative local control proba-
bility of 73% was reported at 5 years. The main determinants of inferior local control 
on both univariate and multivariate analyses in this study were tumor extent and 
impaired cord mobility. Other investigators have looked for prognostic factors in this 
group of patients as well and found very similar results. For example, patients with 
T2 lesions treated with radiation at the Massachusetts General Hospital (MGH)were 
found to have a slightly better local control at 5 years if they did not have impaired 
vocal cord mobility (77% versus 71%).5 In contrast, studies from M.D. Anderson 
Cancer Center (MDACC) did not show a clear relationship between cord mobility 
and outcomes after radiation therapy.35,36 Furthermore, the infl uence of impaired cord 
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mobility on surgical salvage rates after radiation is far from clear, and anterior com-
missure involvement has failed to emerge as an independent prognostic factor in this 
group of patients. If anything, many investigators believe nowadays that the latter is 
simply a marker of more extensive disease, which is the actual and more signifi cant 
determinant of outcome.37 What has more clearly emerged as a predictor of local 
control in T2 glottic cancer is the way in which radiation is delivered—namely over 
what period of time and to what total dose. For example, investigators recently reit-
erated that treatment duration of 54 days and radiation doses of 67 Gy correlate 
with signifi cantly better 5-year local control rates (87% versus 71%, P = .023 and 
91% versus 60%, P = .0013).38

Radiation doses for T1 and T2 glottic cancer have traditionally ranged from 60 to 
70 Gy administered in 2-Gy fractions. This approach is based on results from various 
studies demonstrating superior local control with fraction doses larger than 1.8 Gy39,40 
(Table 9-2). Usually, a dose of 60 Gy is administered after surgery when there is 
no evidence of gross disease. For intact T1 lesions, a dose of 66 Gy has been used, 
whereas T2 lesions have traditionally received 70 Gy. More recently, however, several 
studies, including a prospective randomized study from Japan, have convincingly 
shown that fraction doses of more than 2 Gy are even more effective in controlling 
early glottic cancer than conventional fraction sizes without much added toxic-
ity17,35,41 (see Table 9-2). For example, the Japanese study by Yamazaki and col-
leagues17 demonstrated a 5-year local control rate of 92% for patients with T1 lesions 
receiving 2.25 Gy per fraction (total 56.25 to 63 Gy) and 77% for those receiving 
2 Gy per fraction (total 60 to 66 Gy). This difference in local control was statistically 
signifi cant with a P value of .004.14 As a result of this and other studies, some centers 
now irradiate with fractions of 2.25 Gy, administering total doses of 63 Gy for T1N0 
and 65.25 Gy for T2N0 lesions.

In addition, hyperfractionation and accelerated fractionation schemes have also 
been extensively investigated in early glottic cancer. Garden and coinvestigators35 
reported on 230 patients with T2 glottic cancer more than a third of which were 
treated with twice-daily fractionation. The 5-year local control rate was 79% for 
patients treated with the twice-daily regimen and 67% for those receiving once-daily 
treatments. A more recent study from Japan suggests that hyperfractionation, when 
compared with conventional radiation dosing, may improve the 5-year laryngeal 
preservation rate in patients with T2 glottic lesions (95.3% versus 52% to 60%, 

Table 9-2. Impact of Fraction Size on Local Control from Large Recent Series of Radiation 
Therapy (RT) for Early Glottic Cancer

Study Year N Stage
Radiation, Gy 
(Dose/Fraction) % Five-Year Local Control P Value

Schwaibold et al39 1988 56 T1 1.8
2

75
100

<.01

Le et al40 1997 398 T1, T2 <1.8
≥1.8–2.24
>2.25

79 (T1) 44 (T2)
81–92 (T1) 73–79 (T2)
94 (T1) 100 (T2)

NS for T1
.003 for T2

Burke et al41 1997 100 T1, T2 <2
≥2

44
92

<.01

Garden et al35 2003 146 T2 2
2.06–2.26

59
80

<.001

Yamazaki et al17 2006 180 T1
T1

2
2.25

77
92

.004
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P < .05).42 Furthermore, hyperfractionation and accelerated fractionation schemes 
have also been validated through a few randomized trials in more advanced head and 
neck cancers.43–47 For example, two of the more recent trials, Radiation Therapy 
Oncology Group (RTOG) 90-03 and the Continuous Hyperfractionated Accelerated 
Radiotherapy (CHART) trials, demonstrated a benefi t to altered fractionation for 
locally advanced squamous cell cancers of the head and neck but did so at the expense 
of added toxicity. RTOG 95-12, which randomized patients with T2 glottic tumors 
to a standard course of 70 Gy in 2 Gy per fraction or to 79.2 Gy in twice-daily 1.2-
Gy fractions, recently completed accrual and is hoped to add more to our knowledge 
of hyperfractionation in early head and neck cancer.

The fi elds for T1 lesions are virtually identical in setup to those for CIS (Fig. 9-3). 
The fi elds for T2 lesions are generally slightly larger to account for the greater extent 
of disease and the potential for supra- or subglottic involvement. They usually 
measure 6 × 6 cm and encompass at least one tracheal ring below the cricoid, espe-
cially when there is subglottic extension. Posteriorly, the fi eld covers the anterior one 
third to one half of the cervical vertebral bodies. At our institution, we also extend 
the superior border to 2 cm above the angle of the mandible to cover the upper 
jugular nodes, particularly when there is clear evidence of supraglottic extension 
(Fig. 9-4). In addition, some radiation oncologists bring in the posterior edges of 
their T1 and T2 fi elds by 1 and 1.5 cm, respectively, for the last few fractions as a 

Figure 9-3. Fields for a patient with a T1N0 glottic 
lesion. The larger fi eld is irradiated to 60 Gy and the 
smaller to 66 Gy.

50 Gy

70 Gy

Figure 9-4. Lateral fi elds for a patient with a T2N0 
glottic lesion with supraglottic extension.
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way of reducing some of the dose to the pharynx. However, caution must be exer-
cised with this technique so as not to underdose lesions that extend to the posterior 
glottis.

Early Supraglottic Cancer

Supraglottic carcinoma is second in incidence after glottic cancer and carries a 
somewhat poorer prognosis. The treatment options for early supraglottic lesions 
(T1-2N0) include laser endoscopic excision; supracricoid (subtotal), supraglottic, or 
total laryngectomy; or defi nitive radiation therapy, with the latter two being voice-
preserving and therefore preferred. Surgical control rates range from 80% to 90%, 
whereas most radiation therapy series cite local control rates between 76% and 
100%, depending on T stage and various other prognostic factors.48 Traditionally, 
local control rates for radiation have been somewhat lower than for surgery; however, 
direct comparisons of the two treatment modalities are complicated by the fact that 
many patients undergoing partial laryngectomy subsequently receive adjuvant radia-
tion. Also, because the leading complication of surgery is aspiration, most surgical 
candidates tend to be younger and more fi t medically (e.g., without evidence of 
chronic obstructive pulmonary disease). Confounding the issue even more is the 
higher incidence of nodal involvement, even with early stages of disease, and the 
resultant need for managing the neck.

Comparative studies of these early lesions have noted similar rates of local control. 
However, they have also concluded that radiation therapy is generally associated 
with less complications and that morbidity due to chronic aspiration as a result of 
surgery can be quite high. For example, Robbins and colleagues49 reported a 16% 
incidence of signifi cant aspiration and an 8% rate of permanent tracheostomy in 
patients treated with supraglottic laryngectomy. Therefore, the general recommenda-
tion is to irradiate or laser excise tumor in patients with T1 and small exophytic T2 
lesions, as well as in patients who are medically unfi t (e.g., those with poor pulmo-
nary function). All other patients with early-stage disease are usually amenable to 
partial laryngectomy, with adjuvant radiation therapy or chemoradiation as indicated 
for positive/close margins, multiple positive nodes, or positive nodes with extracap-
sular extension.

The traditional radiation therapy approach uses opposed lateral fi elds that extend 
inferiorly to the bottom of the cricoid or at least 2 cm past the lowest extent of 
disease. Superiorly, they encompass the larynx as well as the upper and mid-jugular 
nodes (Fig. 9-5). CT-based planning is preferred. Furthermore, to reduce the 

50 Gy

70 Gy

40 Gy

Figure 9-5. Shrinking fi eld technique for a patient with 
a T2N0 supraglottic tumor. Posterior low-risk neck 
nodes are usually boosted to 50 Gy with electrons after a 
dose of 40 Gy is delivered with photons.
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likelihood of setup errors, the patient’s head and neck are immobilized during the 
treatment sessions with a plastiform mask (or equivalent device), which is applied 
and custom-fi tted at the time of simulation. Also, out of consideration for spinal cord 
tolerance, a shrinking fi eld technique is used, which delivers the last 13 to 15 frac-
tions to the tumor by excluding the posterior neck and underlying cord. This is 
acceptable because the posterior cervical nodes are at a very low risk of involvement 
with T1-2N0 tumors. This smaller fi eld still includes the upper jugular nodes and is 
carried to doses suffi cient to eradicate microscopic disease. Finally, the superior edge 
of this fi eld is brought down by a few centimeters to the angle of the mandible, and 
this smaller fi eld, which includes the lesion and the area at highest risk for locore-
gional failure, is then irradiated to its defi nitive dose (see Fig. 9-5).

Patients with T1 tumors usually receive 66 to 68 Gy in 2 Gy per fraction or 63 Gy 
when a 2.25-Gy fractionation scheme is used. T2 lesions are given 2-Gy fractions 
for a total dose of 70 Gy. Nodal basins at risk are irradiated to 50 Gy using the 
shrinking fi eld technique, with the off-spinal reduction occurring earlier in the treat-
ment course at 40 to 42 Gy. Alternatively, some clinicians advocate using a hyper-
fractionated twice-daily regimen, whereas others suggest an accelerated schedule 
with a concomitant boost. Investigators at MGH analyzed 566 patients with supra-
glottic carcinoma, most of them with T1-3N0 disease. The patients (n = 244) 
received once-daily radiation, and 322 received twice-daily treatments. At 5 years, a 
statistically signifi cant difference favoring hyperfractionation was observed in terms 
of both local control and disease specifi c survival.8 However, these approaches merit 
further investigation as they have been shown by some to confer added toxicity.50

In summation, even though a clear survival advantage has not been demonstrated 
with either larynx-preserving surgery or radiation over total laryngectomy, most 
patients with T1 or T2 laryngeal cancer are nowadays routinely being offered larynx-
preserving treatments, since these are associated with signifi cantly better functional 
outcomes and a better overall quality of life. Most current evidence supports larynx-
preserving techniques, either with surgery or radiation, and this approach has recently 
been reinforced by the American Society of Clinical Oncology (ASCO), which rec-
ommended in a 2006 consensus statement that all patients with T1 or T2 laryngeal 
lesions be treated initially with the intent to preserve the larynx.51

Early Oropharyngeal Cancer

The oropharynx is second only to the larynx in head and neck cancer incidence. 
It consists of the base of tongue, the palatine tonsillar region, the soft palate, and 
the posterior/lateral oropharyngeal walls. A clear association between human papil-
lomavirus (HPV)-16 and oropharyngeal cancer has recently been established, and 
it has been shown convincingly that HPV-related tumors of this site respond much 
better to chemotherapy and radiation as refl ected by markedly superior survival 
outcomes.52 Since this region of the head and neck is indispensable for proper 
speech and swallowing and since certain treatments such as surgery can lead to 
further functional deterioration (e.g., base-of-tongue lesions), radiation alone is gen-
erally the preferred treatment for early oropharyngeal tumors.53 A possible exception 
may be made for very small palatine tonsillar cancers fully excised at diagnostic 
tonsillectomy. An additional advantage of radiation therapy is that it can provide 
coverage of the retropharyngeal nodes, which are at greater risk of involvement 
with increasing tumor size and which cannot be easily removed with surgery. Occa-
sionally, radiation can also be administered postoperatively for these tumors, espe-
cially with evidence of positive margins or perineural/perivascular invasion.

The extent of radiation (i.e., of elective nodal irradiation) is dependent on the 
likelihood of occult nodal involvement, which in turn depends on the primary 
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lesion’s site of origin. For example, even early-stage (T1-2N0) base-of-tongue lesions 
carry a very high risk of both ipsilateral and contralateral subclinical nodal disease, 
thus necessitating elective irradiation of both necks. Early lesions of the palatine 
tonsils carry a somewhat lower risk of contralateral neck disease, thus obviating 
the need for widespread nodal irradiation.54 Only when these lesions involve the 
soft palate or the base of tongue and gain access to these structures’ rich lymphatic 
networks are they likely to spread to the contralateral nodal stations and require 
radiation of those regions. Because even early-stage oropharyngeal tumors require 
at least ipsilateral neck irradiation and because the adverse effects from radiation 
(particularly xerostomia) are more pronounced with larger fi elds, IMRT (intensity-
modulated radiation therapy) is the preferred technique for delivering external-
beam radiation.

This form of radiation has been greatly refi ned over the last few years and has, 
as a result, experienced an exponential growth in utilization. In contrast to the tra-
ditional approach, which achieves a homogeneous dose throughout the entire volume 
treated, IMRT allows for greater conformality by delivering signifi cantly lower doses 
to structures that are at low risk for disease but critical in terms of head-and-
neck–related quality of life (e.g., the parotid glands). This type of treatment requires 
a computer-controlled multi-leaf collimator (MLC) at the head of the machine, 
which conforms the radiation beam to various shapes (i.e., segments or subfi elds) 
throughout the course of a single treatment session. Even though there are a few 
different techniques to execute an IMRT plan, the ultimate goal is to create one 
continuous area that is made up of many smaller areas of varying intensities of 
radiation. In other words, this technique allows for the modulation of dose over 
very small distances in tissue, thus allowing for greater sparing of adjacent normal 
tissues (Fig. 9-6).

The tissue-sparing effects of IMRT have been studied extensively in head and 
neck cancer patients, and many series have demonstrated excellent effi cacy in terms 
of tumor control with a concomitant reduction in late toxicities, particularly xero-
stomia. For example, Li and Jabbari from the University of Michigan have shown 
repeatedly that saliva production is signifi cantly affected by radiation doses over 
25 to 30 Gy and that the use of IMRT techniques results in much less xerostomia 
and better long-term quality of life.55,56 As far as outcomes are concerned, recent 
data from MDACC indicate excellent locoregional control for small (less than 
4 cm) oropharyngeal tumors treated with IMRT. The 2-year locoregional control, 
recurrence-free, and overall survival rates in that study were 94%, 88%, and 94%, 
respectively.57

Another advantage of IMRT is the fact that one continuous area of tissue can be 
treated and that no fi eld matching is required. Field matching can be problematic 
because of over- and underdosed areas (hot or cold spots), which can arise from daily 
variations in setup and which may ultimately compromise normal tissues and tumor 
coverage. With IMRT, most anatomic constraints, such as short necks, low-lying 
lesions, and stoma location, are no longer an issue and the need for fi eld matching, 
with all of its inherent risks of over- and underdosing critical structures, can be 
eliminated. With great conformality, however, comes great responsibility and as a 
prerequisite, IMRT requires a proper selection and a much more precise delineation 
of target volumes. Instead of shrinking fi elds to deliver varying doses of radiation, 
areas of high, intermediate, and low risk for disease are fi rst delineated based on the 
presence of macroscopic disease and the likelihood for microscopic extension of 
tumor cells. Macroscopic disease usually encompasses the primary tumor and involved 
nodes and is irradiated to a total dose of 70 Gy in 2-Gy fractions. Intermediate- and 
low-risk areas are carried to 60 and 50 Gy, respectively, using the same fractionation 
schedule. Alternatively, some have successfully used a simultaneous integrated boost 
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approach that delivers similar total doses to each area but uses different fractionation 
schemes, depending on the area at risk, and thus obviating the need for a separate 
fi nal boost and enabling the patient to fi nish treatment sooner.

Radiation therapy is the preferred treatment for T1 and T2 tonsillar cancers at 
most institutions. Surgery is usually an option only for small or superfi cial tumors 
when the procedure can be performed transorally and when the likelihood of a posi-
tive resection margin is low. Early studies from MDACC and MGH reported excel-
lent local control and disease-specifi c control rates for T1 and T2 lesions treated 
with radiation therapy alone8,57,58–60 (Table 9-3). Local control rates with radiation 
range from 89% to 94% and 79% to 84% for T1 and T2 lesions, depending on the 
series. In addition, several investigators have identifi ed subsites of the tonsillar region 
that are associated with inferior local control rates when involved by disease. For 
example, Mendenhall and colleagues60 noted improved local control rates with lesions 
originating in the tonsillar fossa or posterior pillar. Similarly, Bataini and colleagues59 
noted that tonsillar fossa tumors have a signifi cantly higher likelihood of locoregional 
control after radiation when compared with that for lesions originating at other sites 
(P = .01). These fi ndings are not only relevant prognostically, however, since they 
may occasionally infl uence the dose or fractionation scheme used by the clinician as 
a way of achieving better locoregional control. As a matter of fact, several investiga-
tors have reported outcomes on twice-daily fractionation for lesions of the tonsil and 
have documented signifi cantly higher rates of both local control and disease-specifi c 
survival in patients with larger (primarily T2 and T3) lesions.8

PP

OC

PTV70

PP

Figure 9-6. Intensity-modulated radiation therapy (IMRT) plan for a patient with tonsillar 
cancer. Note the conformal shape of isodose lines (dose coverage regions) and the relative sparing 
of the parotid glands (P) and oral cavity (OC). PTV70 designates area around the tumor that should be 
receiving the maximum prescribed dose (70 Gy).
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Early-stage cancer of the tonsillar region is treated with fi elds encompassing the 
primary tumor with a margin (usually 1 to 2 cm) and the ipsilateral nodes, particu-
larly levels IB, II, and III (Fig. 9-7). IMRT planning is typically used, and doses of 
70 Gy and 50 to 54 Gy are delivered to the primary and the elective (clinically 
uninvolved) neck, respectively. This approach of unilateral irradiation is based pri-
marily on studies documenting rather low rates of contralateral nodal involvement 
with early-stage tonsillar lesions, particularly those not involving the soft palate or 
the base of tongue. For example, O’Sullivan and colleagues54 from the Princess Mar-
garet Hospital (PMH) cited a combined contralateral failure rate of 3.25% for 
patients with T1-2N0 tumors. Furthermore, a surgical series from the Mayo Clinic 
reported a contralateral neck failure rate of 11% after surgery for T1 and T2 lesions.61 
Given these fi ndings, it is reasonable to consider unilateral irradiation for small (T1) 
lesions of the tonsil that arise in the tonsillar fossa and do not involve the soft palate 
or the base of tongue. However, since it is often diffi cult to exclude such involvement 
with larger T2 lesions and since IMRT provides for greater sparing of parotid func-
tion, many radiation oncologists favor bilateral irradiation for these tumors.

Table 9-3. Outcomes of Radiation Therapy (RT) for Early Tonsillar Cancer

Study Year N Stage RT Dose (Gy) % Five-Year Local Control

Wong et al58 1986 76 T1
T2

64
68

94
79

Bataini et al59 1989 465 T1
T2

65 89
84

Wang8 1997 138 T1
T2

65–73 81
79

Mendenhall et al60 2000 400 T1
T2

76.8 (H in 60%) 83
81

Garden et al57 2007 51 T1
T2

66.8–73.9
(IMRT)

100
88

H, Hyperfractionated regimen; IMRT, intensity-modulated radiation therapy.

Figure 9-7. Head and neck lymph node regions. 
(From Robbins TK, Clayman G, Levine PA, 
et al: Neck dissection classifi cation update. Arch 
Otolaryngol 128:751–758, 2002, Figure 1).
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In contrast to that seen with tonsillar lesions, patients with base-of-tongue tumors 
are more likely to present with bilateral cervical lymphadenopathy. Almost two thirds 
of patients with T1 lesions have clinically involved nodes, and the risk of occult 
metastases approaches 50%.21,62,63 Therefore, treatments should always include both 
sides of the neck, preferably with IMRT to achieve parotid sparing. Both surgery and 
radiation therapy have been successfully used in the treatment of these tumors, and 
both modalities provide similar rates of local control and disease-specifi c survival. 
However, surgery tends to be quite debilitating, often requiring either partial or total 
glossectomy and fl ap reconstruction. For this reason, functional outcomes are usually 
better with radiation therapy, making it the treatment of choice at most institutions. 
This approach in favor of radiation has also been substantiated by a few studies 
assessing quality-of-life parameters in these patients. In one study, for example, most 
patients who received radiation achieved and maintained excellent functional status 
after therapy and scored consistently higher in terms of performance and quality-of-
life status than their surgical counterparts.53

Outcomes with radiation treatment alone for base-of-tongue carcinoma are good 
with 5-year local control rates ranging from 89% to 100% for T1 and 71% to 98% 
for T2 tumors8,64–66 (Table 9-4).The dose per fraction and fractionation schedules vary 
between and within studies, with some showing no statistically signifi cant differences 
between daily and twice-daily regimens,8 while others show slightly better local 
control rates with hyperfractionation or concomitant boost techniques.65–66 Most of 
these studies used traditional fi elds to include base of tongue, suprahyoid epiglottis, 
pre-epiglottic space, and the bilateral upper and lower neck nodes. Two opposed 
lateral upper fi elds are usually matched to a single anterior lower fi eld just above the 
arytenoids at the thyroid notch, unless the lesion extends into the vallecula, in which 
case the match is placed lower. Nowadays, many institutions use IMRT with the goal 
of minimizing adverse effects even for these early lesions and even though there is 
some paucity of site-specifi c and mature data on its use. Outcomes, however, appear 
to be largely unaffected, with recent data showing 5-year locoregional control rates 
over 90% with IMRT for small (less than 4 cm) oropharyngeal lesions.57 Regardless 
of the method used, a dose of 70 Gy is usually administered to the primary lesion, 
whereas the elective nodal areas receive 50 to 54 Gy. In addition, with IMRT, 
patients with early-stage disease can potentially be treated per RTOG protocol 0022 
with 66 Gy to regions of gross disease, 60 Gy to intermediate-risk regions, and 54 Gy 
to elective nodal areas (all in 30 fractions).

Unlike base-of-tongue cancer, early-stage tumors of the soft palate behave in a 
relatively indolent manner and are less likely to involve adjacent lymph nodes. 
However, the rate of occult nodal involvement remains high enough to justify bilat-

Table 9-4. Outcomes of Radiation Therapy (RT) for Early Base-of-Tongue Cancer

Study Year N Stage RT Dose, Gy % Five-Year Local Control

Spanos et al64 1976 175 T1
T2

60–65
65–75

91
71

Mak et al65 1995 31 T1
T2

66–74 100
98

Wang8 1997 109 T1
T2

65–73 89
79

Mendenhall et al66 2000 105 T1
T2

56.6–80 96
91
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eral elective neck treatment in most cases. These tumors are not associated with the 
HPV as are those arising in lymphoepithelial tonsillar tissue. Since HPV-related 
tumors appear to be more responsive to radiation and chemotherapy, knowing the 
HPV status of an oropharyngeal tumor may be an important factor for treatment 
selection in the near future. Tumor thickness appears to be particularly related to 
the likelihood of nodal involvement. For example, one study noted that no 
lesions thicker than 2.86 mm were associated with cervical adenopathy, whereas all 
lesions thicker than 3.12 mm had palpable neck disease. In addition, patients with 
the thicker tumors had a worse overall prognosis.67 Also, surgical resection results in 
marginal recurrences in up to 50% of these patients with early-stage tumors, justifying 
adjuvant radiation therapy in many cases.68 Only small lesions of the uvula are typi-
cally amenable to full resection without the need for further intervention. Therefore, 
most patients with early cancer of the soft palate can be initially treated with radia-
tion alone. Even though prophylactic neck irradiation remains controversial in these 
patients, we generally recommend bilateral neck irradiation, preferably with IMRT.

Local control rates with primary external-beam radiation therapy are excellent, 
ranging from 81% to 100% for T1 and 67% to 91% for T2 lesions8,69–71 (Table 9-5). 
For example, Wang documented 5-year local control rates of 96% and 85% for T1 
and T2 lesions without nodal involvement and reported a 17% neck failure rate in 
those who received partial or no neck irradiation. Since half of the patients who failed 
were successfully salvaged with a neck dissection, the author concluded that elective 
neck irradiation may not be justifi ed routinely for early (T1) well-differentiated N0 
lesions.8 In addition, some investigators have reported good results with an intraoral 
applicator for these tumors, either before the external-beam phase or thereafter as 
a boost.70 Because the intraoral applicator can deliver dose more locally at the 
affected site, this technique allows for increased sparing of normal tissues, thereby 
decreasing normal tissue complications. Researchers from the University of Florida 
have also tried a hyperfractionated approach for these tumors and demonstrated 
excellent results, particularly for T2 lesions. In addition, they established in their 
study that a protracted treatment course was associated with signifi cantly inferior 
local control (P = .0002).71

In conclusion, early-stage oropharyngeal carcinoma can be treated effectively with 
radiation alone. Since most of these lesions require bilateral neck irradiation and since 
they are often in close anatomic proximity to the parotid glands, IMRT can be effec-
tively used to minimize the dose to these and other normal structures.

Early Oral Cavity Cancer

The oral cavity extends from the inner surface of the lips to the hard-soft palate 
junction and the circumvallate papillae of the tongue posteriorly. Radiation therapy 

Table 9-5. Outcomes of Radiation Therapy (RT) for Early Soft Palate Cancer

Study Year N Stage RT Dose (Gy) % Local Control

Keus et al70 1988 76 T1
T2

68 92 (3 yr)
70

Wang8 1997 33
54

T1
T2

65–70 96 (5 yr)
85

Erkal et al71 2001 17
48

T1
T2

65
76.8 (H in 47%)

86 (5 yr)
91

CSS, cause-specifi c survival; H, hyperfractionated regimen.
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and surgery are both standard treatments for early lesions at this site. In general, 
however, surgery is the initial treatment of choice for most lesions, with radiation 
being reserved for certain sites (lip commissure, retromolar trigone) or for the adju-
vant clearance of suspected microscopic disease.

The lip is the most common primary site affected within the oral cavity with most 
lesions occurring in the lower lip. Most of these lesions are small and well differenti-
ated at presentation with the risk of lymph node dissemination being associated pri-
marily with the depth of invasion, the degree of differentiation, and the size of the 
primary lesion. In addition, investigators from the Mayo Clinic have demonstrated a 
substantially higher rate of nodal metastasis (19%) for lesions involving the lip com-
missure.72 Therefore, elective treatment of the nodal regions is generally not recom-
mended for T1 lesions that are well differentiated and that don’t involve the 
commissure. Results with surgery are excellent, particularly for such early lesions. 
For example, de Visscher and colleagues73 reported a local control rate of 95% for 
surgically treated T1 lesions of the lower lip. Mohs and colleagues74 demonstrated a 
similarly high 5-year local control rate of 94% for T1 tumors excised with Mohs 
microsurgical techniques.

Radiation therapy is usually reserved for lesions that are close to or involve the 
commissure, since surgical resection of these tumors compromises overall cosmesis. 
Moreover, radiation is preferred for the rare T1 lesion that is poorly differentiated 
because the radiation fi eld can encompass a more generous treatment volume, includ-
ing the level IA and IB lymph nodes. If such lesions involve the commissure, level II 
lymph nodes are included in the treatment volume. T2 lesions are also preferentially 
addressed with radiation therapy, since removing more than one half of the lip pro-
duces poor cosmetic and functional outcomes. For example, Stranc and colleagues75 
compared functional outcomes after surgery or radiation and concluded that radiation 
produced better preservation of lip sensation and elasticity.

Outcomes with external-beam radiation are similar to if not better than those of 
surgery alone. For example, in one study of over 100 patients with T1 and T2 squa-
mous cell carcinomas of the lower lip, local control rates were 99% and 77%, respec-
tively.76 Furthermore, radiation therapy is typically used in the adjuvant setting when 
resection margins are close/positive or when there is evidence of perineural/perivas-
cular invasion. This approach has been substantiated by various investigators, who 
report signifi cantly higher local recurrence rates for tumors resected to positive or 
close (2 mm) margins.77

External-beam radiation for carcinoma of the lips is usually administered with 
either orthovoltage photons or electron beams, since these modalities allow for a 
more superfi cial delivery of dose due to a relatively shorter dose build-up distance. 
This allows for greater sparing of the mandible and oral cavity as well as for better 
coverage of the skin surface that is usually involved by cancer. In addition, a lead 
shield is generally placed behind the lip to further reduce the dose to the posterior 
structures. Margins of 1 to 1.5 cm around the palpable lesion are used if photons are 
used, whereas 2- to 2.5-cm margins are required with electrons. Doses of 66 Gy and 
70 Gy are typically administered for T1 and T2 tumors, respectively.

The second most common cancer of the oral cavity is cancer of the oral tongue. 
Nearly all tumors arise on the lateral or ventral surface of the tongue and nearly 50% 
of patients have clinical evidence of nodal dissemination at diagnosis.19 In addition, 
Byers and colleagues have documented a 19% incidence of occult disease in T1N0 
and T2N0 lesions, emphasizing the need for adequately addressing the neck, even in 
early-stage disease.21 The incidence of nodal involvement rises sharply with depth 
of invasion/tumor thickness over 2–5 mm (varying by study) and the degree of de-
differentiation, both of which are especially important factors when considering 
elective treatment of the neck.78,79 Therefore, elective radiation to the level I and 
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Table 9-6. Outcomes of Radiation Therapy (RT) for Early Oral Tongue Cancer

Study Year Treatment Stage % Local Control (CSS)

Fein et al82 1994 RT
S ± RT

T1/T2
T1/T2

79/72 (2 years)
76/76 (2 years)

Wang8 1997 RT T1/T2 85/69 (5 years)
Sessions et al83 2002 RT

S
S + RT

T1/T2
T1/T2
T1/T2

75/59 (5-year CSS)
71/87 (5-year CSS)
81/50 (5-year CSS)

CSS, cause-specifi c survival; S, surgery.

II lymph nodes is recommended for well- to moderately differentiated T1 lesions, 
whereas the entire neck should be irradiated for T2 and/or poorly differentiated 
tumors. Some clinicians even advocate the routine inclusion of the ipsilateral level 
III and IV neck nodes, since some data show signifi cant rates of skip metastases 
(15.8%), even in patients with early-stage disease.80 Most well-lateralized and super-
fi cial T1 and T2 lesions can be resected to negative margins via a partial glossectomy 
without any long-term sequelae, making surgery the initial treatment of choice. In 
contrast, radiation therapy is the primary treatment modality for central tumors or 
tumors resected to close or positive margins. As a matter of fact, Hicks and col-
leagues81 documented a recurrence rate of only 9% in patients resected to adequate 
(over 1 cm) margins versus a rate of 15% for those with negative but close (less than 
1 cm) margins, emphasizing yet again the need for adjuvant therapy in this latter 
group of patients. Where feasible and appropriate, outcomes of defi nitive radiation 
therapy are generally excellent and compare favorably with those of surgery alone or 
surgery followed by radiation8,82,83 (Table 9-6). Furthermore, early studies by Wang 
and colleagues at the MGH suggested a statistically signifi cant benefi t to hyperfrac-
tionation, particularly in T2 tumors of the oral tongue. For example, 5-year local 
control rates of 91% versus 82% for T1 (P = .04) and 82% versus 43% for T2 (P = 
.0001) lesions were established with twice-daily versus once-daily fractionation.

These same investigators also showed that various boost techniques (e.g., intersti-
tial implant, intraoral cone, or external-beam) could be used to dose-escalate while 
minimizing the exposure to normal tissues. They demonstrated superior 5-year local 
control rates with the use of an intraoral cone boost when compared with brachy-
therapy or external-beam boosts (90% versus 70% versus 66% for T1 and 81% versus 
38% versus 52% for T2 lesions). This difference between intraoral cone and other 
boost techniques was particularly pronounced for T2 tumors (P = .0001).8

As far as fi eld design is concerned, parallel opposed fi elds are used to treat the 
primary tumor and the cervical lymph node regions (Fig. 9-8). If an intraoral cone is 
used, this portion of the treatment is usually administered before external-beam 
radiation because the lesion can be more clearly defi ned at the beginning of the course 
of radiation and before the onset of mucositis. An external-beam dose of 50 Gy is 
generally used in conjunction with an intraoral cone dose of 20 Gy or an interstitial 
brachytherapy dose of 30 Gy, for a total dose of 70 Gy or greater. Doses of 66 Gy 
and 60 Gy to the surgical bed are generally deemed suffi cient in the adjuvant setting 
for tumors resected to positive and negative margins, respectively. In addition, various 
devices and techniques can be made use of to reliably and reproducibly position the 
oral tongue for radiation.

Early-stage carcinomas of the fl oor of mouth are treated in a similar fashion to 
cancers of the oral tongue in that surgery is the preferred initial treatment modality. 
Of particular concern with these tumors is the high risk of osteonecrosis of the 
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mandible from radiation, particularly with interstitial brachytherapy. These oral 
cavity lesions also carry an increasing risk of nodal involvement with increasing tumor 
thickness, and therefore the general recommendation is to address the neck, either 
surgically or with radiation, especially in T2 disease or when the depth of invasion is 
greater than 2 to 3 mm.84 Again, with small well-lateralized/posterior lesions, ipsilat-
eral elective neck treatment is suffi cient, whereas more anterior/central lesions 
require bilateral cervical management.

Most series report a somewhat inferior local control with radiation when compared 
with surgery or surgery and radiation8,83,85 (Table 9-7). However, Wang8 reported 
excellent 5-year local control rates with defi nitive radiation therapy for T1 and T2 
lesions (92% and 71%). Unlike the series reported by this group on oral tongue 
cancers, local control did not differ signifi cantly by type of boost delivered, and 
complications were noted to be signifi cantly higher in patients receiving the brachy-
therapy boost (25% versus 5%, P = .0016). Also, hyperfractionation did not seem 
to signifi cantly improve local control in these early lesions when compared with 

Figure 9-8. Radiation treatment fi elds for carcinoma of the oral tongue. Postoperative fi elds for a patient with T2N0 
multifocal carcinoma of the oral tongue (postoperative high-risk region in red). The initial fi eld (green) is treated to 40Gy, 
followed by a cone-down boost (yellow fi eld) to 60 Gy (50 Gy, followed by intraoral cone to 70 Gy for defi nitive cases). 
Posterior neck region (blue fi eld) is irradiated with electrons to an additional 10 Gy for a total dose of 50 Gy. The anterior 
supraclavicular fi eld also receives a total dose of 50 Gy.
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once-daily treatments. Based on these and other retrospective series, T1 tumors may 
in fact be quite amenable to primary radiotherapeutic management. Of these, super-
fi cial (4 mm thick) and well-differentiated lesions may be treated either with brachy-
therapy alone (if far enough from mandible) or local intraoral cone irradiation with 
orthovoltage x-rays or electrons. All other early lesions carry a signifi cantly higher 
risk of nodal involvement and are best treated with higher-energy external-beam 
irradiation to extended fi elds (see Fig. 9-8). The junction between the upper fi elds 
and the low neck/supraclavicular fi eld is typically placed at the thyroid notch, and 
the larynx is shielded with a midline block. Doses are virtually identical with those 
used in the treatment of early oral tongue lesions, and radiation can be similarly used 
postoperatively in the presence of positive or close margins, bone erosion, and peri-
vascular/perineural invasion.

Early lesions of the buccal mucosa, gingiva, hard palate, and retromolar trigone 
are relatively rare, accounting for a minority of oral cavity cancers. Surgery is again 
the preferred treatment modality for T1 and superfi cial T2 lesions, with radiation 
being reserved for bulky T2 tumors, buccal lesions involving the commissure, and 
retromolar lesions invading the tonsillar pillar, soft palate, or buccal mucosa. Also, 
radiation therapy can be used in the adjuvant setting for lesions with adverse patho-
logic features on resection (e.g., involved/close margins, perineural invasion, increas-
ing tumor thickness/depth of invasion). Early lesions at these sites have a moderately 
high rate of both overt and occult involvement of the fi rst echelon nodes, necessitat-
ing at least ipsilateral irradiation or dissection of the upper neck.86,87

Outcomes with defi nitive radiation therapy are good for early tumors at these 
sites. For example, Lo and colleagues88 documented rather satisfactory local control 
rates in the range of 70% to 71% for T1 and T2 retromolar trigone tumors, with 
ultimate local control rates rising to 100% and 94%, respectively, after surgical 
salvage. Similarly, Wang8 reported local control rates of 89% and 70% for T1 and T2 
lesions at this site, whereas Byers and colleagues87 reported very similar failure rates 
between surgery and radiation alone (12% versus 16%). Early tumors of the buccal 
mucosa are also responsive to primary radiation therapy, with local control rates 
ranging from 70% to 100%, depending on the series.

Nair and colleagues89 reported their experience with radiation in over 240 patients 
from southern India, where buccal tumors constitute the majority of oral cavity 
malignancies owing to the habitual chewing of betel and areca nuts. Of these patients, 
the majority was treated with varying fractionation regimens of external-beam radia-
tion, and about 25% had early-stage (I or II) disease. Local control rates at 3 years 
were 100% and 73%, whereas 3-year disease-free survival was 85% and 63% for 
patients with T1 and T2 lesions, respectively. Radiation therapy results for carcinoma 
of the hard palate, which is typically of adenoid cystic or mucoepidermoid rather 

Table 9-7. Outcomes of Radiation Therapy (RT) for Early Floor-of-Mouth Cancer

Study Year Treatment Stage % Local Control (CSS)

Rodgers et al85 1993 RT
S
S + RT

T1/T2
T1/T2
T1/T2

86/69 (2 years)
90/75 (2 years)
100/100 (2 years)

Wang8 1997 RT T1/T2 92/71 (5 years)
Sessions et al83 2002 RT

S
S + RT

T1/T2
T1/T2
T1/T2

42/33 (5-year CSS)
81/50 (5-year CSS)
75/42 (5-year CSS)

CSS, cause-specifi c survival; S, surgery.
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than of squamous cell histology, are equally encouraging, with 5-year local control 
rates near 80% for early-stage disease.90 On the other hand, mostly because of the 
relatively low tolerance of the mandible to radiation, very few retrospective series 
have addressed the use of radiation as a defi nitive treatment for carcinoma of the 
gingiva. One report from MGH cites 5-year local control rates of 65% and 67% for 
T1 and T2 gingival lesions treated with radiation therapy alone, whereas most other 
series document signifi cantly better outcomes when radiation is used postoperatively 
for close margins, nerve involvement, or extensive nodal metastases.8,86

Techniques of irradiation and immobilization for gingival lesions vary, depending 
on the region involved; however, most tumors that are treated defi nitively are irradi-
ated by intraoral cone in combination with external-beam radiation therapy. Inter-
stitial brachytherapy has a very limited role in the management of tumors of the oral 
cavity because of the anatomic proximity of the oral cavity to bone and the associated 
risk for osteoradionecrosis. Small superfi cial tumors are typically treated with either 
a “wedged pair” of two 6-MV photon fi elds or a combination of an ipsilateral en face 
photon and electron fi eld. The former fi eld arrangement is usually preferred because 
it allows for better variation of the dose at depth and, as a result, for better coverage 
of the medial portion of the tumor (Fig 9-9). The fi elds should encompass the 
primary lesion with a 2-cm margin and the fi rst echelon lymph nodes. Traditional 
opposed fi elds are used with the rare T1 or T2 lesion that is extending to involve 
more central structures, such as the soft palate or the tongue. In these cases, the 
beam ipsilateral to the lesion is weighted more heavily than its contralateral coun-
terpart (i.e., it delivers a greater portion of the total dose, such as in a 3 : 2 weighting). 
Total doses of 66 Gy and 70 Gy are delivered over 6 to 7 weeks for T1 and T2 
lesions, respectively, with the last 6 to 10 fractions being typically delivered by an 
intraoral cone or through a smaller cone-down external-beam fi eld. Alternatively, a 
hyperfractionated schedule (e.g., 1.2 Gy per fraction, administered twice daily to 74 
to 76 Gy) is preferred by some clinicians.91

Figure 9-9. Wedge pair technique for selected 
lesions of the oral cavity. Note coverage of 
postoperative tumor bed volume at risk for 
residual disease (red) by 95% and 97% isodose 
lines.
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Brachytherapy

Brachytherapy involves the placement of various small radioactive sources in close 
proximity to the tumor as a way of delivering high-dose radiation over very short 
distances in tissues (hence brachy, from Greek meaning short). This is a particularly 
appealing way of delivering dose to tumors located next to critical structures, since 
the dose falls off rapidly within a few centimeters (Fig. 9-10). The most common 
approach in head and neck cancer is to use an interstitial treatment, meaning that 
the sources are implanted in tissues directly or placed for some duration within 
catheters that are pre-implanted in the target volume. The greatest experience with 
brachytherapy for early lesions of the head and neck has been accumulated in patients 
with early cancers of the oropharynx and the oral cavity because these lesions typi-
cally require relatively high doses of radiation for local control and because they are 
most commonly located near normal structures with dose-tolerance limitations at 
or below doses required for adequate local control. Since the area irradiated by the 
implant is generally limited, the typical approach is to use interstitial brachytherapy 
(IB) as a supplement (i.e., a boost) to the dose delivered through external-beam 
radiation. This brachytherapy boost phase is typically initiated once the tolerance of 
normal tissues in the area is reached through external-beam techniques (usually at 
45 to 55 Gy).

Most series with brachytherapy in oropharyngeal cancer cite excellent locoregional 
control rates92–98 (Table 9-8). For example, Harrison and associates95 reported on 
nearly 50 patients with early-stage lesions of the base of tongue treated with 
external-beam radiation therapy to 50 to 54 Gy followed by a 20- to 30-Gy boost 
to the primary using an iridium-192 implant. The 5-year local control rates were 87% 
and 93% for T1 and T2 tumors respectively. Similarly, several investigators from 
France have explored a similar approach for patients with tonsillar cancer. For 
example, Mazeron and colleagues94 treated over 100 patients with cancer of the 
tonsillar region with external-beam radiation therapy (median 47 Gy) followed by 
interstitial brachytherapy (median 31 Gy). Five-year local control rates ranged from 
91% to 94%, depending on the time period of treatment and the techniques used. 

Figure 9-10. Interstitial brachytherapy. Note 
catheter in white running through the muscles/
tissues. The radioactive source “dwells” 
at different predetermined positions for 
predetermined periods of time to allow for optimal 
cumulative dose coverage (illustrated by isodose 
lines). Also, note rapid dose fall-off within a few 
centimeters as depicted by the relative proximity 
of the isodose lines to each other.
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Even though these techniques have been clearly validated in early oropharyngeal 
cancer, they are extremely operator-dependent and require a surgical intervention 
for catheter implantation that may predispose to infections and other complications 
related to wound healing. For this reason and because IMRT allows for adequate dose 
distribution and normal tissue sparing in many patients, brachytherapy, a method of 
combined irradiation, has slowly fallen out of favor, with most centers preferring 
conformal external-beam techniques alone.

Brachytherapy is used somewhat more frequently in early cancers of the oral 
cavity, given that these lesions are often in close proximity to the mandible and given 
that adequate coverage, dose inhomogeneity, and setup reproducibility are somewhat 
more of an issue with external-beam planning at this site. Multiple retrospective 
experiences with interstitial brachytherapy alone or in combination with external-
beam radiation have been published (see Table 9-8). Both low dose rate (less than 1 
to 2 Gy/h) and high dose rate (more than 10 Gy/h) interstitial techniques have been 
used with 5-year local control rates higher than 90% for early-stage lesions. For 
example, Jorgensen and colleagues92 investigated the use of interstitial radium 
implants in patients with early carcinoma of the lip and documented impressive 5-
year local control rates of 92.6% and 87.3% for T1 and T2 tumors respectively. Fur-
thermore, a recent pattern of care analysis performed by the European Society for 
Therapeutic Radiology and Oncology (ESTRO) showed that brachytherapy can be 
offered as an exclusive treatment in most patients with early (T1/2) stage cancers.99 
This modality is most appropriate for patients with small (less than 5 cm) lesions, 
whereas tumors larger than 5 cm should generally be treated with external-beam 
irradiation followed by a brachytherapy boost. Moreover, brachytherapy is contrain-
dicated in cases with bone involvement and in cases with a signifi cant loss of tissue 
as a result of surgery.

Brachytherapy has been studied as a defi nitive or supplemental treatment modality 
for patients with early oral tongue cancers. Early studies performed in the 1970s 
compared various techniques of radiation in patients with such lesions and demon-
strated a local control superiority of external-beam irradiation plus IB when com-
pared with external beam alone, as well as of brachytherapy versus external-beam 
irradiation alone.100,101 In addition, Pernot and colleagues compared external-beam 
techniques followed by IB with IB alone with or without a neck dissection and found 
somewhat better local control rates for T2 lesions treated with IB alone as well as 

Table 9-8. Outcomes of Brachytherapy for Select Early Oropharyngeal/Oral Cavity Cancers

Study Year Site Treatment Stage % Five-Year Local Control

Jorgensen et al92 1973 Lip IB T1
T2

93
87

Esche et al93 1988 Soft palate IB ± EBRT T1
T2

100
57

Mazeron et al94 1996 Tonsil EBRT + IB T1/2 91
Harrison et al95 1998 BOT EBRT + IB T1

T2
87
93

Tombolini et al96 1998 Lip IB T1/2 (82%) 90
Fujita et al97 1999 Oral tongue IB ± EBRT T1

T2a
T2b

93
82
72

Marsiglia et al98 2002 Floor of mouth IB T1
T2

93
88

BOT, base of tongue; EBRT, external beam radiation therapy; IB, interstitial brachytherapy, T2a, 2–3 cm; T2b, 3–4 cm.



Chapter 9 Early Treatment with Radiation and Chemotherapy154

better outcomes with shorter intervals between the external-beam radiation and the 
brachy boost.102 More recently, investigators from Japan analyzed over 200 cases of 
stage I and II squamous cell carcinoma of the oral tongue treated either with IB alone 
or with external-beam radiation followed by IB. They also found excellent results 
with 5-year local control rates of 92.9%, 81.9%, and 71.8% for T1, T2a (2 to 3 cm), 
and T2b (3–4 cm) lesions.97 Based on these and other studies, most radiation oncolo-
gists believe that interstitial implantation is an integral part of radiation therapy for 
carcinoma of the oral tongue. Both high-dose-rate radiation and low-dose-rate radia-
tion appear to be equally effi cacious in oral tongue cancer, as demonstrated in a small 
randomized trial by Inoue and colleagues.103

Similarly positive results have been demonstrated with brachytherapy in early 
lesions of the fl oor of mouth. French investigators reported recently on their experi-
ence with 160 patients treated with low-dose-rate brachytherapy alone, observing 
local control rates of 93% in T1 and 88% in T2 tumors (Gnd649-120). In addition, 
excellent results with brachytherapy had been published earlier by other French 
investigators as well.98 The American data for brachytherapy in fl oor of mouth cancer 
are more limited and date back to the early work of Gilbert Fletcher at MDACC. 
In that study, local control rates of 97% and 100% were obtained for T1 lesions with 
IB and external-beam radiation with IB, respectively; the corresponding rates for T2 
lesions were 91% and 95%.100 Nowadays, however, most radiation oncologists in the 
United States prefer external-beam approaches, preferably after surgical debulking.

In conclusion, brachytherapy is a proven modality of radiation delivery in selected 
early lesions of the oropharynx and the oral cavity and can be used as a primary 
treatment or as a boost to complement the external-beam portion of the radiation 
course. However, its usefulness is somewhat limited by the invasiveness of the pro-
cedure as well as the inherent risk for potentially serious complications. In addition, 
the continued refi nements in surgical and external-beam delivery techniques over the 
coming years, as well as the continued divergence of the surgical and oncologic spe-
cialties, are almost certainly going to further diminish the role of this technically 
challenging procedure in radiation oncology.

Radiation-Related Side Effects

The side effects from radiation for early lesions of the head and neck depend on the 
dose, fraction size, and radiation volumes and can for all practical purposes be divided 
into acute and late effects. Because the amount of normal tissue in the treatment 
port for early T1 or T2 glottic carcinoma is rather small, radiation therapy for these 
lesions is most commonly associated with only mild and transient side effects. 
Acutely, patients may experience worsening hoarseness, fatigue, and sore throat, 
especially toward the end of the radiation. These complications usually subside within 
6 to 8 weeks of completion of radiation therapy and can be managed conservatively 
during radiation with topical anesthetics, opioids, oral rinse solutions, and anti-infl am-
matory agents. Late effects in these patients are rare and mostly related to voice and 
swallowing quality due to mild fi brosis of the laryngeal structures. However, more 
severe complications, such as soft tissue/cartilage necrosis and laryngeal edema, 
webbing, or stenosis have also been reported. For example, investigators at the 
MDACC analyzed over 100 patients with T2 glottic tumors treated with radiation 
and reported a 4.6% actuarial incidence of these complications at 5 years.38 It is 
important to note here that continued laryngeal edema for more than 3 months after 
therapy must be biopsied, since it could be a sign of persistent or recurrent tumor.

In contrast to treatment of early laryngeal cancer, treatment of early oropharyngeal 
and most oral cavity lesions requires the treatment of nodal drainage basins and hence 
of a larger total volume. In addition, because the target lesions at these sites receive 
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the largest doses of radiation and because they are located in close proximity to criti-
cal structures, such as the mandible and the parotid glands, there is a higher cumula-
tive dose to which these normal tissues are exposed, which translates into a higher 
incidence of complications. For example, many studies have shown mucositis and 
esophagitis to be the most prevalent acute adverse effects, occurring between 10% 
and 25% of reported cases.43,104 These adverse effects can be detrimental, since they 
often compromise patients’ nutritional status during therapy, which in turn leads to 
a vicious cycle of worsening mucositis (from inability to heal) and further malnutri-
tion. It is therefore of the utmost importance to approach these patients in a multi-
disciplinary fashion from the beginning and to arrange for an assessment by the 
nutritionist and subsequently by gastroenterology if a feeding tube is deemed neces-
sary. In our experience, the prophylactic placement of a feeding tube has allowed 
many of our patients to maintain a stable weight throughout treatment and, as a 
result, to minimize treatment breaks during radiation.

Long-term swallowing dysfunction as a result of chemoradiation has also been 
described and has recently attracted greater attention. Velopharyngeal dysfunction is 
now thought to be exacerbated by unnecessary irradiation of the uninvolved larynx, 
cricopharyngeal inlet, and cervical esophagus, prompting many clinicians and inves-
tigators to use various techniques (e.g., IMRT, midline blocks, etc) to minimize the 
dose to these important structures. Even though clinical data in this area are limited, 
Eisbruch and colleagues105 have recently developed IMRT planning guidelines in an 
attempt to limit irradiation of various structures thought to be associated with long-
term swallowing dysfunction and aspiration. Furthermore, other investigators have 
demonstrated some benefi t with therapeutic swallowing interventions and advocate 
various swallowing exercises during and immediately following chemoradiation to 
maintain and improve long-term swallowing ability.106

As far as other long-term complications are concerned, xerostomia and thyroid 
dysfunction are perhaps the most important and well recognized. With the use of 
traditional opposed lateral fi elds, parotid and submandibular gland sparing is minimal 
at best, and xerostomia rates can be as high as 80% according to some series.43 Even 
though multiple agents such as pilocarpine and amifostine have been used as a means 
of improving salivary function and preventing xerostomia, the data on their effi cacy 
are ambivalent at best, and many of these drugs have additional side effects. Further-
more, great progress has been made over the last few years in adequately sparing the 
parotid glands from excess dose through the use of IMRT planning. As a result of 
the continued refi nement and adoption of this technology, the role of currently mar-
keted cytoprotective agents has diminished somewhat at our institution.

Another important late complication of radiation therapy is hypothyroidism. Based 
on recent evidence, the incidence of hypothyroidism after radiation appears to be 
much higher than generally reported. For example, Mercado and colleagues107 dem-
onstrated an incidence of 48% at 5 years with a median time to developing the con-
dition of 1.4 years. A more recent study reported similar results with an overall 
hypothyroidism incidence after radiation of 37%.108 Hypothyroidism is a signifi cant 
complication of treatment, which, if left unaddressed, can result in signifi cant mor-
bidity and mortality, particularly in the elderly and in those with preexisting heart 
conditions. Therefore, clinicians managing patients with head and neck malignancies 
should actively incorporate screening for hypothyroidism into their follow-up 
evaluations.

Other serious complications as a result of radiation include osteoradionecrosis of 
the mandible and upper airway obstruction from severe laryngeal edema. Fortunately, 
the incidence of these adverse effects is much lower, even with traditional tech-
niques, and hopefully will be further reduced with careful planning and the use of 
more sophisticated treatment tools. Osteoradionecrosis of the jaw is a severe com-
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plication of head and neck radiation therapy and ranges from small asymptomatic 
bone exposure to severe necrosis and discomfort. Brachytherapy for oropharyngeal 
and oral cavity disease as well as hyperfractionation seems to be particularly linked 
to osteonecrosis. For example, French investigators recently reported an 18% rate of 
bone necrosis as a result of brachytherapy for early lesions of the fl oor of mouth and 
noted that this complication correlated signifi cantly with poor dental status and the 
lack of dental protection at the time of implantation.98 Furthermore, other studies 
have shown signifi cantly higher rates of osteoradionecrosis with hyperfractionated 
treatments (23% versus 9%).109 Since dental disease and tooth extraction postirradia-
tion appear to be major risk factors for osteoradionecrosis, a serious and concerted 
effort should be made to repair or extract all nonsalvageable teeth at least 2 weeks 
before the start of radiation.

Other debilitating adverse effects from radiation include trismus and poor taste, 
particularly in patients receiving radiation for cancers of the oral cavity. Trismus 
results from scarring of the pterygoid muscles that open the mouth along with tissues 
of the buccal region and around the temporomandibular joints. It manifests as a 
slowly evolving inability to fully open the mouth, making feeding and mastication 
more diffi cult over time. It is particularly common in patients receiving radiation for 
head and neck cancer, with a reported incidence of 15% to 30%.110 Unfortunately, 
there is no easy solution once trismus sets in; however, several measures, from jaw 
exercises to the use of pharmacologic agents (e.g., pentoxifylline), have been shown 
to minimize the severity and slow the progression of this complication.111,112

In addition, many patients receiving radiation for head and neck cancer report 
changes in taste that prevent them from enjoying food and that can seriously interfere 
with their appetite and hence with their ability to gain or to maintain a normal weight. 
Unfortunately, this is one of the last symptoms to resolve after radiation, and it may 
take from a few months to a full year for the taste to start coming back. Because 
these symptoms can be distressing to patients and because they can severely impact 
their quality of life, it is paramount for clinicians to educate their patients on the 
incidence of changes in taste and counsel them meticulously on available prevention 
methods.

Chemotherapy

Chemotherapy shows great promise as an approach to treatment of early lesions or 
even preneoplasias. Given the generally accepted paradigm that treatment of early 
lesions results in a higher rate of cure, treatment of these and, even more optimally, 
preneoplasia, promises to either prevent cancer or cure a high percentage of patients.

With the development of a broad array of biologic therapies that target multiple 
pathways fundamental to molecular carcinogenesis, the option of further exploration 
into the treatment of early-stage disease is more available than ever. Of particular 
interest in HNSCC is the role of the EGFR (epidermal growth factor receptor) in 
tumor biology and therapy (Figs. 9-11 and 9-12). EGFR is expressed in virtually all 
preinvasive and invasive HNSCC.113,114 When combined with radiation therapy, tar-
geting EGFR contributes to the cure of advanced disease.115 As such, current 
approaches to treatment of early disease are actively investigating drugs that target 
this protein.

Preneoplasia of the Head and Neck

A common feature of HNSCC is the concept of fi eld cancerization, by which a 
common exposure across the mucosal landscape of the aerodigestive tract generates 
clonal populations of premalignant cells. The development from early genetic changes 
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Figure 9-11. Epidermal growth factor receptor pathway. ERK, extracellular signal-regulated kinase; GRB2, growth 
factor receptor-bound protein 2; mTOR, mammalian target of repamycin; SOS, Son of sevenless. (From Sharma SV, Bell 
DW, Settleman J, Haber DA: Epidermal growth factor receptor mutations in lung cancer. Nat Rev Cancer 7:169–181, 
2007, Fig. 5.)

Figure 9-12. Immunohistochemistry 
of epidermal growth factor in 
head and neck squamous cell cancer. 
(From Chen B, van den Brekel MW, 
Buschers W, et al: Validation of tissue 
array technology in head and neck 
squamous cell carcinoma. Head Neck 
25(11):922–930, 2003, Fig. 2.)

to invasive cancer progresses through a stepwise series of genetic events that is 
defi ned by chromosomal instability, loss of tumor suppressor activity, and gain of 
function in oncogenes.116 Concurrent with these genetic events is the development 
of histologic and visual changes in the mucosal tissue that is described pathologically 
by categories ranging from low-grade dysplasia to high-grade dysplasia and invasive 
cancer117 (Fig. 9-13).
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Figure 9-13. Histologic progression of head and neck cancer from benign hyperplasia to invasive carcinoma. (Courtesy 
of Joseph A. Califano.)

Many patients with premalignant dysplastic lesions cannot be adequately treated 
with surgical excision. Some patients present with relatively widespread dysplastic 
involvement of the mucosa that extends beyond the boundaries of acceptable surgical 
resection. Other patients have a grossly normal-appearing mucosa with the histologic 
appearance of high-grade dysplasia, which likewise is not amenable to surgical resec-
tion. Therefore, a sizeable cohort of patients with preneoplasia are destined to 
undergo progression to cancer but have no options for early cure.

After progression through the stages of preneoplasia to dysplasia, a subset of 
patients develop early malignancy, defi ned here as stage T1 and T2 lesions. The state-
of-the-art treatment for such patients is markedly more successful than for those 
with preneoplasia. As with all approaches to head and neck cancer, treatment aims 
at both curing the patient and preserving function while minimizing acute and long-
term toxicity. A further concern is reserving therapeutic options for use if cancer 
persists or second lesions develop. The best available treatments in wide use are 
single-modality approaches with either surgery or radiation. Although the cure 
rate is high, the aims of function preservation and minimal toxicity are usually 
not achieved. To better achieve all three aims, again either preventing progression to 
cancer or developing less toxic but equally effective therapies is paramount.118

Premalignancy and Early Malignancy

Primary and Secondary Prevention—Better Options for Cure

Examples of the signifi cant success of primary (preventing development of disease) 
and secondary prevention (treatment of existing risk factor) are widespread both 
within and outside traditional medicine. Public health measures constitute the prime 
example of preventive approaches that save the lives of millions. Perhaps the greatest 
example is that of sanitation leading to clean water. In medicine, vaccination is the 
ultimate in primary prevention, whereas treatment of hypertension is an example of 
secondary prevention. Absence of disease is the best treatment—prevention of disease 
the next best.

In the setting of cancer, examples of prevention also already exist. Primary preven-
tion of cervical cancer is achieved by avoidance of exposure to the human papilloma-
virus. Secondary prevention is represented by screening for breast and colorectal 
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cancers. In this case, detection of either preneoplasia (polyp) or early-stage lesions 
leads to early interventions and high rates of cure. As in these diseases, HNSCC 
offers another target for prevention. Primary prevention is achieved by avoiding 
exposure to the carcinogens alcohol and tobacco and viruses (HPV and Epstein-Barr 
virus). Secondary prevention, however, is less successful. Although this site offers an 
easily visualizable and accessible region, therapies for early-stage disease, especially 
preneoplasia, are suboptimal.119

Leukoplakia—A Pathway to Squamous Cell Cancer

Head and neck carcinogenesis depends on progression through a stepwise series of 
genetic events that includes chromosomal instability, loss of tumor suppressor activ-
ity, and gain of function in oncogenes116 as well as epigenetic alterations including 
hypermethylation of promoter regions of tumor suppressor genes. Concurrent with 
these genetic and epigenetic events is the development of histologic and visual 
changes in the mucosal tissue that is described pathologically by categories ranging 
from low-grade dysplasia to high-grade dysplasia and invasive cancer.117 In addition 
to patients with de novo dysplastic lesions, approximately one in three patients with 
resected early-stage cancers is destined to develop recurrent or second primary 
cancers. Again, these cancers are likely to arise in areas of mucosal dysplasia. A 
number of histologic and molecular factors can be used to defi ne a population of 
patients with dysplasia at particularly high risk for carcinogenic progression. These 
markers include loss of heterozygosity (LOH) at loci 9p21–22 and 3p, aneuploidy, 
and toluidine blue staining.120–122 It has been estimated that the average time between 
detection of dysplasia and the development of invasive cancer is over 8 years.123 Some 
HNSCC appears without detection of visible precursor lesion. This could be due to 
variability in the timing or detailed pattern of accumulation of genetic alterations or 
to variability in opportunity for detection based on the availability of screening tools. 
The detection for such early abnormalities provides a window of opportunity for 
intervention to prevent malignant progression.

Concurrent with these histologic and cytogenetic events are molecular changes 
that provide insight into the carcinogenic process as well as targets for therapy. 
Perhaps the most widely studied target is the retinoic acid receptor (RAR) and 
its associated pathways. Pioneering work by Lippmann and Hong124,125 demonstrated, 
perhaps in reverse order, the fundamental nature of this protein through their 
experiments with vitamin A replacement for the treatment of preneoplasia 
as well as the prevention of recurrent lesions of the head and neck. Although this 
approach ultimately had limited clinical usefulness, it was ground-breaking because 
it has led to a fundamental understanding of this pathway in molecular carcino-
genesis. This understanding of the role of downregulation of the retinoic acid 
receptor in carcinogenesis led to investigation of additional pathways—specifi cally 
cyclooxygenase-2 (COX-2) and EGFR, both of which are overactive in pre-
malignancy and invasive cancer. These two targets provide the basis for current 
molecular-based therapies for these lesions.119

Treatment Options

Available treatments for head and neck preneoplasia range from pharmacotherapy to 
ablation approaches and surgery. Common to each of these is the fundamental biology 
of preneoplasia, that of a fi eld effect. Because the fi eld involves all the head and neck 
mucosa that is exposed to a carcinogen, it follows that any treatment must target 
the entire exposed fi eld. This explains the failure of ablation or surgery to reduce 
the development of invasive cancer in these patients.
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The experience with retinoic acid, however, shows the beginning of the future for 
treatment of these lesions. First and foremost, it is a systemic therapy. Unlike surgery 
and ablation, which are local, this drug is able to reach all potential areas of disease 
within the fi eld. Second, it has a defi ned target that is implicated in carcinogenesis. 
Third, effects on the target can be measured as reversal of target downregulation. 
What it lacks, however, is long-term benefi t and low toxicity. Drugs that target the 
EGFR and COX-2 may provide an improved second generation of therapy.

Alternative Approaches

Preclinical studies in cell lines and animal models demonstrate cross-talk between 
the COX-2 and EGFR pathways.126 This form of cyclooxygenase is upregulated in 
infl ammation, for example, which presents in the head and neck mucosa when 
exposed to carcinogens. Persistent activation of COX-2 is implicated in carcinogene-
sis, and inhibition of this molecule results in reduction and prevention of adenomas 
in colorectal cancer. The EGFR is expressed in nearly 100% of preneoplasia and 
neoplasia of the head and neck.113 Given the effi cacy of it in treatment of cancers 
of the lung, colon, and head and neck combined with the overall safety of the 
drugs that target these cancers, this is the second major target for prevention of 
HNSCC.115,127

Current research efforts are pursuing approaches that target the EGFR, one for 
recurrent respiratory papillomatosis and the other for leukoplakia with high-risk 
features. Recurrent respiratory papillomatosis (RRP) is a disease of viral origin that 
is associated with exophytic lesions of the airway (Fig. 9-14). Although it is a benign 

A
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Figure 9-14. A, Histologic section of papilloma, demonstrating fi nger-like projection of nonkeratinized stratifi ed squamous 
and vascularized connective tissue stroma. B, Sessile papilloma lesions involving the true vocal folds. (From Derkay CS, 
Darrow DH: Recurrent respiratory papillomatosis of the larynx: current diagnosis and treatment, Otolaryngol Clin North Am 
33(5):1127–1141, 2000, Figs. 1 and 2.)
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disease, RRP has potentially morbid consequences, due mainly to airway complica-
tions in addition to the risk of malignant conversion. The disease is often diffi cult to 
treat because of its tendency to recur and spread throughout the respiratory tract. 
The course of RRP is variable: some patients experience spontaneous remission and 
others suffer from aggressive papillomatous growth that requires multiple surgical 
procedures over many years. An estimated 15,000 procedures are performed in the 
United States each year for adults and children with RRP at a total annual cost of 
more than $150 million.128

Review of the literature reveals a defi nite relation between expression of EGFR and 
the occurrence and growth of RRP, and different studies have demonstrated this rela-
tion through multiple approaches and methods. Chardonnet and colleagues129 studied 
the expression of EGFR in 35 nonregressing cutaneous and mucosal human papillo-
mas, using indirect immunofl uorescence on frozen sections. They found that the 
EGFR mapping was enhanced in mucosal lesions, mainly in laryngeal papillomas.

Because the EGFR is expressed in laryngeal papillomas, Bostrom and colleagues130 
reported a case in which EGFR tyrosine kinase inhibitor (gefi tinib) was used in a 
patient with end-stage RRP in whom other therapies had failed. In addition to surgi-
cal debulking, the patient received antiviral medication, photodynamic therapy, inter-
feron, and others, all of which failed. After taking gefi tinib, the patient continued to 
undergo weekly bronchoscopies with papilloma debulking, with minimal to no 
regrowth of the papillomas, a marked change from the pattern that had occurred 
before the initiation of gefi tinib therapy. In the last 3 months, debulking was per-
formed only three times compared with 15 debulking procedures in the 3 months 
before the patient began gefi tinib therapy.

Based on these preclinical and clinical data, we designed a clinical trial that treats 
patients with RRP with the anti-EGFR monoclonal antibody, panitumumab. Histo-
logic response will be assessed, with molecular changes evaluated in pre- and post-
treatment biopsies. The clinical end point is delay in time to progression of the 
papillomas.

A second study involves the treatment of high-risk leukoplakia with the anti-EGFR 
monoclonal antibody, cetuximab. A prospective, multi-arm, randomized, phase II 
trial of cetuximab versus placebo in patients with high-risk dysplastic upper aerodi-
gestive tract lesions has been initiated. Lesions at particularly high risk for malignant 
progression include (1) unresectable, diffuse high-grade dysplasia, (2) persistent/
recurrent high-grade dysplasia after previously treated HNSCC, and (3) dysplastic 
lesions with 3p9p loss of heterozygosity. There are no identifi ed interventions that 
improve outcome in these patients. Patients will receive cetuximab 400 mg/m2 for 
week 1, followed by 250 mg/m2 for weeks 2 through 8, or placebo. The primary 
outcome is histologic response; the secondary outcome is a clinical assessment by 
direct visualization of the lesion combined with histologic grade. Exploratory correla-
tives evaluate EGFR pathway components and molecular alterations in pre- and 
post-treatment biopsies. Clinical and molecular variables will be correlated with the 
primary outcome. Safety and feasibility of cetuximab administration in this patient 
population will also be evaluated.

Finally, the clinical implications of the interaction between COX-2 and the EGFR 
are under study in a planned phase III trial of celecoxib and the EGFR inhibitor 
EKB-569. Patients with aneuploid lesions will be recruited in four Nordic countries. 
The primary endpoint is time to development of cancer.119

Conclusion

Both defi nitive radiation therapy and larynx-preserving surgery offer high cure rates, 
excellent post-treatment functional results, and acceptable morbidities for patients 
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with early laryngeal cancer. In addition, both modalities can be used for early lesions 
of the oropharynx and the oral cavity with very similar local control rates. Since both 
are equally good options for these patients, treatment decisions regarding therapy 
should be made in a multidisciplinary setting based on a careful evaluation of both 
disease- and patient-specifi c parameters. In general, the now standard and preferred 
approach for early-stage oropharyngeal cancer is defi nitive conformal radiation, 
whereas surgery is the preferred initial treatment modality for most early lesions of 
the oral cavity. Moreover, radiation should be used in the adjuvant setting in the 
presence of adverse pathologic features as a way of further optimizing locoregional 
control. Brachytherapy should be considered for selected patients with oropharyngeal 
and oral cavity lesions, because this method of radiation delivery has a long and well-
established record of success in these tumors. Finally, even though the acute and 
long-term adverse effects of radiation for early cancers of the head and neck can be 
severe, novel and continuously improving methods of irradiation such as IMRT and 
altered fractionation hold the potential to ameliorate some of these toxicities while 
maintaining the effectiveness of radiation as a proven treatment modality for these 
tumors.

Chemotherapy holds great promise in the long term. Because the precancerous 
fi eld involves all of the head and neck mucosa that has been exposed to a carcinogen, 
it follows that any treatment must target the entire exposed fi eld. Radiation and 
surgery cannot easily address this fi eld effect, whereas systemic therapies such as 
chemotherapy are able to reach all potential areas of disease within the fi eld. However, 
current chemotherapeutic candidates have shown mixed results. They have a defi ned 
target that is implicated in carcinogenesis. Their effects on the target can be measured 
as reversal of target downregulation. What they lack, however, is proven long-term 
benefi t and low toxicity.

Newer drugs that target EGFR and COX-2 may provide an improved second 
generation of chemotherapy. Persistent activation of COX-2 is implicated in carcino-
genesis, and inhibition of this molecule results in reduction and prevention of adeno-
mas in colorectal cancer. EGFR is expressed in nearly 100% of preneoplasia and 
neoplasia of the head and neck.4 Studies are being put in place to explore the effec-
tiveness of these newer drugs as therapies in the early treatment of HNSCC.
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K E Y  P O I N T S
● Visual, radiographic, and novel technologies including salivary molecular markers offer opportuni-

ties for routine screening of at-risk populations for oral and pharyngeal cancers.
● Smoking is one of the two major causes of cancer of the oral cavity and pharynx. Heavy alcohol 

use by smokers increases the risk even more.
● Heavy alcohol use increases the risk of oral and pharyngeal cancer by up to nine times, and patients 

should be routinely screened for and counseled about alcohol use by physicians and dentists.
● Increasing evidence suggests that human papillomaviruses may be causative agents in oropharyngeal 

cancer, resulting in opportunities for prophylactic vaccination and modifi cation of sexual behavior 
to help prevent HPV infection and viral carcinogenesis.

● Since oral, head, and neck cancers have such high morbidity and mortality rates, comprehensive 
disease prevention and detection curricula for health professional schools should include training 
in head and neck cancer prevention and early detection.

● Research is needed to disentangle the effects of biologic and socioeconomic factors on racial and 
ethnic disparities in survival outcomes due to squamous cell carcinoma of the head and neck 
(HNSCC). Interventions targeting these factors and their effects could then be developed to 
reduce the disparities.

● Molecular markers currently exhibiting the most promise as targets for prevention of HNSCC 
include EGFR and p53; additional insights into the molecular pathogenesis of HNSCC may lead 
to the development of novel chemoprevention strategies in the future.

Introduction

Head and neck cancer prevention opportunities are well known because of the 
association and relationship of risk factors that include tobacco, alcohol, viruses, 
and diet. Despite these opportunities, a variety of political, social, and fi nancial 
obstacles make comprehensive primary prevention unlikely in the near future. 
Primary prevention has historically been addressed through public health efforts 
and initiatives on the local and national levels. Geopolitical boundaries and varia-
tions, therefore, have a signifi cant infl uence on primary prevention for squamous 
cell carcinoma of the head and neck. Thus, secondary prevention, which includes 
early detection, has been a focus of basic and translational research. Tertiary pre-
vention primarily involves reductions in morbidity and mortality related to the 
disease, making prospective and retrospective clinical trials the major focus of 
efforts to improve quality of care.
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It is important to understand that “prevention” of head and neck cancer refers to 
the three major types of prevention (i.e., primary, secondary, and tertiary) (Table 
10-1). Primary prevention is prevention of the onset of disease. It can include pre-
vention or cessation of risk factor exposure such as tobacco, education of the public 
on risk factors, vaccinations, and education of clinicians to counsel patients about risk 
factors. Secondary prevention includes the early identifi cation of a cancerous or pre-
cancerous condition or predisposition thereof that could reverse the progression or 
could allow treatment before spread occurs. Examples are oral cancer screening, 
identifi cation of markers/laboratory tests, and radiographic studies. Tertiary preven-
tion involves the reduction of complications, prevention of further dysfunction, and 
the reduction of long-term sequelae of disease, including speech, dental, and swal-
lowing problems. It can also refer to the reduction in death rates of a preexisting 
condition.

When defi ning studies and goals of prevention for head and neck cancer, it is 
important to clarify which head and neck cancer is being discussed. Head and neck 
cancer may refer to a variety of sites, histologies, and stages, and prevention efforts 
may be greatly discordant among cancers (Table 10-2).

Epidemiology

Epidemiologic approaches are used to describe the patterns of disease occurrence, 
to characterize natural history, and to identify determinants of disease. Epidemiologic 
evidence provides a basis for developing primary and secondary disease prevention 
strategies. The benefi ts of intervention programs, whether based on lifestyle modifi -
cation interventions or early detection, can be assessed using epidemiologic approaches. 

Table 10-1. Types of Cancer Prevention

Type of Prevention Defi nition

Primary Prevention of the onset of a disease
Secondary Prevention of progression of disease by early detection
Tertiary Prevention of complications, morbidity, and/or mortality related to a disease 

that is already present

Table 10-2. Common Head and Neck Cancer Sites and Histologies

Sites Histologies

Oral cavity Squamous cell carcinoma
Pharynx  (oropharynx, hypopharynx) Squamous cell carcinoma
Larynx Squamous cell carcinoma
Nasopharynx Squamous cell, lymphoepithelioma, undifferentiated
Skin Squamous cell carcinoma, basal cell carcinoma, melanoma
Thyroid Papillary, follicular, medullary, anaplastic
Salivary gland Adenocarcinoma, adenoid cystic carcinoma
Soft tissues Sarcoma, lymphoma
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Epidemiologic fi ndings are also relevant to patient care, since clinicians can weigh the 
risk factor profi les of patients as they consider alternative diagnoses.

As mentioned, “head and neck cancer” refers to a diverse array of anatomic sites. 
This section emphasizes the most common form—cancers of the oral cavity and 
pharynx combined. Brief descriptions of other malignancies that fall within the rubric 
of head and neck cancer, such as nasopharyngeal cancer, thyroid cancer, sinonasal 
cancer, and salivary gland cancer, are provided here to offer a glimpse of unique 
aspects of their epidemiologic profi le. Nasopharyngeal carcinoma, relatively rare in 
Western nations, poses a major public health burden in certain regions of Southeast 
Asia. Its etiology is linked to the Epstein-Barr virus in combination with environmen-
tal triggers such as fi sh that is salted and preserved in specifi c ways that are common 
in high-risk areas.

Thyroid cancer is a relatively rare cancer with an excellent prognosis, but time 
trends in the United States indicate that incidence rates have increased during the 
past two decades.1 The endocrine function of the thyroid gland along with the higher 
incidence rates observed in males compared with females suggests a potential etio-
logic role for the hormonal milieu, but the most clearly established risk factor is 
radiation exposure.1 Sinonasal cancers are also rare, with approximately 2000 new 
cases diagnosed each year in the United States. These cancers are strongly associated 
with specifi c occupational exposures, such as nickel and wood dusts.2 Salivary gland 
cancers are very rare. Ionizing radiation is an established risk factor, but unlike oral 
and pharyngeal cancer, salivary gland cancers are not linked to tobacco use or alcohol 
drinking.3

Occurrence of Oral Cavity and Pharynx Cancer

Cancer of the oral cavity and pharynx is a global health problem, accounting for 
approximately 390,000 new diagnoses and 207,000 deaths in 2000.4 Unlike many 
forms of cancer, oral cancer poses a substantial problem in both developing and 
developed nations.5 In the United States in 2008, estimates indicate that more than 
35,000 new cases of oral cavity and pharynx cancer will be diagnosed and that over 
7590 people will die of the disease.6 From 1975 through 2003, there has been a 
gradual decline of 23% in age-adjusted incidence (from 13.2 to 10.2 per 100,000) 
and a 40% decline in mortality rates (from 4.3 to 2.6 per 100,000).7

Age is a strong determinant of oral and pharyngeal cancer rates. This cancer is 
extremely rare in those younger than 35 years, but incidence increases steeply there-
after, with rates peaking among 75- to 79-year-olds.7 Notable gender and racial dif-
ferences are present in the population burden of oral and pharyngeal cancer in the 
United States. From 2000 to 2003, age-adjusted incidence rates for males were 156% 
greater than for females, and mortality rates were 173% greater than for females. 
Among males, African Americans suffer a disproportionate share of the burden from 
oral and pharyngeal cancer, with age-adjusted incidence being 15% greater than for 
white American males. Moreover, there is an even greater gap (79%) in mortality 
rates. The similar age-adjusted incidence and mortality rates among African-
American and white American women gives rise to optimism that the large racial 
disparity among men can eventually be eliminated.

The 5-year relative survival rate in the United States (1996 to 2002) was 
59%.7 Survival varies considerably by stage at diagnosis, with 5-year relative 
survival rates using SEER staging of 81%, 52%, and 26% for local, regional, and 
distant disease, respectively.7 The overall survival rate thus refl ects the fact that the 
majority of cases (52%) are diagnosed with disease with regional spread, whereas 
33% of cases are diagnosed with localized disease, and 10% with disease with distant 
spread.7
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Etiology of Oral Cavity and Pharynx Cancer

Case-control and cohort studies, the epidemiologic study designs used to evaluate 
exposure disease associations, have provided evidence that cigarette smoking and 
alcohol drinking are the major causes of cancers of the oral cavity and pharynx. Both 
cigarette smoking alone and alcohol drinking alone are independent risk factors for 
head and neck cancer.8 Taken together, they act synergistically to increase the risk 
of oral and pharyngeal cancer.3 Combined, cigarette smoking and alcohol drinking 
are estimated to account for 75% of oral and pharyngeal cancer deaths in the United 
States. Forms of tobacco use other than cigarette smoking, such as pipe and cigar 
smoking and smokeless tobacco use, are also linked to oral cancer risk.3

The fact that most oral and pharyngeal cancer deaths are attributable to cigarette 
smoking and alcohol drinking and that these are potentially modifi able risk factors 
opens up primary prevention strategies. For example, any step to prevent cigarette 
smoking initiation or to promote cessation among dependent smokers is a step toward 
prevention of oral and pharyngeal cancer. This includes tobacco control activities to 
impact policy, such as cigarette taxes and smoke-free workplace legislation, as well 
as interventions at the individual level to prevent the onset or continuation of 
smoking.

An active area of research with relevance to prevention is the observation that 
infection with oncogenic strains of human papillomavirus (HPV)—particularly HPV-
16—are a risk factor, particularly for cancers of the oropharynx.9 Solid epidemiologic 
evidence now indicates that HPV is a causal factor in up to 70% of cancers of the 
oropharyngeal lymphoepithelium (tonsil). HPV vaccines may prevent not only cervi-
cal cancer but also certain forms of oropharyngeal cancer. The potential role of 
dietary factors in relation to the risk of oropharyngeal cancer is another area that 
could pave pathways for preventive interventions. For example, evidence supporting 
a protection association between fruit and vege table intake and risk of oral cancer 
has been observed.10

Background of Head and Neck Cancer Prevention

As with other cancers, the prevention of head and neck cancer can be divided into 
primary, secondary, and tertiary prevention (Table 10-3) Primary prevention works 
by decreasing the exposure or effects of extrinsic and intrinsic risk factors implicated 
in head and neck cancer (Table 10-4). It also encompasses the efforts of educating 
clinicians and the general public. Secondary prevention is prevention directed at early 
detection and treatment of cancerous and precancerous lesions. Tertiary prevention 

Table 10-3. Prevention of Head and Neck Cancer

Primary Prevention Secondary Prevention Tertiary Prevention

Decreasing exposure to risk factors Early detection Speech and swallow therapy (before,
 during, and after cancer therapy)

Public education and awareness Screening (also may act as a primary
  prevention, because it raises public 

awareness)

Dental care, fl uoride trays and other 
  measures aimed at preventing 

postradiation dental complications
Clinicians, education Treatment of precancerous lesions Measures aimed at preserving 

  postradiation salivary fl ow (IMRT, 
amifostine, salivary gland transfer)

Political and social policies and trends Physical and occupational therapy

IMRT, intensity-modulated radiation therapy.
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aims at decreasing the complications of disease, prevention of further dysfunction, 
and reduction of long-term sequelae of disease, including speech, dental, and swal-
lowing problems.

Head and Neck Squamous Cell Carcinoma

It is important to understand the various types, histologies, and stages of head and 
neck cancer (see Table 10-2). In general, the term “head and neck cancer” refers to 
mucosally derived squamous cell carcinoma that involves the oral cavity, oropharynx, 
hypopharynx, and laryngeal subsites. Cancers of the thyroid gland, salivary glands, 
nasopharynx, skin, and melanoma are typically classifi ed under separate categories 
according to the American Joint Committee on Cancer and the International Union 
Against Cancer. Thus, for the remainder of the discussion, HNSCC will be used to 
refer to squamous cell carcinoma of the head and neck (oral, oropharyngeal, hypo-
pharyngeal, and laryngeal). Many reports have combined some or all of these terms 
into a single category. However, it is important to separate them to avoid confusion 
and misinterpretation of the data. For example, “oral” cancer (tongue anterior to 
circumvallate papilla, fl oor of mouth, buccal, and so on) should not be confused with 
“oropharyngeal” cancer (base of tongue, soft palate, and tonsil) because often differ-
ent examinations, instrumentations, and accessibility are required to visualize, diag-
nose, and biopsy these lesions. In addition, there is emerging evidence of a difference 
in etiopathogenesis with tobacco and alcohol associated with oral cancers, whereas 
human papillomavirus is associated with these agents or is an independent risk factor 
in oropharyngeal cancers.

Prevention of HNSCC is covered in great detail in the sections that follow, 
whereas other sites of the head and neck region are covered briefl y in this section.

Thyroid Cancer

In the United States, papillary thyroid cancer is the most common histologic type 
(83%) of thyroid cancers, followed by follicular, Hürthle cell, medullary thyroid 
cancer, and anaplastic carcinoma11 (Table 10-5).

Radiation is a well-known risk factor for thyroid cancer. In particular, exposure 
doses of 200 to 500 cGy are associated with cancer development at a rate of 0.5% 
per year.12 This risk is higher for those exposed during childhood than for those 
exposed during adulthood. Indeed after the Chernobyl nuclear accident, the highest 
rate of thyroid cancer was seen in those who were less than 1 year of age at the time 
of exposure, and the rate progressively declined from 1 through 12 years of age.13 
With nuclear fallouts, although sheltering and evacuation are mainstays of preventing 
additional exposure, iodine tablets must be taken within hours of exposure and may 

Table 10-4. Extrinsic and Intrinsic Factors in 
Head and Neck Cancer

Extrinsic Factors Intrinsic Factors

Tobacco Genetic
Alcohol Iron-defi ciency anemia
Dietary intake Immunodefi ciency
Viruses: HPV, HIV GERD*
GERD*

*Affected by both intrinsic and extrinsic factors.
GERD, gastroesophageal refl ux disease; HPV, human papillomavirus.
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reduce the risk incurred from exposure by a factor of 3. Potassium iodide tablets 
were not available to the exposed population of affected areas of Ukraine, Belarus, 
or Russia after the Chernobyl accident. Select few used iodine antiseptic drops 
mixed with table salt to create an equivalent of iodide tablets. Stable iodine such as 
potassium iodide saturates the gland and prevents uptake of the radioactive 
isotope.14,15

Medullary Thyroid Cancer

Various RET oncogene mutations are responsible for forms of hereditary medullary 
thyroid cancer (MTC), including MEN2A (MTC, parathyroid adenoma, pheochro-
mocytoma), MEN2B (MTC, pheochromocytoma, mucosal neuromas, and musculo-
skeletal abnormalities), and familial MTC. RET mutations effect a number of different 
codons and thus are responsible for various manifestations of the clinical aggressive-
ness. In more aggressive forms, such as MEN2B (codon 918), the malignant trans-
formation may occur as early as 8 to 9 months of age, whereas mutations with less 
aggressive behavior (codons 768, 791) may not manifest until adulthood.16,17 As a 
result, genetic testing is recommended for all patients with familial forms of MTC.

Preventive treatment consists of prophylactic total thyroidectomy and perhaps a 
neck dissection. For patients with MEN2B, current consensus recommends total 
thyroidectomy before the age of 6 months or as soon as diagnosis is made. MEN2A 
patients should undergo prophylactic surgical treatment before age 5 years. The risk 
of nodal metastasis increases with the age of diagnosis, and the patient should be 
considered for neck dissection if diagnosed at age 10 or older.18–20 Thus, early diag-
nosis with molecular typing and prophylactic surgical treatment is crucial for the 
prevention and treatment of hereditary MTC.

Salivary Gland Cancer

For the most part, the etiology of primary salivary gland malignancies is poorly under-
stood, and thus recommendations for prevention of such neoplasms are limited. The 
major risk factors that have been identifi ed are radiation exposure, occupational expo-
sures, and viruses.21

Radiation exposure is one of the most well-established risk factors for salivary 
gland cancer.22 Radiation typically induces salivary neoplasia after a latency period of 
several years, and both benign and malignant tumors may develop. Several investiga-
tors have reported a markedly increased incidence of salivary gland tumors among 
survivors of the atomic bombs in Hiroshima and Nagasaki, with an estimated relative 
risk of 3.5 to 11.21,23–25 In particular, a strong radiation dose response for mucoepi-
dermoid carcinoma and the benign Warthin’s tumor has been reported among this 
cohort.24,25 Therapeutic radiation also has been linked to salivary neoplasia. Patients 
receiving radiation therapy for either head and neck malignancies (e.g., carcinomas, 

Table 10-5. Thyroid Malignancies

Histologic Type Percent of Thyroid Cancer

Papillary 83.2
Follicular  6.5
Hürthle cell  3.2
Medullary thyroid cancer  1.7
Anaplastic  1.0

From Davies L, Welch HG: Epidemiology of head and neck cancer in 
the United States. Otolaryngol Head Neck Surg 135(3):451–457, 2006.
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Hodgkin’s disease) or benign conditions (e.g., tinea capitis, enlarged tonsils and ade-
noids, and acne) are at risk.26–28 In addition, in their study of childhood cancer survi-
vors who went on to develop salivary gland tumors, Whatley and associates26 suggested 
that chemoradiation may pose a greater risk than radiation alone. Therefore, limiting 
therapeutic radiation exposures, particularly for younger patients, appears to be 
prudent. For benign conditions of the head and neck, radiation therapy generally has 
fallen out of favor.

In the treatment of head and neck malignancies, intensity-modulated radiation 
therapy (IMRT) may be used to limit the fi eld of exposure outside the target area. 
In addition, a small but statistically signifi cant increase in benign and malignant 
salivary neoplasms, including pleomorphic adenoma, mucoepidermoid carcinoma, 
and non-Hodgkin’s lymphoma, has been described in patients treated with 131I 
for thyroid malignancies or hyperthyroidism.29–31 The salivary glands concentrate 
iodide selectively, and thus radioactive iodine makes them susceptible in the short 
term to sialadenitis and in the long term to neoplasia.29 Furthermore, it has been 
suggested that excessive use of medical or dental diagnostic radiographs increases 
the risk for salivary tumors. However, the risk seems to be greatest for patients who 
had radiographs in the remote past, when radiation dosages were higher, and it is 
uncertain whether the low doses currently used are associated with appreciable 
risk.32,33

Limiting certain occupational exposures may help reduce the risk of salivary cancer 
development. Associations with various occupations have been suggested, including 
asbestos mining, rubber manufacturing, plumbing, certain types of woodworking, 
agriculture, cosmetology, fertilizer production, and automobile manufacturing.21,22,34,35 
Exposures to nickel, chromium, silica, and cement dusts have been implicated as 
well.21,36,37 However, in many instances the strength of these associations is limited 
by the small number of cases examined and by the variability in results reported 
across studies.34,38

Several viruses have been implicated in the etiopathogenesis of salivary gland 
cancers. For example, Epstein-Barr virus (EBV) is associated with salivary lympho-
epithelial carcinoma in Asian patients.21,39 Additional viruses with potential roles in 
salivary cancer development include polyomavirus, cytomegalovirus, and human pap-
illomavirus types 16 and 18.21 However, other than optimizing the host immune 
system, potential prevention strategies aimed against these viral infl uences seem 
limited. Whether the recently developed HPV vaccine will have any effect on pre-
venting salivary neoplasia is purely conjecture at this time.

In contrast to most other head and neck cancers, tobacco use and excessive alcohol 
consumption have not been consistently associated with malignant salivary gland 
tumors.36,38 However, several studies have shown a close association of the benign 
salivary neoplasm Warthin’s tumor with smoking.40

A few investigators have proposed a potential role of dietary factors, including 
antioxidant vitamin defi ciencies and dietary lipids, in the development of salivary 
gland cancers.36,37,41 However, no defi nitive role of diet in salivary carcinogenesis or 
cancer prevention has been established to date.

Nasopharyngeal Cancer

Nasopharyngeal carcinoma comprises a subset of head and neck cancers with distinct 
etiology. They can be divided into keratinizing or well-differentiated squamous 
tumors (defi ned as WHO type I) and nonkeratinizing tumors, which are further 
divided into poorly differentiated (WHO type II) and undifferentiated (WHO type 
III) subsets.42 Undifferentiated tumors are the most common subtype, accounting 
for approximately 75% of tumors in the West and more than 95% of tumors in China 
and parts of Southeast Asia, where the overall risk of developing nasopharyngeal 
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carcinoma ranges from 20 to 100 times higher than in the West.43,44 Although the 
keratinizing tumors tend to remain localized, patients diagnosed with these cancers 
often have a poor prognosis.45–48 Patients with undifferentiated tumors, despite their 
greater tendency to metastasize, generally have a better prognosis, and such tumors 
are often characterized histologically by a prominent lymphoid stroma.49–52 Poorly 
differentiated nasopharyngeal carcinomas are the least common subtype and have a 
variable outcome.45–48

Worldwide, approximately 80,000 cases of nasopharyngeal carcinoma are diag-
nosed annually; and each year some 60,000 to 70,000 people die from the disease.53 
The geographic distribution of cases suggests that there are both genetic and envi-
ronmental predisposing factors.43–48 Southeast Asians and Cantonese have some 
of the highest rates of disease, with the peak incidence occurring in these popula-
tions in 40- to 50-year-olds. Tunisians and North Africans have a bimodal preva-
lence, with a small peak in the 10- to 25-year-old population and a much larger 
incidence in the over-50 population. There are also increased rates in Arctic 
and Greenland natives, as well as in Pacifi c Islanders compared with Western coun-
tries including the United States, where incidence rates are low (approximately 
1/100,000). In the United States, the lowest rates are among Caucasians, with 
slightly higher rates for African Americans and the highest rates for Asians.45–48 The 
prognosis tends to be better for Asian Americans, who predominantly have undif-
ferentiated nasopharyngeal carcinoma, than for Caucasians, who have a compara-
tively higher incidence of keratinizing disease. The prognosis is worst for African 
Americans, who have a bimodal prevalence that refl ects incidence rates in conti-
nental Africa.47

Nasopharyngeal carcinogenesis occurs in a stepwise fashion, with environmental 
carcinogens and genetic predisposition leading to dysplastic changes in the epithe-
lium.54–56 Genetic analyses of dysplastic tissue have identifi ed frequent losses of het-
erozygosity in chromosomes 3p, 9p, 11q, 13q, and 14q. Infection of dysplastic tissue 
with the common herpesvirus, EBV, is an obligatory step in the development of 
nonkeratinizing carcinomas, whereas there is an inconsistent association with EBV 
infection for keratinizing tumors. Viral oncogene expression precedes development 
of intraepithelial neoplasia. Additional chromosomal mutations lead to high-grade 
neoplasias, with late-stage changes associated with metastasis.57–60

Environmental carcinogens with a defi ned role in nasopharyngeal carcinoma include 
cured salted fi sh and other preserved foods, which contain volatile nitrosamines.61,62 
The etiologic importance of nitrosamines is underscored by the fi nding that genetic 
polymorphisms have been identifi ed in susceptible populations in CYP2E1, which 
converts nitrosamines into reactive DNA damaging intermediates.63–65 Possible occu-
pational hazards with a suspected carcinogenic role include wood dust and formal-
dehyde,66 which may contribute to disease in EBV-seropositive patients. Alcohol use 
and cigarette smoking are risk factors for keratinizing nasopharyngeal carcinoma,67,68 
and betel nut chewing may be associated with increased risk in those with a family 
history of disease.69 Other genetic predispositions are suggested by linkages with 
particular HLA chromosomal sites and the prevalence of specifi c HLA types, includ-
ing HLA-A2, Bw46, and B17.70–73 In addition, genetic polymorphisms in DNA repair 
proteins have been implicated in disease.74–76

There is a 100% association of EBV with nonkeratinizing tumors.51,54,59,60,64,77–79 
The virus is present in all tumor cells but not in surrounding dysplastic tissue, and 
monoclonal viral genomes have been identifi ed in the tumor cells. This suggests a 
transforming role.80 Viral gene expression is characterized by latency program II, 
consisting of EBNA1 and LMP2 oncogene expression, and BART and EBER tran-
scripts.57 The LMP1 oncogene is also detected in about 50% of cases, and this cor-
relates with expression of metastatic and anti-apoptotic genes. EBV appears to 
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contribute to tumor cell immunoevasion, primarily by downregulating MHC I mol-
ecules and thus endogenous antigen presentation.81,82 In addition, the virus might be 
responsible for perpetuation of the lymphoid stroma, which in turn produces cyto-
kines, chemokines, matrix metalloproteases, and angiogenic factors that promote 
tumor growth and metastasis.49–52

Preventive measures against nasopharyngeal carcinoma include early detection 
through diagnostic screening, dietary modifi cation, reduction of occupational hazards, 
and EBV vaccination strategies. Late detection of the cancer is a major factor con-
tributing to poor disease prognosis, and unfortunately diagnostic diffi culties are 
common. The early stages of disease are often asymptomatic, and the nasopharynx 
tends to be inaccessible, with tumors often growing submucosally. Serum IgA anti-
bodies against late EBV proteins are increased in most patients preceding disease 
diagnosis and can be considered a risk factor for but not diagnostic of nasopharyngeal 
carcinoma, because they are also increased in a proportion of healthy adults.83–86 In 
contrast, quantifi cation of EBV DNA load performed on brush biopsies is diagnostic 
for nonkeratinizing disease. This screening test has been performed successfully in 
high-risk Asian populations.

Avoidance of salted fi sh and preserved foods containing nitrosamines is the most 
effective known preventive measure against nasopharyngeal carcinoma. (In parts of 
China, interrupting the traditional practice of weaning babies with cured fi sh has 
reduced disease incidence in recent years.87) Conversely, consumption of fresh fruits 
and vegetables correlates with decreased risk.88 Avoidance of alcohol, smoking, and 
betel nut chewing are also suggested preventive practices. In addition, minimizing 
occupational exposure to wood dust and formaldehyde might have some benefi t, 
particularly in individuals with chronic respiratory conditions, who have increased 
disease incidence.66

Prevention of EBV infection is an obvious protective strategy; however, there are 
no effective prophylactic vaccines against this ubiquitous herpesvirus.89 More than 
90% of adults worldwide have lifelong latent EBV infection; thus, prophylactic vac-
cines, even if extant, would likely not be useful unless given to young children. 
Experimental therapeutic vaccines directed against EBV are currently in early clinical 
testing. These include a chimeric EBV antigen vaccinia virus vaccine against a recom-
binant EBNA1-LMP2 fusion90 and an immunotherapy vaccine comprising ex vivo 
expansion of cytotoxic T cells specifi c for EBV-LMP2, followed by reinjection into 
the patient.91–93 Future therapeutic considerations include antivirals—in particular, 
cidofovir—in combination with ribonucleotide reductase inhibitors or phosphonated 
nucleoside analogs.94,95 Lastly, recent reports implicate nasopharyngeal cancer stem 
cells in disease progression,96 possibly generating new opportunities for therapeutic 
intervention (Fig. 10-1).

Paranasal Sinus Cancer

A variety of occupational risk factors have been described in association with para-
nasal sinus (i.e., sinonasal carcinomas). These include woodworking and in particular 
exposure to wood dust, as well as exposure to paint, oil fumes, and chromium-
containing materials.97–101 In contrast to oral, laryngeal, and pharyngeal carcinomas, 
with sinonasal malignancies tobacco use has not proved to be a consistent risk 
factor.102 Woodworking, however, has been linked to sinonasal adenocarcinoma, 
particularly in the ethmoid region, with a notable male predominance (75% to 
90%).102 It is interesting that the defi ciency of the immunoglobulin A and mucosal 
metaplasia has been demonstrated in workers with over 10 years of exposure to wood 
and wood dusts.98 Even more interesting is that sinonasal squamous cell carcinomas 
have been associated with exposure to nickel, softwood dust, and mustard gas, 



Chapter 10 Head and Neck Cancer Prevention176

Traditional therapy
Radiation, chemo, surgery

Early detection
Diagnostic screening

Novel antivirals
Therapeutic vaccines

Immunotherapy

LOH on chromosomes
3p, 9p

LOH on 11q, 13q,
14q and 16q

Other genetic
changes

MetastasisInvasive
NPC

High-grade
preinvasive

lesion

Stromal-derived
growth and angiogenic

factors

Loss of RASSF1A, CDKN2A
telomerase dysregulation

bcl-2 overexpression

Low-grade
preinvasive

lesion

Modify environmental factors
Diet, smoking, betel, occupational

Prevent EBV infection
Prophylactic vaccines

Normal
nasopharyngeal

epithelium

EBV

EBV infection

Figure 10-1. Prevention of nonkeratinizing nasopharyngeal carcinoma. The multistep nasopharyngeal 
carcinogenesis process offers many opportunities for therapeutic intervention. Modifi cation of environmental factors could 
prevent the loss of heterozygosity287 of putative tumor suppressors on chromosomes 3p and 9p, which are associated 
with development of preinvasive lesions. Prophylaxis against the oncogenic Epstein-Barr virus (EBV) would prevent the 
subsequent genetic events associated with infection, halting progression to high-grade invasive lesions. Early detection at 
this stage through screening would maximize the response to traditional therapeutic options, preventing late-stage 
disease and obviating the need for novel experimental therapeutics. LOH, loss of heterozygosity; NPC, nasopharyngeal 
carcinoma.

whereas sinonasal adenocarcinomas have been related to exposure to hardwood, 
chrome pigment, and leather dust.103

Sarcomas of sinonasal cavities may develop several years after radiation exposure 
and should be considered in the differential diagnosis for patients with prior 
exposure.104

Skin Cancer (Squamous Cell and Basal Cell) and Melanoma Cancer

Ultraviolet light exposure is a known risk factor for cutaneous malignancies, including 
basal cell carcinoma, squamous cell carcinoma, and melanoma. Because of the poten-
tial for sun exposure, the head and neck area is a common site for skin cancer devel-
opment. In particular, squamous cell carcinoma of the lip vermilion is strongly 
associated with a history of chronic sun exposure, although other factors may play a 
role.105–108

Several risk factors have been described to have an association with skin melanoma 
formation. Besides sun exposure, genetics and history of melanoma or dysplastic nevi 
have been implicated in the development of melanomas.109 People who are classifi ed 
as Fitzpatrick type I have the highest risk of skin cancer110–114 (Table 10-6). When 
patients are stratifi ed by skin type, sun exposure appears to be the strongest and 
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most consistent risk factor. Note that intermittent intense sun exposure may have 
more deleterious effects than continuous sun exposure. This could explain the 
increased distribution of melanomas that occur on the back and trunk.109,115

Prior dysplastic nevi can be found in one third of patients diagnosed with mela-
noma. Moreover, patients with a previous diagnosis of melanoma are 30 times more 
likely to develop subsequent skin melanomas.116

Familial syndromes and genetic mutations have been described in association with 
cut aneous melanomas. Familial multiple mole melanoma syndrome is probably the 
most common hereditary syndrome. Several recently discovered genes (such as 
CMM1(1p36), CDKN2A(9p21), CDK4(12q14), and CMM4(9p21)) have been 
linked to the development of cutaneous melanomas.117

Continued investigations are directed at revealing molecular markers and targets 
for diagnosis, staging, prognosis, and treatment of skin cancer.118

Prevention of Head and Neck Squamous Cell Carcinoma

Prevention Related to Tobacco Use

Prevention of tobacco use, or cessation among current users, remains the primary 
objective by which to prevent head and neck cancer. Most smokers start smoking 
before the age of 18, and almost all smokers have initiated smoking by age 25.119 
Primary prevention efforts targeted toward adolescents and young adults will yield 
signifi cant cancer prevention benefi ts to the extent that they offer an enduring pre-
ventive impact. Many school-based prevention programs are effective over the short 
term,120 but the long-term effectiveness of these programs remains modest.121 Recent 
data from the Monitoring the Future project suggest that recent declines in adoles-
cent smoking may be ending.122 This calls attention to the need for comprehensive 
tobacco prevention strategies that include media and countermarketing methods.123

Among current smokers, cessation is a top priority, and indeed quitting smoking 
has direct benefi ts to cancer prevention and reversal of the premalignant changes 
(Figs. 10-2 and 10-3). Unfortunately, the quit ratio (percentage of ever smokers who 
have quit) has remained largely unchanged in recent years (Fig. 10-4). Moreover, the 
quit ratio remains signifi cantly lower among nonwhite smokers, highlighting the 
growing health disparity that smoking incurs. The U.S. Public Health Service 
(USPHS) guidelines for smoking cessation recommend pharmacotherapy as a fi rst-
line strategy to assist in quitting.124 Nicotine replacement therapies (NRT), along 
with bupropion and varenicline, have all been shown to be effective for smoking 
cessation.125–127 However, use of proven cessation aids remains disappointingly low. 
One population-based study noted that 78% of smokers have never used pharmaco-
therapy,128 a fi nding replicated elsewhere.129,130 Wider dissemination of these effec-
tive cessation tools could likely increase the rate of successful quitting. However, 
given that the incidence of quit attempts (percentage of smokers making a 24-hour 
quit attempt in a given year) has also not substantively changed in the past decade 

Table 10-6. Fitzpatrick Classifi cation of Skin Types

Skin Type Skin Color Characteristics 

I White; very fair; red or blond hair; blue eyes; freckles Always burns, never tans
II White; fair; red or blond hair; blue, hazel, or green eyes Usually burns, tans with diffi culty
III White; fair with any eye or hair color; very common Sometimes mild burn, gradually tans
IV Brown; typical Mediterranean Caucasian skin Rarely burns, tans with ease
V Dark brown; middle Eastern skin types Very rarely burns, tans very easily
VI Black Never burns, tans very easily
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Figure 10-3. The same patient as in Figure 10-2 with oral 
leukoplakia resolved 2 months after cessation of tobacco 
use.
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Figure 10-4. Smoking quit ratio.

Figure 10-2. Oral leukoplakia in the pipe smoker.

(Fig. 10-5), clinicians and researchers need to examine novel interventions to increase 
interest in quitting among smokers who are unmotivated to quit. Physician advice to 
quit smoking is a strong tool to assist large numbers of smokers to quit,124 but delivery 
of effective cessation interventions within the healthcare system remains inconsis-
tent.131,132 One potential novel strategy to induce quitting is the harm reduction 
approach of reduced smoking, which often motivates recalcitrant smokers to 
quit.133,134

Comprehensive tobacco control includes important policy level initiatives as well. 
Among these, taxation and environmental restrictions (e.g., smoke-free laws) are 
effective strategies to lower the prevalence of smoking.135–137 The Master Settlement 
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Agreement signifi cantly strengthened the infrastructure for tobacco control,138 
although the fact that tobacco is still unregulated by the FDA remains a signifi cant 
impediment to policy change.139

In all, prevention and control of tobacco use require a comprehensive approach 
that prevents adolescents and young adults from initiating tobacco use and that 
motivates and assists existing smokers to successfully quit—all within a framework 
of aggressive policy efforts that collectively support long-term reduced exposure to 
the leading risk factor for head and neck cancer.

Prevention Related to Alcohol Use

There is strong and consistent evidence that heavy alcohol consumption increases 
the risk of cancer of the oral cavity and pharynx (OPC).140 The National Institute 
on Alcohol Abuse and Alcoholism (NIAAA) estimates that nearly 50% of OPC is 
associated with heavy drinking.141 Although the combined use of alcohol and tobacco 
poses the greatest risk, the major risk factor for those who have never smoked is 
alcohol consumption, with an odds ratio threefold higher in drinkers than in non-
drinkers.142 In addition, the risk of second primary tumors (SPTs) is 50% higher in 
OPC patients who continue to drink heavily after treatment, even after adjusting for 
smoking status.

In a meta-analysis of over 200 studies investigating the effects of alcohol on the 
risk of developing cancer, Bagnardi and colleagues142 concluded that alcohol consump-
tion of 50 g (i.e., four standard drinks) or more per day signifi cantly increased the 
risk of developing OPC. Signifi cant increases in risk existed even at 25 g or two 
standard drinks per day. Relative risk increased with increasing alcohol consumption. 
Relative risk was 1.73, 2.77, and 5.75 for alcohol intakes of 25, 50, and 100 g of 
alcohol a day, respectively. Other studies have shown even higher relative risks of up 
to nine times greater for moderate to heavy drinkers and up to 35 times greater risk 
when alcohol consumption exceeds 100 g of alcohol per day.105 An important conclu-
sion from these fi ndings is that research has yet to identify a threshold level of alcohol 
consumption below which no increased risk is evident.

Although no studies on OPC have investigated binge versus daily drinking, such 
patterns have been shown to be important with other alcohol-sensitive medical condi-
tions, with binge drinkers showing greater variations in blood pressure than heavy 
daily drinkers.143 Merletti and colleagues144 suggest that risk of oral cancer may also 
be related to consumption patterns of drinking either during or between meals.
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Figure 10-5. Incidence of 24-hour quit attempts.
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Studies of the effects of the type of alcoholic beverage on OPC risk have produced 
equivocal results. Some studies have shown that more potent beverages such as hard 
liquor pose more of a risk than either beer or wine, whereas others have not shown 
this relationship. Still other investigations contradict these results by fi nding that wine 
consumption has the greatest risk. Because studies of this nature have been conducted 
in various countries around the world, some feel that the divergent fi ndings simply 
refl ect the fact that the most frequently consumed beverage in each region or country 
tends to be the beverage associated with the highest relative risk.142

Alcohol and tobacco smoking are closely linked in that people who drink are more 
likely to smoke and vice versa. Smoking rates in alcohol-dependent individuals are 
as high as 90%.145 In addition, smokers who are nicotine-dependent have a 2.7 times 
greater chance of becoming alcohol-dependent than do nonsmokers.146 Some studies 
indicate that the prevalence of alcohol dependence in patients with OPC exceeds 
50%.147

The combination of moderate to heavy alcohol use and tobacco smoking dramati-
cally increases the risk of OPC. In a case-control study, Andre and colleagues148 found 
that the odds ratio for OPC in those smoking a pack or more of cigarettes per day 
increased dramatically with increased drinking. Smokers who drank two drinks or 
less per day had an odds ratio for OPC of 4.5, whereas the odds ratio for smokers 
who drank three drinks per day almost tripled to 12.8. Smokers consuming over 80 g 
of alcohol per day (six or more drinks) were at extremely high risk, with an odds 
ratio of 36.2. Even light smokers (smoking less than a pack a day) had an odds ratio 
six times higher if they drank three or more drinks per day compared with drinking 
two drinks or less.

The combined risk is especially dramatic in very heavy drinkers (fi ve or more 
standard drinks per day) who also smoke heavily (two or more packs per day), with 
studies showing these individuals to have up to 100 times greater risk for developing 
a malignancy.148

Alcohol Screening

Based on the strong relationship between heavy alcohol use and the development of 
OPC, screening to identify patients at risk for OPC because of heavy alcohol use 
should be conducted routinely. In fact, brief screening procedures designed for 
medical and dental settings have been developed and validated. According to NIAAA 
guidelines, all adult patients should initially be asked (via health questionnaires or 
orally) “Do you sometimes drink beer, wine, or other alcoholic beverages?” This 
initial question is designed to screen out the approximate 40% of patients who are 
nondrinkers or who drink very rarely. Drinkers would then be asked a single heavy-
drinking-day screening question: “How many times in the past year have you had fi ve 
or more drinks in a day [for men] or four or more drinks in a day [for women].” A 
standard drink would be defi ned for the patient as 12 ounces of beer, 5 ounces of 
wine, or 1½ ounces of spirits. This heavy-drinking-day screening question is a sensi-
tive, specifi c, and time-effi cient screening instrument that has a sensitivity of 0.86 
for detecting alcohol use disorders. A positive screen would be one or more heavy 
drinking days. Although it is possible for someone to have had a once- or twice-only 
heavy drinking day in the past year (e.g., New Year’s Eve) and therefore not be a 
routine heavy drinker, 98% of heavy daily drinkers answer the heavy-drinking-day 
question in the affi rmative.

If the health professional is unsure of the validity of the patient’s response, he or 
she can ask about the quantity and frequency of the patient’s alcohol consumption. 
Heavy or at-risk drinking is defi ned as more than 14 drinks a week for men and more 
than 7 drinks a week for women and for men over the age of 65 years. However, a 
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positive response to the heavy-drinking-day question is considered a positive screen 
and should trigger a general discussion of the patient’s drinking along with advice and 
counseling to reduce consumption.

If time allows, health professionals can also screen using the Alcohol Use Disorders 
Iden tifi cation Test (AUDIT), a ten-item alcohol screening questionnaire developed 
by the World Health Organization (WHO) for use in primary health care. A shorter 
three-question version known as the AUDIT-C is also available. However, in most 
busy medical, dental, or sur gical practices, the single heavy-drinking-days question is 
the most practical and effi cient way to screen all patients.

Some clinicians may wish to add alcohol biomarker blood tests such as gamma-
glutamyltransferase (GGT) or carbohydrate-defi cient transferrin (%CDT) as addi-
tional screening aids. Biochemical tests are useful when the clinician feels a need for 
more concrete evidence of heavy drinking or when he or she questions the veracity 
or memory of the patient. The %CDT test is especially useful in detecting heavy 
alcohol consumption (fi ve or more drinks per day) over the past 2 weeks. The com-
bined use of these biomarkers with alcohol screening questions can lead to rates of 
detection of alcohol use disorders of more than 90%.

Brief Intervention

Brief counseling and advice for patients who screen positively can be effective in 
reducing a patient’s alcohol use and alcohol-related morbidity. If screening indicates 
the need for brief alcohol intervention, clinicians should state their conclusions 
and recommendations clearly: “You are drinking more than is medically safe and 
alcohol is putting you at risk for mouth and throat cancer. I strongly recommend 
that you cut down on drinking to no more than one beer a day or quit altogether.” 
This should be followed by a discussion of the relationship between heavy alcohol 
use and OPC.

In addition, clinicians should attempt to gauge the patient’s motivational readiness 
to change (i.e., “Are you willing to consider changes in your drinking?”). If the patient 
is willing to change, the clinician should help set a drinking goal, agree on a plan of 
action, and provide educational materials on oral cancer risk factors as well as ways 
to reduce alcohol intake (available from the NIAAA website). If the patient is not 
willing to change, the clinician should restate his or her concern about OPC risk and 
encourage the patient to think about what has been discussed and the pros and cons 
of continued heavy drinking. At-risk but nondependent drinkers can benefi t from 
such counseling.

Patients with more severe alcohol use disorders require referral to an alcoholism 
counseling specialist or to Alcoholics Anonymous. Unfortunately, there are often not 
enough affordable resources in the community, or the patient does not follow through 
on the referral. This should not deter the clinician from advising and monitoring 
patients about their alcohol use, because such intervention is signifi cantly effective 
with many patients.

Prevention Related to Dietary Intake Factors

Increased risk of oral cancers has been described in people with dietary defi ciencies, 
often from inadequate intake of fruits and vegetables.149,150 Moreover, a recent pro-
spective EPIC study demonstrated a 9% (12% for men and 4% for women) reduced 
risk of squamous cell carcinoma of the upper aerodigestive tract with an 80-g daily 
intake of fruits and vegetables.151

Several recent studies have focused on particular vegetable groups (e.g., lycopene-
containing vegetables and allium vegetables) and have been able to establish a link 
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between a reduced risk of upper aerodigestive tract squamous cell carcinoma and 
vegetable intake.152,153

Defi ciency states of iron, zinc, and beta carotene seem to be especially important 
in increasing risk for head and neck cancers.154–156 A recent prospective study, however, 
showed that while dietary vitamin C had protective effects for oral premalignant 
lesions, supplemental vitamin C did not offer a reduced risk. Furthermore, supple-
mentation of vitamin E and beta carotene had an increased risk of oral premalignant 
lesions in smokers.157

In India and Southeast Asia, the chronic placement of betel quid, or paan, in the 
mouth has been strongly associated with an increased risk of oral cancer.158 The quid 
is made from a betel leaf that is wrapped around a combination of areca nut and 
slaked lime and often includes tobacco, sweeteners, and condiments. Notably, betel 
quid users have been reported to have a nearly 8% lifetime risk of developing oral 
cancer.159

Prevention Related to Viral Etiologies

In recent years, the human papillomavirus has been increasingly identifi ed as a pre-
disposing factor in the development of oropharyngeal carcinoma.160 The virus is found 
in approximately 50% of oropharyngeal cancers, with high-risk HPV type 16 account-
ing for about 90% of the cases and other high-risk types, including HPV 18, 31, 33, 
35, accounting for the remainder.161 Most of the HPV-associated oropharyngeal 
tumors are located in the tonsils and in the base of the tongue region.162–165 Histologi-
cally, the tumor cells are typically nonkeratinizing and are poorly differentiated, with 
a basaloid appearance. They exhibit diffuse nuclear and cytoplasmic staining for p16, 
a biomarker that is commonly found on normal epithelial cells of the tonsillar crypt 
and that is not associated with keratinizing HPV-negative tumors.164,166 As reviewed 
by Syrjanen,160 there is a lesser association of HPV with cancers of the oral cavity 
and with laryngeal carcinomas, and rates of detection in these cancers vary signifi -
cantly in a number of different studies from less than 5% to 30%. This variance is 
likely due to the different methods of detection used and to different study 
designs.

Some cases catalogued as supraglottic in origin may actually arise from neighboring 
lingual tonsils, and lingual and palatine tonsil cancer may encroach on oral tongue, 
resulting in mistaken assignment of site. In addition, the virus has been detected in 
several precancerous conditions and benign squamous cell proliferations, including 
oral leukoplakia, in which approximately 25% of cases reportedly contain HPV; oral 
verrucous carcinomas, with a 50% to 60% association; and laryngeal papillomas or 
recurrent respiratory papillomatosis, in which HPV is detected in about 80% of cases 
(mainly low-risk types HPV 6 and 11). It is not yet known whether these benign 
conditions lead to further development of carcinoma. HPV seropositivity and oral 
HPV prevalence in particular are risk factors for subsequent development of disease. 
Depending on the population studied, the rate of oral HPV prevalence ranges from 
2% to 10% of healthy volunteers and is found in about 2% of pediatric tonsillectomy 
samples in the United States.167 It has been reported that HPV-associated cancers 
often occur in patients with a younger median age (less than 55 years old), whereas 
HPV-negative tumors occur more frequently in the over-55 population.168

For oropharyngeal carcinomas in general, recent evidence suggests that four inde-
pendent risk factors collectively account for 90% of HPV-positive and -negative 
cases.9 These factors include poor oral hygiene, comprising poor dentition and infre-
quent tooth-brushing; a family history of head and neck squamous cell carcinoma; a 
heavy smoking history, which is strongly correlated with HPV-negative disease; and 
HPV 16 seropositivity for the L1 major virus capsid protein. HPV 16 L1 seropositiv-



Chapter 10 Head and Neck Cancer Prevention 183

ity alone accounted for 55% of cases. A history of heavy alcohol use synergized with 
smoking history for HPV-negative disease, whereas these factors were underrepre-
sented in patients with HPV-associated disease, suggesting that smoking and drinking 
were not important factors in viral transformation. Instead, the prevailing view cur-
rently emerging is that there are two main carcinogenic pathways, with one resulting 
from heavy tobacco and alcohol exposure and the other from HPV infection.9,169 
Although poor diet (a lack of particular micronutrients) is known to play a role in 
the former, it is unclear whether diet is a risk factor for HPV-associated disease.

Sexual transmission appears to be a primary mode of oral HPV infection. Sexual 
history correlates with HPV-associated oropharyngeal carcinoma, with a higher 
number of lifetime vaginal and oral sex partners conferring increased risk.9,168 In 
addition, self-reported practice of oral-anal and oral-genital sex, engagement in casual 
sex, infrequent condom use, and early age at fi rst intercourse are disease risk factors, 
as is having a partner with cervical cancer or with genital warts.9,168 Furthermore, 
women over age 50 with in situ and invasive cervical carcinoma have an increased 
risk. Oral infections are more common in women with cervical infections, although 
not necessarily the same virus types are found at both sites. This indicates that some 
women may have increased susceptibility, possibly resulting from immune defi -
cits.170–172 Immunodefi ciency resulting from HIV, or from the use of antirejection 
medication following organ transplantation, increases oral HPV prevalence.171,173,174 
Also, patients with Fanconi’s anemia have an increased genetic susceptibility to HPV 
infection and thus an increased risk for cancer.175–177 Finally, infection with the 
common herpesvirus HSV-1 has been proposed as a possible cofactor in HPV 
tumorigenesis.178

During sexual contact, HPV may be transmitted through microabrasions in mucous 
membranes, infecting basal cells, which then divide as the viral genome replicates 
(although this does not explain the high rate of tonsillar cancer in heterosexual men). 
As the infected cells differentiate, they move into the sub-basal layer, where the 
virus completes the replication process and is eventually released from terminally 
differentiated squamous cells. The viral genome encodes six nonstructural proteins, 
including the E6 and E7 oncoproteins, and two capsid proteins, L1 and L2. Viral 
integration correlates with carcinogenesis and is not found in normal tonsil but is 
limited to dysplasias and invasive cancers.179–182 Viral integration deregulates expres-
sion of the E6 and E7 oncoproteins, which act to disrupt the cell cycle and DNA 
repair pathways, causing genomic instability. E6 targets p53 for degradation, while 
E7 inactivates pRb, leading to accumulation of p16, E2F activation, and DNA replica-
tion. Ordinarily, this would signal p53 to activate the apoptotic pathway, but with 
E6 inactivation of p53, the cell undergoes unregulated growth. HPV-associated oro-
pharyngeal carcinomas overexpress p16, and HIF-1&#945; c-myc is amplifi ed after 
integration; and there is a decreased fi nding of epidermal growth factor receptor 
(EGFR) amplifi cation.179 E6 and E7 inactivation of the p53 and pRb pathways parallel 
the mutagenic effects of alcohol and smoking on these tumor suppressor genes in 
HPV-negative disease.

HPV-associated oropharyngeal carcinomas reportedly have a better prognosis than 
do HPV-negative tumors. Moreover, in tonsillar cancer, high viral load correlates with 
better prognosis.162,163,183–185 The reasons for this are uncertain, with theories including 
a better response to radiation, increased immunosurveillance due to presentation of 
viral antigens, and absence of fi eld cancerization effects. Also, E6-mediated degrada-
tion of p53 may be incomplete in HPV tumors, compared with the effects of p53 
mutations in HPV-negative tumors. Hence, in HPV tumors, residual p53 may still 
be functional, allowing for apoptosis induction after radiation or chemotherapy.183 In 
addition, the HPV-associated tumors rarely amplify EGFR, and tumors with low 
EGFR expression are known to have better prognosis.183



Chapter 10 Head and Neck Cancer Prevention184

Modifi cation of risky sexual behavior—for example, by increasing condom use, 
abstaining from casual sex, and limiting the number of sexual partners—would reduce 
viral transmission.9,168 Other measures that may contribute to prevention of HPV-
associated oropharyngeal cancer are early diagnosis through screening for oral HPV 
16 in saliva or brush biopsies or through screening for HPV 16 seropositivity (an early 
risk factor),9 and prophylactic vaccination. Screening is particularly important in 
immunosuppressed patients who are more susceptible to HPV infection, such as HIV 
and transplant patients. Also, maintaining good oral hygiene decreases risk, since poor 
dentition correlates with carcinoma development.9 Tooth loss is generally caused by 
chronic bacterial infection and is associated with infl ammation, which is known to 
promote carcinogenesis.186–190

Prophylactic HPV vaccines currently undergoing clinical trials in the United States 
for prevention of cervical cancer are reportedly very effective in preventing cervical 
infection191–194 and may likewise prevent oral infection and subsequent oropharyngeal 
cancer, although the data for this are not yet available. The current vaccines are based 
on the ability of the virus capsid protein L1 by itself or with L2 to create virus-like 
particles (VLP) when expressed in eukaryotic cells.193,194 The L1 major capsid protein 
induces strong type-specifi c immunity, whereas inclusion of the L2 minor capsid 
protein induces cross-reactive immunity to multiple HPV types. There is a quadri-
valent VLP vaccine that protects against both low- and high-risk HPV types 6, 11, 
16, and 18 and a bivalent vaccine that protects against high-risk HPV 16 and 18.194 
The vaccines are reportedly most effective in young individuals who have never been 
infected with HPV, because they mount the highest antiviral titers.195 Vaccination 
of HPV-seropositive women was not harmful; however, it was not suffi cient to 
protect this population from developing cervical neoplasias.

The prophylactic VLP vaccines are not therapeutic because the viral capsid pro-
teins L1 and L2, which form the VLP, are generally not expressed in the tumor cells. 
After integration, viral replication no longer occurs; instead, only the E6 and E7 
oncoproteins are consistently expressed in the tumors. Therefore, efforts to create 
therapeutic vaccines have concentrated on increasing immunity to HPV 16 E6 and 
E7.192,196–199 Experimental vaccines in early-stage clinical trials include E7 subunit and 
DNA vaccines, peptides and proteins in adjuvant, recombinant virus vector vaccines, 
and immunotherapy vaccines in which the patients’ dendritic cells are pulsed with 
E7 peptides and infused back into the patients. The diffi culties involved in making 
an effective therapeutic vaccine involve overcoming the local immunosuppressive 
effects caused by IL (interleukin)-18, TGFβ (transforming growth factor β). T-
regulatory cells, and other factors in the tumor microenvironment.191,192,200 Thus, 
targeting the appropriate dendritic cell population for the most effective antigen 
presentation is a therapeutic vaccine goal. Finally, a promising chimeric prophylac-
tic/therapeutic VLP vaccine containing E6 and E7 is currently under investigation201 
(Fig. 10-6).

Prevention Related Gastroesophageal Refl ux Disease and 
Laryngopharyngeal Refl ux

The association of gastroesophageal refl ux disease with laryngeal cancer was fi rst 
described in the 1980s, and more evidence has emerged that supports GERD as an 
independent risk factor. Over the last two decades, otolaryngic manifestations of 
GERD and laryngopharyngeal refl ux with or without gastroesophageal refl ux has been 
brought into the spotlight, including the model for developing laryngeal injury as the 
result of gastric acid and pepsin exposure to laryngeal mucosa.202 Although there are 
no prospective studies to date that identify an increased incidence of laryngeal cancer 
in patients with GERD, there are several retrospective studies, including a recent 
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Figure 10-6. Prevention of HPV-associated oropharyngeal carcinoma. The multistep oropharyngeal carcinogenesis 
process offers multiple opportunities for therapeutic intervention. Inhibiting oral human papillomavirus (HPV) infection and 
integration, through vaccines or behavior modifi cation, would prevent viral oncogenes from targeting the p53 and pRb 
pathways, which create genomic instability in preinvasive lesions. This would prevent the subsequent chromosomal 
changes that result in the loss of heterozygosity99 on particular chromosomes carrying putative tumor suppressor genes, 
halting progression to high-grade preinvasive lesions and ultimately to invasive carcinoma. Maintenance of proper oral 
hygiene would prevent the tumor-promoting chronic infl ammation associated with bacterial tooth decay. Early detection 
through screening would maximize the response to traditional therapeutic options, preventing late-stage disease and 
obviating the need for novel experimental therapeutics. OC, oropharyngeal carcinoma.

matched case-control study that identifi ed GERD as an independent risk factor for 
laryngeal cancer development.203–205 Furthermore, acid suppression therapy after 
treatment of laryngeal cancer may have a protective effect on the rate of local 
recurrences.206

Prevention Related to Genetic Factors

Although head and neck cancers represent a heterogeneous group of tumor types 
with complex molecular and genetic aberrations, there are four major categories of 
molecular markers of pathogenetic signifi cance in these tumors: (1) markers of tumor 
growth, proliferation, and apoptosis (e.g., EGFR, cyclin D1, the apoptotic mediator 
Fas and its ligand FasL, the antiapoptotic protein bcl-2); (2) markers of tumor sup-
pression (e.g., p53, p27, p16); (3) markers of angiogenesis (e.g., the vascular endo-
thelial growth factor family); and (4) markers of tumor invasion and metastatic 
potential (e.g., matrix metalloproteinases, E-cadherin).207 Insights into the molecular 
pathogenesis of head and neck cancers may lead to the development of targeted 
therapies in the future, including novel chemoprevention strategies. Those markers 
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that currently appear to offer the most promise as targets for prevention of HNSCC 
are described below.

The epidermal growth factor receptor maps to 7p13-q22 and encodes a trans-
membrane protein with tyrosine kinase activity. When bound by its ligands epi-
dermal growth factor and transforming growth factor α (TGFα), EGFR mediates 
a complex cascade of signaling pathways infl uencing cellular proliferation, differen-
tiation, and strong mitogenic activity.207,208 Overexpression of proteins within the 
EGFR family (including EGFR, Her-2/neu, and c-erB 3 and 4) has been identifi ed 
in premalignant and malignant lesions of the head and neck and is associated with 
poor outcome in patients with squamous cell carcinoma of the oral cavity, larynx, 
and other head and neck sites.208–212 Strategies being developed for blocking EGFR 
activity in HNSCC include monoclonal antibodies (e.g., cetuximab), tyrosine kinase 
inhibitors (e.g., gefi tinib [Iressa] and erlotinib [Tarceva]), ligand-linked immuno-
toxins, and antisense approaches.213,214 In addition, tyrosine kinase inhibitors in 
combination with COX-2 inhibitors are in the early stages of clinical testing for 
prevention of squamous cell carcinoma in patients with oral or other head and 
neck premalignant lesions.213

The tumor suppressor gene p53 located on chromosome 17p13 serves as a gate-
keeper against carcinogenesis.215 In normal cells, stresses such as DNA damage, 
hypoxia, oncogene activation, and viral replication stimulate p53 activation, which in 
turn leads to cycle arrest or apoptosis, thereby maintaining genomic stability. Inactiva-
tion of p53 or other components within the p53 network is extremely common in 
human neoplasia, and approximately 50% of HNSCC possess mutant p53.215,216 Muta-
tions in p53 appear to represent an early event in carcinogenesis, for they can be 
detected in dysplastic mucosa.217 In addition, in a subset of HNSCC cases—particu-
larly those arising in the oropharynx—HPV is present. The virally encoded E6 protein 
can promote degradation of the p53 gene product and thus contribute to 
carcinogenesis.218

Therapeutic strategies aimed at restoring wild-type p53 function or exploiting the 
p53 null phenotype in cancer cells are being developed.219 One strategy is to use 
adenoviral vectors to carry the wild-type gene into cancer cells. Upon restoration of 
p53 function, the cells are sensitized to DNA damaging anticancer agents and undergo 
apoptosis. Initial clinical testing in patients with HNSCC demonstrated the safety 
of intratumoral injection of this p53-carrying adenoviral vector and induced regres-
sion or stabilization of disease in a few patients.220 Results of clinical trials of this 
therapy in combination with chemotherapeutic agents such as docetaxel are 
awaited.219,221

Another strategy is to use adenoviral vectors to exploit the p53 null phenotype of 
cancer cells. Effi cient replication of adenovirus requires p53 degradation by associa-
tion of the virally encoded E1B 55K protein with the N-terminus of p53. The engi-
neered ONYX-015 adenovirus lacks the E1B 55K protein, and thus the rationale is 
that it can only replicate in and destroy cells that lack p53, such as tumor cells. 
However, it subsequently has been shown that an mRNA export function of E1B 
55K—rather than mediation of p53 destruction—gives ONYX-015 its oncolytic 
activity.222 In terms of chemoprevention, a phase I trial of ONYX-015 mouthwash 
for patients with oral premalignant lesions showed this therapy to be feasible with 
demonstrable activity.223As for HNSCC therapy, phases I and II clinical trials of 
intratumoral ONYX-015 alone or in combination with cisplatin and 5-fl uorouracil 
have been conducted, and combination therapy has produced substantial and durable 
objective responses in patients with recurrent HNSCC.224 Development of ONYX-
015 has been halted in the United States for nonmedical reasons, although subse-
quent trials using this modifi ed adenovirus (renamed H101) in China have been 
conducted for treatment of head and neck and esophageal carcinoma.225
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Prevention Related to Environmental Factors

Practically speaking, the environment encompasses all conditions surrounding an 
individual’s way of life. Major environmental factors relevant to head and neck cancer 
development, including tobacco, alcohol, diet, and infectious agents, have been dis-
cussed previously. Additional environmental factors to be considered are occupa-
tional, radiation, and ultraviolet light exposures. It is often diffi cult to obtain conclusive 
evidence of the etiologic role of specifi c environmental factors in cancer development 
because (1) the time between carcinogenic exposure and cancer diagnosis may be 
years or decades; (2) it is typically diffi cult to quantify accurately the amount of 
carcinogen exposure in retrospect; and (3) most carcinogens induce cancer develop-
ment in only a small proportion of exposed persons.226

Various occupational exposures have been suggested as contributing to head and 
neck cancer development. For instance, strong evidence exists that intense exposure 
to wood dusts leads to an increased risk of sinonasal and nasopharyngeal carcino-
mas.227,228 In particular, the incidence of intestinal-type sinonasal adenocarcinomas 
among woodworkers exposed to fi ne hardwood dusts is nearly 1000 times that of 
the general public.228 Other suspected carcinogen associations include asbestos and 
laryngeal cancer as well as formaldehyde and coal dust and hypopharyngeal 
cancer.229,230 In addition, the polycyclic aromatic hydrocarbons (PAHs) are well-
known carcinogens. Although HNSCC is most often associated with PAH exposure 
from tobacco smoke, high levels of PAH exposure also can be found in industrial 
settings (e.g., among steel, foundry, and gas workers).229

Guidelines for limiting such occupational exposures are essential for prevention. 
Such guidelines may include personal protective equipment, process modifi cation, 
ventilation, and fi ltration measures. An optimal approach to occupational health and 
safety should address employee education and behavior as well as engineering and 
administrative improvements.231

Radiation exposure is another potential environmental factor. In particular, radia-
tion is a well-known risk factor for thyroid cancer, as discussed previously in the 
thyroid cancer section of this chapter. Studies also have shown an association between 
radiation exposure and salivary neoplasia. Therapeutic irradiation for primary lesions 
of the head and neck rarely may be complicated by the development of secondary 
sarcomas. Therapeutic radiation exposure should be minimized when possible by 
judicious treatment planning and use of fi eld-limiting techniques such as intensity-
modulated radiation therapy.

Ultraviolet light exposure is a known risk factor for cutaneous malignancies. A 
primary prevention program should include measures to reduce ultraviolet light expo-
sure, such as wearing protective clothing, applying sunscreens, minimizing outdoor 
activities during peak sun exposure hours, and avoiding sunlamps and tanning beds.

Public Education and Awareness as Prevention Modalities

Several studies have demonstrated a lack of knowledge by the American public about 
HNSCC and inadequate media coverage of the disease.232–240 It is interesting that a 
recent survey conducted by Harris revealed that only 42% of Americans interviewed 
were aware that tobacco is a risk factor for HNSCC, and only 26% could recall ever 
being examined for head and neck cancers.234 Furthermore, only 12% of the American 
public realized that red or white sores in the mouth could represent an early sign of 
oral cancer (Fig. 10-7). Similarly, less than 2% of the nonsmoking population and 1% 
of smokers realized that hoarseness could be an early sign of laryngeal cancer.234 
Several organizations have aimed at educating medical and dental professionals on 
the risk factors, treatment, and rehabilitation related to HNSCC.241–244 However, we 
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have found only one organization dedicated to public education on laryngeal cancer.241 
Several organizations have provided materials that enhance public and professional 
education, support, awareness, and prevention for HNSCC. The National Institute 
of Dental and Craniofacial Research (NIDCR) provides an oral health information 
clearinghouse that includes oral cancer educational materials free to interested indi-
viduals (www.nidcr.nih.gov/OralHealth/Topics/CancerTreatment). The Interna-
tional Agency for Research on Cancer (www.iarc.fr) has a printable screening exam 
poster (screening.iarc.fr/doc/schartoral.pdf) that allows individuals to visualize the 
appearance of suspicious lesions of the oral cavity. The Oral Cancer Foundation 
(www.oralcancerfoundation.org) provides a detailed website with links and updates 
related to oral cancer and has teamed with the American Dental Association 
and others to enhance screening efforts. Support for People with Oral, Head and 
Neck Cancer Foundation (SPOHNC; www.spohnc.org) provides a newsletter, 
local support groups, and information for survivors, the public, and health profes-
sionals. Since 1998 the International Oral and Head and Neck Cancer Awareness 
Week (OHANCAW), sponsored by the Yul Brynner Head and Neck Cancer 
Foun dation (www.headandneck.org), has brought this issue to communities and 
the public through media campaigns, an annual awareness week, and free 
cancer screenings.243

Prevention through education of the public aims at changing behaviors and enhanc-
ing early detection. It is important to extend the education efforts to low-income popu-
lations as well, since individuals with lower economic status have a higher prevalence 
of tobacco use and therefore have a greater risk of developing HNSCC.155,245–248

Health Professional Education

Training Providers in Oral, Head, and Neck Cancer 
Prevention and Early Detection

Competency in the prevention and early detection of disease begins during predoc-
toral education. Competency in oral, head, and neck cancer prevention and detection 
is important because increased early and accurate detection may improve the per-
centage of cancers diagnosed before metastasis to the lymphatic system or other 
organs in the body.249 As a component of continuing education for practicing dentists, 
the American Dental Association launched a $1.2 million campaign sponsored by the 
National Cancer Institute to train dentists in oral cancer prevention and tobacco 
cessation practices.250–251 New York State has passed legislation requiring practicing 
dentists to have at least 2 hours of continuing education in oral cancer prevention 
and early detection.252 However, this training also needs to be enforced during pred-
octoral education. Although most dental students are taught how to conduct an oral 

Figure 10-7. T1 squamous cell carcinoma of the oral 
cavity. Early detection reduces the extent of required 
therapy and improves post-treatment outcomes.
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cancer examination, state dental boards do not currently require competency in this 
practice for licensure.249

Health professional schools have not uniformly incorporated prevention and detec-
tion content into their curricula.253 This situation has been addressed in Develop-
mental Objective 1–7 of Healthy People 2010, which aims to increase the number 
of health professional schools that include core competencies in health promotion 
and disease prevention.254 Subsequently, the Healthy People Curriculum Task Force 
developed a Clinical Prevention and Population Health Framework calling for health 
professional students to be trained in screening and counseling skills.253

Because oral, head, and neck cancers have such high morbidity and mortality rates, 
comprehensive disease prevention and detection curricula for health professional 
schools should include training in head and neck cancer prevention and early detec-
tion. The National Strategic Planning Conference for the Prevention and Control of 
Oral and Pharyngeal Cancer has recommended that predoctoral dental and medical 
curricula be developed to “require competency in prevention, diagnosis, and multi-
disciplinary management of oral and pharyngeal cancer.”251 However, surveys of 
dental and medical schools found that this area is not being adequately addressed in 
all schools. In 1998 only 64% (30 of 47) of U.S. dental schools included direct patient 
contact in their predoctoral instruction on identifying precancerous lesions.255 Simi-
larly, at the turn of the century only 15% (21 of 136) of medical schools taught all 
intraoral components of a head and neck cancer examination to students.256

When dental and medical students are asked about their training in oral, head, 
and neck cancer examination, they report feeling inadequately prepared to conduct 
such examinations with patients.256–261 However, studies suggest that expanding the 
predoctoral curriculum to include focused instruction on oral, head, and neck cancer 
prevention and detection may improve students’ confi dence and competency pertain-
ing to examination skills.256,257,260 This is supported by fi ndings that medical students’ 
general cancer prevention and detection skills improved after targeted education in 
cancer prevention and detection and smoking cessation counseling.262–266

Training Resources for Providers

Available multimedia resources for instructing health care providers in oral, head, 
and neck cancer prevention and early detection include training videos available from 
the University of Michigan (Voices of Detroit Initiative) and The Oral Cancer Center 
at the University of Pittsburgh.267,268 The University of Michigan video, Oral Health 
and Tobacco Cessation in a Primary Care Setting, features specifi c training in oral 
cancer screening as well as tobacco cessation counseling.268 From the Oral Cancer 
Center at the University of Pittsburgh, the video Oral Cancer Screening: A Brief 
Review provides step-by-step instruction in conducting an oral cancer examination.267 
Both resources are downloadable via the Internet and could be included in a head 
and neck cancer prevention and early detection program for both health professional 
students and current healthcare providers.

Another available resource is an interactive tobacco cessation CD-ROM educa-
tional program. This program, entitled Helping Your Patients Quit Tobacco, was 
developed specifi cally to teach tobacco cessation interventions to dental and dental 
hygiene students.269 The program content of the CD-ROM includes a detailed section 
on a fi ve-step tobacco cessation counseling process,124 a resource library about the 
health effects of tobacco use, and a self-test on information contained in the program. 
A three-phase evaluation of the CD-ROM showed that dental and dental hygiene 
students responded positively to the usefulness of this type of educational 
program.270

Health professional schools have a responsibility to train competent and confi dent 
future providers. By assessing the oral, head, and neck cancer prevention and early 
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detection training of health professionals, educators can understand the factors 
related to current and future healthcare providers’ examination and counseling 
skills.

Racial Disparities in Head and Neck Cancer

Racial disparities in head and neck carcinoma incidence and survival have been previ-
ously documented in this chapter. The cause of these disparities requires further 
examination. This section briefl y addresses reasons for the noted disparities and offers 
suggestions for future research.

Risk factors related to incidence of HNSCC include alcohol and tobacco use. 
Higher levels of smoking and drinking have independent effects on the risk of devel-
oping oral and pharyngeal cancer.271 In an earlier study, Day and associates272 found 
that a large proportion of racial differences in incidence of oral and pharyngeal cancer 
are due to racial differences in alcohol intake, particularly among current smokers.

However, no study exists that has identifi ed a specifi c biologic factor or mecha-
nism related to differences in survival between African Americans and Caucasians 
related to tobacco and alcohol use. Gourin and Podolsky273 conducted a study exam-
ining racial disparities in patients with HNSCC. These investigators found that the 
lower survival rates among African Americans in the study were related to several 
factors. For example, African Americans were less likely than other patients to have 
health insurance (P < .001), which limited their access to health care and early 
detection of disease. In addition, African Americans were more likely than other 
patients to have nonoperative treatment performed because of the greater incidence 
of stage IV disease and extracapsular spread (P < .0001). The study sample consisted 
of 478 African Americans and 650 Caucasians identifi ed by tumor registry data from 
patients treated at a single institution in the South. These fi ndings are important 
because they highlight the fact that racial differences in survival outcomes related to 
HNSCC are strongly related to differences in access to health care.

Similarly, Al-Othman and associates274 examined the impact of race on outcome 
after defi nitive radiation therapy for HNSCC. Their sample consisted of 686 patients 
who completed defi nitive, twice-daily radiation therapy alone or combined with a 
planned neck dissection between the years 1983 and 1997. Patients were followed 
up for a minimum of 2 years after treatment, with a median follow-up period of 7 
years. Fifty-fi ve (8%) of the 686 patients were African Americans; the remainder 
were Caucasian. Results show that despite similar 5-year local-regional control rates 
(70% versus 76% [P = .275]), the risk for distant recurrence was twice as high for 
the African-American patients as for the Caucasian patients (27% versus 13% [P < 
.012]). In addition, African-American patients had lower 5-year cause-specifi c and 
absolute survival rates (52% versus 74% [P < .001] and 29% versus 52% [P < .001], 
respectively). Al-Othman and associates274 attribute the decreased survival of African-
American patients in their study to an increased risk of distant metastases, the cause 
of which remains unknown. Other investigators suggest that racial differences in 
survival of oral and pharyngeal malignancies may be due in large part to lower socio-
economic status, more advanced stage at diagnosis, differences in treatment, patient 
comorbidities, access to health care, and quality of care received among racial and 
ethnic minorities.271,274–277

It is unclear whether the mechanisms related to survival differences in outcomes 
between African Americans and Caucasians with squamous cell carcinoma of the 
head and neck are biologic, socioeconomic, or both.274 Future research is needed to 
disentangle the effects of these factors on survival outcomes. When the mechanisms 
have been clearly identifi ed, interventions can be developed to reduce these survival 
differences.
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Secondary Prevention

Secondary prevention of HNSCC implies that a person has developed genetic, 
molecular, and/or histologic evidence of the disease and that the disease can be 
diagnosed as early as possible in the cascade of events. Thus, early detection or sec-
ondary prevention can include a serum, salivary, or tissue-based molecular test that 
reveals the disease. Further detection techniques can include population screening, 
routine physical examination, radiographic studies, and biopsy.

Early detection by screening is discussed in detail in Chapters 3 through 5 with 
techniques including molecular studies, markers, public health approaches, clinical 
examinations, and radiographic studies.

Molecular relationships to the onset and diagnosis of HNSCC are described in the 
aforementioned section on molecular genetics. Screening for HPV has also been 
described as a potential primary and secondary prevention technique.

The oral cancer examination has been advocated by many groups as an opportunity 
for dentists and physicians to identify the disease early (see Fig. 10-7). A recent study 
in India is the fi rst prospective study to provide confi rmation of survival improvement 
in a large population of at-risk individuals.278

New visualization-enhancing technologies are being developed and used. A che-
moluminescent light (ViziLite, Zila Pharmaceuticals, Inc, Phoenix, AZ) can improve 
visualization of the premalignant and malignant oral lesions. Unfortunately, the early 
reports using this technology do not provide enough support for its use as a general 
screening device for oral lesions.279,280 The Velscope (LED Dental, Inc, White Rock, 
BC, Canada) is an instrument that has been marketed as an aid in the diagnosis of 
early oral cancer and precancerous lesions without published prospective or con-
trolled trials to date. It is hoped that future studies with both trained and untrained 
clinicians will further elucidate the usefulness and indications for these techniques.

Other studies have assessed the role of autofl uorescence and fl uorescence visual-
ization in the clinical setting and the operating room to assess for premalignant and 
malignant areas of the oral cavity. Although interest in these technologies is increas-
ing, the exact role and indications for their use are yet to be defi ned.281,282

Studies also support the use of a brush biopsy technique to assess the level of risk 
or suspicion of lesions of the oral cavity and to promote early detection.283 OralCDx 
(OralCDx Laboratories, Inc, Suffern, NY) is a commercially available brush for per-
forming these types of biopsies. Further studies are necessary to identify which 
patients and lesions should be assessed with this technique. The role of staining 
methods has also been promoted to assess patients at risk for the development of 
oral cancer and/or to determine the most appropriate location for biopsy using a 
toluidine blue rinse. Oratest (Zila Pharmaceuticals, Inc, Phoenix, AZ) is a commer-
cially available mixture that has been studied and is currently used in some centers 
for these indications.

Radiographic techniques including CT scans, MRI, and CT/PET scans continue to 
play a role in assessing primary, regional, and distant disease in HNSCC while also 
providing information related to staging.284 Many of these techniques for secondary 
prevention are covered in greater detail in Chapters 1–5 and 12 (Box 10-1).

Tertiary Prevention

Tertiary prevention typically refers to a reduction in morbidity, complications, or 
mortality related to an acute or chronic disease that has recently been diagnosed and 
partially or entirely treated (Figs. 10-8). For HNSCC, this commonly includes reduc-
ing recurrence, second primary, metastasis, speech and swallowing dysfunction, 
dental and chewing problems, xero stomia and mucositis, cosmetic deformity, and 
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Box 10-1. Examples of Secondary Prevention in HNSCC

Molecular Test
Serum marker
Salivary marker
Tissue marker

Physical Examination
Unaided clinical examination
Enhanced visualization technologies

Fluorescence
Enhanced lighting—Vizilite, Velscope
Toluidine blue—Oratest

Radiographic Study—CT, MRI, CT/PET

Biopsy
Needle
Brush
Incisional
Excisional

HNSCC, squamous cell cancer of the head and neck.

A B

C

Figures 10-8. Clinical photographs (A and B) and CT 
scan (C) of the patient with T4 squamous cell 
carcinoma of the oral cavity. Treatment of this 
advanced lesion requires multimodality therapy. Post-
treatment functional outcomes can be improved signifi cantly 
with tertiary prevention.
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Table 10-7. Tertiary Prevention in HNSCC

Problem Example of Intervention

Recurrence Smoking cessation
Second primary Screening
Metastasis CT/PET scan
Dysphagia Swallowing therapy, dilation
Malnutrition Gastrostomy tube
Airway obstruction Tracheotomy
Cosmetic deformity Free tissue transfer reconstruction
Trismus Jaw exercises
Osteoradionecrosis Fluoride carriers
Xerostomia Medical prophylaxis
Dysarthria Speech therapy
Depression Psychotherapy, medical therapy
Shoulder dysfunction Physical therapy
Death Adjuvant therapy, second-line treatment

other problems common in head and neck cancer patients (Table 10-7). Studies 
assessing the many problems along with disease-specifi c and overall quality of life are 
important to understand during and after treatment for head and neck cancer.285,286

Summary

Head and neck squamous cell carcinoma of both the skin and mucosal sites is clearly 
associated with lifestyle-related risk factors. Primary prevention efforts have largely 
failed in the United States and most countries worldwide, although reducing tobacco 
exposure is an obvious opportunity. Education of children with an emphasis on avoid-
ance of risk factors may have potential for a reduction in incidence and mortality for 
the next generation. Vaccinations for viral-related cancers may also result in similar 
improvements. Secondary prevention efforts may have more of an impact with novel 
technologies, education, and screening efforts. Recent efforts in early detection with 
new technologies and molecular studies should provide earlier diagnosis in the coming 
decade. Although screening for head and neck cancers cannot yet be universally rec-
ommended for the entire population, close evaluation of those at high risk may 
improve survival statistics. The fi rst prospective prevention trial in India has already 
shown a 34% reduction in oral cancer mortality, with future potential to prevent 
37,000 oral cancer deaths worldwide.278 Further studies are necessary for the non-
squamous carcinomas of the head and neck region to further analyze risk factors, 
genetic predisposition, and molecular markers of disease.
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Sentinel Lymph Node Biopsy 
for Oral Cancer

Francisco J. Civantos, Robert Zitsch, 
and Anthony Bared

Introduction

Sentinel lymph node biopsy (SLNB) is a minimally to moderately invasive technique 
that allows the surgeon to excise and meticulously examine the primary draining 
lymph nodes in the clinically N0 neck. Morton and associates1,2 reintroduced this 
concept to surgical practice in a landmark publication describing the technique and 
their early prospective clinical experience with SLNB using blue dye in patients 
with clinically node-negative cutaneous malignant melanoma. Using injection of blue 
dye at the primary site, this team identifi ed 259 sentinel nodes in 194 of 237 
lymphatic nodal basins and found that the incidence of false-negative sentinel 

K E Y  P O I N T S
● The goal of sentinel lymph node biopsy (SLNB) is to achieve more accurate staging of the neck 

through a less invasive means than selective neck dissection. The procedure is most useful in a 
population with low risk of lymphatic metastases, with no major comorbidity that precludes staged 
completion neck dissection, and with particular concern about the potential morbidity of selective 
neck dissection.

● The sentinel node technique, though more accurate in diagnosis of lymphatic metastases, leaves 
the at-risk basins untreated unless the completion neck dissection is performed. Selective neck 
dissection, on the other hand, may treat lymphatic metastases that remain unrecognized, precluding 
the possibility of closer follow-up or adjuvant therapy. Gamma probe–guided neck dissection 
combines the benefi ts of both types of dissection but adds complexity to the standard selective 
neck dissection.

● For the sentinel node technique to be most effective, proper training and signifi cant experience 
are necessary. With proper technique and carefully followed procedures, false-negatives and lym-
phatic recurrences can be reduced.

● Proper, but also rapid, pathologic assessment is integral to the sentinel node procedure. Step 
sectioning and immunohistochemistry should be completed within a few days to allow early re-
exploration in the minority of patients with positive sentinel nodes.

● Training in this technique includes instruction on the proper injection method, use of the gamma 
probe, and proper pathologic analysis of the sentinel nodes. Subsequently, the surgeon should 
develop experience through the practice of gamma probe–guided neck dissection. In this proce-
dure, the surgeon simulates SLNB in the context of a planned selective neck dissection.

● Although formal quality-of-life studies have not been carried out, it is clear that the expected and 
potential morbidities of SLNB are lower than the well-documented morbidities of formal neck 
dissection.

● The concept that injection of a tracer will mark fi rst echelon lymph nodes, and that the status of 
these lymph nodes correctly predicts that of the completion neck specimen, has been shown to 
apply in oral cancer, just as it does for melanoma. As these technologies progress, this procedure 
will likely move from one that can be applied to a selected group of patients to one suited for all 
T1 and T2 oral cancers.
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nodes (i.e., the identifi ed sentinel node is found to be disease-free when metastatic 
disease is present in the regional lymphatic vessels) was less than 1%.2 Their model 
of initial SLNB followed by completion lymphadenectomy and detailed pathologic 
analysis and correlation of fi ndings has been used to validate this technique at mul-
tiple anatomic sites in subsequent trials. SLNB has been validated as an accurate 
means of staging the lymphatics relative to formal lymphadenectomy in cutaneous 
melanoma.3

Alex and Krag and associates4,5 subsequently developed the use of radionuclides, 
nuclear imaging, and a hand-held gamma probe to identify sentinel lymph nodes in 
the clinically N0 neck. Based on their work, SLNB has more recently been per-
formed using peritumoral intradermal injections of unfi ltered technetium (99mTc)-
sulfur colloid, or other radiotracer, and intraoperative gamma detection probes. The 
use of 99mTc-sulfur colloid and the gamma probe allows placement of the biopsy 
incision directly over the radiolabeled sentinel node(s), and the probe directs dis-
section straight to the node without disturbance of surrounding tissues. SLNB in 
melanoma using the gamma probe resulted in retrieval of sentinel nodes in 82% to 
100% of cases, with a very low incidence of false-negative results confi rmed by 
early follow-up.6–10 In addition, a higher than expected incidence of bilateral drain-
age, “skip” drainage to a more distant node in a group than might be anticipated 
from the location of the primary melanoma, drainage to multiple lymph node groups 
in the neck, and unorthodox ipsilateral patterns of lymphatic drainage have been 
documented.9–11

Management of the N0 neck in patients with early invasive squamous cell carci-
noma of the head and neck is controversial. This controversy is particularly well 
illustrated for early oral cancers that can be excised transorally. Simple close observa-
tion of the lymphatic basin has traditionally been used to avoid the morbidity of 
prophylactic neck dissection or irradiation in the majority of patients in whom neck 
metastases will truly never develop.12–15 On the contrary, the weight of opinion in 
the recent literature argues against a generalized “watchful waiting” approach16–18 and 
favors treatment of patients at risk for cervical metastases. Patients at risk have been 
identifi ed by characteristics of the primary lesion, such as thickness greater than 
4 mm, size greater than 2 cm, anatomic location, microinvasion, perineural infi ltra-
tion, and so on.19–24

Computed tomography (CT), magnetic resonance imaging (MRI), and ultrasonog-
raphy have been used to better identify grossly involved nonpalpable nodes and to 
increase the safety of the watchful waiting approach. However, signifi cant limitations 
exist in terms of specifi city and sensitivity because imaging modalities are incapable 
of identifying very small, and even microscopic, subclinical metastases.

The controversy surrounding the management of the N0 neck in mucosal squa-
mous cell carcinoma of the head and neck is analogous to that of elective regional 
lymphadenectomy in patients with invasive, intermediate-risk, clinical node-negative 
melanoma. Experience from multiple centers has demonstrated that the presence or 
absence of occult melanoma metastases to regional nodes can be determined with a 
high degree of accuracy using the less invasive SLNB technique. Patients with nega-
tive sentinel nodes can thereby be spared the expense and morbidity of surgery from 
which they could realize no benefi t, whereas those with positive sentinel nodes 
proceed to lymphadenectomy for compelling therapeutic indications.

As has occurred in clinically node-negative melanoma, SLNB ultimately offers the 
exciting possibility of identifying patients with clinically node-negative carcinomas of 
the other head and neck sites and with histologies that harbor occult metastases in 
the cervical lymphatics. It is important that a complete understanding of the tech-
nique, including an established false-negative rate, is available for each tumor type 
before incorporating it into routine clinical practice.
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Background of Sentinel Lymph Node Biopsy for 
Head and Neck Squamous Cell Carcinoma

Between 1996 and 2000, multiple sites initiated single-institutional trials studying 
SLNB for oral cancer, the most accessible mucosal site.25–32 More than 60 single 
institution trials, two international conference consensus documents, and a meta-
analysis have since been published regarding this topic.33–35 In particular, the group 
in Canniesburn, Scotland, has been a major advocate of this technique in Europe, 
where a considerable number of institutions and groups have published elegant vali-
dation series comparing the pathologic results of sentinel node biopsies with those 
of immediate completion neck dissection. These groups were not only looking at 
overall results, but assessing such issues as learning curves, proper pathologic analysis, 
and various details of surgical technique. Ross and associates33 are the fi rst to publish 
preliminary results regarding SLNB alone, without completion neck dissection, for 
oral cavity cancer.

Several smaller series have extended the technique to hypopharyngeal and supra-
glottic sites, in conjunction with endoscopic resection.36 There are also series that 
described the experience with head and neck cutaneous lesions other than melano-
mas, including selected high-risk squamous cell carcinomas of the skin, Merkel cell 
carcinomas, and other lesions.37–40 It has been demonstrated in the literature that 
predictive values of a negative sentinel lymph node vary between 90% and 100%, 
that signifi cant upstaging of the lymphatic basins occurs with this technique relative 
to standard formal lymphadenectomy, and that unexpected patterns of lymphatic 
drainage can occur, including unanticipated contralateral drainage, which may be 
missed with standard lymphadenectomies. In addition, fi ne step sectioning and 
immunohistochemistry are essential in properly evaluating the sentinel lymph node 
and signifi cantly improve the negative predictive value.

On the contrary, there has been reluctance to adopt SLNB, and it is not yet widely 
used for mucosal cancers, particularly in North America. Signifi cant concerns exist 
regarding the possible need for staged surgery in patients whose sentinel nodes are 
detected to be positive in a delayed fashion as well as the risk of false-negatives in a 
highly curable setting. A false-negative SLNB takes on great importance because 
although a selective neck dissection does not always accurately diagnose metastases, 
it provides therapy to the lymphatic fi eld, whereas SLNB leaves the highest-risk 
lymphatic basins untreated. False-negative results can occur for technical reasons, 
such as incomplete injection, inadequate radiologic imaging, failure to remove all 
radioactive nodes due to background radioactivity or desire to avoid more complex 
anatomic areas, and many other factors. However, even when SLNB is technically 
perfect, there are theoretical limitations in the ability of this technique to pick up 
every lymphatic metastasis. These limitations include the failure of standard histo-
pathologic techniques to detect minimal disease, the theoretical potential for metas-
tases to lodge in distal nodes while being eliminated in more proximal ones (termed 
“skip” metastases), and the potential for nonlymphatic gross disease that is below 
the threshold of imaging. Given the fairly moderate morbidity of selective neck dis-
section, these concerns are enough to keep many surgeons from offering patients 
SLNB for mucosal cancers.41

Selective neck dissection remains attractive as an accurate, minimally invasive 
technique for staging the cervical lymphatics in spite of these issues. It is therefore 
important that statistically signifi cant, quality-controlled data be generated before 
the less invasive SLNB approach is accepted. Excellent pathologic validation data 
exist, but trials with long-term follow-up on patients with oral cancer having SLNB 
alone are limited. On the other hand, patients occasionally present with lesions 
that clinically appear relatively superfi cial (i.e., less than 4 mm depth of invasion 
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suspected), and these represent a group for which the watchful waiting approach 
remains the standard of care. In this group, the SLNB approach might theoretically 
represent a more aggressive approach for patients who desire an evaluation of the 
lymphatics beyond what is currently standard.

Gamma Probe–Guided Selective Neck Dissection

The introduction of SLNB for sites such as breast and oral cavity, where there is an 
established pattern of lymphatic drainage and a generally accepted procedure for 
selective lymphadenectomy with acceptable morbidity, has led to the concept of 
“gamma probe–guided selective neck dissection,” in which patients who are advised 
to consider lymphadenectomy are offered concurrent sentinel node mapping and 
biopsy along with the formal dissection (Fig. 11-1). This procedure allows the per-
formance of validation studies but also is offered to obtain the benefi t of more accu-
rate mapping and staging through fi ne sectioning and immunohistochemistry of the 
sentinel node. Many patients who would have been staged as N0 are upstaged to N1 
on the basis of this technique. This allows for closer follow-up evaluation, consider-
ation of radiologic imaging, and possible adjuvant radiation. In review of the literature 
for oral cancer, upstaging could be anticipated to occur in 10% to 20% of 
cases.27,28,31,42,43

The gamma probe–guided selective neck dissection technique also allows for the 
identifi cation of unusual patterns of lymphatic drainage and for better selective neck 
dissection by ensuring that all lymph nodes at risk are removed (Fig. 11-2). For 
example, with oral cavity cancer, one might detect contralateral nodes, perifacial 
nodes, and very posterior nodes in the jugular region bordering on level V, which 
might have been left out of a selective neck dissection but proved to represent 
important direct drainage patterns from the primary tumor. Suffi cient data on the 
use of this technique are available, and the potential benefi ts are suffi ciently docu-
mented. Therefore, an argument can be made that the use of this approach as an 
adjunct to formal lymphadenectomy is justifi able, could potentially benefi t the 
patient, and is of low risk. The addition of a preoperative tumoral injection and pro-
longation of the surgery, by less than 1 hour in most cases, are unlikely to harm the 
patient and are outweighed by the benefi ts of more accurate staging and knowledge 
of drainage patterns as a guide to a better lymphadenectomy. This is generally the 
approach used to gain experience with sentinel node technology by surgeons experi-
enced in selective neck dissection.

Figure 11-1. Gamma probe-guided neck 
dissection involves use of the gamma probe to 
remove sentinel nodes in the context of a planned 
selective neck dissection.
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The University of Miami Experience

The University of Miami experience in 106 sentinel lymph node biopsies in the head 
and neck region has been previously published.42 The procedure was found to be 
extremely safe, and re-exploration could be safely accomplished in experienced 
hands without any untoward events. No shoulder symptoms, lip asymmetry, contour 
changes, or other unexpected side effects occurred. Precautions at the initial surgery, 
such as tagging of important nerves, and accelerated pathologic analysis of sentinel 
nodes combined with early re-exploration, helped make secondary surgeries safer. 
Among the 43 patients with oral cancer, primary site locations included 28 tongue, 
2 fl oor of mouth, 1 alveolar ridge, 6 buccal mucosa, and 5 retromolar trigone. Stages 
included 11 T1 lesions, 27 T2 lesions, and 5 T3 lesions. Because the sentinel node 
evaluation for oral cancer was considered less standard than for melanoma, neck dis-
section specimens were initially examined in routine fashion, with representative 
sampling of 20 to 30 randomly selected lymph nodes in the neck, and pathology 
reports generated.

Frozen section was performed in the initial 18 cases and resulted in the identifi ca-
tion of only 6 of 10 positive results. Fine sectioning at 2 mm and immunohistochem-
istry of the banked sentinel node blocks were performed separately at a later date 
by protocol. Twenty patients (46.5%) had positive results on fi nal pathology. In nine 
patients, the sentinel node was the only positive node identifi ed. In seven of these 
(16% of total), micrometastases not seen on initial hematoxylin and eosin were 
detected on extended sectioning and/or immunohistochemistry within the sentinel 
node. These seven patients were upstaged from N0 to N1 as a result of more detailed 
pathologic analysis of the sentinel node (95% CI: 6.8% to 30.7%).

The procedure was 100% accurate for T1 lesions in our single-institution series, 
with three true positives, eight true-negatives, and no false-negative results. Two 
false-negative sentinel node biopsies occurred among the 43 patients with oral cancer, 
all of whom had pathologic correlation with levels I to IV neck dissection. In patients 
with negative sentinel nodes, the presence of cancer in any nonradioactive lymph 
node was considered defi nitive evidence of disease missed by the sentinel node pro-
cedure. Among 43 oral cancers, there were 20 of 43 patients (46.5%) with metas-
tases, 18 of which were identifi ed on SLNB, giving a false-negative rate of 10% 
(95% CI: 1.2% to 31.7%) and a negative predictive value of 92% (95% CI: 74% 
to 99%). Both false-negative cases were similar in that they represented grossly 

Figure 11-2. Asymmetric lymph node (arrow) in 
the expected drainage area of the primary tumor, 
seen on CT, would evoke suspicion enough to 
require biopsy of the imaged node and probable 
selective neck dissection.
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abnormal nodes replacing the lymph node architecture and in juxtaposition to the 
sentinel node.

The strict defi nition of a sentinel node may produce an overestimate of the risk 
of missing cancer in such cases, since the gamma probe led the surgeon to the palpable 
node that was identifi ed on the narrow-exposure sentinel node procedure. In both 
cases, positive nodes were identifi ed and excised during the sentinel node exploration 
before initiating the completion of neck dissection. Two additional cases displayed 
microscopically positive levels III and IV sentinel nodes along with gross disease in 
level II that was not radioactive. The latter two cases, though not false-negatives, 
were notable because the sentinel nodes had microscopic disease, whereas grossly 
involved nodes did not take up radioactivity. Especially interesting is the contrast in 
patterns of tumor progression in the lymphatics of squamous cell carcinoma versus 
melanoma. Positive melanoma and Merkel cell carcinoma often involved multiple 
micrometastases in nodes that maintained their radioactivity and were therefore 
apparently functional. However, in 4 of 43 oral cancer patients grossly positive non-
radioactive nodes were present, whereas sentinel nodes were negative or contained 
microscopic disease. Sentinel nodes were adjacent to these grossly involved nodes in 
three patients and located at a more distant distal location in one patient. We pos-
tulated that tumor destruction of the lymph node led to lymphatic obstruction and 
the development of new lymphatic pathways. Two of the four patients in question 
had T3 lesions, and two had T2 lesions, despite the fact that the group as a whole 
consisted primarily of T1 and T2 lesions. Our inclusion of a small number of T3 
lesions, which naturally are at greater risk for subclinical gross disease, may have 
made this phenomenon more notable. Our impression is that, particularly for squa-
mous cell carcinoma, efforts must be made via imaging to rule out subclinical gross 
disease that can lead to false-negatives and redirection of lymphatic fl ow.

Others have reported similar fi ndings.44 For oral cancer, it appears that the sentinel 
node procedure is an excellent test for microscopic disease but is not as good a test 
for subclinical gross disease that must be sought by radiologic studies and intraopera-
tive palpation.

We also concluded that T3 oral lesions were less well suited for the SLNB proce-
dure because of the higher incidence of gross nodal involvement and because the 
wider bed of radionuclide results in an impractically high number of sentinel nodes. 
The procedure was 100% accurate in 11 signifi cantly invasive T1 oral lesions, in which 
there were three true-positives.

The ACOSOG Pathologic Validation Trial

Early data from the University of Miami series42 as well as a series from the University 
of Missouri32 were presented to the American College of Surgeons Oncology Group  
(ACOSOG) in 2001 and ultimately led to the development of a multi-institutional 
validation trial of SLNB for early invasive oral cancer, which recently completed 
accrual45 (Fig. 11-3). This trial involved 25 institutions and 34 certifi ed surgeons and 
included a formal training program. The group consisted of a mix of relatively expe-
rienced and inexperienced surgeons. Strict imaging criteria, based on CT or MRI, 
were used to rule out nonpalpable gross disease. Patients underwent injection of the 
lesion with unfi ltered 99mTc-sulfur colloid, nuclear imaging, narrow-exposure sentinel 
lymphadenectomy, subsequent immediate selective neck dissection of levels I through 
IV, and routine pathologic analysis of the sentinel lymph nodes and nonsentinel 
lymph nodes. Blue dye was not injected because of concerns regarding the effect of 
blue coloration of the primary site on the resection of the primary tumor, where 
margins are generally not as wide as in the skin or breast. It was felt that the ability 
to visualize the tissue around the primary tumor must not be compromised.
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Lymphatic tissues, from both sentinel and nonsentinel lymph nodes, were submit-
ted centrally for step sectioning at 2 to 3 mm intervals and immunohistochemistry 
for cytokeratin. Data were collected for routine pathologic assessment at the sites, 
comparing the sentinel node with the completion neck dissection specimen. Central 
tissue acquisition, step sectioning, and immunohistochemistry are still in progress. 
The major end point for the trial is the negative predictive value (NPV) of SLNB, 
which is defi ned as the proportion of patients with negative sentinel nodes who also 
have no positive nonsentinel nodes on pathologic evaluation of the neck dissection 
specimen. This end point was assessed by routine pathology, with limited sections 
through each node and hematoxylin and eosin stain, and will also be assessed via 
central step sectioning and immunohistochemistry (Fig. 11-4).

The data from the ACOSOG trial are summarized in Tables 11-1 through 11-3. 
A total of 161 patients enrolled in the study, of whom 140 were evaluated (Box 
11-1). The median age was 58. There was one failure to map the lymphatics, repre-
senting a 99.3% technical success rate. There were 52 T1 lesions (56.2%) and 88 T2 
lesions (42.3%). The median number of sentinel nodes removed per patient was 
three. There were 26 fl oor-of-mouth lesions (18.6%) and 95 tongue lesions (67.9%). 
On fi nal analysis, including macrometastases, micrometastases, and single tumor cells 
believed to represent viable tumor, there were 41 patients (29%) who had cancer in 
the cervical nodes. The negative predictive value of a negative sentinel node, based 
only on routine pathology and hematoxylin and eosin stain, was 93 (95% CI: 0.865, 
0.972). With central step sectioning and immunohistochemistry, this percentage 
improved to 96%. Of note, the negative predictive value was 100 for T1 lesions, with 
13 positives of 52 patients. The number of sentinel nodes removed did correlate with 
stage (P = .014). The negative predictive value is the closest equivalent to the clinical 
situation in a patient with low to moderate risk of harboring cervical metastases and 
represents true-negatives as a fraction of total negatives. It answers the following 
question: If the sentinel node is negative, what is the percentage of risk that there 
is occult cancer in the neck?45

Although negative predictive values were similar, false-negative rates (false-
negatives as a fraction of total positives) were worse for fl oor of mouth. The number 
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Figure 11-4. A micrometastasis is seen in a 
sentinel node with (A) hematoxylin and eosin stain 
and (B) immunohistochemistry for cytokeratin. 
Micrometastases are more likely to be found 
using the sentinel node technique and often go 
undiagnosed after selective neck dissection.

Table 11-1. Patient Characteristics for ACOSOG Trial: Sentinel Node Biopsy 
in Early Invasive Oral Cancer (n = 140)

Age (years)

Median 58
Minimum 24
Maximum 90

Gender

Male 85 60.7%
Female 55 39.3%

Clinical T Stage

T1 52 37.1%
T2 88 62.9%

Path. T Stage

T1 77 56.2%
T2 58 42.3%
T3 1 0.7%
T4 1 0.7%
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Table 11-1. Patient Characteristics for ACOSOG Trial: Sentinel Node Biopsy 
in Early Invasive Oral Cancer (n = 140)—cont’d

Path. Tumor Size (cm)

Median 1.9
Minimum 0.1
Maximum 6.0

No. of Sentinel Nodes Removed (Path.)

Median 3
Minimum 1
Maximum 13

No. of Sentinel Nodes Removed (Path.)

 1 24 17.1%
 2 30 21.4%
 3 26 18.6%
 4 32 22.9%
 5 10 7.1%
 6 6 4.3%
 7 2 1.4%
 8 6 4.3%
 9 2 1.4%
11 1 0.7%
13 1 0.7%

Tumor Location

Tongue 95 67.9%
Floor of mouth 26 18.6%
Alveolar ridge 4 2.9%
Retromolar trigone 8 5.7%
Hard palate 0 0.0%
Buccal mucosa 7 5.0%
Oral vestibule 0 0.0%

H&E Status (NPV = 0.93)

True-negative 100 71.4%
False-negative 7 5.0%
Positive 33 23.6%

H&E Status Positive Breakdown

SN only positive 20 60.6%
SN and ON positive 13 39.4%

H&E False-Negatives

False-negatives 7 17.5%
All other-positives 33 82.5%

Central Path. Status (NPV = 0.96)

True-negative 99 70.7%
False-negative 4 2.9%
Positive 37 26.4%

Central Path. Status Positive Breakdown

SN only positive 21 56.8%
SN and ON positive 16 43.2%

Central Path., False-Negatives

False-negatives 4 9.8%
All other positives 37 90.2%

ACOSOG, American College of Surgeons Oncology Group; H&E, hematoxylin & eosin; NPV, negative predictive value; path., 
pathologic.
Data provided directly by ACOSOG Head and Neck Working Group.
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of positives in this smaller group was small relative to tongue (one false-negative and 
three false-positives), but the false-negative rate of 25% versus 8.1% for the other 
oral sites indicates a need for caution in this group. Presumably, this is due to techni-
cal issues related to the proximity of the primary site to the lymphatic basin.45 At 
this point, we can say that if we presume that a SLNB in the context of a planned 
completion neck dissection is analogous to an isolated SLNB compared with an iso-
lated neck dissection, then there is only a 4% chance of missing cancer in the lymph 
nodes based on meticulous pathology including step sections at 2 to 3 mm and 
immunohistochemistry for cytokeratin. However, very little observational data of 
SLNB alone in oral cancer are available, and this needs to be generated, preferably 
in a prospective fashion, before we can consider that the procedure has truly been 
tested. At this point, further technical progress is needed before we can consider 
SLNB to be reasonable for lesions of the fl oor of mouth to manage the issues related 
to “shine-through” radioactivity from the primary site. It is unclear whether the use 

Box 11-1. Enrollment Summary for ACOSOG Trial

Patients enrolled 161
Ineligible or inevaluable 24
Failed SLNB 2
Aborted SLNB 5
Withdrew before surgery 1
Ineligible 10
Much missing data 3
Eligible and evaluable (enrolled by 32 surgeons at 26 institutions) 140

ACOSOG, American College of Surgeons Oncology Group; SLNB, sentinel lymph node biopsy.
Data provided directly by ACOSOG Head and Neck Working Group.

Table 11-2. ACOSOG Trial, Number of Lymph Nodes Removed during SLNB by Stage

No. of Sentinel Nodes Removed (Path.)

Clinical T Stage

TotalT1 T2

1 12 (23.1%) 12 (13.6%) 24
2 12 (23.1%) 18 (20.4%) 30
3 10 (19.2%) 16 (18.2%) 26
4 10 (19.2%) 22 (25.0%) 32
5+  8 (15.4%) 20 (22.7%) 28
Total 52 88 140

Table 11-3. ACOSOG Trial, Number of Lymph Nodes Removed during 
Surgery by Anatomic Site

No. of Sentinel 
Nodes Removed 
(Path.)

Tumor Location

TotalTongue
Floor of 
Mouth

Alveolar 
Ridge

Retromolar 
Trigone

Buccal 
Mucosa

1 14 (14.7%) 4 (15.4%) 0 (0.0%) 4 (50.0%) 2 (28.6%) 24
2 24 (25.3%) 2 (7.7%) 0 (0.0%) 2 (25.0%) 2 (28.6%) 30
3 19 (20.0%) 4 (15.4%) 2 (50.0%) 1 (12.5%) 0 (0.0%) 26
4 22 (23.2%) 6 (23.1%) 1 (25.0%) 1 (12.5%) 2 (28.6%) 32
5+ 16 (16.8%) 10 (38.5%) 1 (25.0%) 0 (0.0%) 1 (14.3%) 28
Total 95 26 4 8 7 140
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of blue dye, or other new techniques, such as long-term staining with carbon dye, 
single-photon emission computed tomography (SPECT) imaging, ultrasound detect-
able injectable agents, or other developing techniques, might someday allow us to 
more accurately identify sentinel nodes in this group of patients.

The standard approach at this point for management of the N0 neck in a patient 
at signifi cant risk is the selective neck dissection. Given the growing body of data 
regarding the reasonable predictive value of SLNB, this technique could be offered 
for those in whom watchful observation of the lymphatic basin would represent a 
reasonable traditional option. However, it is important that patients fully understand 
that the moderate morbidity that selective neck dissection entails must be balanced 
against the small risk of a false-negative result from SLNB. Given the existence of 
many supportive pathologic validation trials, including the ACOSOG cooperative 
group trial, which involved rigorous independent oversight, the most appropriate next 
step would be to acquire rigorous data on the results of SLNB alone—without com-
pletion of neck dissection—for this group of patients. The ideal study would involve 
a randomized comparison between selective neck dissection versus initial SLNB with 
neck dissection for proven positive results. But appropriately designing such a study 
would require thousands of patients. Thus, a more practical approach would be the 
generation of prospective, quality-controlled normative data of the results of the 
sentinel node technique, including long-term follow-up and quality-of-life assess-
ment. Without such data we cannot be certain that the number of micrometastases 
picked up by both sentinel node technique and selective neck dissection is actually 
much less than the true presence of cancer in the neck. In other words, could we be 
treating many more undetected cancers with our selective neck dissection than we 
think? While these data are being collected, we should still view this as a cutting 
edge technique, not fully proven, but appropriate for patients unwilling to accept the 
moderate morbidity of selective neck dissection.

Controversies Regarding Surgical Technique

The importance of understanding the true predictive value of a negative SLNB is 
complicated by the variations in surgical technique in practice, which could in theory 
alter the accuracy of the results obtained. Some groups exclusively use radiotracers 
transported by lymph fl uid36,46,47 or radiotracers combined with blue dye.43,48–50 In 
this context, Ross and associates43 mentioned that the false-negative rate is not 
signifi cantly reduced by additional color lymphography. This team affi rmed that the 
radioactive marking of the sentinel nodes represented the basis of sentinel lymphad-
enectomy in the head and neck.

In addition, application of blue dye does entail some risk of complications. Acci-
dental injury of the lymphatics leads to an extravasation of the dye, with resulting 
staining of adjacent tissue and reduction in intraoperative visualization. Especially in 
the area of the cervical soft tissues and the oral primary site, with their numerous 
neural and vascular structures, assessing tissue color and texture is of great impor-
tance in oncologic surgery. Furthermore, in 1985 Longnecker and associates51 reported 
a 2% incidence of anaphylaxis after subcutaneous injection of blue dye.

Intraoperative36,46,47 or preoperative49,50,52,53 tracer injection and intraoperative lym-
phatic mapping detecting several “hot” nodes within the lymphatic draining basin 
during elective neck dissection are performed by some groups. Intraoperative lym-
phatic mapping is performed after elevation of the cutaneous fl aps, following mobi-
lization and dissection of the neck dissection specimen. The latter approach to gamma 
probe–guided neck dissection has the disadvantage of not developing the surgeon’s 
ability to perform the minimally invasive SLNB and cannot be considered adequate 
for comparative study of the two techniques.53
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Surgical Technique: Contrast between Oral and Cutaneous Lesions

Many steps are involved in the SLNB technique for mucosal lesions.

Step 1: Patient Selection

An appropriate patient is one with a signifi cant risk of lymphatic micrometastases 
who is also unlikely to have distant metastases and has a small injectable lesion. Since 
early oral cavity cancer has less risk of distant metastases than melanoma, the manner 
in which these patients are approached is a bit different from the way we approach 
patients with melanoma. It is very important not to miss potentially curable micro-
metastases and reasonable to consider using the technique for lesions that are larger 
and more invasive than what would be considered appropriate for a melanoma. 
Nonetheless, many series have confi rmed that the technique is not appropriate for 
T3 and T4 primary tumors because of the signifi cant volume of tissue that would 
need to be injected, the excessively large number of radioactive nodes generated, the 
greater risk that grossly positive nodes exist, the potential for false-negative results 
due to incomplete injection, and the technical futility of removing a large number of 
nodes in piecemeal fashion. On the contrary, the technique is best applied to T1 and 
smaller T2 lesions. If a lesion is less than 4 cm in maximal diameter but has signifi cant 
tongue fi xation or other manifestations of deep invasion, then this is truly a T4 lesion, 
and the results with SLNB are unlikely to prove accurate and useful.

If the primary tumor meets criteria, the next issue is whether the neck is grossly 
involved. Although the sentinel node technique is an excellent technique for detect-
ing micrometastases, it is less useful for detecting nonpalpable but grossly involved 
lymph nodes. This appears to be particularly true with squamous cell carcinoma. It 
is postulated that when a large percentage of the lymph node is replaced by cancer, 
physiologic obstruction occurs, and alternative patterns of lymphatic drainage develop. 
Extranodal squamous cell carcinoma in the neck tissues, by defi nition, cannot be 
detected by SLNB. It is important to detect the presence of such gross disease on 
preoperative imaging and avoid applying this technique to that group of patients to 
avoid false-positives. Generally, contrast-enhanced CT and MRI (if iodine-allergic) 
are the imaging modalities used. These should be strictly interpreted. The role of 
positron emission tomography remains to be delineated, but this may ultimately also 
prove useful in ruling out such gross disease. It should be kept in mind that the sen-
tinel node technology represents an excellent technique for detection of microme-
tastases in patients felt to have a reasonably low risk of metastases, but it is not as 
accurate at detecting grossly involved, nonfunctional nodes.

Step 2: Injection of the Primary Tumor

The injection is performed before the surgical procedure, generally on the morning 
of surgery, in the radiologic suite. Injection is also sometimes performed late on the 
day before surgery. Use of 500 mCi is recommended on the morning of surgery or 
a slightly higher dose the night before. Awake injection and imaging in radiology 
constitute the most commonly used technique, but as we extend this procedure to 
endoscopically accessible oropharyngeal, supraglottic, and hypopharyngeal lesions, it 
is likely that cooperative efforts with the nuclear radiologist and the use of portable 
cameras will allow for intraoperative endoscopic injection, with or without radiologic 
imaging, and gamma probe–guided sentinel node biopsy without the need for uncom-
fortable injections on an awake patient. Theoretical advantages of injecting under 
general anesthesia include better exposure of the primary tumor and prevention of 
patient motion related to discomfort. This may eventually further increase the 
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reliability of this method. Taking into account that the radiolocalization of the 
detected hot spots does not represent the drainage of the primary tumor, but does 
represent the drainage of the tracer deposits, which are supposed to mimic the lym-
phatic drainage of the primary, the impact of a thorough and representative tracer 
injection becomes evident. Because of the density and direction of the head and neck 
lymphatics, the primary tumor may drain into several alternative lymphatic pathways, 
all representing the fi rst echelon of draining sentinel lymph nodes.

Nevertheless, because of regulatory issues related to the injection of radioactive 
substances and the lack of widely available portable nuclear imaging, awake injection 
remains the most commonly used technique at present. It is important to ensure that 
the patient is comfortable so that an adequate preoperative injection is obtained. We 
use topical anesthetic, mild oral sedation, and lingual, inferior alveolar, and/or sphe-
nopalatine nerve blocks to ensure patient comfort during manipulation and injection 
of the primary tumor. Direct injection of the tumor with local anesthetic should not 
be performed since it may affect uptake of the radionuclide and reportedly even 
cause it to precipitate in the tissues. The injection technique involves narrow injection 
with a 25-gauge needle circumferentially encompassing the leading edge of the lesion 
and an additional injection in the center of the lesion (Figs. 11-5 and 11-6). Five 
tuberculin syringes with 1-mL aliquots of 99mTc-sulfur colloid, with a total radioactiv-

Figure 11-5. A 1.5-inch needle and tuberculin syringe are 
used to inject gingerly, completely encompassing the lesion. 
Excess force should be avoided so that nonphysiologic 
drainage patterns are not opened. Sedation, topical 
anesthetics, and nerve blocks can be used, but lidocaine 
should not be infi ltrated into the bed of injection. Avoid 
injecting more widely or deeply than necessary, as the 
injected colloid will extravasate more widely than is 
apparent. (From Civantos FJ, Werner JA, and Bared A: 
Sentinel node biopsy in cancer of the oral cavity. Operative 
Techniques in Otolaryngology–Head Neck Surgery 16:275–
285, 2005, Figure 1.)

Figure 11-6. Injection of buccal mucosa tumor 
with radiocolloid.



Chapter 11 Sentinel Lymph Node Biopsy for Oral Cancer214

ity of 500 mCi, would represent a standard dose for the morning of surgery. A slightly 
higher dose would be used the night before. These dosages are extrapolated from 
the practice for melanoma and have worked well for oral cavity cancer, but formal 
comparative evaluation of dosages and volumes for use in the oral cavity have yet to 
be performed.

To extend this technique to supraglottic and hypopharyngeal sites, arrangements 
must be made to handle radionuclide in the operating suite. This generally involves 
the participation of a nuclear medicine technician, and endoscopic injection of the 
primary tumor must be performed. Subsequently, adequate time must be allowed 
for migration of radionuclide to the lymphatic basin, and the gamma probe can be 
used to confi rm this.

For cutaneous lesions, it is well documented that a scar from a previous excisional 
biopsy can be injected to allow accurate SLNB. Whether a previously excised oral 
lesion could undergo sentinel node excision by injection of an intraoral scar has yet 
to be determined. It is important to inject narrowly and not to inject the deep tissues. 
The radionuclide extravasates more widely in the oral cavity around the site of injec-
tion than occurs in the skin and will usually go to the neck more quickly. There is 
no benefi t in trying to inject a margin around the tumor, since this leads to an unman-
ageable excess of radioactive nodes. However, injection must be just peripheral to 
the tumor in normal-appearing tissue and not within the gross cancer to allow migra-
tion into normal lymphatic channels. We prefer to use unfi ltered 99mTc-sulfur colloid. 
The presence of larger particles allows for retention of radioactivity in the proximal 
lymphatics. Retained particles at the site of primary injection are not a major issue 
since we recommend removal of the primary tumor fi rst. However, it is also possible 
to obtain good results using fi ltered 99mTc-sulfur colloid, and if there is a strong pref-
erence for addressing the lymphatics fi rst, then this may be preferable since there is 
a better clearance of background radioactivity from the primary site. The more rapid 
migration of the fi ltered agent may also make it advantageous if injections of radio-
nuclide are performed on the operating room table at the start of the procedure 
rather than before the surgical procedure.

As previously discussed, blue dye used concurrently with 99mTc-sulfur colloid has 
become popular in SLNB for melanoma. This is a reasonable technique for skin and 
certainly can help during the learning phase of the procedure, because the subtle 
blue-dyed lymphatic vessels can be traced toward the sentinel node. Furthermore, 
reinjection of the blue dye is performed in the operating room under anesthesia and 
can provide a measure of security against inadequacy of preoperative injection due 
to patient discomfort. The most common approach, however, for the reasons previ-
ously mentioned, is to use the radionuclide alone for mucosal lesions. We prefer to 
remove the primary tumor fi rst to eliminate radioactive background at the primary 
site. When the technique is performed in this sequence, the blue dye has usually run 
through to the distal lymphatics by the time the oral resection is completed and 
margins are sent, making the dye less useful. The concept of injecting a second agent 
within the operating room for better accuracy is reasonable, however; currently, a 
contrast agent, Sonazoid (GE Healthcare, Oslo, Norway), which does not color the 
tissues but can be identifi ed by intraoperative ultrasound, is undergoing clinical 
trials.54 Sonazoid is a lipid-stabilized suspension of 2.4 to 3.5 microns of perfl uoro-
butane microbubbles. This may someday provide an alternative to blue dye for those 
who desire a second tracer injection for increased accuracy.

Step 3: Nuclear Lymphatic Mapping

After injection, nuclear imaging of the lymphatics is obtained. SPECT technology, 
though not absolutely necessary, may eventually provide even better three-
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dimensional localization of the sentinel node. The availability of both anteroposterior 
and lateral imaging will generally be adequate, however, to guide the surgeon. A 
dynamic phase should be acquired with serial images for 1 hour after injection. These 
images should be acquired for 1 minute each. Transmission images should be acquired 
for 1 to 2 minutes in each new movement of the camera. Although it is possible to 
perform SLNB with the intraoperative gamma probe alone, the radiologic image can 
be useful in providing a rough guide to the location of the sentinel node. It may provide 
for a more complete informed consent process by predicting unexpected drainage to 
the contralateral neck or other areas that were not expected to be involved (Fig. 
11-7).

Step 4: Removal of the Primary Tumor

We prefer to resect the primary tumor transorally fi rst. If the injection fi eld is suffi -
ciently narrow, this usually eliminates or greatly reduces background radioactivity at 
the primary site, or “shine-through,” which can confound the sentinel node identifi ca-
tion. The usual appropriate surgical margins with frozen-section control should be 
obtained. In some situations, it may be necessary to perform the nodal biopsy before 
primary resection. Removal of the primary tumor fi rst is less important when the 
lymphatic basin is distant from the primary tumor and is often less of an issue for 
skin lesions (i.e., auricular scalp or nasal lesions). However, this can be important for 

Figure 11-7. Lymphoscintigrams may show unexpected contralateral 
drainage.
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Figure 11-8. The gamma probe is used to direct 
dissection toward the sentinel node.

lesions of the neck or preauricular skin, where the lymphatics are immediately deep 
to the primary tumor. Removal of the primary tumor is especially important for 
fl oor-of-mouth tumors because of the immediate proximity of the submandibular 
lymphatics.

Step 5: Gamma Probe–Guided Sentinel Lymph Node Biopsy

The hand-held gamma probe is now used to confi rm the location of the sentinel 
lymph node(s), which previously were identifi ed during lymphoscintigraphy (Fig. 
11-8). The skin is again marked with the location of the nodes. If the patient is to 
undergo SLNB alone, with neck dissection planned only for positive fi ndings intra-
operatively or on permanent histopathology, the incision can be drawn narrowly over 
the node. However, the incision must be consistent with the possibility of subsequent 
neck dissection, and the planned incision for the formal lymphadenectomy should 
be considered. Alternatively, the incision can be drawn in the line of that to be used 
for neck dissection, though shorter in length, and fl aps can be elevated. This latter 
approach is used when immediate gamma probe–guided neck dissection is the plan. 
After the incision is made, subplatysmal fl aps are elevated suffi ciently to provide 
access to the hot area. The neck should fi rst be carefully palpated to identify palpable 
gross lymphatic disease that may not be physiologically functional, and hence may 
not take up radioactivity. The fi nding of gross cancer involvement would, of course, 
contraindicate SLNB and mandate formal lymphadenectomy.

If no gross disease is identifi ed, the surgeon now localizes the sentinel node(s). 
Use of the probe to locate the nodes is not intuitive and is best learned through 
instruction by a surgeon with experience in the technique. Initial readings are taken 
of the precordium and back table to assess the level of hematogenous radioactivity 
(Fig. 11-9). Readings are also obtained from the resected tumor specimen and the 
bed of resection to assess the level of anticipated background activity. The probe is 
slowly passed over the neck at a steady rate, assessing the auditory input for radio-
activity generated by the gamma probe. Care is taken to aim away from the primary 
resection bed. Since the probe measures radioactivity over time, rapid or unsteady 
movement leads to higher readings and louder auditory input and should be avoided. 
Using steady constant motion, the probe is moved radially across each hot spot allow-
ing the surgeon to determine the direction in which to proceed, in three dimensions, 
to locate the sentinel node (Fig. 11-10). Using a fi ne hemostat or McCabe nerve 
dissector, the surgeon bluntly dissects toward the sentinel node (Fig. 11-11). Bipolar 
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cautery can be used to divide the tissues to provide wider exposure. Use of paralytics 
and monopolar cautery should be avoided.

After the dissection cavity is opened, the gamma probe is introduced into this 
space along the plane of dissection and angled in various directions to guide the 
surgeon to the sentinel node. The sentinel node is bluntly excised. Probe readings 
(counts per minute) are recorded for initial readings taken while the node is in the 
patient, as well as for ex vivo readings of the extracted node, away from the patient 
(Fig. 11-12). Repeat readings of the resection bed are taken to ensure that there are 
no adjacent hot nodes that also need to be removed (Fig. 11-13). Any lymph node 
exhibiting 10% or more of the radioactivity of the most radioactive node in the same 
anatomic area is considered an additional sentinel lymph node and is harvested sepa-
rately. A large number of very radioactive nodes (i.e., more than six) essentially rep-
resents a failure of the technique, and piecemeal removal of a large number of nodes 
is not recommended. The surgeon should proceed to selective neck dissection if 
indicated. With a very hot sentinel node in a specifi c area, there may be a relatively 
hot node in a completely separate anatomic region (i.e., submental region versus level 
II jugular region) that does not reach 10% of the radioactivity of the hottest node. 

Figure 11-9. Background reading is taken at the 
precordium. (From Civantos FJ, Werner JA, and Bared A: 
Sentinel node biopsy in cancer of the oral cavity. Operative 
Techniques in Otolaryngology–Head Neck Surgery 16:275–
285, 2005, Figure 3.)

Figure 11-10. Blunt dissection towards the “hot spot” is 
followed by reinsertion of the sentinel node into the path of 
dissection and angulation in various directions seeking the 
hot lymph node. (From Civantos FJ, Werner JA, and Bared 
A: Sentinel node biopsy in cancer of the oral cavity. 
Operative Techniques in Otolaryngology–Head Neck 
Surgery 16:275–285, 2005, Figure 6.)
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If this second node is truly in a separate area and is signifi cantly greater than back-
ground (two or more times background readings), it should still be harvested as a 
sentinel node because it may represent a separate drainage pattern from a different 
portion of the tumor (Fig. 11-13).

Review of the lymphoscintigraphic imaging and knowledge of basic anatomic 
principles allow the surgeon to judge whether such additional areas of borderline 
radioactivity need to be excised. When the sentinel lymph node dissections are per-
formed before resection of the oral primary cancer or signifi cant radioactivity persists 
in the bed of resection, intraoral lead shields can be used to block background activity 
at the primary site. The presence of a collimator on the gamma probe is also recom-
mended, and most modern probes have fi ne tips with collimators. With tongue 
tumors, background activity can be avoided by using a transoral suture on the tongue 
to pull the primary bed away from the lymphatics.

Figure 11-12. Ex vivo readings pointing away from the patient should 
confi rm whether this is the radioactive node. (From Civantos FJ, 
Werner JA, and Bared A: Sentinel node biopsy in cancer of the oral 
cavity. Operative Techniques in Otolaryngology–Head Neck Surgery 
16:275–285, 2005, Figure 8.)

Figure 11-11. The sentinel node is excised using a 
combination of blunt dissection and division of tissue by 
means of bipolar cautery. Unipolar cautery should be 
avoided when the proximity of neurovascular structures is 
not known. (From Civantos FJ, Werner JA, and Bared A: 
Sentinel node biopsy in cancer of the oral cavity. Operative 
Techniques in Otolaryngology–Head Neck Surgery 16:275–
285, 2005, Figure 7.)
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The issue of dealing with background activity at the primary site is most marked 
for the level I nodes with fl oor-of-mouth tumors. In this situation, the surgeon may 
need to perform some initial dissection below the level of the marginal mandibular 
nerve, transecting the tissues down to the level of the mylohyoid muscle. In this 
manner, the lymph nodes are mobilized away from the oral cavity, allowing for more 
accurate identifi cation of the sentinel lymph node(s) by placing the gamma probe 
into the tunnel thus created and directing the probe inferiorly away from the back-
ground radioactivity at the fl oor-of-mouth injection site. Each sentinel lymph node 
is labeled, measured, described, and recorded separately as to location and total ex 
vivo counts per second.

It is particularly important to tag the tissue adjacent to any identifi ed marginal 
mandibular or spinal accessory nerve branches with permanent suture to facilitate 
identifi cation during a subsequent procedure if the sentinel node is positive.

Step 6: Histopathologic Assessment of the Sentinel Node

SLNB for cutaneous lesions is gaining wide acceptance, particularly for melanoma, 
for which formal elective lymphadenectomy is not standard. Minimally invasive T1 
oral lesions represent an emerging group in which the option of SLNB might be 
considered. However, in any situation in which SLNB alone is performed, exhaustive 
histopathologic evaluation of the sentinel node with fi ne sectioning and sampling at 
thin intervals (some have advocated as thin as 150 micron intervals) and concurrent 
immunohistochemistry should be performed to rule out microscopic foci of cancer 
and allow for therapeutic neck dissection or radiation. If such an evaluation remains 
negative, close follow-up and consideration of serial radiologic imaging (CT, MRI, or 
serial ultrasound) should be considered.

Risks of SLNB

The theoretical risk of injury to the facial nerve and spinal accessory nerve during 
blunt dissection through narrow exposure is one concern with SLNB in the head and 
neck region (Fig. 11-14). The relatively few publications addressing this issue to date 
have reported incidences of complications of less than 1%.42,55 Theoretically in the 
hands of an inexperienced operator, the risk of injury to the facial or spinal accessory 
nerves may be greater with SLNB than with formal parotidectomy and selective neck 
dissection. Since the presence of sentinel node micrometastases may be recognized 
postoperatively, the potential risk of nerve injury related to re-exploration of an 
infl amed, recently operated wound needs to be considered. For this reason, important 

Figure 11-13. The probe is drawn slowly over the neck 
seeking additional hot areas. This process is repeated after 
the hottest node(s) are removed. (From Civantos FJ, Werner 
JA, and Bared A: Sentinel node biopsy in cancer of the oral 
cavity. Operative Techniques in Otolaryngology–Head Neck 
Surgery 16:275–285, 2005, Figure 5.)
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structures are tagged, and pathologic analysis is done promptly to allow for early 
re-exploration.

Conclusions

SLNB can be used safely and with technical success for accessible head and neck 
squamous cell carcinomas. It offers the potential for more anatomically accurate 
surgery based on each patient’s unique lymphatic drainage pattern. However, selec-
tive neck dissection remains the standard approach for most oral cancers, particularly 
for larger T2, T3, and T4 lesions. SLNB can be advocated as a reasonable alternative 
to selective neck dissection for very early oral cancers. Unlike melanoma, in which 
the presence of lymphatic metastasis portends an extremely poor prognosis, squa-
mous cell carcinoma with early lymphatic metastases remains curable. Thus, there 
is much more to lose by understaging patients or missing involved lymph nodes.

The sentinel node concept is discarded by some based on the misconception that 
selective neck dissection has no signifi cant morbidity. Coming from a tradition of 
more radical neck procedures, the selective neck dissection is generally viewed as 
an intervention with negligible morbidity by many head and neck surgeons. In fact, 
although the morbidity of selective neck dissection is signifi cantly less than that of 
modifi ed radical and radical dissections, there is measurable morbidity in a variable 
percentage of patients, including issues with shoulder function secondary to tem-
porary trapezius weakness followed by adhesive capsulitis of the shoulder, pain 
syndromes, contour changes, and lower lip mobility. This has been demonstrated 
in numerous quality-of-life studies and at least two objective functional assess-
ments.56–58 This moderate morbidity has led some to suggest watchful waiting as an 
alternative for patients of lower risk. SLNB has developed as an intermediate option 
in response to this controversy. All these complications are observed much less 
frequently with SLNB, although formal quality-of-life assessments have not yet 
been performed.

The sentinel node procedure would be more widely applicable if we developed 
the ability to immediately diagnose positive sentinel nodes. Frozen section, even 
with multiple sections, is not suffi ciently accurate and may destroy valuable speci-
men material.28 Thus, for the patient with the micrometastasis in the sentinel node, 
we are potentially dealing with issues of re-exploration and dissection of function-
ally important nerves in a recently operated wound. Ultimately, rapid reverse tran-
scriptase-polymerase chain reaction assessment of nodes may provide immediate 

Figure 11-14. Sentinel node biopsy in the 
parotid region may require identifi cation of distal 
facial nerve branches.
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information regarding the status of the sentinel node.59 As future studies are 
designed to safely evaluate the SLNB technique, the opportunity should be taken 
to plan correlative studies to validate the role of these new technologies in tumor 
assessment.

SLNB ultimately may have a role in the management of oral cancer, given that 
there are lesions and situations in which the ‘‘wait and see’’ approach continues to 
be advocated. It may provide an intermediate approach for small but invasive T1 or 
smaller T2 lesions for which watchful waiting is the major alternative. It appears 
unlikely that this technique will ever replace selective neck dissection for larger T2 
and T3N0 lesions.

Equally important is the evaluation for the signifi cant unpredictability of lymphatic 
pathways observed for both cutaneous and oral lesions. In fact for lesions not involv-
ing the midline but within a few centimeters of it, lymphoscintigraphy and 
gamma probe–guided surgery may provide the solution in these patients, for whom 
we often struggle with the decision regarding contralateral neck management. 
Increased accuracy in the identifi cation of micrometastases will lead to more accurate 
staging.

The sentinel node technique is likely to have an increasing role in the management 
of head and neck cancer in the future. Surgeons can gain experience in the use of 
this technique for cutaneous malignancies, superfi cial oral cancers, and, with gamma 
probe–guided neck dissection, for invasive cancers, preferably in the context of a 
clinical trial. Pilot data on the use of this technique in the pharynx and larynx will 
continue to emerge. It is hoped that this chapter will provide a guide to surgeons as 
they consider the developing role of lymphoscintigraphy and sentinel node biopsy in 
detecting microscopic lymphatic metastases.
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Epidemiology

Although thyroid nodules are a common clinical problem, their prevalence depends 
to a considerable extent on the method of screening and the population being evalu-
ated. Earlier epidemiologic studies have shown the prevalence of palpable thyroid 
nodules to be approximately 5% in women and 1% in men living in iodine-suffi cient 
parts of the world.1 In North America, the incidence of thyroid nodules detected by 
palpation is estimated to be 0.1% per year, with a prevalence between 4% and 7% 
in the general population.2

The prevalence of thyroid incidentalomas estimated from autopsy studies ranges 
from 30% to 60%.3–5 Simple palpation, even by experienced physicians, is the least 
sensitive of all screening methods. In contrast, the increasing use of sensitive high-
resolution ultrasonography has led to the identifi cation of nonpalpable thyroid nodules 

K E Y  P O I N T S
● High-resolution ultrasonography (US) has led to the identifi cation of nonpalpable thyroid 

incidentalomas during nonthyroidal US examination of the neck in 19% to 67% of randomly 
selected individuals.

● Incidentalomas detected by US have a cancer risk of approximately 10% to 15% (0%–29%).
● The majority of patients presenting with a solitary thyroid nodule most likely have a benign lesion; 

however, thyroid cancer is a defi nite possibility in all patients.
● Most nodules are asymptomatic; however, physical fi ndings may suggest possible malignancy.
● US provides considerably more anatomic detail than thyroid scintigraphy or CT scannings.
● The sonographic appearances of normal lymph nodes differ from those of abnormal nodes.
● The incidence of occult nodal metastasis in well-differentiated thyroid cancer is high, with the 

highest probability of nodal disease occurring in levels II–IV.
● FNA biopsy is the most cost effective and direct way to determine whether a thyroid nodule is a 

carcinoma.
● Laryngoscopic examination should be considered for all patients undergoing thyroid surgery.
● Thyroid cancer is the most common endocrine malignancy, accounting for over 90% of all endocrine 

cancers. The disease kills approximately 1300 people in the United States annually.
● Papillary cancer is the most common thyroid malignancy, accounting for 70% to 80% of all newly 

diagnosed thyroid cancers in the United States.
● The primary mode of therapy for patients with differentiated papillary thyroid cancer (PTC) is 

surgery.
● Lymph node “berry picking” is discouraged in management of PTC. Central lymph node dissection 

may reduce the risk for nodal recurrence and improve survival.
● Patients with an FNA that is interpreted as a follicular neoplasm should undergo a lobectomy and 

isthmusectomy.
● Patients with medullary thyroid carcinoma can be cured only by surgical intervention. These tumors 

are not amenable to radioiodine therapy.
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during nonthyroidal ultrasonographic examination of the neck in 19% to 67% of 
randomly selected individuals, with higher frequencies in women and the elderly.6,7

Nodules are 10 times more common when the thyroid is examined at autopsy, 
intraoperatively, or by ultrasonography; half the glands studied have nodules, most 
of which are benign.8

Evaluation of a Clinically or Incidentally Discovered Thyroid Nodule

Most patients presenting with a solitary thyroid nodule most likely have a benign 
lesion; however, thyroid cancer is a defi nite possibility in all patients (Fig. 12-1). 
Management has evolved from surgical removal of all solitary nodules to a conserva-
tive approach; however, deciding between conservative management or surgical 
therapy relies on the careful analysis of the presentation, image assessment, and 
interventional diagnostic methods9,10 (Fig. 12-2). In making this distinction, several 

Nodular
hyperplasia

Adenoma

Hashimoto
thyroiditis

Cyst

Malignancy

Thyroid function
tests

Elevated Normal

131I scan Ultrasound

Hot Diffuse
uptake or
negative

131I Rx or
surgery

Follow-up
and Rx

Cystic Solid or
heterogeneous

FNAAspirate
cytology

Positive =
surgery

Negative = 
follow-up.
Repeat

ultrasound
in 6 mo

Malignant or
suspicious =

surgery

Indeterminate =
repeat FNA or
close follow-up

in 3 mo

Follicular cells =
surgery or close
follow-up in 3 mo

Benign = close
follow-up

? suppression

Figure 12-1. Differential diagnosis of thyroid nodule.

Figure 12-2. Algorithm for thyroid 
nodule workup.
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clinical features must be considered, including patient age, sex, status of thyroid 
function, history of exposure to irradiation, family history, and preexisting thyroid 
disorders. However, none of these factors is suffi ciently reliable in predicting whether 
a specifi c nodule will harbor malignant disease.

History

Nodules occurring at the extremes of age, particularly in men, are especially likely 
to be cancerous. Symptoms of local invasion and rapid tumor growth increase the 
likelihood of cancer. It is important to ask whether a patient has had external irradia-
tion to the head, neck, and chest, since exposure to external irradiation raises the 
probability of malignant nodules. The chance that a thyroid nodule is malignant is 
higher when there is a history of childhood radiation exposure.11

Radiation-induced thyroid cancer may be diminishing in frequency, but radiation 
remains an important cause of cancer even though such a history is more commonly 
associated with benign thyroid abnormalities.12,13 A family history of medullary 
or papillary thyroid cancer increases the likelihood that a thyroid nodule is 
cancerous.14

Physical Examination

Most nodules are asymptomatic; however, physical fi ndings suggesting possible malig-
nancy include fi xation of the nodule to surrounding tissues, a very fi rm or hard 
nodule, vocal cord paralysis, obstructive symptoms, and cervical lymphadenopa-
thy15,16 (Table 12-1).

Laboratory Examination

Serum Thyroid-Stimulating Hormone

Low serum thyroid-stimulating hormone (TSH) concentration indicates overt or 
subclinical hyperthyroidism, increasing the possibility that the nodule is hot, and thus 
thyroid scintigraphy should be obtained to document whether the nodule is hyper-
functioning, isofunctioning, or nonfunctioning. However, the risk of malignancy in a 
thyroid nodule increases with serum thyroid-stimulating hormone concentrations 
within the normal range.14

Table 12-1. Risk Factors for Thyroid Cancer

History of head and neck radiation
Male sex
Family history of medullary carcinoma (MEN syndromes)
Family history of papillary carcinoma
Hoarseness (vocal cord paralysis)
Fixation to adjacent structures
Single, fi rm, cold nodule
Nodule > 4 cm
Rapid tumor growth
Enlarging thyroid nodule(s) on thyroid suppression
Cervical lymphadenopathy
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Serum Calcitonin

Unstimulated serum calcitonin greater than 100 pg/mL is likely to be associated with 
medullary cancer. Several series of prospective, nonrandomized studies have sug-
gested that serum calcitonin should be measured routinely in patients with nodular 
thyroid disease in order to detect C-cell hyperplasia and medullary thyroid cancer 
(MTC) at an earlier stage. However, controversy remains regarding the routine use 
of serum calcitonin measurements because of the high false-positive rate (59%), 
cost-effectiveness, and unresolved issues of assay performance.17

Radiologic Evaluation

Neck Ultrasound

Routine screening of a population of individuals at low risk for thyroid cancer does 
not seem to be cost-effective. However, a recent report of ultrasonographic mass 
screening for thyroid carcinoma in women who require breast examinations was 
considered effective for the detection of subclinical thyroid carcinoma.18

A nodule not discovered clinically but detected by ultrasonography (such as with 
carotid Doppler scans) is considered an incidentaloma. Incidentalomas detected by 
ultrasound have a cancer risk of approximately 10% to 15% (0% to 29%).19–21

Thyroid ultrasonography is helpful in determining the volume of a nodule, its 
multicentricity, and whether it is solid or cystic. In addition, ultrasound is extremely 
useful in patients who are managed conservatively for follow-up of possible increased 
volume of a suspicious lesion. Ultrasound provides considerably more anatomic detail 
than thyroid scintigraphy or computed tomography (CT) scans, and it is being 
increasingly used as an extension of the physical examination.

For the patient with a thyroid nodule and normal thyroid function tests, an ultra-
sound should be performed. Ultrasound has proved highly effective in determining 
the location and characteristics (cystic versus solid) of nodules, but it is unable to 
accurately predict the diagnosis of solid nodules (Fig. 12-3). The fi nding of a cystic 
lesion may be reassuring, but these represent only 1% to 5% of thyroid nodules. In 
addition, up to 25% of well-differentiated thyroid cancers had cystic components. 
Patients with recurrent cysts should be considered surgical candidates.

Most nodules with apparent microcalcifi cations are benign, since colloid may have 
an appearance on ultrasound similar to that of microcalcifi cations associated with 
thyroid cancer (Table 12-2; Fig. 12-4).

Figure 12-3. Cystic thyroid nodules (colloid 
cyst). Sagittal sonogram of the left thyroid lobe 
shows two cystic nodules. The largest (arrow) is 
for a simple cyst (anechoic); the smaller inferior 
nodule (arrowheads) shows a lace-like pattern of 
multiple small cysts, which is also characteristic 
of colloid nodules.
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The sonographic appearances of normal nodes differ from those of abnormal 
nodes. Abnormal nodes have sonographic features that include round shape, absent 
hilus, calcifi cation, intranodal necrosis, reticulation, matting, soft tissue edema, and 
peripheral vascularity. However, many nodal metastases demonstrate a wide variety 
of nondiagnostic features.22

The incidence of occult nodal metastasis in well-differentiated thyroid cancer is 
high, with the highest probability of nodal disease in levels II-IV. In a recent study 
from the Mayo Clinic, preoperative ultrasound detected metastatic nonpalpable 
lymph nodes in 32.9% of patients with papillary thyroid cancer, thus altering surgical 
planning. In addition, in patients with palpable lymphadenopathy, ultrasound can 
guide the extent of lymphadenectomy.23

Table 12-2. Features of Papillary Carcinoma

Hyperechoic
Punctate calcifi cation
Capsular vascularity
Papillary pattern in complex thyroid mass
Thyroid mass with cystic lymph nodes
Hypervascular thyroid nodule on power Doppler

1

1

2

A

2

CCA
T

B

Figure 12-4. Incidentaloma with papillary 
thyroid cancer. A 57-year-old woman with 
history of low-grade lymphoma and incidentally 
noted FDG (18fl uorodeoxyglucose)-avid thyroid 
nodule on positron emission tomography scan. 
A, Sagittal sonogram of the left thyroid lobe 
shows a hypoechoic mass with irregular 
borders (between calipers) and small foci of 
microcalcifi cations (arrowhead). B, Transverse 
sonogram confi rms the presence of the 7-mm 
mass. CCA, common carotid artery; T, trachea.
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Thyroid Scan

A thyroid scan can help to determine whether a nodule is autonomously functioning 
or is nonfunctional. Nodules that do not take up radioactive iodine are called cold 
and have a 5% risk of being malignant. Generally, 95% of nodules are cold. The use 
of radionuclide scanning has decreased as fi ne-needle aspiration (FNA) has improved. 
The determination of increased or poor uptake in a thyroid nodule does not have 
acceptable accuracy to warrant its exclusive use for diagnostic decision making.

Fine-Needle Aspiration Biopsy

Fine-needle aspiration (FNA) biopsy has resulted in substantial improvements in 
diagnostic accuracy and a higher malignancy yield at time of surgery. FNA technique 
was fi rst used in Sweden in the 1960s. FNA biopsy is the most cost-effective and 
direct way to determine whether a thyroid nodule is a carcinoma. Every patient with 
a palpable thyroid nodule is a candidate for FNA. Before a decision is made to 
perform FNA, a complete history should be obtained; a directed physical examina-
tion to the thyroid gland and cervical lymph nodes should be performed; and thyroid 
function tests and thyroid ultrasound should be obtained. Ultrasonography can 
enhance the effi ciency of this technique (Fig. 12-5).

Contraindications to thyroid FNA are few: a severe bleeding disorder and an 
uncooperative patient. Medical consultation should be obtained prior to the FNA. 
Intrathyroidal hemorrhage with acute upper airway obstruction is an extremely rare 
complication, limited to a few case reports.24

Four major categories of results can be obtained from FNA (Fig. 12-1): (1) non-
diagnostic; (2) benign: colloid, adenomas, Hashimoto’s, or subacute thyroiditis; (3) 
indeterminate (suspicious): microfollicular or cellular adenomas (follicular neoplasm); 
and (4) malignant: papillary cancer, medullary cancer, thyroid lymphoma, anaplastic 
cancer, or metastatic cancer.

Benign nodules diagnosed by FNA should be followed sequentially with ultrasound 
to make sure the characteristics do not change.

All thyroid biopsy techniques are limited by their inability to distinguish differenti-
ated follicular cancer from microfollicular or cellular adenomas. As a result, approxi-

Figure 12-5. Fine-needle aspiration (FNA) 
biopsy under ultrasound guidance. Transverse 
sonogram of FNA of right thyroid nodule shows 
the echogenic tip of the needle (arrowhead) within 
the nodule (arrow).
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mately 20% of all biopsies are classifi ed as indeterminate or suspicious. If FNA leads 
to a diagnosis that is “suspicious but not confi rmatory,” an aggressive workup should 
continue designed to look for a possible malignancy. If an FNA is indeterminate, a 
repeat aspiration might be considered. Patients who are male, have solid nodules, are 
older than 40 years, or have a history of radiation exposure have an increased likeli-
hood of having a malignancy in a thyroid nodule. These patients should be counseled 
to consider a surgical option (Table 12-3).

FNA cannot confi rm follicular cancer, nor can it confi rm a benign adenoma. 
Patients with follicular cells seen on FNA have up to a 20% incidence of malignancy. 
Therefore, older male patients with a history of radiation should be considered for 
surgical intervention.

There is no agreement regarding whether thyroid suppression is superior to obser-
vation in patients with colloid nodules. However, thyroid hormone should not be 
used in patients with suppressed serum thyroid-stimulating hormone levels so that 
toxic symptoms can be avoided. Thyroid suppression is often unsuccessful and has 
the potential for untoward effects from exogenous hyperthyroidism. If the decision 
is made to use thyroid suppression, it must be carefully monitored, particularly in 
postmenopausal women because of the signifi cant risk of osteoporosis.25

Cystic nodules should be reevaluated with ultrasound every 6 months to establish 
stability of nodule size. Increase in nodule size should be an indication for surgical 
intervention.

Preoperative Laryngoscopy in Patients Undergoing Thyroidectomy

Vocal cord paralysis is usually associated with extrathyroidal invasive malignancy. 
Voice change is associated with vocal cord paralysis in only one third of patients. 
Preoperative radiographic evaluation with CT scans is positive for vocal cord paralysis 
in only 25% of patients with vocal cord paralysis. Laryngoscopic examination should 
be considered for all patients undergoing thyroid surgery.26,27

Preoperative recognition of thyroid cancer extent allows for appropriate operative 
planning, and helps in counseling patients appropriately about the risks of surgery 
while minimizing the medicolegal ramifi cations of iatrogenic recurrent laryngeal nerve 
injury.

Thyroid Cancer

Thyroid cancer is an uncommon tumor, with an annual incidence in the United States 
of about 30,000 cases (1.5% of all cancers); 74% of newly diagnosed patients are 
women, making thyroid cancer the seventh most commonly diagnosed malignancy 

Table 12-3. Indications for Diagnostic Ipsilateral Thyroid Lobectomy

Thyroid nodule
 Suspicious cytology
 Indeterminate cytology
 Enlarging nodule
 Associated compressive symptoms
 Nondiagnostic FNA biopsy ×2
Thyroid cysts
 >4 cm
 Compound solid/cystic lesions
 >3 recurrences of the cyst

FNA, fi ne-needle aspiration.
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in women.28 It is the most common endocrine malignancy, accounting for over 90% 
of all endocrine cancers, and kills approximately 1300 people annually.29 Most 
patients present with a thyroid nodule, but a few present with cervical lymphade-
nopathy or distant metastases (Fig. 12-6).

Ninety to ninety-fi ve percent of thyroid cancer cases are categorized as well-
differentiated tumors arising from follicular cell origin (papillary, follicular, and 
Hürthle cell carcinomas). Medullary thyroid cancer is responsible for about 5% to 
10% of thyroid malignancies. Anaplastic carcinoma accounts for 1.6% of thyroid 
carcinomas and accounts for more than half the deaths from thyroid cancer in the 
United States (Table 12-4). Primary squamous cell carcinoma and metastatic disease 
to the thyroid gland are rare. This diagnosis can be made by FNA.

Papillary Thyroid Cancer

Papillary cancer is the most common thyroid malignancy, accounting for about 70% 
to 80% of all newly diagnosed thyroid cancers in the United States.

Pathology

Histologically, papillary thyroid cancer has characteristic features including psam-
moma bodies (calcifi ed clumps of cells from sloughed papillary projections), cyto-

Thyrotoxicosis Cervical
adenopathy

Distant
metastases

(lung and bones)

Painful nodule
(medullary

Ca. anaplastic
Ca. lymphoma)

Painless
nodule

Figure 12-6. Clinical presentation of thyroid cancer.

Table 12-4. Pathologic Classifi cation of Thyroid Cancers

Tumors of Follicular Cell Origin Occurrence (%)

Differentiated

Papillary 75
Follicular 10
Hürthle cell 5

Undifferentiated

Anaplastic 1.6

Tumors of Parafollicular or C-cell Origin

Medullary 5–10

Other

Lymphoma <1
Squamous cell carcinoma, secondary tumors <1
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plasmic inclusions, and intranuclear grooves. The fi nding of psammoma bodies is 
diagnostic of papillary cancer. Nucleoli are prominent and have holes due to intra-
nuclear cytoplasmic inclusions (Orphan Annie eyes). Papillary carcinoma consists of 
the following histologic subtypes (Table 12-5):

Pure papillary variant
Follicular variant (10%): In the past, these were mistakenly called follicular adenomas 

or carcinomas because of the near total absence of papillae. The pathologic and 
clinical behavior is comparable to that of pure papillary variant.30

Other variants: The following papillary cancers are rare and tend to be relatively radioiodine-
resistant, more aggressive, and associated with a poorer prognosis:

Tall cell variant (1%)
Insular variant
Columnar cell variant
Hürthle (oxyphilic) cell variant
Diffuse sclerosing variant

Clinical Presentation

Papillary cancer occurs two times more often in women than in men, and the mean 
age at presentation ranges from 38 to 45 years. Patients usually present with a solitary 
mass or masses that are painless and fi rm. Occasionally, a painless mass is seen in the 
lateral neck, and an FNA biopsy helps to confi rm a metastatic papillary thyroid car-
cinoma, even in the case of a normal thyroid examination. Papillary cancer may be 
found incidentally in a thyroidectomy specimen resected for a benign process. These 
masses are usually less than 5 mm in size.

Papillary thyroid carcinoma accounts for 90% of radiation-induced thyroid malig-
nancy. The use of external-beam radiation in the 1950s and 1960s for tonsillitis and 
acne in the juvenile and adolescent population has been shown to result in an 
increased incidence of well-differentiated thyroid malignancy at any time, usually 5 
years after exposure. Approximately 30% to 35% of patients who have received 
external-beam radiation for soft tissue malignancy have an increased incidence of 
thyroid nodules and cancer.31 Areas near known nuclear fallout contamination, such 
as Chernobyl in the former Soviet Union, have increased incidence rates of well-
differentiated thyroid carcinoma.32 Radiation exposure is associated with the devel-
opment of thyroid nodules. Risk of thyroid cancer is high in atomic bomb survivors 
with solid thyroid nodules, suggesting the need for careful observation of irradiated 
persons with such nodules.33 Familial variant accounts for 3% of patients with papil-
lary thyroid carcinoma.

Table 12-5. Histologic Variants of Papillary Carcinoma

Pure papillary
Follicular variant
Tall-cell variant
Columnar cell variant
Oxyphilic cell variant
Diffuse sclerosing variant
Encapsulated variant
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Surgery

The primary mode of therapy for patients with differentiated papillary thyroid cancer 
is surgery. Controversy exists regarding the use of lobectomy versus total thyroidec-
tomy in young patients with a 1- to 2-cm papillary thyroid carcinoma. We recom-
mend total thyroidectomy in the following conditions:

■ Primary tumor is more than 1 cm
■ Contralateral thyroid nodules
■ Regional or distant metastases
■ History of head and neck radiation therapy
■ Age > 45 years
■ First-degree family history of differentiated thyroid cancer

Total thyroidectomy decreased the recurrence of papillary thyroid carcinoma in 
both low-risk and high-risk patients and death and recurrence rates in high-risk 
patients.23 Unilateral lobectomy for low-risk papillary thyroid carcinoma resulted in 
an 11% recurrence rate, and 33% of these patients subsequently died of thyroid 
carcinoma.34

Multiple studies documented improved survival in addition to decreased recur-
rence when patients were treated with total thyroidectomy and postoperative iodine 
therapy.35,36 The benefi ts of total thyroidectomy include the following:

■ Effective radioiodine ablative therapy after removal of thyroid tissue
■ Usage of serum thyroglobulin levels for detecting recurrent or persistent disease
■ Removal of multicentric thyroid cancer, which is present in up to 80% of patients
■ Elimination of the risk of transformation of a well-differentiated papillary thyroid 

cancer to an undifferentiated one.

Recurrence in regional lymph nodes after initial surgery should be treated with 
completion thyroidectomy if residual thyroid exists, in addition to comprehensive 
regional lymph node dissection. Radioiodine therapy should still be used as adjunctive 
therapy.

Lymph Node Dissection

The role of lymph node dissection is also debated. Metastatic regional lymph nodes 
are present in 20% to 90% of patients at the time of diagnosis.37–39 On preoperative 
ultrasonography, suspicious lymph nodes in the central and lateral neck should 
undergo FNA. For positive fi ndings in the central neck, a central neck dissection 
should be performed. For positive fi ndings in the lateral neck, a lateral neck dissec-
tion should be undertaken. Lymph node “berry picking” is discouraged. Central 
lymph node dissection may reduce the risk of nodal recurrence and improve 
survival.40,41

Prognostic Features

Most patients with papillary carcinoma do not die of their disease and can expect an 
excellent prognosis (95% 10-year survival rate for well-differentiated stages). Certain 
clinical and pathologic features have been identifi ed that portend a higher risk of 
tumor recurrence and cancer-related mortality. The most important clinical and 
pathologic prognostic factors include age at diagnosis, size of the primary tumor, and 
the presence of soft tissue invasion or distant metastases35,42–44(Table 12-6).
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Failure to take up radioiodine, aneuploid DNA content, N-ras mutations, and p53 
oncogene expression are associated with a poorer prognosis. Patients with BRAF 
mutation are more likely to have extrathyroidal invasion, lymph node metastases, 
and tumor recurrence.45

Follicular Thyroid Cancer

Follicular thyroid cancer (FTC) is the second most common type of thyroid cancer 
after papillary thyroid cancer, accounting for approximately 10% of all thyroid 
cancer.

Pathology

Histologically, follicular thyroid cancer is characterized by follicle formation and the 
absence of any papillary elements in the tumor. A follicular adenoma is distinguished 
from a carcinoma based on the presence of capsular or vascular invasion on permanent 
section of the thyroid. FNA biopsy or frozen section cannot distinguish between fol-
licular adenomas and carcinomas. Distant metastases occur in 10% to 15% of patients, 
even in those with small primary tumors. Common sites of distant metastases are 
bone (lytic lesions) and lung.46

There are two patterns of growth that relate to capsular invasion: (1) minimally 
invasive (encapsulated) follicular carcinoma (MIFC); and (2) widely invasive follicu-
lar carcinoma (WIFC), which invades the tumor capsule and adjacent thyroid paren-
chyma. Recently, the term “angioinvasive” has been used and may be associated with 
distant metastases.47

Clinical Presentation

The mean age at presentation of follicular thyroid cancer is 50 years and predomi-
nantly affects women. The female-to-male ratio is 3 : 1. It usually presents as a painless 
thyroid mass. The mass is typically uninodular, and the coexistence of cervical lymph-
adenopathy is rare, occurring in less than 5% of patients. Follicular thyroid malignancy 
is very rarely associated with a hyperfunctioning or hypofunctioning thyroid.

Treatment

Surgical intervention is the primary treatment for follicular thyroid cancer. Patients 
with an FNA biopsy that is interpreted as a follicular neoplasm should undergo a 
lobectomy and isthmusectomy. A completion thyroidectomy should be performed 
when the permanent section shows a clinically signifi cant follicular cancer. Lymph 
node dissection is performed only for evident metastatic disease.

Table 12-6. Prognostic Scoring Systems for Well-Differentiated Thyroid Carcinoma

AGES AMES DAMES SAG MACIS

Age Age DNA Size Metastasis (distant)
Grade Metastasis (distant) Age Age Age

Completeness of resection
Invasion

Extent Extent Metastasis (Distant) Grade Size
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Radioiodine therapy is most effi cacious in patients who have undergone total thy-
roidectomy. Higher doses of iodine-131 are needed for remnant ablation in patients 
who have undergone subtotal thyroidectomy.

Medullary Thyroid Cancer

Medullary thyroid carcinoma is a neuroendocrine tumor of the parafollicular (C cells) 
of the thyroid gland. It accounts for approximately 5% of thyroid carcinomas.

Clinical Presentation

Most medullary thyroid carcinomas are sporadic (80% of all cases). The mean age of 
presentation is 50 years, and there may be a slight female preponderance.39 Patients 
with sporadic medullary thyroid carcinoma usually present with a solitary thyroid 
nodule (75% to 95%). The cancer generally is confi ned to one lobe in sporadic cases, 
whereas in hereditary cases both lobes are usually involved.

In most patients, the disease has already metastasized at the time of diagnosis. 
Systemic symptoms may occur as a result of hormonal secretion by the tumor. Cal-
citonin secretion can cause diarrhea or facial fl ushing in patients with advanced 
disease. In addition, medullary thyroid tumors occasionally secrete corticotropin 
(ACTH), causing Cushing’s syndrome.

Multiple endocrine neoplasia (MEN) type IIA usually has a more favorable long-
term outcome than MEN IIB or sporadic medullary carcinoma.48 

Medullary thyroid cancer is a component comprising two well-defi ned syndromes 
(Table 12-7):

MEN IIA, which may be associated with pheo.chromocytoma and/or 
hyperparathyroidism;

MEN IIB, which occurs early and is accompanied by developmental abnormalities.

All patients who inherit the MEN type II syndrome develop medullary thyroid 
cancer. MENIIB patients with medullary thyroid cancer present at an extremely early 
age, and this disease is considered the most aggressive form of hereditary medullary 
thyroid cancer. Once it manifests clinically, it is rarely curable.49

Table 12-7. Multiple Endocrine Neoplasias (MEN)

Sporadic MTC

No associated endocrinopathies

MEN IIA

Medullary thyroid carcinoma
Pheochromocytoma
Hyperparathyroidism
Lichen planus amyloidosis
Hirschsprung’s disease

MEN IIB

Medullary thyroid carcinoma
Pheochromocytoma
Marfanoid body habitus
Mucosal neuromas
Ganglioneuromatosis of the gastrointestinal tract

Familial medullary thyroid cancer (FMTC)

No associated endocrinopathies
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The RET proto-oncogene is the causative gene of the MEN II syndromes and 
mutations in this gene are found in over 90% of inherited cases, allowing a reliable 
family screening. Sporadic and familial medullary thyroid cancers (FMTC) are not 
associated with any endocrinopathy. Medullary thyroid cancer spreads to the peri-
thyroidal and paratracheal lymph nodes (central compartment, level VI lymph 
nodes).

A characteristic feature of this tumor is the production of calcitonin. Although 
plasma calcitonin serum level is a specifi c and sensitive marker of medullary thyroid 
cancer, in the United States, measurement of serum calcitonin has not been a part 
of the routine evaluation of thyroid nodules. Patients with thyroid nodules had a high 
serum calcitonin of up to 3%. However, only 40% of patients with high serum calci-
tonin values proved to have medullary thyroid cancer.50,51

As mentioned earlier in this chapter, controversy remains concerning the routine 
use of serum calcitonin measurements because of the high false-positive rate (59%), 
cost-effectiveness, and unresolved issues of assay performance.14 Patients with higher 
preoperative serum calcitonin concentrations have larger tumors and are less likely 
to have normal serum concentrations postoperatively than those with lower preopera-
tive values.52

Treatment

Patients with medullary thyroid carcinoma can be cured only by surgical intervention, 
which, at least, consists of a total thyroidectomy with central lymph node dissection. 
These tumors are not amenable to radioiodine therapy.

Central lymph node compartment (level VI lymph nodes) dissection allows appro-
priate staging of this disease. Lateral neck dissection should be performed for any 
palpable lymph nodes in the lateral compartments. Postoperatively, serum calcitonin 
level should be checked. Documentation of an elevated postoperative serum calcito-
nin level should prompt a search for locally resectable disease as well as metastatic 
disease. Serum calcitonin concentration falls slowly in some patients, with the nadir 
not being reached for several months. Metastatic medullary thyroid cancer is most 
commonly found in the liver, lungs, and bones. Ultrasound of the neck is the most 
sensitive study to identify residual disease.
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Importance of an Early Detection Tool

Early detection of cancer is a highly prized goal. Indeed, the very reason for this book 
is that early detection of head and neck cancer (head and neck squamous cell carci-
noma [HNSCC]) is widely viewed as a prime opportunity to improve the manage-
ment of this disease in the population at large. This notion is based on the fact that 
most clinical reports indicate that the success of treatment varies directly with the 
stage at diagnosis. The hypothesis at play, therefore, is that cancers of the mouth 
and throat are more successfully treated if discovered before signs and symptoms are 
suffi cient to arouse clinical attention leading to detection. Statistics show up to a 
44% reduction in the rate of mortality in breast cancer associated with screening 
mammography.1 No analogous data are available for HNSCC. This is probably because 
there is no effective means of screening for HNSCC that is easily accomplished on 
a mass scale throughout the country. Furthermore, the rate of HNSCC is much lower 
than that of breast, colon, and prostate cancers, making it more diffi cult to derive 
meaningful statistical data from this demographic group. But with little other hope 
of improved outcomes after several decades of improved reconstruction, combined 
chemotherapy and radiation, or even a decade of biologic treatments arising from the 
molecular biology revolution, early detection remains perhaps the best possibility for 
progress against HNSCC.

It is not known how much reduction in morbidity and mortality would accompany 
the development and implementation of an effective HNSCC early detection tool. 
Preclinical studies indicate marked variation in the growth rate of HNSCC in tissue 
culture and mice implants.2 It could be that most cancers amenable to early detection 
by any means are of a slower-growing phenotype that lingers at an early stage over a 
longer time, whereas fast-growing tumors offer only a brief duration of time between 
development of a diagnosable lesion and achieving late-stage criteria. In addition, 
these lesions of more aggressive phenotype would convey a poorer prognosis. There-
fore, it might not follow that early detection of lesions with a more aggressive geno-
type would have the same benefi t in terms of outcome as would the discovery of 
indolent lesions at a low stage.

Specifi c Challenges

Some HNSCC metastasizes to neck nodes, and perhaps even to distant sites before 
the clinical appearance of the primary site. This not uncommon phenomenon is 
termed “unknown primary.” In some cases, the primary site may be detected using 
radiographic testing or expert examination; in a few others, it may be identifi ed by 
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directed biopsy of typical sites in which cancer is likely to lie hidden. However, in 
a minority of cases, the primary site is not detected even with these steps taken, 
perhaps being identifi ed years later and perhaps being sterilized by an effective local 
immune response or by radiation therapy applied to at-risk regions.3 This well-known 
phenomenon illustrates the challenge of early detection efforts. Molecular analysis 
of directed biopsy tissues may help; identifi cation of tumor-specifi c alterations identi-
fi ed in the metastatic implant in histologically normal tissue is strong evidence of the 
site of origin of the cancer.4

There are other impediments to effective clinical application of an early detection 
method. Delivering the test to those at risk requires mass communication to health 
care providers and patients as to (1) availability and appropriate application of the 
technology; (2) motivation and facilitation of health care systems and providers to 
make the test available; (3) distribution of necessary equipment, technical expertise, 
and reagents to perform the test; (4) overcoming of barriers that exist within society 
for individuals to seek out or accept screening; (5) an effective method for follow-up 
of positive results, including appropriate referral to specialist providers; (6) accurate 
localization of the clinical manifestation of disease underlying the positive test signal; 
and (7) availability of effective treatment options to halt early lesions (Box 13-1). 
Each of these must be in place; otherwise, the mere existence of a screening test is 
meaningless.

An ideal early detection test must be robust and reproducible with reliable results 
and must have high sensitivity and specifi city. It must be inexpensive, minimally 
invasive, and simple to perform, permitting widespread distribution of equipment 
and reagents needed. When sensitivity is low, a false sense of security may derive 
from a negative result. This has been seen with mammography in that some breast 
cancers are not visualized well on mammogram. Magnetic resonance imaging (MRI) 

Box 13-1. Challenges Facing Early Detection of HNSCC

Tumor Related

Molecular change precedes physical change

Field cancer effect

Variable aggressiveness/timing of metastasis

Host Related

Variable topography of mucosal sites—crypts, folds, crevices

Provider Related

Availability of equipment and expertise to examine upper aerodigestive tract

Population

Low incidence

Variable inherited risk profi le

Variable exposure/lifestyle profi le

Psychosocial

Avoidance of screening by at-risk individuals

Economic/Policy

Communicate availability of screening technology

Level of evidence required to win support

Access to care restrictions among indigent at-risk and remote populations

HNSCC, head and neck squamous cell carcinoma.
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scanning and digital mammography are being tested as a means of enhancing sensi-
tivity.5 On the other hand, false-positive results from cancer screening tests have 
several untoward ramifi cations: time and expense must be allotted for follow-up 
examination(s), and patients incorrectly labeled as having cancer suffer mental anxiety 
and could lose insurance coverage or be otherwise stigmatized. The acceptance of a 
test by society at large is dependent on the perception of its accuracy.

One way to enhance the cost-effectiveness of a screening approach is to accurately 
identify those at risk for the disease. HNSCC presents a challenge in this regard. 
Unlike some breast, thyroid, and colon cancers, there is no known inherited tendency 
to develop HNSCC. Efforts to identify genotypic features associated with risk have 
been of marginal success and no clinical usefulness to date. A recent example is a 
case-control study consisting of 147 patients with premalignant oral or oropharyngeal 
lesions and 147 matched controls, who were evaluated for the associations of 10 
genetic variants in 9 genes of the double-strand break (DSB) DNA repair pathway 
with an oral premalignant lesion (OPL) risk. The most notable fi nding was an intronic 
polymorphism (A17893G) of the XRCC3 gene in which the GG variant had one 
fi fth the risk of cancer development of the AA form.6 Demographic and lifestyle 
features associated with risk, though distinctive with regard to risk of smoking and 
excessive alcohol use, have been made more complicated by the advent of human 
papillomavirus (HPV)-related HNSCC with its distinctively different risk profi le. 
Although HPV infection with seroconversion may indicate exposure suffi cient to risk 
cancer development, most individuals with antibody response to HPV do not develop 
HNSCC.7 The risk of developing cancer declines after smoking cessation, but only 
gradually. In recent years, as the rate of cigarette smoking declines in America, pro-
portionally more ex-smokers are presenting with HNSCC many years after quitting 
regular tobacco use. This observation indicates the diffi culty in defi ning who is at risk 
for HNSCC and therefore should be subjected to new detection approaches.

Oral Screening

Dental providers are encouraged to perform oral screening through training programs 
and the American Dental Association. If every dentist had proper training and moti-
vation to provide this screening and identify visible lesions and if most persons regu-
larly visited a dentist, a policy of oral screening would go a long way toward effective 
early detection of cancers of the visible oral tissues. A variety of products designed 
to enhance this visual screening by dentists are being developed and marketed. Most 
of these products require some degree of expertise and render many equivocal calls 
that require referral to more highly trained specialists for further workup and con-
fi rmation. This is useful for those discovered to have HNSCC who would be other-
wise unaware of their disease for many months, but it also identifi es many who must 
pursue further expensive, invasive, anxiety-inducing, and often painful medical evalu-
ation including biopsy—all to learn that no cancer is present. Moreover, cancers that 
arise elsewhere in the upper aerodigestive tract (UADT) from tonsil arch and cir-
cumvallate papillae and beyond into the pharynx would still not be detected. Unfor-
tunately, many people do not visit the dentist regularly for a variety of reasons: only 
a small subset of Americans has dental insurance through their employee benefi ts 
programs, and often these are the very individuals with the lowest risk for cancer. 
Persons with poor oral hygiene, who are most at risk for cancer, shun dental care, 
and in many cases have been rendered edentulous at an early age. Primary care physi-
cians, who see a somewhat broader cross-section of Americans, are able to examine 
the oral cavity using a hand-held fl ashlight, but have little training in identifying 
lesions. Together with the rarity of HNSCC, this means that most physicians do 
nothing to screen for this disease.
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Screening programs offered free of charge are gaining in popularity through the 
efforts of organizations such as the Yul Brynner Society Oral Cancer Awareness 
events held annually in April nationwide. However, these programs tend to attract 
people who are concerned and careful about their oral health, not the smoker-drinker 
population at risk. Indeed, a screening event held at a veterans’ convention several 
years ago by the senior author and colleagues was attended primarily by nonsmoking 
spouses of at-risk veterans who remained in adjacent smoke-fi lled recreational facili-
ties during screening hours despite vigorous public announcement and encourage-
ment. Similar problems are noted in other screening endeavors. Even the highly 
recognized value of screening mammography has recently been met with a decline 
in compliance among at-risk women.8 Patient navigators are being fi eld tested in 
urban populations with the goal of increasing compliance among indigent patients 
with colonoscopy screening.9 Similar organized efforts to encourage oral screening 
are nonexistent.

Imaging and Other Methods of Screening

Radiographic imaging is limited in its ability to detect early HNSCC lesions. These 
surface cancers typically are often not detectable by any currently available radio-
graphic method. Even positron emission tomography (PET) scanning requires a sub-
stantial concentration of tumor cells—each with high metabolic activity clustered 
together to produce a signal that would draw attention. Slow-growing clonal popula-
tions of a precancerous nature do not take up enough radiolabeled glucose. Trans-
formed cells that spread across the mucosa producing a fi eld of premalignancy are 
too thin to produce adequate signal. T1 lesions only a few millimeters thick will not 
appear as a mass on computed tomography (CT) or MRI scans. On the other hand, 
PET and CT/MRI scanning frequently produces fi ndings that ultimately prove to be 
false-positives, necessitating extensive further workup to investigate and rule out 
cancer. Infl ammation may yield enough metabolic activity to produce suspicious 
regions in the mucosa or regional lymph nodes on PET scanning. For this reason, 
most third party payers do not support PET scans as screening tools for cancer.

In addition to expense and procedural risk, screening programs have a psychologi-
cal impact on patients. A recent report indicates that that impact may not be all 
negative in a population of women receiving false-positive reports from screening 
mammography. In this report, a trend to conduct more frequent self-examination 
was seen along with a higher, but not pathologic, elevation in levels of distress and 
thoughts about cancer.10 However, these patients need high-quality educational infor-
mation appropriate to their degree of education and interest. The additional expense 
involved in providing that information is critical to the success of early detection 
programs.

To date, no commercially viable blood or saliva test has emerged for early detec-
tion of HNSCC. In large part, this may be attributed to the expense and time 
required for detection of the few highly tumor-specifi c molecular targets (such as 
p53 mutation), and the decreased specifi city of protein and mRNA markers that may 
be overexpressed but are also present to a lesser degree in normal tissues.

The best example of an available cancer blood test is prostate-specifi c antigen 
(PSA). Though widely used for prostate cancer screening in men over age 40 to 50, 
this approach is not without consternation and controversy (including the age at 
which testing should begin). The Center for Primary Care, Prevention, and Clinical 
Partnerships of the Agency for Healthcare Research and Quality recently concluded: 
“Prostate-specifi c antigen screening is associated with psychological harms, and its 
potential benefi ts remain uncertain.”11 This conclusion is based on lack of evidence 
of a reduction in prostate cancer mortality and morbidity rates since the introduction 
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of PSA screening and on evidence that false-positive results cause adverse psychologi-
cal effects for up to 1 year after the test. Observations such as this may serve to 
dampen enthusiasm for searching for blood and saliva screening targets for other 
cancers.

Even if a blood or saliva test did exist, positive results would still require careful 
physical evaluation to discover the location of the offending tissue. Small areas of 
dysplasia, perhaps deep within crypts in the tonsil, or mucosal folds in hypopharynx 
or larynx would not be easily identifi ed, even by expert examiners. Given the poten-
tial for false-positive results, invasive measures such as tonsillectomy, direct laryn-
goscopy with directed biopsy of tongue base and pyriform, or empiric delivery of 
radiation or chemotherapy would seem not to be indicated unless the positive predic-
tive value of the test is very high indeed. Expensive radiologic evaluations such as 
PET scanning have an unsatisfactory lower level of sensitivity with a lack of specifi c-
ity, thus rendering PET more likely to produce a false-positive than a true-positive 
result when applied to a population of only limited risk.

Cost of Oral Screening

The economics of HNSCC cancer screening refl ects technical imperfections. Dental 
visits are expensive and therefore shunned by those most at risk. Enhancing technol-
ogy for dental visual examination is an additional expense passed on to the patient. 
Oral rinse or blood tests, when available, may be covered by health insurance, but it 
is unclear whether the entire population of Americans should be screened using 
expensive technology, when it becomes available, for detecting the 45,000 persons 
who will develop HNSCC each year. When a test turns positive, referral to a special-
ist would be required at minimum, with subsequent fi beroptic laryngoscopy, exami-
nation under anesthesia, surgical biopsy, or radiographic imaging adding to the price 
tag. Although early detection with its promise of simpler, more effective treatment 
should be a substantial cost savings for those who are identifi ed with early cancer, 
the extent of that economic advantage might be modest for a large population. 
However, note that many women are screened annually by Pap smear for cervical 
cancer, which affects only 10,000 individuals annually and yet is well accepted by 
the public and third party payers. Indeed, regular screening is coincident with a dra-
matic decline in the incidence of cervical cancer (due perhaps to effective discovery 
and treatment of precancerous lesions).12

Identifying Precancerous Lesions

To intensify the dilemma, molecular alterations may predate morphologic cellular 
change, making clinical identifi cation of precancerous clonal populations even more 
diffi cult, if not impossible. The fi eld effect surrounding a known cancerous lesion 
may have some telltale clinical features (leukoplakia, erythroplakia), and histologic 
alterations (atypia, dysplasia), but these do not necessarily coexist (areas of carcinoma 
in situ may even be clinically unapparent), and tissues that have normal gross and 
histologic appearance can harbor molecular changes that predispose toward tumor 
recurrence and second primary development.13

At present, no effective measures are available for treating precancerous lesions 
let alone completely occult clonal populations of cells with malignant potential in an 
effort to prevent progression. Hence, once early detection is pressed below the 
threshold in which available therapeutic interventions are rationally applied, only 
enhanced surveillance and elevated efforts to avoid further carcinogen exposure 
(i.e., smoking cessation) can be prescribed in the effort to improve the clinical 
outcome of at-risk individuals. Chemopreventive agents effective in disrupting the 
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tumor-progression pathway of transforming epithelial cells have long been sought 
with disappointing results (see Chapter 6). Awareness of being at high risk for devel-
oping cancer may help some persons to stop tobacco use. However, most smokers 
are well aware that their habit has negative health implications. Adoption of a diet 
rich in antioxidants and nutrients thought to enhance immune function seems to be 
a commonsense precaution available to at-risk individuals. However, consumption of 
leafy dark-green vegetables and purple berries is expensive and is atypical of persons 
with heavy smoking and alcohol use unless some epiphany has already occurred, such 
as a cancer diagnosis.

The Future of Early Detection of HNSCC

What is needed for enhancement of early detection efforts that would yield real 
clinical benefi t (Box 13-2)? First, improved identifi cation of individuals at risk would 
help limit the use of expensive testing and increase the specifi city of results. This 
goal will likely be achieved through a combination of refi nement of information of 
genetic risk profi les and cofactors that may infl uence known risk-inducing exposures. 
Very little data exist about inheritable risk for HNSCC, in part because of the rarity 
of the disease, together with the fact that exposure profi les related to lifestyle habits 
are often similar among family members. The sheer number of genes that have been 
studied because of a suggested link to cancer risk is daunting and growing. DNA 
repair and carcinogen metabolism functions intuitively make sense as potential risk 
profi le candidates. The mapping of the human genome and ever-improving methods 
of high-throughput screening of thousands of genes may be helpful, but properly 
designed case-control studies are expensive and time-consuming.

Cofactors may contribute to simple paradigms of risk. For example, preliminary 
evidence suggests that marijuana use may contribute to the development of oropha-
ryngeal cancer in patients with HPV exposure.14 Cigarette smoking, though not 
increasing the risk of developing HPV-related oropharyngeal cancer, may be associ-
ated with increased metastatic potential once cancer does arise. Declining social 
stigma regarding discussion of sexual activity has permitted the collection of compel-
ling data linking HPV-related cancer with sexual contact history. These issues are 
now common knowledge, opening the door to routine inclusion of sexual history in 
clinical workup of cancer patients, as well as in primary care risk assessment. Persons 
with a history of multiple oral sex partners should be watched more closely for HPV-
related oropharyngeal cancer and should be among the fi rst to be tested with new 
molecular approaches targeting the HPV genome.

The fact that HPV-related cancer of the oropharynx has been shown to have a 
distinctive clinical and molecular profi le illustrates another problem challenging the 

Box 13-2. Future Requirements for Effective Early Detection and Treatment

High-quality molecular markers (high sensitivity and specifi city)

Noninvasive methods for specimen procurement

Economical, high-throughput, robust platform for testing

Societal recognition of need

Economic support of testing

Availability of expert diagnosticians

Availability of effective treatment for early but diffuse disease

Availability of effective preventive measures for precancerous lesions
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development of an early detection schema for HNSCC: diversity within the disease 
at large. Nasopharyngeal carcinoma is another well-documented example of a par-
ticular disease entity distinct from mucosal epithelial carcinoma and arising in other 
areas of the upper aerodigestive tract. Cancers of the lateral tongue in young non-
smokers is also a distinctive clinical entity within HNSCC (though less well under-
stood) that may have its own unique features amenable to some screening methods 
while eluding others. HNSCC that develops in the extremes of age (under 25/over 
75) also is probably associated with unique features that may be missed when screen-
ing for more typical HNSCC.

It is often suggested that prophylactic tonsillectomy might be considered to prevent 
HPV-related tonsil cancer. However, the palatine tonsils that are removed at standard 
tonsillectomy are only about half of the volume of at-risk tissue, since lingual tonsils 
that cover the tongue base are also frequently the site of HPV-related cancer develop-
ment. These lymphoepithelial inclusions are less accessible and anatomically less well 
defi ned, making prophylactic extirpation of all tonsil tissue a much more dubious 
endeavor. Indeed, no effective surgical treatment exists to prevent HNSCC in high-
risk situations. Some women submit to bilateral mastectomy in the setting of a very 
high familial risk for cancer, and some care providers have advocated total thyroidec-
tomy for individuals with a strong family history of medullary thyroid carcinoma.15 
These other cancers benefi t from the availability of specifi c genetic profi ling, suffi cient 
clinical data to confi rm the high risk of individuals carrying the affected genes, and 
well-defi ned surgical procedures that can reduce risk by complete removal of at-risk 
tissue with manageable sequelae. For example, risk-reducing mastectomy has been 
shown to reduce the risk of breast cancer by 90% in BRCA-mutation carriers.16

Some slow-growing preclinical cancers arising in elderly patients may not require 
any treatment at all. This has been recognized in prostate cancer, resulting in propos-
als not to screen PSA after age 75.17 In addition, well-differentiated microscopic 
thyroid cancers discovered incidentally at thyroidectomy performed for goiter, or at 
autopsy, are of no substantial clinical signifi cance.18 There is no obvious corresponding 
HNSCC entity that might go untreated throughout the natural life-span of even 
elderly patients. Because lesions of the upper aerodigestive tract quickly create pain 
and functional diffi culty and because most lesions grow to increase symptom produc-
tion within months, some treatment is generally contemplated, even if associated 
with substantial morbidity, in all patients except those already in active decline from 
another disease process.

Molecular testing for HNSCC is the focus of intense research activity at several 
major research centers worldwide. Laboratory testing for cancer awaits the discovery 
of markers (alone or in combination) that provide adequate sensitivity and specifi city 
to permit an economical application of screening, whereas the throughput platform 
must be economical and robust. Again, sequencing of the entire HNSCC genome 
may be useful19 through the discovery of new markers, whereas endeavors to enhance 
panels targeting epigenetic events such as methylation, and mitochondrial mutations 
may contribute.

Finally, public policy must make provision for the development of screening pro-
cedures for HNSCC. National health insurance coverage focused on health mainte-
nance should embrace effective screening methods and make them available to 
persons at risk. Governmental endorsement of efforts to raise awareness regarding 
HNSCC would enhance the application of early detection tests. Continued support 
of research for the development and testing of screening methods by the National 
Institutes of Health (NIH) and industry partners is vital to the establishment of 
effective methods. Health and life insurance policies that penalize cancer survivors 
and cancer risk must also be addressed to remove a real source of fear that may 
prevent a person from wanting to know the truth about possible cancer.
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Novel therapeutic tools are needed to reverse or block early steps in tumorigenesis 
in order to capitalize on early detection. Chemoprotective agents might be provided 
to persons at highest risk for exposure-driven carcinogenesis. One of the earliest 
alterations in HNSCC appears to affect the cell cycle (loss of p16 through 9p het-
erozygous deletion or promoter methylation), making restoration of cell-cycle control 
a prime target for reversal of foundational events in tumorigenesis. Use of the anti-
EGFR (epidermal growth factor receptor) antibody cetuximab for persons with 
premalignant lesions is being tested in clinical trial, another example of this line of 
reasoning.

Concluding Remarks

Despite numerous real and anticipated impediments, efforts at early detection of 
HNSCC must continue. This remains one of the best approaches to manage an 
otherwise deadly and devastating disease. Activity must progress in several arenas at 
once to bring to the public effective screening programs. Cooperation among the 
small society of HNSCC care providers, researchers, policy makers, and cancer pro-
viders is needed to achieve meaningful results.
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