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Preface

Although squamous cell head and neck cancer is a relatively uncommon malignancy in
North America, it has been the focus of intensive clinical investigation, from all oncological
disciplines, over the past 20 years. Surgical interest is high because of the unique and complex
anatomic relationships in the head and neck region and their profound functional and cosmetic
implications. Radiation and medical oncology interest has been driven by the remarkable
sensitivity of this neoplasm to both of these interventions. As a result there has been consid-
erable recent progress in our understanding of this disease and in the success of our treatments.
Indeed, head and neck cancer serves as a good oncologic model for the benefits of multi-
disciplinary investigation and management.

Squamous Cell Head and Neck Cancer: Recent Clinical Progress and Prospects for the
Future reviews recent progress made in the surgical, radiotherapeutic, and chemotherapeutic
management of squamous cell head and neck cancer, with particular emphasis on the coordi-
nation of these treatment modalities. Several surgical issues are addressed including laser-
based surgery, larynx preservation approaches, salvage surgery, and neck management after
non-operative treatment. Definitive radiation for larynx cancer, brachytherapy, altered frac-
tionation radiation, intensity-modulated radiation therapy, and the importance of tumor
hypoxia are among current radiation therapy concerns and will be discussed. Chapters have
also been included reviewing the role of chemotherapy in sequential, concurrent, and adjuvant
multimodality treatment schedules.

A number of treatment approaches with significant promise for the future will also be
presented. Interventions including gene therapy, targeted therapies, chemoprevention, and
toxicity modification are discussed. The epidemiology of this disease, particularly in the non-
smoker nondrinker is addressed as well as the quality of life and symptom management issues
so important to this patient population.

Although this book’s scope has been restricted to the relatively homogenous squamous cell
head and neck cancers, Chapter 15 is devoted to the management of nasopharyngeal cancer
in view of the worldwide epidemiologic importance of this disease and the recent success
achieved with multimodality treatment approaches.

The organization of Squamous Cell Head and Neck Cancer: Recent Clinical Progress and
Prospects for the Future reflects the advances that have been made on multiple fronts in the
treatment of these conditions. It is meant to serve as both a review of recent success and a
blueprint for future investigation of this disease.

David J. Adelstein, MD
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1

1. INTRODUCTION

The vast majority of patients with head and neck squamous cell carcinoma (HNSCC) report
a history of tobacco and alcohol use. The risk of oral cancer increases as a function of both
intensity and duration of each exposure, indicating that alcohol and tobacco act synergistically
to promote cancer development (1–3).

In the absence of tobacco exposure, alcohol remains an important cause of HNSCC. Several
case-control studies have evaluated the risk for HNSCC associated with alcohol use among
nonsmokers (NS); only high levels of alcohol use (more than 5 drinks per day) were associated
with increased risk of oral cancer (OR = 3.7–8.0) (1–6). NS who drink less than 21 drinks per
week do not have increased HNSCC risk compared with NS nondrinkers (ND) (OR = 0.7–1.5)
(1–6). Acetaldehyde, a metabolite of alcohol, may be responsible for the tumor-promoting
effect of ethanol via free radical production and DNA damage (7). Metabolism of ethanol to
acetaldehyde is performed by alcohol dehydrogenases (ADHs) and oral microflora. ADH
alleles that increase ethanol metabolism to acetaldehyde increase the risk of HNSCC (8–11).
In contrast to NS, studies consistently reported that smokers who have 1–14 drinks per week
have increased HNSCC risk (OR = 1.6–3.7) compared with nondrinking smokers (2,3,6,12–
14). The effect of alcohol may be more pronounced in smokers because of an interaction
between tobacco and alcohol. Smokers have higher salivary acetaldehyde concentrations than
NS after exposure to the same amount of alcohol (15), suggesting that the synergy between
alcohol and tobacco may in part be attributed to increased exposure to carcinogenic salivary
acetaldehyde.  Therefore, although moderate alcohol use does not appear to be an important
cause of HNSCC in NS, it may interact with tobacco to increase HNSCC risk in smokers.

1.1. Current Problems in the Definition of the “Nonsmoker–Nondrinker”
Despite the preponderance of HNSCC cases in individuals who smoke and or drink, cases

do occur in individuals without either of these major risk factors. Estimates of the proportions
of head and neck cancers that arise in the “nonsmoker and nondrinker” (NSND) depend on
how this category is defined. Ideally, the definition would be based on a biologically or
epidemiologically defined cutoff of exposure known not to be associated with elevated risk

Head and Neck Squamous Cell Cancers
in the Nonsmoker-Nondrinker

Gypsyamber D’Souza, MS, MPH

and Maura L. Gillison, MD, PhD
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for HNSCC. Currently, however, there is no consensus on the minimal duration or intensity
of tobacco exposure associated with a significant increase in risk for head and neck cancer.
Further complicating this issue is the considerable variability in measures of tobacco exposure
(e.g., pack-years, cigarettes per day, years smoked, grams of tar per day, and so on) used in
epidemiologic studies, as well as the variety of tobacco products available (6), and the fact that
associations may differ by anatomic site (16,17). Significantly elevated risk for oral (1,6,14,18–
21), pharyngeal (1,6,14,18–20), laryngeal (18,22), and esophageal (18,23) cancers has been
reported among individuals who smoke 1–15 cigarettes per day compared with never smok-
ers. However, it is unclear whether exposures as low as 1, 5, or 10 cigarettes per day elevate
risk. Those studies that estimate risk based on pack-years of exposure similarly group together
individuals with less than 20 pack-years of exposure. A limited number of studies have explored
risk associated with other sources of tobacco, including bidi, pan, and cigars, and have demon-
strated elevated odds of oral cancer with exposures of less than 20 bidi per day, less than 5 pan
per day (13,20,24), and less than 4 cigars per day compared with never smokers (14).

There are several common working definitions of the nonsmoker, including individuals
who have a cumulative lifetime exposure of less than 100 cigarettes, or individuals who have
smoked daily for less than a year, and the never smoker (an individual who has never used any
form of tobacco). A strict definition of NSND as those who have never used alcohol or tobacco
may underestimate the proportion of cases that could be attributed to non-traditional risk
factors. Further complicating data interpretation are issues of data quality, including retro-
spective determination of tobacco and alcohol use by means of medical record review (25–
34), a method with limited accuracy that can differentially misclassify exposure and attenuate
real differences between the NSND and the smoker-drinker. Even studies that use patient
interviews (35–40), can still have problems of differential recall bias among cases and controls
that may accentuate differences.

To illustrate the effect of the definition of NSND on estimates of the proportion of HNSCC
among NSND, results from several case series are presented in Table 1. In a case-series
defining NSND stringently as no history of ever using tobacco or alcohol and excluding
individuals with a history of immunosuppressive disease or medication, only 40 (2.4%) of
1648 HNSCC cases were NSND (39) (Table 1). This study probably underestimates the true
proportion of individuals without alcohol- and tobacco-related risk by misclassifying indi-
viduals with very low tobacco and alcohol use as “users”; inferences are further limited by
extraction of exposure data from medical records. The exclusion of individuals with immu-
nosuppression may underestimate the proportion of cases among NSND because risk of
infectious causes of HNSCC is greater among immunosuppressed individuals (e.g., HIV-
infected individuals) (41). In a case series of 48 oral cavity cases, the nonsmoker was defined
as individuals with less than 1 pack-year of exposure and the nondrinker as an individual who
took less than 0.1 shots per day. Use of these definitions, by comparison with the previous
study, resulted in higher proportions of non-smoking patients (19%) and nonsmoking-
nondrinking patients (8.3%) (40). In a third case series of 129 patients with HNSCC, the
researchers collected data from hospital charts and also interviewed patients and physicians
as necessary to collect more complete exposure information. They defined NSND more loosely
as those who never used, rarely used, or had stopped using tobacco and alcohol more than 20
yr ago and they found that a higher proportion (18.6%) were NSND (36).
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Table 1
Definitions of Nonsmokers (NS)-Nondrinkers (ND) in HNSCC Research and the Percent of Cases That

Were Considered NSND With Each of These Definitions

Author Study design Definition of NS, ND % NSND

Limited tobacco-alcohol use definitions
Koch et al., Case-series 305 HNSCC MR: never used tobacco on 14 HNSCC

1999 (47) regular basis; no or light
alcohol use

Brennan et al., Case-series 129 HNSCC MR&INT: never or rarely used 19 HNSCC
1995 (36) or had stopped using alcohol

and tobacco 20+ yr ago
Muscat et al., Case-control 1009 oral INT: Never smoked cigarettes Percent NS

1996a (37) cavity or pharynx SCC regularly; never drank or 10 Male cases
matched with hospital drank less than 1 alcoholic 22 Male controls
controls with nontobacco drink per week 24 Female cases
conditions 55 Female controls

Lazarus et al., Prospective case-series of 2 MR or INT: less than 1 pack- 14 HNSCC
1996 (40) 8 oral cavity SCC year; less than 0.1 shots per

day
Lazarus et al., Case-series 14 oral MR: less than 1 cigarette per 57 Oral cavity SCC

1995 (28) cavity SCC day; less than 0.1 shots per
day

Schantz et al., Case-control 83 untreated MR: no history of cigarette use Percent NS
1988a (29) HNSCC <40 yr old in medical chart 10 HNSCC > 40 yr

matched to 83 HNSCC 30 HNSCC < 40 yr
>40 yr

Rodriguez et al., Two case-control studies of INT: report never having Percent NS
2004a (35) 137 oral and pharyngeal smoked in epidemiologic 10 Oral and

cancers  46 yr old and interview administered by pharyngeal
298 hospital controls interviewer

Sorensen et al.,Case-series 11 tongue MR: no measurable exposure to 55 Tongue
1997 (26) invasive SCC <40 yr old tobacco or alcohol

De Boer et al., Case-series 303 women MR: never used tobacco or 50 Oral cavity
1997 (30) >39 yr with oral cavity or stopped 10+ yr ago; never or 28 Oropharyngeal

oropharyngeal SCC occasional alcohol use
Freije et al., Case-series 23 NS larynx MR: no history of smoking or Among NS: % ND

1996 (31) SCC with evidence of quit 10+ yr ago; minimal 39 Larynx
GERD alcohol use

Singh et al., Case-series 71 untreated MR: less than 2 pack-years 21 HNSCC
2002 (202) HNSCC smoking; less than 2 alcohol

equivalents per day and no
binge drinking

No tobacco-alcohol use definitions
Constantinides et Case-series 10 NSND MR: no history of cigarette Limited to NSND

al., 1992 (32) HNSCC >60 yr old smoking or alcohol use
Wiseman et al., Case-series 1648 invasive MR and INT: documented 2.4 HNSCC

2003 (39) HNSCC definitive history of no
cigarette use in registry
and no alcohol use reported
in survey

(continued)
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1.2. Proportion of HNSCC That Are Nonsmokers-Nondrinkers
Population-based case-control studies provide the best estimates of the proportion of

HNSCC cases that occurs among individuals without alcohol and tobacco exposure. How-
ever, it is difficult to estimate, even from these studies, the proportion of cases that occurs in
the NSND, because the proportion of the cases that are both NS and ND is not usually reported.
From these studies, it is estimated that approx10 to 17% of oral cancer cases are never smokers,
and approx 16% are nondrinkers. The best data come from population-based case-control
studies, but these studies often do not report NSND results (42,43). The best NSND data came
from two hospital case-control studies in which exposure data were collected by patient
interview. In the first study, 1009 oral cavity and pharyngeal cancer cases were matched to 923
hospital controls on gender, age, race, and date of admission. Ten percent of male cases and
22% of female cases had never smoked cigarettes regularly, according to an interview-admin-
istered survey. A ND was defined as an individual who reported drinking 0–1 drinks per week
and included 8.5% of male cases and 36.4% of female cases (37). The proportion of NSND
was not reported. The second study included 137 oral cavity and pharyngeal cancers cases less
than 46 yr old and 298 hospital controls matched for sex and age. Ten percent of cases reported
during an interview-administered epidemiologic survey that they were never smokers, and
9.5% of cases reported being ND (35). Again, the proportion of the cases that were both NSND
was not reported. Results from single-institution case series report an overall proportion of
NSND of 2.4 to 19% among HNSCC cases (Table 1).

1.3. Prospective Measures of HNSCC Risk in Nonsmokers-Nondrinkers
Prospective data on HNSCC in NSND is limited, and only one estimate of HNSCC inci-

dence in NSND is available. A cohort study of 34,439 British male doctors followed prospec-
tively for 40 yr explored the mortality from upper respiratory cancers (mouth, pharynx
excluding nasopharynx, and larynx) in smokers and nonsmokers (44). Annual upper respira-
tory mortality was 12 times lower in never smokers (1/100,000) than in those who currently
smoked 1–14 cigarettes per day (12/100,000). Mortality rate increased with increasing level
of tobacco use (18/100,000 and 48/100,000 in those who currently smoked 15–24 and ≥25
cigarettes per day, respectively). The lower HNSCC mortality rate in NS may represent a
lower incidence of HNSCC in NS but could also be explained by improved survival in NS
HNSCC cases.

Table 1 (continued)

Author Study design Definition of NS, ND % NSND

Agudelo et al., Case-series 933 larynx SCC MR: no history of alcohol or 3.3 Larynx
1997 (33) tobacco use

Hodge et al., Case-series 945 HNSCC MR: never used tobacco Percent NS
1985a (25) in any form 3.5 HNSCC

Fouret et al., Case-series 187 HNSSC MR: no history of alcohol or 5 HNSCC
1997 (34) tobacco use

Abbreviations: MR, exposure information collected from the medical record; INT, exposure information
collected from interview or survey; HNSCC, head and neck squamous cell carcinoma; GERD, gastroesophageal
reflux disease.

aSmoking status but not drinking status was reported. No measure of NSND reported.
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1.4. Need to Study Risk Factors for HNSCC in Nonsmokers-Nondrinkers
Tobacco and alcohol account for most HNSCC cases, but there must be other factors

leading to tumorogenesis in NSND. Important reasons for the study of risk factors for head
and neck cancer among NS include the following:

• Studies that rely on adjustment for alcohol and tobacco use may report associations owing to residual
confounding by these factors because of remaining issues with accurate assessment of exposure.

• The incidence of HNSCC in NSND will not decrease with behavioral modifications to reduce
tobacco and alcohol consumption.

• Understanding nontraditional causes of HNSCC may also provide clues to the etiology of other
cancer risks in the general population.

2. RISK FACTORS FOR HNSCC IN THE NONSMOKER-NONDRINKER

Nontraditional risk factors associated with HNSCC can best be evaluated in studies of never
smokers-never drinkers. Two studies restricted to NSND have evaluated HNSCC cases, and
although patient demographics were reported, other risk factors were not. The first was a case
series of 10 NSND HNSCC patients older than 59 yr (32), and the second included 40 NSND
with a diagnosis of invasive HNSCC (39). Patients were primarily female (78–90%), and the
mean age was 60 yr (range 27–90 yr). Tumors occurred in the oral cavity (60–75%), oro-
pharynx (20–30%), and larynx (5–10%) (32,39). These studies suggest that NSND HNSCC
cases occur predominately in the oral cavity and oropharynx and that women constitute a large
proportion of NSND. However, the data are limited, and further research is needed to describe
the demographics of the NSND case better.

2.1. Human Papillomavirus
Oral human papillomavirus (HPV) genomic DNA is more common in NSND HNSCC

cases (17–50%) than smoker/drinker cases (8–23%) (34,45–48) (Table 2). This fact is unlikely
to suggest that NSND are more likely to be infected with HPV or to develop HNSCC if
infected, rather, the larger proportion of HPV-HNSCC among NSND cases probably occurs
because HPV is a major cause of HNSCC among individuals without traditional risk factors
and these individuals thus constitute a larger proportion of NSND cases.

Oral HPV infection is associated with increased HNSCC risk in NSND. Three case-control
studies have demonstrated increased odds of HNSCC in NS among individuals seropositive
for HPV16 L1 capsid antibodies compared with nonsmoking individuals who are HPV se-
ronegative (OR = 1.6–5.5) (38,43,49). This suggests that NS infected with oral HPV have
increased risk of HNSCC. Increased risk of HNSCC was also recently demonstrated among
NSND with an oral high-risk HPV infection compared with individuals without such an
infection (OR = 2.3, 95% CI = 0.8–6.7) (50). Oral HPV infection is therefore an important
cause of HNSCC among NSND.

HPV-positive NS HNSCC cases are less likely to have mutations in p53 or loss of heterozy-
gosity (LOH) than NS HPV-negative cases (34,47). This is likely because tobacco causes p53
mutations in smokers, whereas NS HNSCC cases may have wild-type p53 but impaired p53
function owing to HPV infection.

2.2. Environmental Tobacco Smoke (Second-Hand Smoke)
One of the more established risk factors for HNSCC among NSND remains tobacco, in the

form of environmental tobacco smoke (ETS). ETS consists of exhalations of smokers as well
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as direct emissions from cigarettes, cigars, and pipes. ETS was classified as a human carcino-
gen by the Environmental Protection Agency in 1993. Three case-control studies have dem-
onstrated increased odds of HNSCC in NS exposed to ETS. In a study of 173 HNSCC patients,
never-smoking patients were more likely to have a history of ETS exposure than controls (OR
= 2.2, 95% CI = 0.6–8.4). Furthermore, a dose-response relationship was observed. NS exposed
to ETS both at work and at home had increased odds of cancer (OR = 4.3, 95% CI = 0.8–24)
(p = 0.008) compared with NS exposed to ETS either at work or home (OR = 1.8, 95% CI =
0.5–7.3) and NS with no ETS exposure (51). Similar findings were reported in another study
(52). A population-based case-control study in patients with nasopharyngeal carcinoma also
reported increased odds of NPC among nonsmokers with a history of ETS during childhood
(OR = 2.0, 95% CI = 1.2–3.4) as well as during adulthood (OR = 1.9, 95% CI = 1.1–3.2) (53).
Because ETS exposure was not stratified by intensity of exposure, these studies probably
underestimate the true magnitude of the association by including some individuals with low
levels of exposure. It can be concluded from these data that ETS, either at work or at home,
is associated with increased risk of HNSCC in NS.

2.3. Dietary Antioxidants
Whereas the data for a role for dietary micronutrients in reducing risk of HNSCC in smokers

and drinkers are inconsistent, the data for a role for dietary nutrients in decreasing risk of
HNSCC in NSND is compelling. NSND with high vegetable (OR = 0.4–0.7) and fruit (OR =
0.2–1.2) intake have decreased odds of oral and oropharyngeal cancer (54–57). Studies of NS

Table 2
Human Papillomavirus (HPV) Prevalence in Nonsmokers-Nondrinkers (NSND) With Head and
Neck Squamous Cell Carcinoma (HNSCC) Compared With Smokers/Drinkers With HNSCC

HPV prevalence in HNSCC cases

Author Nonsmoker-Nondrinkerb Smoker/Drinkerb P valuec

Fouret, 1997 100 (4/4) oropharynx 8.5 (15/177) HNSCC 0.0001
Koch, 1999 59 (13/22) oropharynx 28 (15/54) oropharynx 0.01
Smith, 1998a 39 (7/18) oral, pharyngeal 15 (7/46) oral, pharyngeal 0.036
Smith, 2004 20d (7/35) oral, oropharynx 25d (16/67) oral, oropharynx 0.57
Snidjers, 1996 40 (2/5)e HNSCC 17 (4/24) HNSCC 0.25
Herrero, 2003a 9 (18/194) oral cavity 9 (95/1097) oral cavity 1.0

33 (6/18) oropharynx 12 (26/220) oropharynx 0.01
Gillison, 2000a 88 (7/8) oropharynx 53 (27/51) oropharynx 0.062

8 (2/24) other HNSCC 16 (26/168) other HNSCC 0.30
Dahlstrom, 2003a 69 (24/35) oropharynx 40 (17/35) oropharynx 0.015

8 (2/25) other HNSCC 24 (6/25) other HNSCC 0.12
Scholes, 1997a 50 (4/8)f HNSCC 44 (4/9) HNSCC 0.81
Ringstrom, 2002a 25 (3/12) HNSCC 19 (9/48) HNSCC 0.64

aThese studies only reported HPV prevalence in NS and did not report results for NSND.
bResults stratified by tumor site when available. Data are percent, with number/total in parentheses.
cTest for homogeneity of binomial proportions.
dPrevalence of high-risk oral HPV infection.
eIncludes former smokers who are nondrinkers. Of six never smokers unstratified by alcohol use, only one (17%)

was HPV positive.
fIncludes former smokers (unknown alcohol use). Of three never smokers unstratified by alcohol use, only one

(33%) was HPV positive.



Chapter 1 / HNSCC in the Nonsmoker-Nondrinker 7

laryngeal and nasopharyngeal cancer cases suggest a protective effect of carotenoids (OR =
0.14–0.17), particularly β-carotene (58–60). Carotenes may be one of the antioxidants respon-
sible for the observed association between high vegetable and fruit intake and decreased oral
cancer risk in NSND. This research supports the hypothesis of an independent protective
effect of fruit and vegetables on HNSCC risk.

2.4. Genetic Factors
Data on genetic alterations in HNSCC support the hypothesis that HNSCC in NSND may

represent a distinct molecular disease compared with that of the smoker/drinker. Most of the
molecular markers (p53, chromosomal LOH, and microsatellite alterations) we associate with
HNSCC cases were defined in patients with tobacco exposure and occur less frequently in the
NSND (36,47). Common (tobacco-associated) p53 mutations are found in 0–25% of NSND
HNSCC (26–28,36,40,47) compared with 40 to 76% of smoker/drinkers (26–28,36,40,47)
and an intermediate 33 to 43% in smoker/ND (36,40). Some evidence suggests that p53
mutations caused by spontaneous deamination of cytosine phosphate guanine dinucleotides
sites are more common in NSND than in the smoker/drinker (27,36). Among HNSCC cases with
p53 mutations, Brennan et al. (36) found a fourfold increased odds of cytosine phosphate gua-
nine dinucleotide mutations in NSND than in smokers/drinkers. These studies suggest that p53
mutations are less frequent in the NSND than the smoker/drinker and occur at different sites.

Most studies of LOH have analyzed HNSCC in smokers and drinkers, thus characterizing
mutations caused by alcohol and tobacco. Case series suggest that NSND with HNSCC have
a 60 to 80% reduction in odds of LOH compared with HNSCC tumors in smokers (27,47).
However, the reduced odds of LOH mutations reported may reflect lower odds of LOH at
tobacco-associated sites. LOH at established sites in smoker/drinkers does not occur fre-
quently in NSND and does not appear to play an important role in the genetic progression of
HNSCC in NSND. Distinct LOH sites in NSND may exist but have not been identified.

Individuals with increased mutagen sensitivity, as measured by number of in vitro
bleomycin-induced chromosomal breaks in blood lymphocytes (61), are at increased risk of
developing HNSCC. In a multicenter case-control study of 104 NS and 271 ND, increased
odds of HNSCC were demonstrated among mutagen-sensitive NS (OR = 2.6, 95% CI = 0.9–
7.6) and ND (OR = 3.5, 95% CI = 2.0–5.8) compared with those without mutagen sensitivity
(63). Other case-control studies demonstrate similar increases in odds of HNSCC in NSND
with increased mutagen sensitivity (62–64). Many mechanisms could account for differences
in chromosomal sensitivity, such as increased susceptibility to DNA damage and defective
DNA repair capability, but the specific molecular defects (with the exception of Fanconi’s
anemia; see Subheading 3.4.3.) remain to be identified. Mutagen sensitivity, if found to be
hereditary, could be one explanation for the observed association between family history of
HNSCC and increased HNSCC risk (see Subheading 3.4.1.). These data suggest that in the
absence of tobacco and alcohol use, genetic susceptibility to other as yet unspecified mutagens
is an independent risk factor for HNSCC.

3. STUDIES OF HNSCC RISK FACTORS THAT CONTROL FOR SMOKING
AND ALCOHOL USE

The studies presented here include data from individuals with varying degrees of alcohol
and tobacco use that were controlled for in the analyses. Residual confounding and interac-
tions with tobacco and alcohol use may hamper evaluation of the independent effect of these
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factors on HNSCC risk. Differential recall bias among cases and controls may also influence
tobacco and alcohol information collected and many accentuate differences between smoker/
drinkers and NSND.

3.1. Characteristics of the Nonsmoker-Nondrinker
3.1.1. GENDER

Although there is a male predominance overall among patients with HNSCC (~75%), there
appears to be a more equitable gender distribution among NSND HNSCC cases (37,39,47).
A population-based study of oral cavity and oropharyngeal cancer demonstrated a similar
proportion of NS among male (15%) and female (18%) cases (43). When both alcohol and
tobacco use are considered, women constitute a higher proportion of NSND patients. Case
series of HNSCC (oral cavity, oropharynx, larynx, and hypopharynx) demonstrate a higher
proportion of women among NSND cases (41–90%) on average (25,32,37,39,47) compared
with smokers with HNSCC (23–30%) (37,47). This is probably because women traditionally
have been less likely to smoke and drink than men, and thus women constitute a larger
proportion of the NSND population than the smoking/drinking population. However, gender
may also confound the definition of the NS: studies have reported that women have a signifi-
cantly elevated risk of oral cavity and oropharyngeal cancer at lower cumulative exposure
compared with men (4,37).

3.1.2. AGE

The age distribution of NSND HNSCC cases has not been well characterized. The occur-
rence of HNSCC cancers in young NSND might suggest a genetic predisposition to cancer.
Few studies have compared the age at HNSCC diagnosis in NSND and smoker/drinkers. A
case series of 305 individuals with HNSCC of all sites found similar mean age at diagnosis
of NS and smokers, although the NS category had more individuals at extremes of age (all six
individuals <30 yr old and five individuals >85 yr old were NSND) (47). However, another
case series of 314 women over 40 yr of age with oral cavity or oropharyngeal cancers found
that NSND were on average 15 yr older when the cancer was diagnosed than smoker/drinkers
and yet were more likely to present with early-stage disease (30). The older age of NSND at
diagnosis in this study is not owing to a delay in diagnosis, as these NSND women also
presented with early-stage disease. There is insufficient evidence to know whether NSND
HNSCC patients are more likely to present at a different age than patients with traditional risk
factors.

Most HNSCC cases occur in older individuals; 4 to 6% of cases occur in those less than 40
yr of age (65). In recent years some attention has been focused on HNSCC in younger indi-
viduals in an attempt to explore genetic factors that may lead to increased risk of cancer (65).
Many of the studies on young HNSCC patients failed to report information on NSND cases
or report information on smoking status and alcohol use separately without consideration of
NSND as a single category (37,66–69). Whereas some studies report low levels of smoking
and drinking in young HNSCC patients (26,28,68,69), other studies of young HNSCC patients
report high levels of alcohol and tobacco abuse (35,70,71). In a case series of 39 HNSCC (oral
cavity, larynx, and pharynx) patients under 40 yr of age, all were smokers and drinkers with
an average of 40 pack-years at diagnosis, and 64% were classified by the authors as alcoholics
(70). In a case-control study of 137 oral and pharyngeal patients younger than 46 yr, 63%
smoked more than 15 cigarettes per day, 62% drank more than 6 drinks per day, and 47%
abused both tobacco and alcohol at these levels (35). Despite their younger ages, some of these
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patients may have been abusing alcohol and tobacco for 20 yr or more. The incidence of
HNSCC in patients younger than 40 yr may still be owing to tobacco and alcohol exposure,
and studies evaluating other causes of cancer in this population may be confounded by smok-
ing and alcohol.

3.1.3. SURVIVAL

NSND patients have similar survival to that of smoking/drinking cases. In a case series of
40 NSND, the overall 5-yr survival of NSND HNSCC was estimated to be approx 70% (39).
Three case-series of HNSCC (oral cavity, oropharynx, hypopharynx, larynx) patients did not
find a statistically significant difference in survival between NS and smoking cases (29,47,69).

Although NS HNSCC patients do not appear to have improved overall survival, they do
have lower rates of secondary primary tumors (SPTs). SPTs in the aerodigestive tract were
observed less frequently in NS HNSCC (oral cavity, pharynx, larynx) cases (0–4%) than in
smoking HNSCC (4–14%) cases (29,69,72) (length of follow-up not reported). The SPT
tumor rate in NS was reported in only one study and was 16 per 154 person-years (1.0/10 yr)
in NS compared with 74 per 433 person-years (1.7/10 yr) in current smokers (p = 0.05) (72).
If observed, improved survival among NS HNSCC cases could be attributed to the lower rate
of secondary tumors and lack of other smoking-induced comorbidities. HPV-infected HNSCC
patients have improved survival compared with HPV-negative cases (73), so HPV status
could also confound the analysis of survival and smoking status.

3.2. Environmental Causes of HNSCC
3.2.1. HUMAN PAPILLOMAVIRUS

HPV is an etiologic cause for a distinct subset of HNSCC, including approximately half of
the squamous cell carcinomas that arise from the lingual and palatine tonsils. In numerous case
series, HPV genomic DNA has been consistently detected in approx 20% of all HNSCCs
(34,43,48,45,74–79) and approx 50% of oropharyngeal or tonsillar squamous cell carcinomas
(43,45,74,76–78,80–85). HPV16 is present in an overwhelming majority (~90–95%) of HPV-
positive HNSCC cases (HPV-HNSCC) (49). Studies demonstrate better survival in HPV-posi-
tive (OR = 0.59–0.83) than HPV-negative HNSCC cases (45,47,83,86,87). HPV-associated
cancers are distinguished by their predominance in the oropharynx, more frequent basaloid
morphology, less frequent p53 mutation, better survival (45,86), and less frequent LOH (88).

Extensive biological evidence supports a causal role of HPV in HNSCC carcinogenesis.
Viral genomic DNA is specifically localized in tumor cell nuclei (45,79), present in high-copy
number (89–92), frequently integrated (45,79,81,89,93–96), and transcriptionally active
(78,81,82,93,95,97,98). Elevated levels of antibodies to HPV16 proteins E6 and E7 in indi-
viduals with HPV-HNSCC but not in HPV-negative HNSCC or controls provide evidence of
viral oncoprotein expression specifically in HPV-HNSCC (49,99). The presence of HPV16
L1 antibodies in precancer diagnosis sera strongly suggests that viral exposure precedes
development of disease and is associated with an approx 14-fold increased risk of incident
oropharyngeal cancer (100).

HPV infection is associated with increased cancer risk in NSND as well as in smoker/
drinkers. An independent increase in odds of HNSCC in those with HPV16 L1 capsid antibody
is observed among smokers (OR = 2.0–9.2) and NS (OR = 1.6–5.5) (38,43,49). These results
suggest that oral HPV infection is associated with increased odds of cancer in both NS and
smokers. Individuals who use tobacco have a higher risk of HNSCC owing to interaction
between HPV infection and tobacco. Case-control studies of oral cavity and oropharyngeal
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cases that evaluated this interaction found that the presence of HPV16 L1 viral capsid antibody
and tobacco use increased risk beyond that expected with either exposure alone, with two
studies showing evidence for additive interaction (49,50) and one study supporting multipli-
cative interaction (43). HPV infection is independently associated with increased HNSCC risk
in NS and interacts with tobacco in smokers to increase HNSCC risk further.

3.2.2. EPSTEIN-BARR VIRUS

Epstein-Barr virus (EBV) is a herpesvirus, endemic worldwide, to which more than 90%
of adults are exposed and carry as a life-long persistent latent infection of B lymphocytes. EBV
infection is associated with several malignancies (Burkitt’s lymphoma, Hodgkin’s disease,
non-Hodgkin’s lymphoma, gastric cancer) and is accepted as an etiologic cause of nasopha-
ryngeal carcinoma (NPC). EBV is clearly not a sufficient cause of NPC, and when oncogen-
esis occurs it is several decades after primary EBV infection. In nonindustrialized countries
and low socioeconomic communities, primary infection usually occurs early in childhood and
is asymptomatic. By comparison, in industrialized or wealthy countries, infection is often
delayed until adolescence, at which time it often causes clinical symptoms of infectious
mononucleosis. NPC incidence is high in parts of Asia, especially in southern China, where
diet is believed to play a role in the higher incidence (101). In areas with low NPC incidence
such as Europe and North America, a smaller proportion of cases are EBV associated, and
tobacco and alcohol abuse and thought to be more prominent causes (102).

Extensive evidence suggests that EBV is an etiologic cause of NPC. EBV DNA has been
localized to tumor cells in patients with NPC (103) and is clonal (104). EBV-encoded latent
genes are also expressed in the tumor cells and appear to contribute to the malignancy (105).
EBV is most consistently associated with the undifferentiated form of nasopharyngeal carci-
noma (UNPC) but has also been associated with squamous cell NPC. There is little evidence
that EBV plays an etiologic role for HNSCC outside the nasopharynx.

Smoking and alcohol have been associated with increased risk of NPC. Case-control stud-
ies show that the odds of NPC are reduced 30 to 50% in NS compared with smokers (53,106–
108). Individuals with more than 30 pack-years have 1.6–4.0-fold higher odds of NPC than
NS (53,106,107,109). Epidemiologic data on the interaction of tobacco and EBV infection in
NPC risk is not available. Two case-control studies show no increase in the odds of NPC in
those who drink alcohol compared with ND (53,108), although at high levels of alcohol use
(>20 drinks/wk), an association has been suggested by two other studies (OR = 2–7) (106,109).
Tobacco use and potentially high levels of alcohol use increase NPC risk.

3.2.3. WORKPLACE EXPOSURES

Many occupational exposures including asbestos, cement dust, wood dust, solvents, and
varnish, have been suggested as causes of HNSCC. However, evidence is limited for most of
these exposures.

Although there are several studies suggesting a positive association between asbestos (a
known carcinogen) and laryngeal cancer, confounding by alcohol, tobacco, and additional
job-related exposures, as well as contradictory negative studies, suggests there is insufficient
evidence to conclude that asbestos is a cause of laryngeal cancer. A meta-analysis of 69
asbestos-exposed occupational cohorts reported an elevated laryngeal cancer standardized
mortality ratio (SMR) among asbestos-exposed individuals. (SMR is a ratio of the observed
number of deaths among exposed individuals over the expected number of deaths among
unexposed individuals and is interpreted similarly to a RR.) The meta-SMR for laryngeal
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cancer was 133 (95% CI 114–155), suggesting that asbestos-exposed individuals have a 33%
increase in risk of laryngeal cancer death compared with unexposed individuals (110).
Although the data are compelling, this increase in deaths from laryngeal cancer may be
explained by residual confounding by smoking, age, and socioeconomic status, all of which
may impact on laryngeal cancer risk. As detailed by Brown and Gee (111), almost half of the
existing cohort studies of asbestos exposure report an SMR of 1 or less, whereas studies with
SMR more than 1 suffer from various flaws, including the use of comparison groups without
comparable smoking and alcohol exposure history. Case-control studies also report margin-
ally significant or nonsignificant associations of asbestos exposure with laryngeal cancer
(112–116). Asbestos exposure may be associated with an increase in laryngeal cancer risk;
however, this association may also be explained by residual confounding by factors that are
more strongly related to laryngeal cancer, such as smoking.

Three case-control studies have reported an association between cement dust exposure (OR
= 2.4–4.4) (117–119) and laryngeal cancer. One of these studies included 257 laryngeal cancer
cases and 769 population-based controls (117). Exposure information was collected with an
interview-administered survey that included a checklist of various suspected carcinogens, and
specific questions about occupation and job related exposures. An increase was found in the
odds of laryngeal cancer independent of tobacco exposure (OR = 2.4, 95% CI = 1.1–5.2) (117).
These studies suggest there may be a relationship, but confirmatory research is needed.

In 1994, the International Agency for Research on Cancer classified wood dust as a human
carcinogen, based on strong associations between wood dust and sinonasal cancer (especially
nasal adenocarcinomas) (120). As reviewed by Blot et al., cohort studies of woodworkers and
furniture workers in Europe (RR = 5–8) but not in North America (RR ~ 1) show increase nasal
cancer in those with occupational wood dust exposure compared with the general population
(121–123). As in cohort studies, European case-control studies report strong associations (OR
> 5) with nasal cancer, whereas North American studies report weaker (OR = 0.6–4.4) non-
significant associations (121,124). A pooled analysis of 12 case-control studies demonstrated
that the increased risk associated with woodworking was limited to adenocarcinomas (pooled
OR = 13.5, 95% CI = 9–20) with no increased risk of squamous cell nasal cancer (pooled OR
= 0.8, 95% CI = 0.6–1.1) (125). The risk of nasal adenocarcinoma varied from OR = 1.0 among
unexposed men, OR = 1.2 (95% CI = 0.9–1.6) in men with moderate exposure, and OR = 45
(95% CI = 28–73) in men with high (>5 mg/m3/d) wood dust exposure (125), suggesting
elevated risk only at high levels of exposure. Most of these studies did not control for tobacco
and alcohol use, and in some the occupation was collected from medical records or death
certificates instead of surveys, potentially biasing the exposure assessment. The increased risk
for nasal adenocarcinomas among woodworkers in European but not North American studies
may be owing to variability in wood type, exposure dose, workplace ventilation, and tobacco
use between the populations studied (121). A few studies have evaluated associations between
wood dust and other cancers. A pooled analysis of five cohort studies found increased risk of
nasopharyngeal cancer (SMR = 2.4, 95% CI = 1.1–4.5) in woodworkers. Increased odds of
laryngeal cancer in those exposed to wood dust were reported in one study (126) but not in two
others (113,127).

Other occupational exposures that have been suggested as causes of laryngeal cancer in-
clude solvents, paint, laquers, and varnish, but there is insufficient evidence to support any of
these associations at this time. Studies on these exposures present conflicting results and suffer
from potential confounding. Some studies have suggested an association between laryngeal
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cancer and high levels of solvents (113,128); however, other studies report no association
(115,116). Increased odds of laryngeal and oral cavity SCC were reported among those exposed
to paint, laquer, and varnish in two studies (129,130) but not in other studies (127,131).
Although numerous occupational exposures have been proposed as potential causes of laryn-
geal cancer, the available evidence does not support associations with solvents, paint, laquer,
and varnish. Occupational exposures that may be associated with increased cancer risk include
cement dust and asbestos with laryngeal cancer and high levels of wood dust exposure with
nasal adenocarcinomas.

3.2.4. SUN EXPOSURE

An association between lip cancer and sunlight exposure has been reported in several case-
control studies based on increased risk among outdoor workers, those with high cumulative
leisure exposure, and those with a fair complexion or sun-sensitive genetic diseases (132–
135). Smoking and alcohol were not well controlled for in some of these studies and confound
the relationship. A population-based case-control study of 74 women with lip cancer and 105
controls found that among those with high lifetime solar radiation exposure, those with infre-
quent lip protection use had twice the risk of lip cancer than those who used lip protection
regularly (132). This supports the hypothesis of a causal association between sun exposure and
lip cancer, but further research is needed.

3.3. Nonenvironmental Causes of HNSCC
3.3.1. DIETARY FACTORS

High consumption of fruits and vegetables or their antioxidant micronutrients has been
associated with reduced risk of several cancers in case-control studies. These studies consis-
tently found that high fruit and vegetable intake (defined as approx >10 fruit and vegetables
per week) were associated with decreased odds of oral and oropharyngeal cancer (OR = 0.3–0.6)
(54,55,57,136–139). Decreased odds of oral and oropharyngeal cancer observed among NSND
with high vegetable (OR = 0.4–0.7) and fruit (OR = 0.2–1.2) intake appear to be more pro-
nounced than among smokers/drinkers (54–57). This research supports the hypothesis of an
independent protective effect of fruit and vegetables on HNSCC risk.

Several studies have evaluated which micronutrients may be responsible for the observed
decreases in HNSCC risk. A nested case-control study of 28 individuals who developed oral
and pharyngeal cancer and 112 matched controls reported lower serum levels of all caro-
tenoids in cases than controls. Those in the highest tertile of carotenoid levels had one-third
the risk of cancer than those in the lowest tertile of carotenoid level (140). This and other
studies suggest that the observed protective effect of high fruit and vegetable intake may be
from carotenoids, particularly β-carotene (58–60,140). This protective association was more
pronounced among NS (58–60). A prospective study of plasma nutrient levels in 25 healthy
subjects, followed monthly for 11 months, studied intraindividual variation in mutagen sen-
sitivity and diet. These researchers found that higher plasma carotene levels were correlated
with lower monthly mean chromosomal breaks (141).

The potential effect of nutrition appears to be real in NSND, but evaluation of the indepen-
dent effect of nutrition on HNSCC risk has been hampered by interactions with tobacco and
alcohol use. Interactions among smoking, alcohol, and dietary factors clearly exist (140,142–
144). A population-based cohort study demonstrated 16–40% lower dietary and serum caro-
tenoids in smokers than in never smokers (142). An inverse association between alcohol use
and dietary nutrient intake was found independently of smoking status, with 7–20% lower
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dietary and serum carotenoids in those with high alcohol use (142). It has been suggested that
the decreased antioxidant levels in smokers may be owing to depletion of antioxidant micro-
nutrients from tobacco-generated oxidative stress (145); however, this cannot be sufficiently
evaluated with existing data: observed differences may also be explained by socioeconomic
and demographic differences between smokers and nonsmokers that influence diet. The
potential effect of β-carotene was evaluated in a large randomized control trial supplementing
the diet of smokers with β-carotene and surprisingly resulted in increased lung cancer risk
compared to placebo (this effect was not seen among nonsmokers) (146). While the results
may not apply to the head and neck, the study suggests that β-carotene may not be the anti-
oxidant responsible for the decreased cancer risks observed in those with high fruit and
vegetable intake. Antioxidants appear to have an independent protective effect for HNSCC,
but it is unclear which antioxidants are important and the effect, if any, may be more prominent
among NSND.

3.3.1.1. Iron Deficiency. Plummer-Vinson syndrome is a precancerous condition caused
by chronic iron deficiency in women who have years of menstruation-related anemia. Iron and
riboflavin deficiency can lead to epithelial hyperplasia, so it has been proposed that Plummer-
Vinson syndrome could be a cause of HNSCC. Anecdotal data have suggested that the ob-
served preponderance of lateral tongue cancers in nonsmoking women may in part be attributed
to iron deficiency, but this remains a hypothesis with limited supporting data. Limited data are
available on chronic iron deficiency in NSND, and the association of Plummer-Vinson with
HNSCC is largely untested.

3.3.2. MOUTHWASH USE

Mouthwash use has been suggested as a possible cause of some oral and pharyngeal can-
cers. Listerine, for example, contains 27% alcohol, a higher alcohol content than wine or beer
(147). Most studies do not report an association between mouthwash use and oral and pharyn-
geal cancers (148–152). However, possible effects may have been attenuated by grouping of
both high and low alcohol content mouthwashes. A population-based case-control study
reported increased risk (OR = 1.9, 95% CI = 1.1–3.3) in those who used high alcohol content
(≥25%) mouthwashes after adjusting for alcohol and tobacco use (153). Two case-control
studies have indicated that the risk associated with mouthwash may be more pronounced in
NS (OR = 1.9, 95% CI = 0.8–4.7) (154) and NSND (OR = 2.8, 95% CI = 0.8–9.9) (155). It is
certainly plausible that high-alcohol mouthwashes are associated with oral and pharyngeal
cancers, given the known effects of alcohol. However, existing data are insufficient to support
a causal association of mouthwash with oral and pharyngeal cancers.

3.3.3. ORAL HYGIENE

Numerous case-control studies suggest that poor oral hygiene and poor dental status are
related to HNSCC risk. Measures of oral hygiene vary, and reported associations include
significantly increased odds of oral cancer in individuals with poor dentition (few teeth) (OR
= 2.4–7.6) (8,156–158), broken teeth (OR = 1.3, 95% CI = 0.9–1.8) (159), infrequent tooth-
brushing (OR = 2.3–6.9) (8,157,159–161), and infrequent dental visits (OR = 2.1–12.6)
(156,160). The associations between poor oral hygiene and increased HNSCC risk are adjusted
for tobacco and alcohol use, although residual confounding may remain. The association has
not been evaluated among NSND. Wearing dentures has consistently been shown not to be
associated with increased risk of oral cancer (OR = 0.3–1.3) (8,148,153,157,159,162) in case-
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control studies. These data support the hypothesis that poor oral hygiene, but not denture
wearing, is associated with increased HNSCC risk; further research is needed.

3.3.4. GASTROESOPHAGEAL REFLUX DISEASE

Gastroesophageal reflux disease (GERD) is defined as the movement of gastric acids into
the esophagus. Often called heartburn, it is a common complaint among US adults. GERD has
been proposed as a possible cause of some laryngeal SCC. It has been suggested that the gastric
acid carried by frequent reflux from GERD could damage laryngeal mucosa and thus cause
laryngeal cancer, but there are no data to support this proposed mechanism.

Smoking and drinking are major causes of laryngeal cancer, so the effect, if any, of GERD
is best evaluated among NSND. Several small case series have reported high rates of GERD
in NSND laryngeal cancer cases (31,163,164). One case series reported development of
laryngeal carcinoma in 19 NSND individuals after a “long GERD clinical history” (163). The
common presence of GERD in NSND laryngeal cancer cases may support future studies of
the topic, but the coexistence of these diseases does not provide evidence for an association.
A case series of 31 laryngeal cancer patients found abnormal pH levels in 71% of cases,
although only 34% had symptomatic GERD (165), suggesting the possibility that gastric acid
may play a role in some individuals who have “silent” GERD. This hypothesis was supported
by a study of 72 laryngeal cancer patients without GERD symptoms, which demonstrated
silent GERD based on pH monitoring in 37% of the cases (166). The potential effect of
abnormal pH levels on laryngeal cancer risk needs to be explored further.

The best evaluation of the role of GERD in laryngeal cancer was a large case-control study
of 17,520 laryngeal cases and 70,080 controls from the computerized records of the Depart-
ment of Veterans Affairs. GERD was independently associated (OR = 2.4, 95% CI = 2.1–2.7)
with laryngeal cancer after controlling for age, gender, ethnicity, smoking, and alcohol use.
GERD was also associated with increased odds of pharyngeal cancer (OR = 2.0, 95% CI = 1.9–
3.0) (167). This is compelling data that remains to be confirmed.

3.3.5. IMMUNE DEFICIENCY

Two case series have described HNSCC cases in HIV-seropositive patients and suggested
that clinical outcomes may be poorer and cases may occur at a younger age in HIV-positive
patients (168,169). These studies had small sample sizes, did not control for HPV infection,
and were confounded by smoking and alcohol use, so limited conclusions about differential
risk for HIV positive individuals can be made.

Oral HPV infection is three times more prevalent among HIV-infected individuals and is
further associated with CD4 count below 200 (OR = 2.6, 95% CI = 1.0–6.2) (41). Thus, an
increase in HNSCC risk in HIV-seropositive individuals could be owing to increased oral
HPV infection or increased HPV persistence in HIV-infected individuals. This hypothesis is
supported by an AIDS registry study of 309,365 individuals with HIV that reported larger than
expected rates of tonsillar cancer (RR = 2.6, 95% CI = 1.8–3.8) among HIV-positive men
(170). The malignant potential of oral HPV infection may be higher in immunosuppressed
individuals, who may represent a particularly vulnerable group in which an epidemic of HPV-
associated HNSCC might appear, associated with increased longevity from highly active
antiviral therapy.

A few reports have described cases of HNSCC in patients with other causes of immunosup-
pression. One case report described an 18-yr old NSND patient who had a history of renal
transplant and later developed HPV-positive HNSCC (171). Oropharyngeal cancers were
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reported in patients with immunosuppression owing to bone marrow and solid organ trans-
plantation (172,173). Other possible contributing factors may include graft-vs-host-disease
and preparative regimens for bone marrow transplant. At this time it is unclear whether
individuals who are immunosuppressed (from HIV or transplants) are at higher risk of HNSCC,
independent of HPV infection-related HNSCC.

3.3.6. ORAL LICHEN PLANUS

Oral lichen planus (OLP) is a chronic inflammatory disease of unknown etiology, in which
T lymphocytes accumulate beneath oral mucosal epithelium, leading to increased differentia-
tion of the stratified squamous epithelium. Evidence suggests that OLP can develop into
squamous cell carcinoma and thus can be considered to have malignant potential (174–176).
The malignant potential of OLP is supported by data demonstrating that the carcinoma devel-
ops within the site of the existing OLP and occurs after OLP diagnosis (176). It is not know
what causes OLP or why some OLP cases become malignant.

The frequency with which OLP develops into SCC has been evaluated in several studies.
Few of the OLP patients who progress to SCC are smokers (~10%) (177), suggesting a
malignant potential of OLP independent of tobacco use. A summary of several OLP case-
series found that 2.5% of OLP patients developed SCC (177), with a mean time to transfor-
mation of 5 yr (175). A retrospective case series reported that eight patients with OLP
progressed to SCC within 10 yr, with a mean transformation time of 4.5 yr. (The total number
of OLP patients during this period was not reported [176].) However, a literature review of
26 studies evaluating the malignant potential of OLP found that only 34% of reported trans-
formations had sufficient clinical and histopathologic documentation of the OLP diagnosis to
be rigorously considered malignant transformations of OLP (175). OLP can develop into
OSCC, but reports have overestimated the true frequency with which this occurs.

OLP cases that progress to cancer have some genetic distinctions. Individuals with OLP and
dysplastic epithelium have a higher frequency of genetic mutations such as LOH than OLP
cases without dysplasia. As dysplasia increases and SCC develops, LOH frequency increases
(46% in moderate dysplasia, 81% in severe dysplasia, and 91% in SCC) (178,179). This
suggests that nondysplastic OLP may have a different molecular profile and malignant poten-
tial than dysplastic OLP.

3.4. Genetic Causes of HNSCC
3.4.1. FAMILY HISTORY

Family history of HNSCC has been explored to evaluate whether there may be inherited
genetic causes of HNSCC. Six recent case-control studies evaluated whether there are in-
creased odds of HNSCC in individuals with a first-degree relative with HNSCC. Five of the
studies reported significant (180–182) or marginally significant (183,184) increased odds of
HNSCC in patients with a first-degree relative who had HNSCC, and one reported nonsignifi-
cant results (185) (Table 3). Higher odds of HNSCC were also reported in those with siblings
who had HNSCC (OR = 2.7–3.8) (181–183). Results were adjusted for alcohol and tobacco
use in the cases. Only one of these studies (182) controlled for tobacco and alcohol use in both
the cases and their relatives, so residual confounding by environmental tobacco smoke may
be a problem. Case-control studies adjusting for alcohol and tobacco use suggest that individu-
als with a first-degree relative with HNSCC have increased odds of HNSCC, but studies in
NSND are needed to determine whether there is truly an independent association.
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Associations between family cancer history and HNSCC risk were also evaluated in two
cohort studies. These registry-based cohort studies reported marginally significant increased
odds of upper aerodigestive tract (UADT) cancers in those with first-degree relatives with
UADT cancers (RR = 1.4–1.6) (186,187). One of these study reported the effect of family
history among NSND (defined as <10 cigarettes per day, <8 drinks per week). They found a
nonsignificant increase in the odds of oral cavity and pharyngeal cancer among NSND with
a family history of UADT compared with NSND cases without a family history (OR = 1.8,
95% CI = 0.6–5.6). Conclusions cannot be formed from a single study, and it is possible that
a nonsignificant result was observed owing to the small numbers of NSND. There were
significant increases in cancer risk in NS drinkers (OR = 11.5, 95% CI = 3.2–41), ND smokers
(OR = 12.3, 95% CI = 3–51), and smokers/drinkers (OR = 61, 95% CI = 21–174) with a family
history of UADT cancer compared with NSND without a family history. Comparison of those
with similar alcohol and tobacco use but without a family history of UADT cancer also showed
increased cancer risk in NS drinkers (OR = 5.5, CI not reported), ND smokers (OR = 2.9, CI
not reported), and smokers/drinkers (OR = 5.0, CI not reported) (181). These data provide
some evidence for an effect of familial (genetic) factors on HNSCC risk, independent of
alcohol and tobacco use. However, the studies suffer from potential recall bias, confounding
by alcohol and tobacco, and overall marginally significant results. It is not clear whether
NSND with a family history of HNSCC have increased risk of HNSCC.

It has also been suggested that HNSCC patients with a family history of HNSCC are at
increased risk of SPTs. One study that evaluated this association compared 97 HNSCC patients
who developed SPT and 100 HNSCC patients without SPT 6 yr after treatment. They dem-
onstrated increased odds of developing SPT in HNSCC patients with a first-degree relative
with respiratory or upper digestive tract (RUDT) cancer (OR = 3.8, 95% CI = 2.0–7.6) (188).
All the subjects in this study reported some history of smoking, but no information on amount
of tobacco use or any information on alcohol use was collected, so confounding is possible.
A second study of 1429 “exposed” relatives of HNSCC cases and 934 “unexposed” relatives
of the HNSCC cases’ spouses reported increased odds of HNSCC (RR = 3.8, 95% CI = 1.0–
12) and of SPT (RR = 7.9, 95% CI = 1.5–42) in those with a family history of HNSCC after
adjusting for alcohol and tobacco use (182). HNSCC cases with a family history of HNSCC
appear to be at an increased risk for multiple primary tumors.

Table 3
Increased Odds of Having HNSCC if Patient Has a First-Degree Relative or a Sibling

Who Had HNSCC

Collected No.
smoking/ (cases/ OR first-

Author Study type alcohol control) degree relative OR in siblings

Foulkes, 1995 Case-control Yes/Yes 754/1507 3.7 (2.0–6.8) 8.6 (2.7–27)
Brown, 2001 Case-control Yes/Yes 342/521 2.6 (1.4–4.8) 2.7 (1.1–6.7)
Copper, 1995 Case-control Yes/No 617/618 3.4 (0.8–13.7) 2.8 (0.2–34)
Foulkes, 1996 Case-control Yes/Yes 1429/934 3.8 (1.1–13)
Mork, 1999a Case-control No/No 127/629 2.0 (0.9–4.4)
Goldstein, 1994 Case-control Yes/Yes 1066/1183 1.2 (0.7–2.3)
Li, 2002 Cohort No/No 2302 1.4 (1.0–2.0)
Hemminki, 2004 Cohort No/No 1.6 (1.0–23)

aThis study included population based controls. Only HNSCC cases < 45 yr of age were included.
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3.4.2. METABOLISM

3.4.2.1. Alcohol Dehydrogenase . Although the risk of HNSCC increases with increasing
alcohol use among nonsmokers (5), ethanol itself is neither mutagenic nor carcinogenic.
Acetaldehyde (a metabolite of alcohol) may be responsible for the tumor-promoting effect of
ethanol via free radical production and DNA damage (10). The metabolism of ethanol to
acetaldehyde is performed by ADH and cytochrome P-450E1 (CYP-E1), both of which are
present in upper aerodigestive tract mucosa (189). ADH alleles that increase ethanol metabo-
lism to acetaldehyde (11) may increase the risk of HNSCC (12–14).

The potential effect of ADH allele on HNSCC risk was explored in three case-control
studies. The ADH3*2 allele has been shown to reduce the rate of ethanol oxidation by 2.5-fold
compared with the ADH3*1 allele (190). Thus, it has been hypothesized that the ADH3*1
(rapid) allele may be associated with increased risk for alcohol-related cancers because the
rapid oxidation of ethanol would result in higher tissue levels of the potential carcinogen
acetaldehyde. A study of 182 HNSCC cases and 202 hospital controls found there was no
increased cancer risk in ND (OR = 1.1, 95% CI = 0.3–4.6) or drinkers (OR = 2.0, 95% CI =
0.5–8.1) with the ADH3*1/1 (rapid) or *1/2  genotype compared to ND with the ADH3*2/2
(slow allele) genotype after controlling for age, sex, and tobacco use (191). Two studies of oral
cavity and oropharyngeal cancers reported nonsignificantly lower odds of oral cavity SCC in
ND (OR = 0.4, 95% CI = 0.1–1.8) (192) and (OR = 0.6, 95% CI = 0.3–1.6) (12) with the
ADH3*2/2 (slow) allele after controlling for gender and tobacco use. These studies do not
support a strong protective role for the ADH3*2/2 (slow) allele in ND.

3.4.2.2. Glutathione-S-Transferase. Glutathione-S-transferases (GST) are enzymes that
detoxify carcinogens and protect cells against DNA damage and adduct formation. There are
several different families of GST isozymes, including GSTM1 and GSTT1, which have null alleles
that commonly occur in the population and have no enzyme activity. These null genotypes lead to
decreased detoxification of carcinogens, for example from tobacco, and have been hypothesized
to increase the risk of tobacco-related cancers. As summarized by Geisler and Olshan, studies
evaluating GSTT1 allele type and HNSCC risk have reported inconsistent findings. Eight studies
reported no effect (OR = 0.5–1.2), whereas six other studies suggested increased odds (OR = 1.4–
2.6) of HNSCC in those with the GSTT1 null allele (193). Inconsistent results have also been
reported for the GSTM1 null allele, with 13 studies reporting nonsignificant associations (OR =
0.9–1.3) between the presence of GSTM1 allele and HNSCC risk. Eight other studies reported
marginally significant or significantly increased odds of HNSCC (OR = 1.3–3.9) (193). The
evidence regarding GSTM1 and GSTT1 allele type and HNSCC risk is inconclusive.

Two studies evaluated the effect of GST allele among NS. A matched case-control study
of 162 HNSCC patients and 315 healthy controls reported that NS with the GSTM1 (OR =
1.35, p = 0.17) or GSTT1 (OR = 3.2, p = 0.002) null genotype had higher odds of HNSCC.
Increased odds of HNSCC were also reported among ND with the GSTM1 (OR = 1.6, p = 0.03)
or GSTT1 (OR = 1.8, p = 0.12) null genotype (194). Adjusted OR were not reported for NS
or ND, although an independent increase for GSTM1 (OR = 1.5, 95% CI = 1.0–2.2) and
GSTT1 (OR = 2.3, 95% CI 1.4–3.6) null alleles, adjusted for age, sex, and tobacco and alcohol
us, was reported in the study population overall. This study suggests that the GST null geno-
types may be associated with increased HNSCC risk in NSND. However, another case-control
study of 182 HNSCC cases and 202 hospital controls found increased odds of HNSCC in
smokers (OR = 4.7, 95% CI = 1.8–21) but not among NS (OR = 1.3, 95% CI = 0.3–46) with
null GSTM1 (195). The evidence for a role of GSTM1 and GSTT1 null alleles in HNSCC risk
among NSND is inconclusive.
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3.4.3. FANCONI’S ANEMIA

Fanconi’s anemia (FA) is an autosomal recessive disorder caused by mutations in DNA
repair genes that lead to bone marrow failure and increased risk for multiple malignancies,
including HNSCC. Inactivation of any of the seven FA genes is associated with cellular
hypersensitivity to oxidative stress and DNA crosslinking agents, chromosomal instability,
increased DNA double-strand breaks, loss of telemere integrity, and cell cycle prolongation.
A registry-based cohort of 754 individuals with FA reported that most (85%) FA patients with
HNSCC have no history of alcohol or tobacco use (196). FA is a genetic disorder associated
with increased HNSCC risk.

Individuals with FA have an approx 500-fold increased risk of HNSCC compared with the
general population (196–199). In a recent study, HPV16 DNA was detected by real-time
polymerase chain reaction in specimens from 15 of 18 FA patients with HNSCC (200). FA-
associated HPV-HNSCC was distinguished from HPV-HNSCC in non-FA patients by lower
patient age (median 31 yr), location in the anterior tongue and oral cavity, and a poorer
prognosis. Similarities included development in NS and wild-type p53 (200,201). These data
suggest that the increased cancer rate in individuals with FA is owing to an inherited suscep-
tibility to HPV-induced carcinogenesis. Individuals with other bone marrow failure syn-
dromes (e.g., congenital dyskeratosis) may also have elevated risk for HNSCC (Blanche
Alter, personal communication).

4. SUMMARY

Further research is required on the exact amount of tobacco and alcohol use that is associ-
ated with increased HNSCC risk so that a meaningful NSND definition can be adopted.
Although many studies measure tobacco and alcohol, they often fail to report data for NSND,
limiting the information for this population. HNSCC in NSND is associated with an array of
nontraditional risk factors, and increased awareness is needed to stimulate the routine strati-
fication of NSND results in research studies. Risk factors for HNSCC in NSND have not been
adequately explored, and further research is needed.

ACKNOWLEDGMENTS

The authors thank Dr. Wayne M. Koch for helpful comments on the manuscript. Maura
Gillison is a Damon Runyon-Lilly Clinical Investigator supported (in part) by the Damon
Runyon Cancer Research Foundation.

REFERENCES

1. Franceschi S, Levi F, La Vecchia C, et al. Comparison of the effect of smoking and alcohol drinking between
oral and pharyngeal cancer. Int J Cancer 1999; 83:1–4.

2. Lewin F, Norell SE, Johansson H, et al. Smoking tobacco, oral snuff, and alcohol in the etiology of squamous
cell carcinoma of the head and neck: a population-based case-referent study in Sweden. Cancer 1998;
82:1367–1375.

3. Day GL, Blot WJ, Austin DF, et al. Racial differences in risk of oral and pharyngeal cancer: alcohol, tobacco,
and other determinants. J Natl Cancer Inst 1993; 85:465–473.

4. Jaber MA, Porter SR, Scully C, Gilthorpe MS, Bedi R. The role of alcohol in non-smokers and tobacco in
non-drinkers in the aetiology of oral epithelial dysplasia. Int J Cancer 1998; 77:333–336.

5. Talamini R, La Vecchia C, Levi F, Conti E, Favero A, Franceschi S. Cancer of the oral cavity and pharynx in
nonsmokers who drink alcohol and in nondrinkers who smoke tobacco. J Natl Cancer Inst 1998; 90:1901–1903.

6. Castellsague X, Quintana MJ, Martinez MC, et al. The role of type of tobacco and type of alcoholic beverage
in oral carcinogenesis. Int J Cancer 2004; 108:741–749.



Chapter 1 / HNSCC in the Nonsmoker-Nondrinker 19

7. Inagaki S, Esaka Y, Deyashiki Y, Sako M, Goto M. Analysis of DNA adducts of acetaldehyde by liquid
chromatography-mass spectrometry. J Chromatogr A 2003; 987:341–347.

8. Edenberg HJ, Brown CJ. Regulation of human alcohol dehydrogenase genes. Pharmacogenetics 1992;
2:185–196.

9. Harty LC, Caporaso NE, Hayes RB, et al. Alcohol dehydrogenase 3 genotype and risk of oral cavity and
pharyngeal cancers. J Natl Cancer Inst 1997; 89:1698–1705.

10. Bouchardy C, Hirvonen A, Coutelle C, Ward PJ, Dayer P, Benhamou S. Role of alcohol dehydrogenase 3
and cytochrome P-4502E1 genotypes in susceptibility to cancers of the upper aerodigestive tract. Int J Cancer
2000; 87:734–740.

11. Coutelle C, Ward PJ, Fleury B, et al. Laryngeal and oropharyngeal cancer, and alcohol dehydrogenase 3 and
glutathione S-transferase M1 polymorphisms. Hum Genet 1997; 99:319–325.

12. Mashberg A, Boffetta P, Winkelman R, Garfinkel L. Tobacco smoking, alcohol drinking, and cancer of the
oral cavity and oropharynx among U.S. veterans. Cancer 1993; 72:1369–1375.

13. Balaram P, Sridhar H, Rajkumar T, et al. Oral cancer in southern India: the influence of smoking, drinking,
paan-chewing and oral hygiene. Int J Cancer 2002; 98:440–445.

14. Garrote LF, Herrero R, Reyes RM, et al. Risk factors for cancer of the oral cavity and oro-pharynx in Cuba.
Br J Cancer 2001; 85:46–54.

15. Salaspuro V, Salaspuro M. Synergistic effect of alcohol drinking and smoking on in vivo acetaldehyde
concentration in saliva. Int J Cancer 2004; 111:480–483.

16. Brugere J, Guenel P, Leclerc A, Rodriguez J. Differential effects of tobacco and alcohol in cancer of the
larynx, pharynx, and mouth. Cancer 1986; 57:391–395.

17. Boffetta P, Mashberg A, Winkelmann R, Garfinkel L. Carcinogenic effect of tobacco smoking and alcohol
drinking on anatomic sites of the oral cavity and oropharynx. Int J Cancer 1992; 52:530–533.

18. Franceschi S, Talamini R, Barra S, et al. Smoking and drinking in relation to cancers of the oral cavity,
pharynx, larynx, and esophagus in northern Italy. Cancer Res 1990; 50:6502–6507.

19. De Stefani E, Boffetta P, Oreggia F, Mendilaharsu M, Deneo-Pellegrini H. Smoking patterns and cancer of
the oral cavity and pharynx: a case-control study in Uruguay. Oral Oncol 1998; 34:340–346.

20. Znaor A, Brennan P, Gajalakshmi V, et al. Independent and combined effects of tobacco smoking, chewing
and alcohol drinking on the risk of oral, pharyngeal and esophageal cancers in Indian men. Int J Cancer 2003;
105:681–686.

21. Zheng TZ, Boyle P, Hu HF, et al. Tobacco smoking, alcohol consumption, and risk of oral cancer: a case-
control study in Beijing, People’s Republic of China. Cancer Causes Control 1990; 1:173–179.

22. Talamini R, Bosetti C, La Vecchia C, et al. Combined effect of tobacco and alcohol on laryngeal cancer risk:
a case-control study. Cancer Causes Control 2002; 13:957–964.

23. Castelletto R, Castellsague X, Munoz N, Iscovich J, Chopita N, Jmelnitsky A. Alcohol, tobacco, diet, mate
drinking, and esophageal cancer in Argentina. Cancer Epidemiol Biomarkers Prev 1994; 3:557–564.

24. Sankaranarayanan R, Duffy SW, Day NE, Nair MK, Padmakumary G. A case-control investigation of cancer
of the oral tongue and the floor of the mouth in southern India. Int J Cancer 1989; 44:617–621.

25. Hodge KM, Flynn MB, Drury T. Squamous cell carcinoma of the upper aerodigestive tract in nonusers of
tobacco. Cancer 1985; 55:1232–1235.

26. Sorensen DM, Lewark TM, Haney JL, Meyers AD, Krause G, Franklin WA. Absence of p53 mutations in
squamous carcinomas of the tongue in nonsmoking and nondrinking patients younger than 40 years. Arch
Otolaryngol Head Neck Surg 1997; 123:503–506.

27. Koch WM, McQuone S. Clinical and molecular aspects of squamous cell carcinoma of the head and neck
in the nonsmoker and nondrinker. Curr Opin Oncol 1997; 9:257–261.

28. Lazarus P, Garewal HS, Sciubba J, et al. A low incidence of p53 mutations in pre-malignant lesions of the
oral cavity from non-tobacco users. Int J Cancer 1995; 60:458–463.

29. Schantz SP, Byers RM, Goepfert H, Shallenberger RC, Beddingfield N. The implication of tobacco use in
the young adult with head and neck cancer. Cancer 1988; 62:1374–1380.

30. de Boer MF, Sanderson RJ, Damhuis RA, Meeuwis CA, Knegt PP. The effects of alcohol and smoking upon
the age, anatomic sites and stage in the development of cancer of the oral cavity and oropharynx in females
in the south west Netherlands. Eur Arch Otorhinolaryngol 1997; 254:177–179.

31. Freije JE, Beatty TW, Campbell BH, Woodson BT, Schultz CJ, Toohill RJ. Carcinoma of the larynx in
patients with gastroesophageal reflux. Am J Otolaryngol 1996; 17:386–390.

32. Constantinides MS, Rothstein SG, Persky MS. Squamous cell carcinoma in older patients without risk
factors. Otolaryngol Head Neck Surg 1992; 106:275–277.

33. Agudelo D, Quer M, Leon X, Diez S, Burgues J. Laryngeal carcinoma in patients without a history of tobacco
and alcohol use. Head Neck 1997; 19:200–204.



20 D’Souza and Gillison

34. Fouret P, Monceaux G, Temam S, Lacourreye L, St Guily JL. Human papillomavirus in head and neck
squamous cell carcinomas in nonsmokers. Arch Otolaryngol Head Neck Surg 1997; 123:513–516.

35. Rodriguez T, Altieri A, Chatenoud L, et al. Risk factors for oral and pharyngeal cancer in young adults. Oral
Oncol 2004; 40:207–213.

36. Brennan JA, Boyle JO, Koch WM, et al. Association between cigarette smoking and mutation of the p53 gene
in squamous-cell carcinoma of the head and neck. N Engl J Med 1995; 332:712–717.

37. Muscat JE, Richie JP, Jr., Thompson S, Wynder EL. Gender differences in smoking and risk for oral cancer.
Cancer Res 1996; 56:5192–5197.

38. Dahlstrom KR, Adler-Storthz K, Etzel CJ, et al. Human papillomavirus type 16 infection and squamous cell
carcinoma of the head and neck in never-smokers: a matched pair analysis. Clin Cancer Res 2003; 9:2620–
2626.

39. Wiseman SM, Swede H, Stoler DL, et al. Squamous cell carcinoma of the head and neck in nonsmokers and
nondrinkers: an analysis of clinicopathologic characteristics and treatment outcomes. Ann Surg Oncol 2003;
10:551–557.

40. Lazarus P, Stern J, Zwiebel N, Fair A, Richie JP, Jr., Schantz S. Relationship between p53 mutation incidence
in oral cavity squamous cell carcinomas and patient tobacco use. Carcinogenesis 1996; 17:733–739.

41. Kreimer AR, Alberg AJ, Daniel R, et al. Oral human papillomavirus infection in adults is associated with
sexual behavior and HIV serostatus. J Infect Dis 2004; 189:686–698.

42. Maden C, Beckmann AM, Thomas DB, et al. Human papillomaviruses, herpes simplex viruses, and the risk
of oral cancer in men. Am J Epidemiol 1992; 135:1093–1102.

43. Schwartz SM, Daling JR, Doody DR, et al. Oral cancer risk in relation to sexual history and evidence of
human papillomavirus infection. J Natl Cancer Inst 1998; 90:1626–1636.

44. Doll R, Peto R, Wheatley K, Gray R, Sutherland I. Mortality in relation to smoking: 40 years’ observations
on male British doctors. Bmj 1994; 309:901–911.

45. Gillison ML, Koch WM, Capone RB, et al. Evidence for a causal association between human papillomavirus
and a subset of head and neck cancers. J Natl Cancer Inst 2000; 92:709–720.

46. Smith EM, Hoffman HT, Summersgill KS, Kirchner HL, Turek LP, Haugen TH. Human papillomavirus and
risk of oral cancer. Laryngoscope 1998; 108:1098–1103.

47. Koch WM, Lango M, Sewell D, Zahurak M, Sidransky D. Head and neck cancer in nonsmokers: a distinct
clinical and molecular entity. Laryngoscope 1999; 109:1544–1551.

48. Snijders PJ, Scholes AG, Hart CA, et al. Prevalence of mucosotropic human papillomaviruses in squamous-
cell carcinoma of the head and neck. Int J Cancer 1996; 66:464–469.

49. Herrero R, Castellsague X, Pawlita M, et al. Human papillomavirus and oral cancer: the International Agency
for Research on Cancer multicenter study. J Natl Cancer Inst 2003; 95:1772–1783.

50. Smith EM, Ritchie JM, Summersgill KF, et al. Human papillomavirus in oral exfoliated cells and risk of head
and neck cancer. J Natl Cancer Inst 2004; 96:449–455.

51. Zhang ZF, Morgenstern H, Spitz MR, et al. Environmental tobacco smoking, mutagen sensitivity, and head
and neck squamous cell carcinoma. Cancer Epidemiol Biomarkers Prev 2000; 9:1043–1049.

52. Tan EH, Adelstein DJ, Droughton ML, Van Kirk MA, Lavertu P. Squamous cell head and neck cancer in
nonsmokers. Am J Clin Oncol 1997; 20:146–150.

53. Yuan JM, Wang XL, Xiang YB, Gao YT, Ross RK, Yu MC. Non-dietary risk factors for nasopharyngeal
carcinoma in Shanghai, China. Int J Cancer 2000; 85:364–369.

54. Rajkumar T, Sridhar H, Balaram P, et al. Oral cancer in Southern India: the influence of body size, diet,
infections and sexual practices. Eur J Cancer Prev 2003; 12:135–143.

55. Sanchez MJ, Martinez C, Nieto A, et al. Oral and oropharyngeal cancer in Spain: influence of dietary patterns.
Eur J Cancer Prev 2003; 12:49–56.

56. Fioretti F, Bosetti C, Tavani A, Franceschi S, La Vecchia C. Risk factors for oral and pharyngeal cancer in
never smokers. Oral Oncol 1999; 35:375–378.

57. Tavani A, Gallus S, La Vecchia C, et al. Diet and risk of oral and pharyngeal cancer. An Italian case-control
study. Eur J Cancer Prev 2001; 10:191–195.

58. Mackerras D, Buffler PA, Randall DE, Nichaman MZ, Pickle LW, Mason TJ. Carotene intake and the risk
of laryngeal cancer in coastal Texas. Am J Epidemiol 1988; 128:980–988.

59. Tavani A, Negri E, Franceschi S, Barbone F, La Vecchia C. Attributable risk for laryngeal cancer in northern
Italy. Cancer Epidemiol Biomarkers Prev 1994; 3:121–125.

60. Farrow DC, Vaughan TL, Berwick M, Lynch CF, Swanson GM, Lyon JL. Diet and nasopharyngeal cancer
in a low-risk population. Int J Cancer 1998; 78:675–679.

61. Hsu TC, Johnston DA, Cherry LM, et al. Sensitivity to genotoxic effects of bleomycin in humans: possible
relationship to environmental carcinogenesis. Int J Cancer 1989; 43:403–409.



Chapter 1 / HNSCC in the Nonsmoker-Nondrinker 21

62. Schantz SP, Zhang ZF, Spitz MS, Sun M, Hsu TC. Genetic susceptibility to head and neck cancer: interaction
between nutrition and mutagen sensitivity. Laryngoscope 1997; 107:765–781.

63. Cloos J, Spitz MR, Schantz SP, et al. Genetic susceptibility to head and neck squamous cell carcinoma. J Natl
Cancer Inst 1996; 88:530–535.

64. Yu GP, Zhang ZF, Hsu TC, Spitz MR, Schantz SP. Family history of cancer, mutagen sensitivity, and
increased risk of head and neck cancer. Cancer Lett 1999; 146:93–101.

65. Llewellyn CD, Johnson NW, Warnakulasuriya KA. Risk factors for squamous cell carcinoma of the oral
cavity in young people—a comprehensive literature review. Oral Oncol 2001; 37:401–418.

66. La Vecchia C, Negri E. The role of alcohol in oesophageal cancer in non-smokers, and of tobacco in non-
drinkers. Int J Cancer 1989; 43:784,785.

67. Talamini R, Franceschi S, Barra S, La Vecchia C. The role of alcohol in oral and pharyngeal cancer in non-
smokers, and of tobacco in non-drinkers. Int J Cancer 1990; 46:391–393.

68. Mackenzie J, Ah-See K, Thakker N, et al. Increasing incidence of oral cancer amongst young persons: what
is the aetiology? Oral Oncol 2000; 36:387–389.

69. Verschuur HP, Irish JC, O’Sullivan B, Goh C, Gullane PJ, Pintilie M. A matched control study of treatment
outcome in young patients with squamous cell carcinoma of the head and neck. Laryngoscope 1999; 109:249–258.

70. Lipkin A, Miller RH, Woodson GE. Squamous cell carcinoma of the oral cavity, pharynx, and larynx in
young adults. Laryngoscope 1985; 95:790–793.

71. Hart AK, Karakla DW, Pitman KT, Adams JF. Oral and oropharyngeal squamous cell carcinoma in young
adults: a report on 13 cases and review of the literature. Otolaryngol Head Neck Surg 1999; 120:828–833.

72. Khuri FR, Kim ES, Lee JJ, et al. The impact of smoking status, disease stage, and index tumor site on second
primary tumor incidence and tumor recurrence in the head and neck retinoid chemoprevention trial. Cancer
Epidemiol Biomarkers Prev 2001; 10:823–829.

73. Sisk EA, Soltys SG, Zhu S, Fisher SG, Carey TE, Bradford CR. Human papillomavirus and p53 mutational
status as prognostic factors in head and neck carcinoma. Head Neck 2002; 24:841–849.

74. Ritchie JM, Smith EM, Summersgill KF, et al. Human papillomavirus infection as a prognostic factor in
carcinomas of the oral cavity and oropharynx. Int J Cancer 2003; 104:336–344.

75. Brandwein M, Zeitlin J, Nuovo GJ, et al. HPV detection using “hot start” polymerase chain reaction in
patients with oral cancer: a clinicopathological study of 64 patients. Mod Pathol 1994; 7:720–727.

76. Haraf DJ, Nodzenski E, Brachman D, et al. Human papilloma virus and p53 in head and neck cancer: clinical
correlates and survival. Clin Cancer Res 1996; 2:755–762.

77. Paz IB, Cook N, Odom-Maryon T, Xie Y, Wilczynski SP. Human papillomavirus (HPV) in head and neck
cancer. An association of HPV 16 with squamous cell carcinoma of Waldeyer’s tonsillar ring. Cancer 1997;
79:595–604.

78. Balz V, Scheckenbach K, Gotte K, Bockmuhl U, Petersen I, Bier H. Is the p53 inactivation frequency in
squamous cell carcinomas of the head and neck underestimated? Analysis of p53 exons 2-11 and human
papillomavirus 16/18 E6 transcripts in 123 unselected tumor specimens. Cancer Res 2003; 63:1188–1191.

79. Hafkamp HC, Speel EJ, Haesevoets A, et al. A subset of head and neck squamous cell carcinomas exhibits
integration of HPV 16/18 DNA and overexpression of p16INK4A and p53 in the absence of mutations in p53
exons 5-8. Int J Cancer 2003; 107:394–400.

80. Niedobitek G, Pitteroff S, Herbst H, et al. Detection of human papillomavirus type 16 DNA in carcinomas
of the palatine tonsil. J Clin Pathol 1990; 43:918–921.

81. Snijders PJ, Meijer CJ, van den Brule AJ, Schrijnemakers HF, Snow GB, Walboomers JM. Human
papillomavirus (HPV) type 16 and 33 E6/E7 region transcripts in tonsillar carcinomas can originate from
integrated and episomal HPV DNA. J Gen Virol 1992; 73:2059–2066.

82. Wilczynski SP, Lin BT, Xie Y, Paz IB. Detection of human papillomavirus DNA and oncoprotein
overexpression are associated with distinct morphological patterns of tonsillar squamous cell carcinoma. Am
J Pathol 1998; 152:145–156.

83. Mellin H, Friesland S, Lewensohn R, Dalianis T, Munck-Wikland E. Human papillomavirus (HPV) DNA
in tonsillar cancer: clinical correlates, risk of relapse, and survival. Int J Cancer 2000; 89:300–304.

84. Strome SE, Savva A, Brissett AE, et al. Squamous cell carcinoma of the tonsils: a molecular analysis of HPV
associations. Clin Cancer Res 2002; 8:1093–1100.

85. Klussmann JP, Weissenborn SJ, Wieland U, et al. Human papillomavirus-positive tonsillar carcinomas: a
different tumor entity? Med Microbiol Immunol (Berl) 2003; 192:129–132.

86. Schwartz SR, Yueh B, McDougall JK, Daling JR, Schwartz SM. Human papillomavirus infection and survival
in oral squamous cell cancer: a population-based study. Otolaryngol Head Neck Surg 2001; 125:1–9.

87. Ringstrom E, Peters E, Hasegawa M, Posner M, Liu M, Kelsey KT. Human papillomavirus type 16 and
squamous cell carcinoma of the head and neck. Clin Cancer Res 2002; 8:3187–3192.



22 D’Souza and Gillison

88. Braakhuis BJ, Snijders PJ, Keune WJ, et al. Genetic patterns in head and neck cancers that contain or lack
transcriptionally active human papillomavirus. J Natl Cancer Inst 2004; 96:998–1006.

89. Mellin H, Dahlgren L, Munck-Wikland E, et al. Human papillomavirus type 16 is episomal and a high viral
load may be correlated to better prognosis in tonsillar cancer. Int J Cancer 2002; 102:152–158.

90. Klussmann JP, Weissenborn SJ, Wieland U, et al. Prevalence, distribution, and viral load of human
papillomavirus 16 DNA in tonsillar carcinomas. Cancer 2001; 92:2875–2884.

91. Klussmann JP, Gultekin E, Weissenborn SJ, et al. Expression of p16 protein identifies a distinct entity of
tonsillar carcinomas associated with human papillomavirus. Am J Pathol 2003; 162:747–753.

92. Ha PK, Pai SI, Westra WH, et al. Real-time quantitative PCR demonstrates low prevalence of human
papillomavirus type 16 in premalignant and malignant lesions of the oral cavity. Clin Cancer Res 2002;
8:1203–1209.

93. Steenbergen RD, Hermsen MA, Walboomers JM, et al. Integrated human papillomavirus type 16 and loss
of heterozygosity at 11q22 and 18q21 in an oral carcinoma and its derivative cell line. Cancer Res 1995;
55:5465–5471.

94. Lindel K, Beer KT, Laissue J, Greiner RH, Aebersold DM. Human papillomavirus positive squamous cell
carcinoma of the oropharynx: a radiosensitive subgroup of head and neck carcinoma. Cancer 2001; 92:805–813.

95. Wiest T, Schwarz E, Enders C, Flechtenmacher C, Bosch FX. Involvement of intact HPV16 E6/E7 gene
expression in head and neck cancers with unaltered p53 status and perturbed pRb cell cycle control. Oncogene
2002; 21:1510–1517.

96. Koskinen WJ, Chen RW, Leivo I, et al. Prevalence and physical status of human papillomavirus in squamous
cell carcinomas of the head and neck. Int J Cancer 2003; 107:401–406.

97. Ke LD, Adler-Storthz K, Mitchell MF, Clayman GL, Chen Z. Expression of human papillomavirus E7
mRNA in human oral and cervical neoplasia and cell lines. Oral Oncol 1999; 35:415–420.

98. van Houten VM, Snijders PJ, van den Brekel MW, et al. Biological evidence that human papillomaviruses
are etiologically involved in a subgroup of head and neck squamous cell carcinomas. Int J Cancer 2001;
93:232–235.

99. Zumbach K, Kisseljov F, Sacharova O, et al. Antibodies against oncoproteins E6 and E7 of human
papillomavirus types 16 and 18 in cervical-carcinoma patients from Russia. Int J Cancer 2000; 85:313–318.

100. Mork J, Lie AK, Glattre E, et al. Human papillomavirus infection as a risk factor for squamous-cell carcinoma
of the head and neck. N Engl J Med 2001; 344:1125–1131.

101. Yu MC, Yuan JM. Epidemiology of nasopharyngeal carcinoma. Semin Cancer Biol 2002; 12:421–429.
102. Nicholls JM, Agathanggelou A, Fung K, Zeng X, Niedobitek G. The association of squamous cell carcino-

mas of the nasopharynx with Epstein-Barr virus shows geographical variation reminiscent of Burkitt’s
lymphoma. J Pathol 1997; 183:164–168.

103. Akao I, Sato Y, Mukai K, et al. Localization of Epstein-Barr virus in lymph node metastasis with nasopha-
ryngeal carcinoma. Acta Otolaryngol Suppl 1996; 522:86–68.

104. Raab-Traub N, Rajadurai P, Flynn K, Lanier AP. Epstein-Barr virus infection in carcinoma of the salivary
gland. J Virol 1991; 65:7032–7036.

105. zur Hausen H, Schulte-Holthausen H, Klein G, et al. EBV DNA in biopsies of Burkitt tumours and anaplastic
carcinomas of the nasopharynx. Nature 1970; 228:1056–1058.

106. Nam JM, McLaughlin JK, Blot WJ. Cigarette smoking, alcohol, and nasopharyngeal carcinoma: a case-
control study among U.S. whites. J Natl Cancer Inst 1992; 84:619–622.

107. Zhu K, Levine RS, Brann EA, Gnepp DR, Baum MK. A population-based case-control study of the relation-
ship between cigarette smoking and nasopharyngeal cancer (United States). Cancer Causes Control 1995;
6:507–512.

108. Cheng YJ, Hildesheim A, Hsu MM, et al. Cigarette smoking, alcohol consumption and risk of nasopharyn-
geal carcinoma in Taiwan. Cancer Causes Control 1999; 10:201–207.

109. Vaughan TL, Shapiro JA, Burt RD, et al. Nasopharyngeal cancer in a low-risk population: defining risk
factors by histological type. Cancer Epidemiol Biomarkers Prev 1996; 5:587–593.

110. Goodman M, Morgan RW, Ray R, Malloy CD, Zhao K. Cancer in asbestos-exposed occupational cohorts:
a meta-analysis. Cancer Causes Control 1999; 10:453–465.

111. Browne K, Gee JB. Asbestos exposure and laryngeal cancer. Ann Occup Hyg 2000; 44:239–250.
112. Gustavsson P, Jakobsson R, Johansson H, Lewin F, Norell S, Rutkvist LE. Occupational exposures and

squamous cell carcinoma of the oral cavity, pharynx, larynx, and oesophagus: a case-control study in Swe-
den. Occup Environ Med 1998; 55:393–400.

113. Berrino F, Richiardi L, Boffetta P, et al. Occupation and larynx and hypopharynx cancer: a job-exposure
matrix approach in an international case-control study in France, Italy, Spain and Switzerland. Cancer Causes
Control 2003; 14:213–223.



Chapter 1 / HNSCC in the Nonsmoker-Nondrinker 23

114. Marchand JL, Luce D, Leclerc A, et al. Laryngeal and hypopharyngeal cancer and occupational exposure to
asbestos and man-made vitreous fibers: results of a case-control study. Am J Ind Med 2000; 37:581–589.

115. De Stefani E, Boffetta P, Oreggia F, Ronco A, Kogevinas M, Mendilaharsu M. Occupation and the risk of
laryngeal cancer in Uruguay. Am J Ind Med 1998; 33:537–542.

116. Ahrens W, Jockel KH, Patzak W, Elsner G. Alcohol, smoking, and occupational factors in cancer of the
larynx: a case-control study. Am J Ind Med 1991; 20:477–493.

117. Dietz A, Ramroth H, Urban T, Ahrens W, Becher H. Exposure to cement dust, related occupational groups
and laryngeal cancer risk: results of a population based case-control study. Int J Cancer 2004; 108:907–911.

118. Maier H, Dietz A, Gewelke U, Heller WD. [Occupational exposure to hazardous substances and risk of
cancer in the area of the mouth cavity, oropharynx, hypopharynx and larynx. A case-control study].
Laryngorhinootologie 1991; 70:93–98.

119. Cauvin JM, Guenel P, Luce D, Brugere J, Leclerc A. Occupational exposure and head and neck carcinoma.
Clin Otolaryngol 1990; 15:439–445.

120. IARC. Wood dust and formaldehyde. IARC Monographs on the Evaluation of the Carcinogenic Risks to
Humans 1995; 62:94–215.

121. Blot WJ, Chow WH, McLaughlin JK. Wood dust and nasal cancer risk. A review of the evidence from North
America. J Occup Environ Med 1997; 39:148–156.

122. Demers PA, Boffetta P, Kogevinas M, et al. Pooled reanalysis of cancer mortality among five cohorts of
workers in wood-related industries. Scand J Work Environ Health 1995; 21:179–190.

123. Stellman SD, Demers PA, Colin D, Boffetta P. Cancer mortality and wood dust exposure among participants
in the American Cancer Society Cancer Prevention Study-II (CPS-II). Am J Ind Med 1998; 34:229–237.

124. t Mannetje A, Kogevinas M, Luce D, et al. Sinonasal cancer, occupation, and tobacco smoking in European
women and men. Am J Ind Med 1999; 36:101–107.

125. Demers PA, Kogevinas M, Boffetta P, et al. Wood dust and sino-nasal cancer: pooled reanalysis of twelve
case-control studies. Am J Ind Med 1995; 28:151–166.

126. Muscat JE, Wynder EL. Tobacco, alcohol, asbestos, and occupational risk factors for laryngeal cancer.
Cancer 1992; 69:2244–2251.

127. Zagraniski RT, Kelsey JL, Walter SD. Occupational risk factors for laryngeal carcinoma: Connecticut, 1975-
1980. Am J Epidemiol 1986; 124:67–76.

128. Coble JB, Brown LM, Hayes RB, et al. Sugarcane farming, occupational solvent exposures, and the risk of
oral cancer in Puerto Rico. J Occup Environ Med 2003; 45:869–874.

129. Brown LM, Moradi T, Gridley G, Plato N, Dosemeci M, Fraumeni JF, Jr. Exposures in the painting trades
and paint manufacturing industry and risk of cancer among men and women in Sweden. J Occup Environ Med
2002; 44:258–264.

130. Maier H, Tisch M, Enderle G, Dietz A, Weidauer H. [Occupational exposure to paint, lacquer and solvents,
and cancer risk in the area of the upper aero-digestive tract]. HNO 1997; 45:905–908.

131. Goldberg P, Leclerc A, Luce D, Morcet JF, Brugere J. Laryngeal and hypopharyngeal cancer and occupation:
results of a case control-study. Occup Environ Med 1997; 54:477–482.

132. Pogoda JM, Preston-Martin S. Solar radiation, lip protection, and lip cancer risk in Los Angeles County
women (California, United States). Cancer Causes Control 1996; 7:458–463.

133. Wiklund K, Holm LE. Trends in cancer risks among Swedish agricultural workers. J Natl Cancer Inst 1986;
77:657–664.

134. Dardanoni L, Gafa L, Paterno R, Pavone G. A case-control study on lip cancer risk factors in Ragusa (Sicily).
Int J Cancer 1984; 34:335–337.

135. Perea-Milla Lopez E, Minarro-Del Moral RM, Martinez-Garcia C, et al. Lifestyles, environmental and
phenotypic factors associated with lip cancer: a case-control study in southern Spain. Br J Cancer 2003;
88:1702–1707.

136. Lissowska J, Pilarska A, Pilarski P, et al. Smoking, alcohol, diet, dentition and sexual practices in the
epidemiology of oral cancer in Poland. Eur J Cancer Prev 2003; 12:25–33.

137. Maier H, Tisch M, Kyrberg H, Conradt C, Weidauer H. [Occupational hazardous substance exposure and
nutrition. Risk factors for mouth, pharyngeal and laryngeal carcinomas?]. HNO 2002; 50:743–752.

138. Winn DM, Ziegler RG, Pickle LW, Gridley G, Blot WJ, Hoover RN. Diet in the etiology of oral and
pharyngeal cancer among women from the southern United States. Cancer Res 1984; 44:1216–1222.

139. Zheng W, Blot WJ, Shu XO, et al. Risk factors for oral and pharyngeal cancer in Shanghai, with emphasis
on diet. Cancer Epidemiol Biomarkers Prev 1992; 1:441–448.

140. Zheng W, Blot WJ, Diamond EL, et al. Serum micronutrients and the subsequent risk of oral and pharyngeal
cancer. Cancer Res 1993; 53:795–798.



24 D’Souza and Gillison

141. Kucuk O, Pung A, Franke AA, et al. Correlations between mutagen sensitivity and plasma nutrient levels of
healthy individuals. Cancer Epidemiol Biomarkers Prev 1995; 4:217–221.

142. Brady WE, Mares-Perlman JA, Bowen P, Stacewicz-Sapuntzakis M. Human serum carotenoid concentra-
tions are related to physiologic and lifestyle factors. J Nutr 1996; 126:129–137.

143. Ross MA, Crosley LK, Brown KM, et al. Plasma concentrations of carotenoids and antioxidant vitamins in
Scottish males: influences of smoking. Eur J Clin Nutr 1995; 49:861–865.

144. Faruque MO, Khan MR, Rahman MM, Ahmed F. Relationship between smoking and antioxidant nutrient
status. Br J Nutr 1995; 73:625–632.

145. Kucuk O, Prasad A. Chapter 14: Nutrients, phytochemicals, and squamous cell carcinoma of the head and
neck. In: Ensley JF, Gutkind JS, Jacobs JR, Lippman SM, eds. Head and Neck Cancer: Emerging Perspec-
tives: Academic Press; San Diego CA, 2003, pp. 201–211.

146. Albanes D, Heinonen OP, Taylor PR, et al. Alpha-Tocopherol and beta-carotene supplements and lung
cancer incidence in the alpha-tocopherol, beta-carotene cancer prevention study: effects of base-line char-
acteristics and study compliance. J Natl Cancer Inst 1996; 88:1560–1570.

147. Gagari E, Kabani S. Adverse effects of mouthwash use. A review. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 1995; 80:432–439.

148. Morse DE, Katz RV, Pendrys DG, et al. Mouthwash use and dentures in relation to oral epithelial dysplasia.
Oral Oncol 1997; 33:338–343.

149. Mashberg A, Barsa P, Grossman ML. A study of the relationship between mouthwash use and oral and
pharyngeal cancer. J Am Dent Assoc 1985; 110:731–734.

150. Wynder EL, Kabat G, Rosenberg S, Levenstein M. Oral cancer and mouthwash use. J Natl Cancer Inst 1983;
70:255–260.

151. Elmore JG, Horwitz RI. Oral cancer and mouthwash use: evaluation of the epidemiologic evidence.
Otolaryngol Head Neck Surg 1995; 113:253–261.

152. Young TB, Ford CN, Brandenburg JH. An epidemiologic study of oral cancer in a statewide network. Am
J Otolaryngol 1986; 7:200–208.

153. Winn DM, Blot WJ, McLaughlin JK, et al. Mouthwash use and oral conditions in the risk of oral and
pharyngeal cancer. Cancer Res 1991; 51:3044–3047.

154. Blot WJ, Winn DM, Fraumeni JF, Jr. Oral cancer and mouthwash. J Natl Cancer Inst 1983; 70:251–253.
155. Winn DM, Diehl SR, Brown LM, et al. Mouthwash in the etiology of oral cancer in Puerto Rico. Cancer

Causes Control 2001; 12:419–429.
156. Bundgaard T, Wildt J, Frydenberg M, Elbrond O, Nielsen JE. Case-control study of squamous cell cancer

of the oral cavity in Denmark. Cancer Causes Control 1995; 6:57–67.
157. Zheng TZ, Boyle P, Hu HF, et al. Dentition, oral hygiene, and risk of oral cancer: a case-control study in

Beijing, People’s Republic of China. Cancer Causes Control 1990; 1:235–241.
158. Marshall JR, Graham S, Haughey BP, et al. Smoking, alcohol, dentition and diet in the epidemiology of oral

cancer. Eur J Cancer B Oral Oncol 1992; 28B:9–15.
159. Franco EL, Kowalski LP, Oliveira BV, et al. Risk factors for oral cancer in Brazil: a case-control study. Int

J Cancer 1989; 43:992–1000.
160. Maier H, Zoller J, Herrmann A, Kreiss M, Heller WD. Dental status and oral hygiene in patients with head

and neck cancer. Otolaryngol Head Neck Surg 1993; 108:655–661.
161. Moreno-Lopez LA, Esparza-Gomez GC, Gonzalez-Navarro A, Cerero-Lapiedra R, Gonzalez-Hernandez

MJ, Dominguez-Rojas V. Risk of oral cancer associated with tobacco smoking, alcohol consumption and
oral hygiene: a case-control study in Madrid, Spain. Oral Oncol 2000; 36:170–174.

162. Talamini R, Vaccarella S, Barbone F, et al. Oral hygiene, dentition, sexual habits and risk of oral cancer. Br
J Cancer 2000; 83:1238–1242.

163. Ward PH, Hanson DG. Reflux as an etiological factor of carcinoma of the laryngopharynx. Laryngoscope
1988; 98:1195–1199.

164. Morrison MD. Is chronic gastroesophageal reflux a causative factor in glottic carcinoma? Otolaryngol Head
Neck Surg 1988; 99:370–373.

165. Koufman JA. The otolaryngologic manifestations of gastroesophageal reflux disease (GERD): a clinical
investigation of 225 patients using ambulatory 24-hour pH monitoring and an experimental investigation of
the role of acid and pepsin in the development of laryngeal injury. Laryngoscope 1991; 101:1–78.

166. Biacabe B, Gleich LL, Laccourreye O, Hartl DM, Bouchoucha M, Brasnu D. Silent gastroesophageal reflux
disease in patients with pharyngolaryngeal cancer: further results. Head Neck 1998; 20:510–514.

167. El-Serag HB, Hepworth EJ, Lee P, Sonnenberg A. Gastroesophageal reflux disease is a risk factor for
laryngeal and pharyngeal cancer. Am J Gastroenterol 2001; 96:2013–2018.



Chapter 1 / HNSCC in the Nonsmoker-Nondrinker 25

168. Singh B, Sabin S, Rofim O, Shaha A, Har-El G, Lucente FE. Alterations in head and neck cancer occurring in
HIV-infected patients—results of a pilot, longitudinal, prospective study. Acta Oncol 1999; 38:1047–1050.

169. Barry B, Gehanno P. [Squamous cell carcinoma of the ENT organs in the course of the HIV infection]. Ann
Otolaryngol Chir Cervicofac 1999; 116:149–153.

170. Frisch M, Biggar RJ, Goedert JJ. Human papillomavirus-associated cancers in patients with human immu-
nodeficiency virus infection and acquired immunodeficiency syndrome. J Natl Cancer Inst 2000; 92:1500–
1510.

171. Bradford CR, Hoffman HT, Wolf GT, Carey TE, Baker SR, McClatchey KD. Squamous carcinoma of the
head and neck in organ transplant recipients: possible role of oncogenic viruses. Laryngoscope 1990;
100:190–194.

172. Duvoux C, Delacroix I, Richardet JP, et al. Increased incidence of oropharyngeal squamous cell carcinomas
after liver transplantation for alcoholic cirrhosis. Transplantation 1999; 67:418–421.

173. Zhang L, Epstein JB, Poh CF, et al. Comparison of HPV infection, p53 mutation and allelic losses in post-
transplant and non-posttransplant oral squamous cell carcinomas. J Oral Pathol Med 2002; 31:134–141.

174. Silverman S, Jr., Bahl S. Oral lichen planus update: clinical characteristics, treatment responses, and malig-
nant transformation. Am J Dent 1997; 10:259–263.

175. van der Meij EH, Schepman KP, Smeele LE, van der Wal JE, Bezemer PD, van der Waal I. A review of the
recent literature regarding malignant transformation of oral lichen planus. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 1999; 88:307–310.

176. Hietanen J, Paasonen MR, Kuhlefelt M, Malmstrom M. A retrospective study of oral lichen planus patients
with concurrent or subsequent development of malignancy. Oral Oncol 1999; 35:278–282.

177. Epstein JB, Wan LS, Gorsky M, Zhang L. Oral lichen planus: progress in understanding its malignant
potential and the implications for clinical management. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2003; 96:32–37.

178. Zhang L, Cheng X, Li Y, et al. High frequency of allelic loss in dysplastic lichenoid lesions. Lab Invest 2000;
80:233–237.

179. Zhang L, Michelsen C, Cheng X, Zeng T, Priddy R, Rosin MP. Molecular analysis of oral lichen planus. A
premalignant lesion? Am J Pathol 1997; 151:323–327.

180. Foulkes WD, Brunet JS, Kowalski LP, Narod SA, Franco EL. Family history of cancer is a risk factor for
squamous cell carcinoma of the head and neck in Brazil: a case-control study. Int J Cancer 1995; 63:769–773.

181. Brown LM, Gridley G, Diehl SR, et al. Family cancer history and susceptibility to oral carcinoma in Puerto
Rico. Cancer 2001; 92:2102–2108.

182. Foulkes WD, Brunet JS, Sieh W, Black MJ, Shenouda G, Narod SA. Familial risks of squamous cell
carcinoma of the head and neck: retrospective case-control study. BMJ 1996; 313:716–721.

183. Copper MP, Jovanovic A, Nauta JJ, et al. Role of genetic factors in the etiology of squamous cell carcinoma
of the head and neck. Arch Otolaryngol Head Neck Surg 1995; 121:157–160.

184. Mork J, Moller B, Glattre E. Familial risk in head and neck squamous cell carcinoma diagnosed before the
age of 45: a population-based study. Oral Oncol 1999; 35:360–367.

185. Goldstein AM, Blot WJ, Greenberg RS, et al. Familial risk in oral and pharyngeal cancer. Eur J Cancer B
Oral Oncol 1994; 30B(5):319-22.

186. Li X, Hemminki K. Familial upper aerodigestive tract cancers: incidence trends, familial clustering and
subsequent cancers. Oral Oncol 2003; 39:232–239.

187. Hemminki K, Li X. Familial risks of cancer as a guide to gene identification and mode of inheritance. Int J
Cancer 2004; 110:291–294.

188. Bongers V, Braakhuis BJ, Tobi H, Lubsen H, Snow GB. The relation between cancer incidence among
relatives and the occurrence of multiple primary carcinomas following head and neck cancer. Cancer
Epidemiol Biomarkers Prev 1996; 5:595–598.

189. Dong YJ, Peng TK, Yin SJ. Expression and activities of class IV alcohol dehydrogenase and class III
aldehyde dehydrogenase in human mouth. Alcohol 1996; 13:257–262.

190. Bosron WF, Li TK. Genetic polymorphism of human liver alcohol and aldehyde dehydrogenases, and their
relationship to alcohol metabolism and alcoholism. Hepatology 1986; 6:502–510.

191. Olshan AF, Weissler MC, Watson MA, Bell DA. Risk of head and neck cancer and the alcohol dehydrogenase
3 genotype. Carcinogenesis 2001; 22:57–61.

192. Zavras AI, Wu T, Laskaris G, et al. Interaction between a single nucleotide polymorphism in the alcohol
dehydrogenase 3 gene, alcohol consumption and oral cancer risk. Int J Cancer 2002; 97:526–530.

193. Geisler SA, Olshan AF. GSTM1, GSTT1, and the risk of squamous cell carcinoma of the head and neck: a
mini-HuGE review. Am J Epidemiol 2001; 154:95–105.



26 D’Souza and Gillison

194. Cheng L, Sturgis EM, Eicher SA, Char D, Spitz MR, Wei Q. Glutathione-S-transferase polymorphisms and
risk of squamous-cell carcinoma of the head and neck. Int J Cancer 1999; 84:220–224.

195. Olshan AF, Weissler MC, Watson MA, Bell DA. GSTM1, GSTT1, GSTP1, CYP1A1, and NAT1 polymorphisms,
tobacco use, and the risk of head and neck cancer. Cancer Epidemiol Biomarkers Prev 2000; 9:185–191.

196. Kutler DI, Auerbach AD, Satagopan J, et al. High incidence of head and neck squamous cell carcinoma in
patients with Fanconi anemia. Arch Otolaryngol Head Neck Surg 2003; 129:106–112.

197. Alter BP. Cancer in Fanconi anemia, 1927-2001. Cancer 2003; 97:425–440.
198. Rosenberg PS, Greene MH, Alter BP. Cancer incidence in persons with Fanconi anemia. Blood 2003;

101:822–826.
199. Kutler DI, Wreesmann VB, Goberdhan A, et al. Human papillomavirus DNA and p53 polymorphisms in

squamous cell carcinomas from Fanconi anemia patients. J Natl Cancer Inst 2003; 95:1718–1721.
200. Lowy DR, Gillison ML. A new link between Fanconi anemia and human papillomavirus-associated malig-

nancies. J Natl Cancer Inst 2003; 95:1648–1650.
201. Kutler DI, Singh B, Satagopan J, et al. A 20-year perspective on the International Fanconi Anemia Registry

(IFAR). Blood 2003; 101:1249–1256.
202. Singh B, Wreesmann VB, Phister, et al. Chromosomal aberrations in patients with head and neck squamous

cell carcinoma do not vary based on severity of tobacco/alcohol exposure. BMC Genet 2002;3:22.



Chapter 2 / Laryngeal Preservation Surgery 27

27

From: Current Clinical Oncology: Squamous Cell Head and Neck Cancer
Edited by: D. J. Adelstein  © Humana Press Inc., Totowa, NJ

2

1. INTRODUCTION

Patients afflicted with selected laryngeal and hypopharyngeal cancers have garnered ben-
efit from laryngeal preservation procedures for more than a century. Billroth performed the
first hemilaryngectomy for malignancy in 1874 (1). Over the ensuing decades numerous
procedures evolved to afford patients the maintenance of speech and swallowing without
permanent tracheostomy. In 1947, Alonso (2,3) first described the open supraglottic laryngec-
tomy to spare the true vocal cords and arytenoids by resecting the upper portion of the thyroid
cartilage with the supraglottic structures. The procedure was popularized in Europe by Bocca
and in the United States by Ogura, Som, and Kirchner (4). The boundaries of resection were
pushed further by Majer and Reider (5) in 1959 with the introduction of the supracricoid partial
laryngectomy, which provided an alternative to total laryngectomy for patients with selected
glottic and supraglottic cancers. Critical review has provided refinements in these procedures.
Specific indications have been established based on an improved understanding of surgical
anatomy and patterns of tumor spread that have allowed for selected ablation of laryngeal
components without the need for total laryngectomy and its associated morbidity.

2. ANATOMY AND PATTERNS OF TUMOR SPREAD

The larynx, which is situated in front of the fourth to sixth cervical vertebrae in an adult,
consists of a framework of cartilages held in position by an intrinsic and extrinsic musculature
and lined by epithelium that is arranged in characteristic folds (6–8). The skeletal framework
and connective tissues create barriers to prevent the spread of tumor growth. Spaces contain-
ing fat, musculature, blood vessels, nerves, and adnexa are created by these tissue barriers.
Organ preservation surgery is predicated on a thorough understanding of these spaces and the
implications surrounding the compromise of the integrity of these barriers by disease.

The larynx is clinically divided into three areas—the supraglottis, the glottis, and the
subglottis. This subdivision reflects the unique embryologic development of the larynx. The
supraglottis develops from the buccopharyngeal anlage, and the glottis and subglottis orga-
nize around the pulmonary diverticulum (9). The intervening embryologic fusion plane does
appear to form a barrier to the spread of early-stage cancers. However, more advanced cancers
will traverse from one compartment to the next (10). The supraglottis extends from the tip of
the epiglottis to the junction between the lateral wall and the floor of the ventricle. The subsites
of the supraglottis consist of the arytenoid cartilages, the aryepiglottic folds, the false vocal
folds, and the infrahyoid and suprahyoid epiglottis. The glottis is comprised of the true vocal
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cords, the posterior commissure between the two cords, and the anterior commissure. Finally,
the subglottis extends from the junction of the squamous and respiratory epithelium on the
undersurface of the true cords to the inferior edge of the cricoid cartilage. The superior margin
has been arbitrarily assigned to the point 5 mm below the free edge of the true vocal cords (11).

The thyroid cartilage maintains a dominant presence in the laryngeal skeleton and encloses
the larynx anteriorly and laterally. The hyoid bone is located superior to the thyroid cartilage
and is connected to the thyroid cartilage by the thyrohyoid membrane. This bony landmark
forms the upper boundary of the laryngeal framework and serves as an important point for
extrinsic laryngeal muscular attachments. The thyroid cartilage articulates posterolaterally
with the cricoid cartilage, which is shaped like a signet ring and lies inferior to the thyroid
cartilage. The cricoid cartilage is required for maintenance of the enclosed airway because it
is the only complete annular support of the laryngeal skeleton (11). The cricoid cartilage also
provides support for the two arytenoid cartilages on its posterosuperior aspect.

The epiglottis, containing numerous fenestrations, extends from a tendenous attachment on
the thyroid cartilage to project superiorly and posteriorly above the laryngeal opening. It is
attached also at the superior aspect of the thyroid cartilage just below the thyroid notch by the
thyroepiglottic ligament. The pre-epiglottic space, which is a common location for supraglot-
tic tumor spread, is bounded by the epiglottis, the thyroid cartilage, the thyrohyoid membrane,
and the vallecular mucosa. Kirchner has shown through whole organ sections that supraglottic
cancers overlying the epiglottic cartilage extend into the preepiglottic space through the
epiglottic cartilage fenestrations (12).

Fibrous tissue connections contribute to the 3D construct of the larynx. The quadrangular
membrane is the upper part of the elastic membrane of the larynx. It extends from the lateral
margin of the epiglottis to the arytenoids and to the false vocal cord. The conus elasticus forms
the lower part of the elastic membrane of the larynx. It attaches from each vocal cord down
to the cricoid cartilage. The vocal ligament is the free upper edge of the conus elasticus. The
anterior condensation of the ligament inserts at the anterior commissure as Broyle’s ligament,
which is recognized as a pathway for direct tumor extension into cartilage. The paraglottic
space, a common route for transglottic tumor spread, is bounded by the thyroid cartilage
lamina, conus elasticus, and quadrangular membrane.

In addition to the local routes of tumor spread, regional and distant patterns of spread must
be considered. Because of the sparse lymphatics of the glottis, true vocal cord lesions rarely
present with cervical metastases. Supraglottic cancer, on the other hand, has a propensity for
early neck metastasis, which occurs in nearly half of all cases (13). Occult bilateral metastases
have been reported to occur in more than 25% of patients (14).

Only 5% of patients with laryngeal squamous cell carcinoma will have distant metastatic
spread. Supraglottic cancers have higher distant metastatic rates than glottic tumors (15). The
most common site of distant spread is to the lung; the liver and bone must also be considered.

3. HISTOLOGY

The normal histology of the larynx varies between the compartments. The glottis is com-
prised of nonkeratinizing stratified squamous epithelium. There is a transition to ciliated
pseudostratified columnar epithelium as the subglottis and trachea are approached. The
supraglottis is lined by ciliated columnar cells and contains multiple minor salivory glands.
More than 90% of malignant tumors of the larynx are caused by squamous cell carcinoma.
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Salivary gland lesions of the larynx account for only 1% of laryngeal malignancies (16).
Tumors can also rarely arise from the soft tissue and supporting structures of the larynx and
include chondrosarcoma, fibrosarcoma, fibrous histiocytoma, carcinoid tumor, liposarcoma,
and lymphoma (16–18).

4. ASSESSMENT

4.1. Clinical Examination
The clinical presentation of the patient will be a reflection of the laryngeal site involved

with tumor. Cancers of the supraglottis often cause a muffled voice. Impairment of the
arytenoid cartilages or extension to the glottis will cause vocal cord mobility impairment and
subsequent hoarseness.

Clinical examination focuses on evaluation of the neck for nodal involvement and potential
preepiglottic space involvement as evidenced by bulging through the thyrohyoid membrane.
Indirect mirror or fiberoptic laryngoscopy allows for visualization of endolaryngeal struc-
tures. Assessment of the endolarynx consists of general airway patency, gross pathologic
characteristics of the disease, delineation of tumor extent, and both arytenoid and vocal cord
mobility status. Direct laryngoscopy is then performed under general anesthesia to gain a more
thorough understanding of tumor extent and to obtain biopsies of the lesion.

Glottic cancers present with hoarseness necessitating the aforementioned clinical exami-
nation. In contrast to supraglottic cancers, the impaired mobility from glottic cancers often
results from superficial thyroarytenoid muscle invasion or bulk on the surface of an exophytic
lesion (19). Primary tumors of the subglottis are rare; however, glottic tumors may extend into
the subglottis, with resulting fixation to the cricoid cartilage, fixation of the cord, and invasion
of the lateral cricoarytenoid musculature and cricoarytenoid joint (20).

In addition to primary site and neck evaluation, the overall condition of the patient must be
taken into account. This includes appropriate workup for any systemic disease that will impair
wound healing or otherwise adversely affect the patient’s postoperative course. Of particular
interest to the surgeon performing conservative laryngeal surgery is the pulmonary reserve of
the patient. The patient will probably need to tolerate a certain degree of aspiration during the
postoperative period (21). The amount of postoperative aspiration will be determined by the
nature and extent of the conservative laryngeal surgery procedure performed. There is no general
consensus on the criteria that constitute adequate pulmonary function. Formal pulmonary func-
tion tests are used routinely by some physicians, whereas others take a more pragmatic approach
and test the patient’s ability to walk up two flights of stairs withoutbecoming short of breath (21).

4.2. Radiology
The clinical assessment can be complemented by imaging studies of the primary site and

neck. Both magnetic resonance imaging (MRI) and computed tomography (CT) provide
valuable information that is contingent on the clinical scenario. For example, MRI can dem-
onstrate submucosal transglottic spread and is highly sensitive to cartilage invasion (22). It is
also both sensitive and specific for determining preepiglottic space invastion (23). CT scan-
ning, on the other hand, would be best suited for evaluating cricoarytenoid area involvement.
Sclerotic changes indicate perichondrial or direct cartilage invasion (24). It is important to
note that both modalities are insensitive to superficial mucosal masses, which underscores the
importance of the endoscopic examination.
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4.3. Staging
The clinical and radiographic examinations culminate in the assignment of a tumor stage

for the patient. The T staging system of the larynx is performed by dividing the larynx into its
three discrete parts (supraglottis, glottis, and subglottis). Although the system allows for
treatment comparison and prognostication for modalities addressing the entire larynx, it does
not address the feasibility of conservative laryngeal surgery for any individual patient (25).
In other words, within each of the four T stages at each site, organ preservation surgery may
performed. The extent of mucosal involvement, invasion depth, and vocal fold and arytenoid
mobilities will be the determining factors that may preclude conservative laryngeal surgery
(4).

5. SURGICAL PROCEDURES

The numerous conservative laryngeal procedures have evolved over time with many modi-
fications. It is not the intent of this section to convey the nuances of surgical technique
necessary for the extirpation of these tumors, but instead to provide an overview of the
available procedures, their indications, contraindications, oncologic results, and functional
outcomes. Procedures will be presented based on the site and extent of the tumor.

5.1. Glottic Carcinoma
Early glottic carcinoma may be surgically treated with endoscopic procedures utilizing

phonomicrosurgical instruments for removal or increasingly popular endoscopic laser tech-
niques as described elsewhere in this text. Vertical partial laryngectomies are open procedures
approached transcutaneously and employed for the removal of glottic cancers. This category
involves a vertical transection through the thyroid cartilage and paraglottic space. The point
of transection is based on the extent of tumor, which has been both preoperatively and intra-
operatively determined. The disadvantage of this approach is a “blind” entry into the larynx
through a narrow exposure (26).

5.2. Cordectomy
Within the category of vertical partial laryngectomies with open approaches is the minimal

surgical resection termed laryngofissure with cordectomy. This procedure allows for removal
of the vocal cord after visualization of the cancer through a midline thyrotomy incision. It is
indicated for early lesions that do not extend to the anterior commissure or involve the arytenoid
cartilage region. Tracheotomies may be performed for postoperative airway management.
The procedure has excellent oncologic results, particularly for midcord lesions of the mobile
true vocal cord. In a study of 182 patients, Neel et al. (27) reported a 2.3% local recurrence
rate for lesions limited to the true vocal cords, which was consistent with reports by other
authors (28,29). Patients generally have good functional outcomes. Swallowing is adequate,
with persistent dysphagia rarely extending beyond the acute postoperative period (4). If the
overlying thyroid cartilage is resected (Fig. 1), the remaining cartilage is pulled together or
“imbricated” to shorten the vertical height of the hemilarynx. The false vocal cords can be
elevated as a flap and sewn inferiorly to reconstruct the glottis. Speech results with this
reconstruction strategy have been studied. Brasnu et al. (30) found that 82% of patients
without reconstructed larynges had severe postoperative voice alteration compared with the
18% of those with reconstruction.
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5.3. Vertical Hemilaryngectomy
For larger glottic carcinomas with extension to the vocal process or involvement of the

ventricle, or for transglottic lesions without cord fixation, a vertical hemilaryngectomy is used
(Fig. 2). In standard hemilaryngectomies, the thyroid cartilage is cut in the center to allow
entry into the laryngeal lumen at the anterior commissure. The resection specimen includes
most of the true vocal cord, the overlying thyroid cartilage, and the involved false vocal cord.
Subglottic extension of more than 10 mm anteriorly or 5 mm posteriorly is a contraindication
for vertical partial laryngectomy. In addition, lesions with invasion of the cricoarytenoid joint,
interarytenoid region, thyroid cartilage, or both arytenoids should not be removed via this
method. Vocal cord fixation is a relative contraindication, depending on the cause of the
fixation and tumor size. Extended procedures to the vertical hemilaryngectomy include the
frontolateral, posterolateral, and extended vertical hemilaryngectomies. In cases of bilateral
lesions in which the tumor involves the anterior commissure, the frontolateral vertical partial

Fig. 1. Laryngofissure with cordectomy and resection of overlying thyroid cartilage. (Reprinted with
permission from the Cleveland Clinic Foundation [http://www.clevelandclinic.org/heartcenter].)
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laryngectomy can provide an increased extent of resection by moving the vertical thyrotomy
from the midline toward the less involved side. In the posterolateral vertical hemilaryngec-
tomy, all the endolaryngeal circumference except for one arytenoid region and the posterior
commissure can be removed. The extended vertical hemilaryngectomy removes the superior
aspect of the cricoid cartilage (31).

A variety of reconstructions have been proposed. Common to all reconstructions is the
reapproximation of overlying thyroid perichondrium. Many surgeons prefer to include some
muscle in the repair to increase the bulk of the neocord. A popular strategy is the utilization
of bilateral bipedicle strap muscle flaps to reconstruct the defect. Reconstruction can also be
undertaken with the preserved epiglottis. Epiglottic laryngoplasty is performed by advancing
the epiglottis inferiorly and laterally to reconstruct the larynx after vertical hemilaryngectomy
or anteroinferiorly to reconstruct after a frontolateral vertical laryngectomy (4).

Fig. 2. Vertical hemilaryngectomy. (Reprinted with permission from the Cleveland Clinic Foundation
[http://www.clevelandclinic.org/heartcenter].)
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Many authors have reported excellent survival results with their vertical partial laryngec-
tomy experiences. Olsen and DeSanto report that their use of vertical partial laryngectomies
produces better patient survival and fewer total laryngectomies for salvage in comparison with
radiation therapy (32). Several series have reported local control rates for T1 lesions of greater
than 90%. Factors that portend a worse prognosis are involvement at the anterior commissure
and extension beyond the confines of the glottis. The challenge of managing higher grade T2
glottic carcinomas with vertical hemilaryngectomy is evidenced by several series in which
there were local failure rates greater than 20% (33,34). There is great variability in local
control of T3 glottic cancers managed with vertical partial laryngectomy with reported local
failure rates ranging from 0 to 46% (4). Because of the higher failure rates for more advanced
T2 lesions, as well as T3 and T4 lesions, vertical partial laryngectomies are often not recom-
mended for these lesions.

5.4. Supracricoid Laryngectomy With Cricohyoidoepiglottopexy
Supracricoid partial laryngectomy with cricohyoidoepiglottopexy (SCPL-CHEP) is a hori-

zontal partial laryngectomy operation for glottic cancer management in selected patients. It
provides an alternative to total laryngectomy, while offering better local control for selected
lesions than extended partial laryngectomies. There is preservation of speech and swallowing
without a permanent stoma. The operation encompasses removal of both the true and false
vocal cords, both paraglottic spaces, the petiole of the epiglottis, and the thyroid cartilage (Fig.
3). The cricohyoidoepiglottopexy refers to the reconstruction that is performed by suturing the
cricoid to the hyoid and the remnant of epiglottis (Fig. 4). In contrast to other partial laryngec-
tomies that require variable types of reconstruction, the supracricoid partial laryngectomy
with cricohyoidoepiglottopexy has a single method of reconstruction, thus ensuring reliable
functional outcomes (35).

The indications for the SCPL-CHEP are bilateral true vocal cord involvement, T3 glottic
lesions with true vocal cord fixation but mobile arytenoid motion, impaired true vocal cord
mobility with limited subglottic extension, and unilateral true vocal cord mobility with ante-
rior commissure involvement (36). Patients must have adequate pulmonary reserve to with-
stand anticipated postoperative aspiration. Furthermore, there are oncologic contraindications
that would preclude this procedure. Glottic tumors that cause arytenoid fixation or invade the
posterior commissure are not amenable to SCPL-CHEP. Preepiglottic space invasion and
subglottic extension of more than 1 cm anteriorly or 5 mm posteriorly are contraindications
to this approach (35). Thyroid cartilage invasion is a relative contraindication depending on
the presence of extralaryngeal spread.

Postoperative rehabilitation regimens vary from institution to institution. Dysphagia is
expected postoperatively, but it is rare to have long-term dysphagia. We perform a
cricopharyngeal myotomy at the time of sugery, which assists postoperative swallowing.
Patients work with the speech pathology team as outpatients to improve and “relearn” speech
and swallowing techniques. Patients will often go home with a tracheostomy, which is re-
moved in the outpatient setting after the edema from surgery has resolved. In a study by Nadou
et al. (37), the postoperative mortality and morbidity rates, 1 and 11.7%, respectively, were
low compared with other partial laryngectomy procedures.

Oncologic outcomes are excellent. Local control rates for T2 and T3 glottic cancers have
been reported to be greater than 90% (38–40). In a series of 9 patients with T1 glottic lesions,
eight of which were classified as T1b, Laccourreye et al. (41) reported no recurrences. Further
studies analyzing T2 lesions revealed a 4.5% recurrence rate in 67 patients (38), and a 10%
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recurrence rate in a group of patients afflicted with selected T3 glottic carcinomas (42). The authors
felt that excellent control rates were achieved because of the nature of the procedure, which entails
a complete bilateral resection of the paraglottic spaces and removal of the entire thyroid cartilage.
SCPL-CHEP thus achieves local control rates comparable to those of total laryngectomy for
selected laryngeal cancers while still preserving the functions of deglutition and speech.

5.5. Supraglottic Carcinoma
Supraglottic cancers behave in a different fashion than primary glottic tumors. Because the

supraglottis has a distinctly different embryologic origin from the glottis, it was a widely held

Fig. 3. Supracricoid laryngectomy with cricohyoidoepiglottopexy (SCPL-CHEP). (Reprinted with
permission from the Cleveland Clinic Foundation [http://www.clevelandclinic.org/heartcenter].)
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belief for many years that supraglottic cancers remain confined to the supraglottis. This has
proved not to be the case. Supraglottic cancers do tend to remain supraglottic until late in their
course when paraglottic spread or ventricular mucosa provide a route for extension out of the
supraglottis with subsequent cord fixation. Most cancers of the epiglottis tend to have pushing
rather than infiltrating borders, and this characteristic allows for narrow resection margins.

5.6. Supraglottic Laryngectomy
The standard open supraglottic laryngectomy is designed for ablation of tumors confined

to the supraglottis. In this procedure, there is sparing of both true vocal cords, both arytenoids,
and the tongue base (Fig. 5). T1 or T2 lesions of the epiglottis, false vocal cords, AE folds, and
T3 lesions owing to preepiglottic space involvement are well addressed by this approach. It
is not used to address lesions that extend to the glottic level, an important contraindication.
Lesions within 5 mm of the anterior commisure are contraindications to supraglottic laryngec-
tomies. Supraglottic laryngectomies must be avoided when there is decreased vocal cord
mobility or ventricle involvement. A supracricoid partial laryngectomy with cricohyoidopexy
(SCPL-CHP) as described in Subheading 5.7. would be a viable alternative for such lesions.
Other contraindications to the supraglottic laryngectomy are tongue base involvement caus-
ing impairment of mobility or tumor that approaches within 1 cm of the circumvallate papilla

Fig. 4. Cricohyoidoepiglottopexy reconstruction after SCPL. (Reprinted with permission from the
Cleveland Clinic Foundation [http://www.clevelandclinic.org/heartcenter].)
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and thyroid cartilage invasion. Reconstruction is accomplished via a laryngoplasty that brings
the inferior half of the thyroid cartilage in contact with the tongue (Fig. 6). The external thyroid
cartilage perichondrium is sutured up to the tongue base; mucosa-to-mucosa closure is not
attempted. The procedure has excellent results in regard to oncologic control; the main caveat
is proper patient selection, a recurring theme in all conservative laryngeal procedures.

T1 and T2 local control rates range from 85 to 100% (43,44). The local control of T3 and
T4 lesions with supraglottic laryngectomy alone has been reported at 70 to 85% (45). How-
ever, the success rate for those patients with T3 and T4 lesions has been extremely variable.
The literature does not make clear which patients with specific T3 or T4 lesions are at highest
risk for recurrence (4). It is postulated that there is a failure to appreciate fully the extent of

Fig. 5. Supraglottic laryngectomy. (Reprinted with permission from the Cleveland Clinic Foundation
[http://www.clevelandclinic.org/heartcenter].)
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tumor before treatment as the reason for such variability. Supraglottic laryngectomy should
therefore be performed with caution for those patients with highly selected T3 and T4 lesions.
It remains an important treatment modality, though, for patients with T1 and T2 lesions by
providing consistently excellent oncologic results.

After supraglottic laryngectomy, many surgeons advocate the use of a percutaneous gas-
trostomy tube to allow for outpatient swallowing rehabilitation with removal after nutritional
demands are met via an oral diet, which may be delayed if postoperative radiation is required.
Thick liquid purées are first introduced followed by solids and then thin liquids. The patient
must adapt to the altered anatomy to expedite swallowing, and this may be accelerated by early
removal of the tracheostomy tube once the operative edema has resolved. The need for post-
operative radiation therapy will result in a higher incidence of tracheostomy and gastrostomy
dependence. The reported complication of tracheostomy dependence ranges from 2.1 to 29%
(46,47). Other complications include pneumonia from aspiration. This incidence ranges from
2.1 to 19.5%, and recurrent episodes may necessitate a secondary conversion to a total laryn-
gectomy.

5.7. Supracricoid Laryngectomy With Cricohyoidopexy
As previously mentioned, glottic extension of supraglottic carcinoma precludes a supra-

glottic laryngectomy. The other open partial surgical alternative is SCPL-CHP. It is similar
to cricohyoidoepiglottopexy, but it is a more extensive resection that additionally removes the

Fig. 6. Reconstruction after a supraglottic laryngectomy. (Reprinted with permission from the Cleveland
Clinic Foundation [http://www.clevelandclinic.org/heartcenter].)
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whole epiglottis and preepiglottic space. Preservation of the cricoid cartilage and hyoid bone
are necessary for the reconstruction, which places these structures in apposition to one another
through suturing techniques (Fig. 7). Therefore, compromise of these two structures by sub-
glottic extension, arytenoid fixation, massive preepiglottic extension, or extension to the
pharyngeal wall, vallecula, base of tongue, postcricoid area, or interarytenoid region would
serve as contraindications and necessitate a different strategy (46).

Tumor control rates with SCPL-CHP have been reported by Lacourreye et al. (46), who
found no local recurrences in 68 patients; most of the carefully selected patients were staged
T2 and T3. Further reporting by Laccourreye et al. (47) on patients with preepiglottic invasion
displayed a 94% local control rate in 19 patients. Chevalier et al. (48) have reported similar
excellent results for local control (3.3% recurrence) of supraglottic cancer managed with
supracricoid laryngectomy with cricohyoidopexy. The procedure achieves successful results in
selected patients because it addresses potential pathways of tumor spread such as the paraglottic
spaces, which may harbor occult disease. In regard to functional outcome, many patients will
experience temporary dysphagia and a tracheostomy. Long-term dysphagia is rare, but patients
will most commonly experience hoarseness as a long-term functional sequela.

Fig. 7. Cricohyoidopexy reconstruction after SCPL. (Reprinted with permission from the Cleveland
Clinic Foundation [http://www.clevelandclinic.org/heartcenter].)



Chapter 2 / Laryngeal Preservation Surgery 39

5.8. Near Total Laryngectomy
An uncommon procedure that has proven oncologic efficacy for supraglottic cancer with

a fixed cord or glottic cancer with significant subglottic extension is the near total laryngec-
tomy, which was introduced by Pearson (49). The procedure entails the preservation of the
posterior half of the uninvolved hemilarynx and is dependent on a long-term tracheotomy.
Using the preserved tissue, an internal shunt is created with a superiorly based pharyngeal flap.
This allows for an adequate voice by leaving an innervated arytenoid that will permit the air
to pass into the pharynx and guard against aspiration. It is not classified as a true conservation
operation because neither the voice nor the airway is “conserved.” It resects a much larger
specimen and is indicated when the aforementioned conservation operations are inadequate.
The main advantages of the procedure are the persistence of voice without the replacement of
synthetic prostheses (50) and the fact that air enters the pharynx around the tracheotomy
directly rather than starting as a bolus in the esophagus. The latter advantage is important
because cricopharyngeal dysfunction can have an adverse impact on the voice (51).

In regard to oncologic results, the local recurrence rate was 7% in a series of 225 patients
undergoing near total laryngectomies for intermediate and advanced cancer of the larynx or
pharynx (52). Near total laryngectomy for supraglottic or pyriform carcinoma after failed
radiotherapy was associated with a shunt recurrence rate of 20%, and surgical salvage was 0%.
Therefore it is not used as a salvage procedure after radiation failure. Speech acquisition rate
was 85% overall.

5.9. Radiation Salvage
It is often difficult to identify patients readily who have failed radiotherapy because the

early sequelae of treatment include edema, erythema, and changes in laryngeal mobility,
which all act to obfuscate the clinical diagnosis. As a result, the delayed diagnosis of recurrent
disease often relegates patients to the option of a total laryngectomy despite their prior eligi-
bility for conservative laryngeal surgery. Surgical salvage after nonsurgical therapy failure
was examined by Barthel and Esclamado (53), who analyzed primary radiation therapy results
in glottic cancer. In their retrospective series of 45 patients, the local control rate after radiation
therapy alone was 80% overall, 87.5% for initially T1 lesions, and 75% for T2 lesions. Of the
nine patients with recurrences, only four were candidates for and underwent vertical hemila-
ryngectomy; salvage without recurrence was successful in only one. Salvage without recur-
rence was successful in all six patients who underwent total laryngectomy. This finding of
poor laryngeal preservation for recurrent early glottic cancer after radiation was supported by
DeSanto et al. (54), who reported similar radiation cure rates. They found that only 30% of
their 86 patients were candidates for conservation procedures when disease recurred. A
supracricoid laryngectomy with cricohyoidopexy or cricohyoidoepiglottopexy has been used
as a salvage procedure for larger lesions. Excellent local control rates, 83% in 12 patients, in
a small series have been reported (55).

5.10. Partial Pharyngectomy
Because of the anatomic proximity of the pharynx to the larynx, situations arise in which

a tumor will involve the medial wall of the pyriform sinus. These lesions may be amenable to
conservative surgery via a partial laryngopharyngectomy, as described initially by Ogura et
al. (56). An important characteristic of the medial wall lesions is their propensity for laryngeal
infiltration and contralateral lymphatic spread, as high as 64% (57).
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Partial laryngopharyngectomy for tumors of the medial pyriform sinus is contraindicated
when there is involvement to within 1.5 cm of the apex of the pyriform sinus, extensive
submucosal spread, and deep invasion of the lateral pyriform sinus wall. Ipsilateral
arytenoidectomy is often necessary when tumor involves the pyriform. Reconstruction re-
quires that the vocal ligament be sutured directly to the cricoid cartilage.

In conclusion, total laryngectomy continues to maintain an important role in the treat-
ment of head and neck cancer patients, but the introduction and development of conservation
laryngeal procedures has augmented the quality of life for appropriately selected candidates.
It is paramount that patients be accurately examined to determine their candidacy for these
procedures. Partial laryngeal surgery provides important options for consideration in the
context of a multidisciplinary approach to the treatment of head and neck cancer patients.
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1. INTRODUCTION

Lasers have broad applications in otolaryngology. The myriad possible uses result from the
combination of many different anatomic subsites, different types of pathology (both benign
and malignant), and several different types of available lasers. A comparison of the KTP laser
for hemorrhagic hereditary telangectasias of the nasal cavity, for instance, with photodynamic
therapy for esophageal lesions reveals the wide range of applications for laser technology in
the head and neck region. It is difficult, however, to make generalizations about laser use when
one considers such disparate functions, sites, and pathology. This chapter, then, is limited to
a discussion of lasers in the management of squamous cell carcinoma of the oral cavity,
oropharynx, hypopharynx, and larynx.

The term laser is an acronym for light amplification by stimulated emission of radiation.
The first laser was built by Maiman in 1960 (1), and its first documented medical use occurred
only 6 mo later: this ruby laser was directed towards the destruction of a retinal tumor (2).
Further medical applications were limited by imprecision secondary to the handheld nature
of this laser, as well as its variable tissue effects. When Jako (3) and Polanyi et al. (4) coupled
the carbon dioxide (CO2) laser to the operating microscope, they were able to use the laser with
laryngoscopic precision and thus introduced the use of lasers to otolaryngology. From those
beginnings, the laser was popularized for management of laryngeal lesions by Jako (3), Strong
(5), Vaughan et al. (6), and the remainder of the Boston University group (7). After its intro-
duction, the CO2 laser became more popular for use in benign rather than malignant conditions
(8). However, this trend was reversed as the use of the CO2 laser for the management of
laryngeal malignancies was popularized by Steiner and Ambrosoh starting in the 1980s (9).

The CO2 laser has several properties that make it suitable for use in the management of
squamous cell cancers of the head and neck. First, the ability to couple the laser to an operating
microscope has increased the degree of surgical precision available with laser resection.
Because the CO2 laser itself is invisible, a coaxial helium-neon laser mounted on the micro-
manipulator allows precise targeting along the line of vision provided by the operating micro-
scope. The 10.6-μm wavelength of CO2 lasers has a high coefficient of absorption for water,
so the laser rapidly heats tissue. At 65°C proteins begin to denature, and at 100°C intracellular
water vaporizes. Therefore, the tissue effects of a CO2 laser depend on the rate at which
thermal energy dissipates into the surrounding tissue. The center of a lesion experiences
vaporization, the next 100-μm rim of tissue experiences thermal necrosis, and an even wider
range of 300–500 μm undergoes temporary injury with subsequent thermal repair (10). One
side effect of this thermal energy is the coagulative property of a laser, which allows the
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surgical field to remain relatively bloodless during laser dissection. Less well known is whether
surrounding thermal damage slows tissue healing following laser surgery relative to nonlaser
surgery. Many of the studies investigating these issues have methodological limitations, and
the controversy continues (11). At any rate, because markedly different reconstructive needs
are associated with traditional open surgery and transoral laser surgery, any comparison of
mucosal healing times following laser vs nonlaser injury is inconsequential.

2. BENEFITS

Advocates of transoral laser surgery for resection of head and neck malignancies offer
several arguments as to why laser surgery is beneficial (12). The true benefits of laser surgery
relative to the alternatives of traditional therapy or radiation depend on the location and extent
of tumor involvement for each particular patient, so generalizations are difficult. Broadly,
however, some advantages of transoral laser resection over traditional surgery may include
avoidance of tracheotomy (13), decreased length of hospitalization (12,14), and best chance
for recovery of normal swallowing (15). Other advantages of laser surgery include the pos-
sibility of tailoring surgery to the boundaries of an individual tumor, without the need to
sacrifice predetermined anatomic subunits, as often occurs with traditional resection. In this
fashion, laser surgery functions as Moh’s surgery of the aerodigestive tract and avoids the
overtreatment associated with removal of uninvolved tissue (9).

Laser surgery is thought to have some benefits compared with radiation therapy as well. The
course of treatment is shorter with laser surgery than with radiation, and laser surgery provides
pathologic staging information that may not be available from nonsurgical approaches. Again,
treatment with the laser can be limited to resection of the disease itself, whereas radiation
necessarily affects adjacent but uninvolved tissue within the treatment ports. Finally, the long-
term consequences of radiation such as xerostomia and the risk of osteoradionecrosis are not
seen with laser therapy.

Importantly, these benefits of laser surgery do not occur at the expense of local control.
Oncologic results will be discussed in the next section, but as a generalization, available data
concerning laser resection show that it to offers local control rates that are at least equivalent
to radiation or traditional resection (9,12). Additionally, in the event that local recurrence or
persistence does occur following laser therapy, all subsequent treatment options are pre-
served—patients may go on to receive further laser resection, traditional open resection, or
radiation therapy. Similarly, laser therapy for a first primary preserves all available treatment
modalities should the patient later develop a second primary malignancy of the head and neck.
By contrast, patients typically may receive only one course of radiation therapy to any single
anatomic area within their lifetime. Therefore, one of the greatest benefits of transoral laser
resection may be that it does not burn any bridges with respect to other therapies.

Unfortunately, many of these functional benefits of transoral laser resection of head and
neck malignancies are not as statistically well documented as the survival rates that accom-
pany these surgeries. As seen in the following sections, data concerning survival and recur-
rence rates following transoral laser surgery for head and neck malignancy are readily available
and allow comparison of laser surgery vs traditional surgery or radiation. However, claims of
improved function and quicker recovery with laser surgery seem to be made more often on the
basis of accumulated experience instead of statistical comparison (8,9,12,13). Some of these
perceived advantages are certainly justified based on differences in surgical technique alone;
for instance, traditional supraglottic laryngectomy requires tracheotomy whereas transoral
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laser resection of supraglottic tumors does not, and a claim about reduced tracheotomy rates
with laser resection is undoubtedly true. Unfortunately, other functional issues are less clear. For
example, although proponents of laser surgery claim that it allows more rapid return of swallow-
ing and removal of feeding tubes than traditional surgery, these claims are offered as anecdotal
judgments in the absence of statistical analysis. Therefore, further controlled studies remain
necessary to demonstrate some benefits that laser surgery may have over its alternatives.

3. TECHNIQUE

3.1. Proper Setup
Although the laser is a safe instrument when used properly, certain precautions are neces-

sary to minimize the risk of complications. Several of these precautions involve proper setup
of the operating room even before the laser is activated. All personnel in the operating room
should wear eye protection at all times during a laser case, in order to prevent retinal injury.
Once the patient is properly positioned, moist eye pads and moist towels should be placed to
protect the patient as well. Particular care should be taken to prevent inadvertent laser injury
to exposed skin of the face that might be adjacent to the laryngoscope. In setting up the
laryngoscope, appropriate suction tubing should be established to ensure adequate evacuation
of smoke once the surgery begins.

The next choice that the surgeon must make is one of intubation vs jet ventilation. Although
jet ventilation avoids the introduction of an endotracheal tube into the operating field, the need
to maintain an axis of jet ventilation parallel with the airway itself can limit the ability of the
surgeon to reposition the laryngoscope to visualize more peripheral portions of the larynx.
Also, jet ventilation causes passive motion of the vocal cords, which means that laser appli-
cations must often be limited to apneic periods during the jet ventilation cycle. An endotra-
cheal tube has the advantages of continuous ventilation, regardless of laryngoscope position
or laser use. Additionally, it does not introduce passive motion of the vocal cords. However,
use of an endotracheal tube does introduce the risk of endotracheal tube ignition, which is the
most feared complication of laser surgery (16–18). For this reason, care should always be
taken to intubate using a ‘laser’ tube, which is meant to resist combustion. Also, moist sponges
placed within the operative field between the area of intended resection and the tube can
decrease the risk of fire. With proper precautions such as these, the complication rate of CO2
laser surgery can be reduced to as low as 0.2% (19).

3.2. Operative Principles
Once the case is appropriately setup, careful operative technique with use of the laser itself

can also promote safety. For instance, exposure during surgery is crucial, and choice for the
appropriate laryngoscope can maximize the chance for a successful resection. Experience has
shown that for the larynx, the largest bore laryngoscope that fits into the laryngeal lumen
without distorting anatomic relationships is the one which should be used (9). In the case of
supraglottic tumors, however, a distending laryngoscope is preferred so that one blade may
be placed into the vallecula while the other is placed beneath the epiglottis (9). It should be
expected that patients with narrow dental arches, large tongue bases, and/or anteriorly placed
larynges may be difficult or impossible to expose adequately; in these cases, transoral laser
surgery should be abandoned in favor of traditional open techniques (20).

Whichever scope is chosen, proper technique next involves stabilizing the scope through
either true gallows suspension or a Lewy arm suspended from a Mayo stand overlying the



46 Akst and Strome

patient’s chest. Proponents of gallows suspension claim that it improves exposure (21).
Meanwhile, among those surgeons who use a Lewy arm, it should be realized that the impact
of ventilatory chest rise on the stability of the operating field can be minimized if the laryn-
goscope is suspended from a Mayo stand rather than the patient’s chest. Once the laryngo-
scope is positioned and the laser is turned on, care is taken to operate at the highest
magnification possible, and muscle relaxant can be used to limit vocal cord motion. The laser
is kept in the center of the field, and binocular vision is maintained as much as possible.
Although frequent repositioning of the laryngoscope might be necessary, maintenance of the
laser in the center of the field lessens the risk for scatter artifact caused by the sides of the
laryngoscope. As the case progresses, any char that accumulates at the margins of excision
should be periodically removed with a cottonoid pledget. Not only does removal of char
promote better visualization of the tissue, but because the char itself is flammable, its removal
also decreases the possibility of an airway fire.

Lastly, it needs to be stated that transoral laser resection only addresses the primary tumor.
Depending on tumor burden and cervical lymph node involvement, appropriate neck manage-
ment might be necessary. This management can occur either at the same time as laser resection
or as a staged procedure. Steiner (9), who stages neck dissection 4–8 d after transoral laser
resection, uses this second trip to the operating room as a chance to reinspect the primary site
with an operating microscope as necessary in order to evaluate completeness of resection.
Endoscopy can also be repeated several weeks after primary tumor resection in order to assess
healing and evaluate for persistent disease (9). Appropriate techniques for neck management
are discussed elsewhere in this book.

3.3. En Bloc vs Piecemeal Resection
The principle guiding en bloc laser resection of tumors through the laryngoscope parallels

the traditional doctrine of open oncologic resection. The goal is to identify tumor margins and,
with an appropriate margin of uninvolved tissue, resect the lesion in one piece. Use of increased
magnification through the operating microscope may aid in the discrimination of involved
from uninvolved tissue. An essential difference between transoral and open en bloc resection
depends on the amount of uninvolved adjacent tissue that is taken as part of the resection
specimen. Whereas open techniques typically predetermine what the boundaries of dissection
will be, endoscopic resections may be individually tailored to the extent of the tumor. Because
reconstructive needs do not dictate operative margins, no “extra” normal tissue needs to be
removed endoscopically, in comparison with open techniques. Unfortunately, given the size
of the laryngoscope used in the resection, en bloc endoscopic techniques are limited to small
lesions.

Therefore, endoscopic resection of larger lesions depends on the technique of piecemeal
resection—removing the tumor piece by piece. Such a technique greatly expands the role for
endoscopic resection, but cutting across the tumor itself while it remains in situ violates
traditional oncologic principles. These principles were based on the belief that a scalpel that
had violated the tumor itself could transfer viable tumor cells to other sites within the operative
field (12). With laser resection, there is no physical conduit for such tumor transfer—use of
a laser in one place cannot spread cells to an adjacent location with later use. Despite this
essential difference between the scalpel and the laser, initial concerns about tumor spillage and
local recurrence led to slow acceptance of transoral laser resection (7).

The first surgeon to have the insight that infiltrative cancer could be safely removed from
the larynx in pieces with the CO2 laser was Wolfgang Steiner, in the early 1980s (22,23). Later
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reports documented that laser transection of a tumor (in order to determine tumor depth) did
not increase local recurrence rates (24,25). As reports of the safety of laser resection mounted,
acceptance of the technique gradually improved, and numerous clinical studies have since
substantiated the safety of piecemeal resection with regard to local recurrence (9,14,26–28).
These same studies also suggest that transection of the tumor does not increase regional or
distant metastases; it has been hypothesized that use of the CO2 laser seals lymphatic channels
as it cuts across them, therefore limiting this route of tumor escape during resection (29). Now
many surgeons regard transoral laser resection as Moh’s surgery of the upper airway—not
only is piecemeal transection accepted as oncologically safe, but transection of the tumor has
also been embraced as a technique for optimizing resection by improving visualization and
enabling determination of tumor depth.

4. RESULTS BY SUBSITE

4.1. Oral Cavity
Transoral laser resection of oral cavity lesions is different from resection of lesions in other

anatomic subsites. Either a CO2 laser mounted on a micromanipulator of an operating micro-
scope (8) or a hand-held neodymium:yttrium-aluminum-garnet (Nd:YAG) (30) laser may be
used for tumor resection. Rather than using a laryngoscope for exposure, resection of oral
cavity lesions typically involves placement of mouth gags and tongue blades (such as might
be used for open resection). Nasotracheal intubation removes the endotracheal tube from the
field, improving visualization and decreasing the fire hazard if laser resection is to be per-
formed. Once exposure has been obtained, the laser can be brought into the field and used for
wide local excision of most T1 and T2 oral cavity tumors (31). Large tumors that are deeply
invasive or that involve the mandible are not generally well suited for laser excision (32). A
laser can, however, be used to resect lesions that extend to, but do not invade, the mandible;
in these cases, the mandibular periosteum can be taken as a tumor margin (9).

In 1979, Strong et al. (32) were the first to describe use of the CO2 laser for resection of
tongue lesions. Since then, several studies have demonstrated that the local control rate for
previously untreated T1–T2 lesions of the oral cavity with local resection ranges between 80
and 100% with 2–5 yr follow-up (33–35). As with other subsites, small tumors may be
removed en bloc with a uniform deep margin determined without tumor transection; alterna-
tively, the tumor may be transected in order to identify the deep margin and limit dissection
to involved tissue alone. In either case, one advantage of the laser in this setting is the hemo-
stasis that it provides relative to “cold” instruments in this highly vascular field.

4.2. Tongue Base and Oropharynx
Reports suggest that even though laser resection of tongue base malignancies may be

technically demanding, oncologic results have been sound. Anatomically, the tongue base
presents challenges to both exposure of the tumor and recognition of boundaries between
tumor and uninvolved tissue (8). Submucosal spread of tumor is common in this area, and
differentiation between cancerous and noncancerous tissue is more difficult here than in the
larynx (8). For this reason, even small tumors may best be removed with piecemeal resection,
so that submucosal extent can be analyzed and tumor boundaries more clearly seen (36). Also,
use of a bivalved laryngoscope can expand the size of the operating field, helping to expose
both the tumor itself and relevant anatomic landmarks simultaneously and therefore improv-
ing surgical orientation.
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Using these techniques, the use of the laser in the tongue base has been efficacious from
both an oncologic and a functional point of view. In their report of 48 patients with tongue base
primary tumors, Steiner et al. (36) describe no local recurrences among T1–T2 lesions, and
a 20% recurrence rate for T3–T4 lesions at 5 yr. In a patient population that was skewed toward
more advanced tumors, overall Kaplan-Meier 5-yr local control rate was 85%. Of course,
many of these patients received radiation therapy in addition to laser resection, and neck
dissection was performed as necessary as well. Complications were rare, with only five
instances of postoperative hemorrhage and no incidence of orocutaneous fistula. By descrip-
tion, most patients had good postoperative functional results, with mean performance status
for diet and speech equal to or better than those rates achieved for similar lesions with open
resection, radiotherapy, or chemoradiotherapy (36). The authors, however, caution that to
prevent poor functional outcomes, laser resection should bot be performed for tongue base
tumors that infiltrate the soft tissues of the neck or have extensive spread to adjacent structures.

Other areas of the oropharynx aside from the tongue base are also amenable to laser resec-
tion. For instance, tonsillar and soft palate tumors can be excised with transoral application
of the CO2 laser, again with good functional results (9). Even in this area, Steiner et al. (9) find
that reconstruction is rarely necessary—even soft palate defects that result in velopharyngeal
insufficiency typically heal with scar contraction that corrects the difficulty spontaneously.
By description, none of the patients with soft palate tumors that Steiner has treated with CO2
laser have had posttreatment swallowing difficulty, and even the use of a palatal prosthesis to
correct hypernasal speech is rare (9).

4.3. Hypopharynx
Like tongue base tumors, hypopharyngeal tumors show a tendency toward submucosal

spread that makes their resection technically demanding. Tumor extension seen on the mucosal
surface itself rarely reflects overall tumor burden (8), so preoperative imaging studies are
necessary adjuncts to direct endoscopic visualization in planning tumor resection. For instance,
pyriform sinus lesions might extend deeply into the paraglottic space, preepiglottic space,
arytenoid cartilage, thyroid cartilage, or deep neck itself with any evidence for such spread on
endoscopy. Preoperative imaging can help define tumor extent, as well as identify those lateral
pyriform tumors that may directly extend to the great vessels. In this case, endoscopic resec-
tion should be performed only with great caution, and open neck exploration in order to
“control” these vessels preoperatively might be warranted (9).

With these caveats in mind, hypopharyngeal tumors are rarely removed en bloc, and tumor
transection with definition of tumor depth becomes necessary. Piecemeal resection proceeds
in a craniocaudal fashion, with tumor removal occurring layer by layer. Orthogonal cuts across
the tumor can divide a large tumor into a grid, with each “square” being removed in turn.
Removal of the superior portions of the tumor in this way can aid visualization of the inferior
and deep portions of the lesion. It is crucial, however, that proper orientation and labeling of
each specimen be maintained, so that an accurate intraoperative tumor map can be created to
aid pathologic evaluation. Once negative margins are confirmed with intraoperative pathol-
ogy, a 5–10-mm margin of normal tissue can typically be taken without adding much func-
tional morbidity. Healing occurs by secondary intent, with generally good functional results
being obtained within the first several weeks postoperatively.

Among published series of CO2 laser resection for hypopharyngeal cancer, two of the
largest series belong to Rudert et al. (37) and Steiner et al. (38). Rudert et al. studied 29 patients
following laser resection of hypopharyngeal lesions; 26 of these patients received adjuvant
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radiation therapy, but no patients required either tracheotomy or free flap reconstruction as
part of their surgical approach. Among disease-free survivors, 94% had “no functional deficit”
at 3 yr post therapy and this number increased to 100% at 4- and 5-yr follow-up. Overall 5-yr
survival was 71% for patients with stage I/II disease, and 47% for patients with stage III/IV
disease (37).

Steiner et al. (38) published a larger series of 129 patients who received laser resection of
hypopharyngeal lesions, with similar results. In this series, 75% of patients had advanced
(stage III or IV disease), and 58% of patients received adjuvant radiation therapy. Five-year
disease-specific recurrence-free survival was 95% for patients with stage I/II disease, and 69%
for patients with stage III/IV disease. Hemorrhage was a rare postoperative complication
(3.9%), and only one patient in the entire series required tracheotomy. Overall, Steiner et al.
concluded that transoral laser resection provided local control rates that were better than those
obtained by radiation therapy, with decreased morbidity, decreased complications, and simi-
lar functional outcomes. Relative to survival, many patients with hypopharyngeal tumors will
fail with regional or distant disease rather than local recurrence. In view of these trends,
proponents of laser resection find it judicious to consider the possible organ preservation and
improved quality of life possible with transoral laser surgery rather than proceeding to open
resection of advanced hypopharyngeal lesions (39).

4.4. Supraglottic Larynx
The possibility of using the CO2 laser for resection of supraglottic lesions was first reported

by Vaughan in 1978 (40). The growth of laser use in this subsite, however, was somewhat
slowed by the popularity of radiation therapy for early supraglottic tumors—owing to the rich
lymphatic drainage of this area and the risk for bilateral cervical metastases, traditional think-
ing favored radiation therapy over surgical therapy because radiation could address the bilat-
eral necks at the same time it treated the primary lesion. As the morbidity from neck dissections
has decreased over time and surgery has reclaimed its role in the treatment of supraglottic
tumors, however, the laser has become increasingly popular. As experience with laser supra-
glottic resection increases, the indications have been expanding to include more advanced
supraglottic disease as well as early lesions.

The technique for laser supraglottic resection depends on the extent of the lesion. A distend-
ing laryngoscope is suspended in the supraglottis, positioned so that one blade is in the
vallecula and the other is in the glottis, with the supraglottic structures displayed between
them. For limited suprahyoid lesions, the tumor can generally be removed en bloc without
functional compromise. Tumors that extend beneath the level of the hyoid, however, typi-
cally require piecemeal resection. The first laser incision in these cases should be made in
the sagittal plane, splitting the epiglottis and cutting straight through the tumor if necessary.
This sagittal cut aids evaluation of tumor depth, and allows for assessment of preepiglottic
space involvement. When the tumor is bulky, the initial sagittal cut can be followed by
horizontal cuts and removal of the superior portions of the tumor, permitting improved
visualization of the inferior tumor extent. As the resection proceeds in a superior-to-inferior
stepwise fashion, the laryngoscope can be progressively repositioned more distally to main-
tain optimal exposure. Laser release of the bilateral pharyngoepiglottic folds and medial
glossoepiglottic fold mobilizes the tumor and allows for improved access as well. If required,
dissection can include removal of the preepiglottic space transorally, down to the level of
the thyroid cartilage (9,28). In this fashion, even large supraglottic tumors can be removed
through transoral laser resection.
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Some of the advantages of laser resection for supraglottic lesions relative to traditional open
supraglottic laryngectomy include preservation of the thyroid cartilage and superior laryngeal
neurovascular bundles. Other benefits include a decreased incidence of clinically relevant
aspiration events following laser resection as well as decreased length of feeding tube use
following surgery (41). These benefits may be secondary to the protection of pharyngeal and
tongue base musculature possible with laser resection; even if open resection preserves these
structures, it violates them as part of the resection and reconstruction. This violation of the
pharyngeal mucosa, in association with external skin incisions and violation of the neck, also
makes open approaches susceptible to the complication of pharyngocutaneous fistula. This
risk is avoided in transoral approaches (27). Finally, transoral laser resection can be performed
without tracheotomy, whereas open approaches cannot.

Several studies have documented the oncologic efficacy of laser resection for supraglottic
malignancies. In 1994, Zeitels et al. (42) demonstrated the feasibility of the technique by
showing that there were no local recurrences among 19 patients with T1 or T2 supraglottic
lesions who underwent complete laser resection. By 1997, Eckels et al. (14) published mature
data for 46 patients with T1 or T2 supraglottic cancer who received laser resection, with or
without adjuvant radiation therapy. A 5-yr disease-specific survival rate of 72% was docu-
mented (14). Later series by Ambrosch et al. (41) and Rudert et al. (43) explored laser resection
for T1, T2, and early T3 lesions. Both series found 3-yr survival rates for early lesions to be
87 to 89%, with 5-yr local control rates for pathologically staged T1 lesions reaching 100%
in the Ambrosch et al. study—both groups conclude that the oncologic results achieved by
laser resection equal those attained by traditional open resection.

Experience with more advanced tumors reveals, as expected, that survival rates decrease
as tumor stage increases. When Rudert et al. (43) analyzed their patients with stage III or stage
IV disease, 3-yr survival fell to 50% (compared with 88% for stage I or stage II disease). The
largest series of patients with laser resection of supraglottic tumors shows a similar trend,
although the results are somewhat paradoxical (27). In this study by Iro et al. (27) of 141
consecutive patients with supraglottic cancers treated with the laser, 5-yr recurrence free
survival rates were 85% for stage I, 63% for stage II, 74% for stage III, and 45% for stage IV
disease. The unexpected increase in survival between stage II and stage III may be attributed
to a proportional increase in patients receiving elective neck dissections or postoperative
radiation therapy among the stage III group. Among all groups, the most important predictor
of clinical success with laser resection was achieving pathologically negative margins; if
negative margins cannot be obtained transorally, then transcervical approaches must be con-
sidered.

4.5. Glottic Larynx
Much has been written about transoral laser resection for glottic malignancies. Laser sur-

gery was first used in the larynx for benign conditions, although the technique was quickly
adapted for use in early malignancies as well (3,5,6). Since its introduction, laser surgery has
established its role in the management of early glottic malignancies with good functional and
oncologic results. The role of laser surgery for more advanced lesions continues to evolve.
This section addresses some techniques of transoral laser resection that are particular to the
glottic larynx, including the role of laser resection for anterior commissure disease. The
oncologic results achieved with laser resection for glottic lesions will be summarized.

The technique of transoral laser resection for laryngeal lesions, just as in other subsites, is
dictated by the extent of tumor involvement. Traditionally, laser resection was limited to
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small, minimally invasive lesions localized to the mid or anterior portion of the true vocal cord,
without anterior commissure, arytenoid, subglottic, or supraglottic extent; some surgeons still
advocate this conservative view (20). It was thought that laser resection of lesions that were
not localized in this fashion ran higher risks of failure. Steiner et al. were the first group to
expand beyond T1a lesions, and their 1993 paper included 34 patients with small T2 laryngeal
lesions treated with definitive laser therapy only (24). This report also included 5-yr data on
patients with more advanced T2, T3, and T4 lesions who were treated between 1979 and 1985.
Based on their results, including a recurrence rate of only 6% among the patients with early
disease treated with laser resection only, the group concluded that laser microsurgery was
useful for laryngeal carcinoma. As experience treating larger laryngeal lesions accumulates,
more aggressive surgeons have realized that it is unimportant whether the tumor is unilateral
or bilateral, has supraglottic or subglottic extent, or involves the anterior commissure (24).
Instead, the limit to laryngeal laser surgery depends primarily on exposure—if the tumor can
be adequately exposed, it can be resected transorally (8).

The techniques for transoral laser resection of glottic carcinoma closely follow the prin-
ciples elucidated for resection of tumor from other anatomic subsites. Small tumors are re-
moved en bloc, whereas larger tumors are again removed through piecemeal resection. Surgery
is continued until negative margins are achieved, just as with Moh’s surgery of other anatomic
sites. Sometimes, paraglottic space involvement necessitates dissection to the level of the
thyroid cartilage and removal of the perichondrium itself as a tumor margin. In experienced
hands, this has been accomplished with the laser transorally with good results (9). Some
surgeons have even removed portions of the cartilage itself if it is involved by tumor, taking
prelaryngeal soft tissue as a tumor margin (8). When there is any uncertainty as to the com-
pleteness of tumor resection, repeat microlaryngoscopy can be performed at a later date;
Steiner routinely brings patients back to the operating room 4–6 wk following initial surgery
in order to debride eschar and obtain a second look at the operative site (9). There are some
anatomic limits, however, to laser resection. For instance, resection of the bilateral arytenoid
cartilages, although technically possible, often creates intractable problems with aspiration
and therefore might be better managed with traditional open total laryngectomy. Also, re-
moval of such advanced lesions requires both a surgeon and a pathologist who have appropri-
ate experience and comfort levels with laser surgery.

Using the above techniques, the oncologic safety of laser resection for glottic malignancies
has been demonstrated in several large case series (15,24,44,45). In 2000, Moreau (44) pub-
lished results of laser resection for 98 patients with infiltrative glottic cancer, as well as 27
patients with in situ carcinoma. By observing strict selection criteria (such as avoiding cases
with “significant involvement of the anterior commissure”), Moreau was able to achieve a
local control rate of 100%. Eckel (15) published a larger data series, including 161 patients
with T1 lesions and 91 patients with T2 lesions, with local recurrence rates of 13 and 15%,
respectively; statistically, there was no difference in recurrence rates depending on stage.
Overall, Eckel concluded that transoral laser surgery accomplishes local control rates that are
comparable to those achieved with radiotherapy for T1 lesions and that laser therapy provided
improved control rates over radiotherapy for T2 lesions. Additionally, for patients who did
experience local recurrence following laser therapy, Eckel stated that initial laser therapy
preserved more retreatment options than either open surgery or radiotherapy might have.

Despite the safety documented with laser resection of early glottic carcinoma, indications
for laser resection of advanced disease continue to evolve. As described earlier, some surgeons
use laser resection even for T3 and T4 lesions (24), and techniques have been described for
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transoral resection of the thyroid cartilage (8,9). However, resection of such advanced lesions
entails additional risk of recurrence. As Peretti et al. (45) demonstrated among 140 patients
who were treated with laser alone for Tcis, T1, or T2 glottic carcinoma, disease-free survival
was negatively impacted by involvement of the anterior third of the vocal cord, involvement
of the false vocal cord, and infiltration of the vocalis muscle. Among authors who describe
laser excision of both early and advanced glottic lesions, both Steiner’s original report in 1993
(24) and Pearson and Salass’s report in 2003 (12) found higher local recurrence rates among
patients with more progressive disease. Unfortunately, limited sample size and the confound-
ing impact of additional (nonlaser) therapies impede meaningful extrapolation and compari-
son with traditional open resection. Therefore, although it is generally agreed that early glottic
lesions may be safely resected transorally, the role of laser for advanced lesions continues to
evolve.

The debate concerning treatment of glottic carcinoma with anterior commissure involve-
ment highlights the continuing evolution of transoral laser resection. Initial concerns concern-
ing functional results and oncologic safety led many surgeons to believe that anterior
commissure involvement was a contraindication to transoral laser resection. In particular, it
was thought that anterior commissure involvement made determination of subglottic or supra-
glottic extension anteriorly difficult (7). Furthermore, possible tumor extension along Broyle’s
ligament with subsequent cartilage involvement was thought to limit transoral resection of
anterior commissure lesions. Careful consideration of existing evidence, however, led some
surgeons to question this supposed risk of cartilage involvement with anterior commissure
lesions. Kirchner’s tumor studies, for instance, had demonstrated that relatively few anterior
commissure lesions actually spread along Broyle’s ligament (46,47). Also, the success rates
of radiotherapy, even with anterior T1 lesions, were taken as indirect evidence that cartilage
involvement was rare—with true cartilage involvement, radiotherapy success rates for ante-
rior lesions would have been lower. Therefore, based on these arguments that anterior lesions
did not necessarily mean that a lesion was unresectable, some surgeons began to attempt
transoral laser resection of anterior commissure lesions.

At present, the debate concerning the safety of laser resection for such lesions continues.
Some surgeons maintain that anterior commissure lesions do poorly with laser excision (48–
50) and therefore use such involvement as a relative contraindication to laser therapy. For
other surgeons, anterior commissure lesions are routinely resected by CO2 laser (9,12,28,51).
As experience with resection of anterior lesion accumulates, even laser frontolateral vertical
hemilaryngectomy has been described (52). Overall, however, those surgeons who use the
laser for treatment of anterior commissure lesions do so with the knowledge that given the
intrinsic limitations of anterior exposure, recurrence rates may be higher in this area
(8,15,45,53). Again, laser resection for early glottic lesions seems to be well accepted, but a
role for the use of laser in treatment of more advanced lesions continues to evolve.

5. CONTROVERSIES

Evolving indications (and contraindications) are not the only controversies involving
transoral laser resection of head and neck malignancies. Even in situations in which laser
resection is clearly oncologically safe, debate persists over the choice of laser surgery, tradi-
tional surgery, or radiotherapy based on functional issues and cost. Given voice concerns, this
issue has been addressed most extensively regarding early glottic carcinoma. Additionally,
some surgeons have begun to use laser surgery for salvage treatment of recurrent disease. Each
of these issues is discussed more fully below.
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5.1. Radiation vs “Cold” Microsurgery vs Laser Surgery for Early Glottic Cancer
The treatment of choice for early glottic cancer is subject to great debate. Depending on the

preference of the treating physician, an isolated T1 or small T2 lesion of the vocal folds can
be treated with radiation therapy, “cold instrument” laryngeal microsurgery, or transoral laser
resection. In general, all three of these treatments are equally efficacious, with the proper
application of any of these modalities yielding cure rates ranging from 85 to 95% (7,15,20).
With equal oncologic efficacy, the debate over which technique to use depends largely on
issues of voice outcomes, cost, surgeon experience, and patient preference.

In choosing between laser surgery or “cold instrument” surgery, the chief concern is one
of vocal outcome, as cost of surgery, time of surgery, and other similar factors are comparable.
The chief concern about laser surgery is that unintended transmission of heat to tissue within
the superficial lamina propria might lead to fibrosis of the regenerating epithelium, with
subsequent compromise of vocal cord vibration and voice (54). The injudicious use of “cold
instruments,” however, can also lead to vocal fold scarring. Therefore, the decision about
choice of instrument often depends on which tool is thought to yield the best precision (7).
Although this is a preference which may vary from one surgeon to another, there are some
intrinsic differences between the two techniques. For instance, the laser provides hemostasis
as it dissects, which can become especially important if surgery involves deeper, more vas-
cular, structures such as the vocalis muscle. Additionally, the micromanipulator may improve
precision among surgeons who are not experienced with microlaryngeal surgery, particularly
with use of the nondominant hand. In choosing between laser or cold instruments, then, the
surgeon must weigh these perceived benefits of laser against the risk of unintended thermal
damage to normal adjacent superficial lamina propria. The balance may change depending on
the type of lesion. For instance, superficial lesions may favor resection by cold instrument
given the concern of protecting adjacent tissue. Deeper lesions that reach the vocalis muscle,
however, may be better resected by laser given the increased need for hemostasis and the fact
that preservation of superficial lamina propria is less of a concern for these lesions (55).

With either technique, the degree of resection impacts on the voice. Knowledge of lesion
size, then, can provide a pretreatment estimate of posttreatment voice, which can inform
decisions concerning surgery or radiation for early glottic lesions. With resection of unilateral
lesions limited to the superficial lamina propria, skilled surgery can typically yield a percep-
tually normal voice (7). When dissection must be carried down the vocal ligament, healing
generally results in a neocord that is straight, with a limited mucosal wave; although the voice
may be perceptually normal to an untrained listener, a skilled voice professional will typically
be aware of subtle deficiencies. When dissection is carried even further, down to the vocalis
muscle, healing may result in a concave neocord with subsequent glottic insufficiency and
breathy dysphonia, which may be obvious to even an untrained observer. Studies that have
examined this issue have correlated the degree of resection with voice outcome following
surgery for early glottic lesions (56–58). The relationship between tissue resection and voice
outcome, however, may not be linear. Instead, the mechanism of voice production that follows
surgery may be a more important determinant. If healing following transoral resection yields
a larynx that produces voice at the glottic level, voice will be better than if voice is produced
at a supraglottic level (9,59). For dissection at any depth, it is the experience of the senior
author that the addition of cryotherapy following laser resection may help improve posttreat-
ment voice (60); the mechanism through which this voice improvement occurs is under active
investigation.
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At any rate, decisions between laser surgery and radiotherapy concerning voice outcome
depend on a pretreatment estimate of the expected posttreatment voice. Additionally, it must
be realized that radiotherapy affects an entire field and is not limited only to the area of disease.
For instance, radiation will be received by both vocal cords, even in a unilateral lesion,
whereas surgery can be restricted only to the affected site. Studies of voice quality following
CO2 laser excision compared with radiotherapy are rare. One study by Rydell et al. (61) found
that voice was significantly better following radiotherapy than it was following laser excision
of T1a lesions. Other studies, however, have concluded that there is no significant difference
between the two treatments (56,62,63). None of these studies separated surgical groups based
on the depth of resection, and none of these studies accounted for postablative reconstruction
techniques (64), which might help improve voices in the surgical group. It may be that more
sophisticated analyses will be necessary in the future to help determine which lesions might
best be treated by which therapy.

Having acknowledged that the controversy surrounding voice outcomes is not yet settled,
some general differences exist between laser surgery (or cold surgery) and radiotherapy,
which may help guide surgeon and patient preference. First, surgery is generally accom-
plished in a single session, whereas a course of radiotherapy requires multiple treatments
stretching over several weeks. Additionally, although exact estimates vary, there is a general
consensus that may be more cost effective than radiotherapy (15,59,65,66). Finally, transoral
surgery has the advantages of obtaining tissue for diagnosis, preventing treatment morbidity
to uninvolved tissue, and being repeatable over several sessions (compared with radiation,
which cannot be repeated).

With these differences in mind, and with knowledge of similar oncologic efficacy, the
choice between surgery or radiotherapy for early glottic lesions largely depends on surgeon
and patient preference. The general teaching that earlier lesions favor surgery whereas the
expected decreased voice outcomes following resection of deeper lesions might favor radio-
therapy may be true, but such generalizations disregard the potential for vocal reconstruction
that may improve postsurgical voices. Also, this teaching presupposes that voice outcomes
following radiotherapy are the same for all lesions, regardless of depth; however, because
pathologic staging is unavailable with radiotherapy, this assumption cannot be accurately
tested. Until more data are available, the controversy concerning the choice of transoral laser
resection, cold instrument resection, or radiotherapy for early glottic lesions will continue.

5.2. Laser for Oncologic Salvage
Another controversy includes the use of laser surgery for the treatment of recurrent disease.

The role of any conservation surgery in this situation is itself controversial, and more infor-
mation concerning this debate is available in Chapter 5, on oncologic salvage. When this
argument is extended to the relatively new field of laser surgery, few data are available. The
first attempts at using laser surgery to salvage radiation failures dates to 1992 (67), but the use
of laser surgery is this fashion is still thought to remain both difficult and risky (20). Compared
with the initial presentation of primary tumors, recurrent tumors may present in a multifocal
fashion or with advanced submucosal extension. Additionally, the radiation fibrosis present
in the “skip” areas between foci of recurrent cancer may make pathologic diagnosis less
reliable, which in turn makes transoral laser resection more difficult. Still, laser resection
allows voice preservation, and as long as the area is amenable to close follow-up, total laryn-
gectomy remains a possibility in the future should laser salvage fail. On this basis, surgeons
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have begun to offer laser surgery for treatment of recurrent cancer (68,69). Quer et al. (67)
found that laser successfully salvaged 18/24 patients with recurrent glottic or supraglottic
carcinoma, with the remaining 6 patients proceeding to total laryngectomy. In a larger study
of 40 patients, de Gier et al. (68) found that with a mean follow-up extending beyond 5 yr, 17
patients were salvaged with a single laser surgery, and 3 more patients were salvaged with
repeated laser therapy without the need for traditional resection. Overall, then, the rate of
successful laser salvage was 50%. Such treatment, however, remains at the forefront of
transoral laser surgery, and much depends on both the surgeon’s and the patient’s willingness
to balance possible functional preservation with an increased risk of further recurrence. As
experience with the laser as a tool for surgical salvage grows, the indications for transoral laser
resection may expand.

6. CONCLUSIONS

Overall, then, transoral laser resection for head and neck malignancies is a growing field.
Initially applied to the en bloc resection of relatively small lesions, the development of piece-
meal resection techniques has led to transoral laser resection of increasingly advanced tumors
in many different anatomic subsites. The most appropriate comparison for laser surgery of
early lesions might be radiation therapy; here the decision probably depends on surgeon and
patient preference. For those larger lesions that are not amenable to radiation alone, the
appropriate comparison is between laser surgery and traditional open resection. In this case,
there are many perceived advantages to laser surgery in terms of both function and recovery.
Despite case series documenting the oncologic efficacy and functional results possible with
laser surgery, however, direct comparisons between laser and traditional surgery remain
scarce. As those at the forefront of laser surgery accumulate experience with increasingly
advanced lesions, however, the indications for laser surgery are likely to continue to grow. As
more understanding of the risks and benefits of laser surgery is gained in this fashion, the role
of transoral laser resection for head and neck malignancy will be further delineated.
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1. INTRODUCTION

Chemotherapy in combination with radiation therapy has evolved over the last several
decades as an important modality in the treatment of head and neck squamous cell carcinoma.
Because of the effectiveness of chemoradiation therapy at controlling disease at the primary
site, ablative surgery is generally reserved for surgical salvage if chemoradiation fails to
control primary site disease. However, the role of surgery in the treatment of regional neck
metastases remains controversial. At the core of this controversy is whether chemoradiation
alone is adequate to control neck metastases or whether adjunctive neck dissection should be
added for effective control.

2. NECK DISSECTION WITH RADIATION THERAPY ALONE

The history of neck dissection in organ preservation therapy of head and neck cancer can
be traced to early reports of the role of neck dissection after definitive radiation treatment. In
1982 Parsons et al. reported better control of regional metastases from base of tongue cancer
treated with definitive radiation therapy with the addition of planned neck dissection. Of their
patients with N2 and N3 pretreatment disease, those who had planned neck dissections failed
25% of the time, whereas those who did not receive neck dissection failed 49% of the time.
No failures were seen among patients with N0 or N1 disease in either group, suggesting that
radiation alone was sufficient to control N0 or N1 disease (1). In a later report from the same
group, the authors found that adding planned neck dissection after definitive radiation therapy
for patients who had incisional biopsy of their neck disease prior to treatment resulted in
significantly better control of neck metastases compared with those who did not receive
planned neck dissection (2).

Mendenhall et al. (3) also compared radiation alone with radiation followed by planned
neck dissection in the control of regional neck metastases. They also found that for N1 disease,
both modalities were equal with respect to their ability to control neck disease. However, for
patients with multiple nodes, nodes greater than 3 cm, or fixed nodes, the addition of a neck
dissection resulted in greater control of metastases to the neck (3). In a later study, this group
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showed that the combination of radiation and planned neck dissection was vastly superior to
radiation only for control of neck disease (4). In 1989 Parsons et al. (5) reiterated the same
findings.

From these early studies, it is clear that the addition of a planned neck dissection after
definitive radiation therapy for head and neck cancer resulted in better control of regional
metastatic disease. Another finding that arose from these early studies was that patients who
harbored viable tumor cells in their planned neck dissection specimens had a worse prognosis
than those who had no viable tumor cells (3,5). This finding would ultimately also hold true
for later patients treated with chemoradiation.

3. NECK DISSECTION WITH INDUCTION
CHEMOTHERAPY AND RADIATION

With the addition of chemotherapy as adjuvant therapy in the treatment of head and neck
cancer, different authors suggested different roles for neck dissection. Some authors argued
that if a complete response was obtained after chemotherapy and radiation therapy, a neck
dissection could be omitted given a low probability of residual disease. It is important to note
that these authors often defined a complete response in different ways. Other authors recom-
mended that planned neck dissections continue to be performed on all N2–N3 necks based on
their institutional experience.

The early experiences with chemotherapy involved induction chemotherapy. In 1992 Wolf
and Fisher (6) reviewed the subset of patients in the Veterans Affairs cooperative laryngeal
cancer study who had N2 or N3 disease and were treated with induction chemotherapy fol-
lowed by definitive radiation therapy. In this study, a complete response was defined as
complete disappearance of all clinically evident tumor on physical exam. A partial response
was defined as at least a 50% reduction in the sum of the products of the longest tumor
dimensions multiplied by their perpendicular compared with initial tumor dimensions on
physical exam. In this arm of the study, neck partial responders to induction chemotherapy had
a neck dissection 12 wk after radiotherapy, whereas complete responders did not have neck
surgery. They found that patients who achieved a complete response in the neck after induc-
tion chemotherapy had a statistically significant (p = 0.008) lower need for subsequent salvage
surgery than patients with a less than complete response. In these patients the overall death rate
was also statistically lower (p = 0.014), and they survived longer (p = 0.0476) compared with
patients with a less than complete response. Specifically, of the 18 patients who achieved a
complete response, 5 had salvage neck surgery and 1 died of neck recurrence without surgery.
This was contrasted to the 19 partial responders who underwent neck dissection for persistent
disease; 13 of these died with 5 dying because of to uncontrolled neck disease. Given the high
recurrence rate among partial responders in this study and the lack of effectiveness of neck
surgery, the authors suggested earlier neck dissection among patients with less than a com-
plete response (6). It is important to point out that even among complete responders to induc-
tion chemotherapy in this study, 6/18 (33%) still needed neck surgery.

Norris et al. (7) also found that initial response to induction chemotherapy could forecast
the rate on neck control. That is, patients achieving a complete response to induction chemo-
therapy had an 85% 3-yr regional control rate without surgery. This was contrasted to patients
with less than a complete response who had a 33% control rate with radiation therapy only and
71% control rate with surgery and radiation. The high rate of regional disease control among
complete responders to induction chemotherapy led these authors to suggest that neck dissec-
tion could be omitted in this subgroup (7).
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Similarly, Armstrong et al. (8) recommended that for complete responders to induction
chemotherapy, a neck dissection might not be needed. A complete response was defined as the
absence of palpable metastases for a minimum of 4 wk. A partial response in the neck required
a 50% or greater decrease in the sum of the product of the diameters of each measurable lesion
for 4 wk or longer.  In this study, there were 54 patients with metastatic nodal disease among
whom 35 achieved either a complete or a partial response to induction chemotherapy. In 22
of these 35 patients with a major response, radiation only was then given as sole definitive
therapy. In another 10 patients, a neck dissection was performed prior to receiving radiation
therapy. Of the radiation therapy only group, 2/22 (9%) failed compared with 3/10 (30%) that
failed in the surgery and radiation group. In a further analysis of the two failures in the
radiation only group, they found that 1/17 (6%) failed who had a complete response and 1/5
(20%) failed who had a partial response to induction chemotherapy. They also report no
difference in overall survival between those who received adjunctive surgery and those who
did not. Given the above results, the authors conclude that complete responders to induction
chemotherapy have an excellent neck control rate with radiation alone and thus may not need
a neck dissection (8). Their conclusion must be tempered by the fact that many patients in the
radiation only group had N1 disease (41%) compared with none in the surgery group.

Giovana et al. (9) also did not perform neck dissection on their patients with neck metastases
who attained a complete response after induction chemotherapy. Instead, they used neck
dissection for patients with a less than complete response to induction chemotherapy prior to
radiation therapy. For these authors, a complete response was defined as no measurable or
palpable tumor or induration in the neck on clinical examination. Patients achieving a partial
response in the neck had a 50% decrease in the product of the longest diameter multiplied by
its perpendicular diameter of the largest reference neck node compared with initial size. Using
neck dissection in this manner, the authors compared the group of complete responders with
partial responders and found that the recurrence rates (53 vs 40% respectively) were similar.
They further found that disease-free survival (p = 0.48) and overall survival (p = 0.75) rates
did not differ significantly among complete and partial responders (9). These findings are in
contrast to those of Wolf and Fisher (6) who showed that having a less than complete response
to induction chemotherapy was associated with a significantly worse survival. They thus
suggest that the role of neck dissection is to improve regional control in those patients who
have a less than complete response to induction chemotherapy. One shortcoming of this study
lies in the fact that only 6/58 (10%) of their patients had N3 disease compared with 30/46
(65%) of patients who had N3 disease in the study by Wolf and Fisher. Another concern about
this study is the high recurrence rate in both groups.

From these early studies using induction chemotherapy, it becomes clear that patients with
a complete response to induction chemotherapy generally had better regional control of
metastatic disease than patients with less than a complete response. The above studies suggest
that neck dissection may be saved for patients with a less than complete response to induction
chemotherapy. However, without neck dissection, regional recurrences are seen in 10–35%
of these complete responders.

4. NECK DISSECTION WITH CONCURRENT
CHEMORADIATION THERAPY

Most recent studies focused on concomitant chemotherapy and radiation therapy
(chemoradiation) because it decreased treatment time, did not delay curative therapy, increased
locoregional control, and decreased distant metastases. Among studies using concurrent
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chemoradiation, neck dissection was suggested in either of two settings. One group of authors
suggested that neck dissection should be considered after assessing response to chemoradiation
and should be applied to patients who did not achieve a complete response in the neck. Another
group of authors suggested that the need for a neck dissection should be based not only on
response but also on all pretreatment neck staging.

Dagum et al. (10) recommended that neck dissection be performed only on patients who fail
to achieve a clinical complete response after chemoradiation. Clinical examination and com-
puted tomography (CT) or magnetic resonance imaging (MRI) imaging were used to assess
for neck response. A clinical complete response was defined as the absence of clinically
evident tumor, and a clinical partial response as a 50% or more decrease in the sum of the
products of the major and minor diameters of all tumor masses. In their study, induction
chemotherapy was followed by concurrent chemoradiation on 41 patients with neck
metastases, and a neck dissection was reserved for less than complete responders after
chemoradiation therapy. They found no difference in overall survival between patients who
achieved a complete response after induction chemotherapy (11 patients) and patients who
achieved a complete response after chemoradiation (7 patients). Thus, 18/41 (44%) eventually
achieved a complete response after definitive treatment. Among 23 patients with a less than
complete response to treatment, 22 went on to have a neck dissection. Of these 22 patients,
11 had a pathologic negative neck dissection. The overall survival of these 11 pathologic
complete responders did not differ in survival from the above clinical complete responder
group. However, among the other 11 patients who achieved less than a complete response that
had positive neck dissection specimens, the overall survival was significantly worse com-
pared with clinical or pathologic complete responders (p = 0.03). The 5-yr actuarial survival
of clinical and pathologic complete responders was 66% compared with 41% for pathologic
partial responders (10). These observations led the authors to recommend that neck dissection
should be saved for less than clinical complete responders after chemoradiation.

Sanguineti et al. (11) also recommended assessment of response to chemoradiation in order
to assess the need for neck surgery. Both physical examination and CT scanning were used
to assess for response. A complete response was defined as disappearance of all palpable neck
disease at physical examination or a greater than 75% reduction in node size (product of the
greatest diameter by its perpendicular diameter) on CT scans. Partial responders had a greater
than 50% reduction in node size as measured on both physical exam and CT scans. In their
study of 43 patients who received chemoradiation, 25 (58%) had a clinical complete response
and therefore did not have follow-up neck surgery as per study protocol. Of these 25 clinical
complete responders, 3 (12%) eventually had recurrence. Of the other 18 patients with less
than a complete response, 5 had neck dissection, with 2 (40%) of these 5 having residual
positive disease on pathology. In these 18 patients with a less than complete response, 15
eventually recurred in the neck. The authors more closely examined the 25 complete respond-
ers and found that the 2-yr neck control probability was 100% and 90% for patients with N1
and N2 disease, respectively. This was in marked contrast to 0% neck control probability
among N3 patients. In conclusion, they recommend neck dissection for clinically less than
complete responders. However, these authors also go on to recommend planned neck dissec-
tion for all N3 patients as they found that these patients were unlikely to have controlled neck
disease with chemoradiation treatment alone even if they achieved a clinical complete re-
sponse (11).

In 1997, Lavertu et al. (12) reviewed 100 patients treated with either radiation therapy or
chemoradiation for head and neck cancer. In this study, patients with N2 or higher disease
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were offered a planned neck dissection regardless of response to treatment. Overall, this study
showed that adding concurrent chemotherapy to radiation therapy increased the rate of clinical
complete response at the primary site (p = 0.007) and regionally (p = 0.09), although the
disease-specific survival was not statistically improved.

In this study, patients with no palpable neck disease on physical examination were consid-
ered complete responders. Partial responders had greater than 50% reduction in nodal size
(product of greatest diameter by its perpendicular diameter). Among the 53 patients in this
study with N2 or N3 disease, 35 had neck dissection and 18 did not. Among the 35 dissected
necks, 18 had achieved a clinical complete response prior to surgery. However, in 4 of these
18 (22%) patients, viable tumor was found within the neck dissection specimens. Of the 17
less than complete responders in the neck dissection group, 8 patients (47%) had viable tumor
cells on pathologic examination. Only one patient had neck recurrence in the neck dissection
group, and this patient had residual tumor after a less than complete response to initial therapy.
There were 18 patients with no neck surgery after initial treatment, and 12 achieved a clinical
complete response. Three of these 12, however, eventually recurred in the neck. Although the
authors found that achieving a clinical complete response in the neck was associated with
significantly improved disease specific survival (p = 0.002), the addition of neck dissection
did not significantly improve disease-specific survival (p = 0.40). Neck dissection, however,
did significantly decrease the risk of neck recurrence (p = 0.05).

Like other authors, they found that having a positive neck dissection specimen was asso-
ciated with a significantly worse survival (p = 0.03). Also, because 22% of clinical complete
responders had residual disease on pathologic examination, the presence of a complete
response could not reliably be used to predict the absence of disease in the neck. The recom-
mendation for planned neck dissection was still made in spite of the finding that neck dissec-
tion did not improve disease-specific survival: of the 12 patients who had residual disease on
pathology, 6 were still alive who would have otherwise died of neck disease without surgery.
They recommend that a planned neck dissection be performed for N2 and N3 pretreatment
necks because of a 22% rate of occult disease after achieving a complete response. It was
further recommended that planned neck surgery be performed on N2 and N3 necks because
of the low morbidity of neck dissection compared with the high morbidity associated with
dying of neck recurrence (12).

In 1999 Robbins et al. (13) also used the strategy of planned neck dissection after a targeted
chemoradiation protocol (RADPLAT). Although the authors used both physical examination
and CT scans to determine response to treatment, they do not mention the specific criteria used
to define a complete or partial response. In their study, 56 hemi-necks with N2–N3 disease were
evaluated, with 33 achieving a clinical complete response and 21 a less than complete response.
Of the 33 complete responders, 16 had planned neck dissection with no specimens revealing
residual disease. In keeping with this finding, all 17 patients with a complete response who did
not have surgery did not have recurrances in the neck. Of the 21 less than complete responders,
18 had neck dissection with 14 showing positive residual tumor. Of these 14 patients with
residual tumor, only 1 recurred in the neck and this recurrence was successfully salvaged. They
report a 3-yr locoregional control rate of 77%. Because no patient with a complete response in
the neck had recurrence whether or not neck dissection was performed, the authors suggest that
planned neck dissection may not be necessary if a clinical complete response is achieved after
using targeted intraarterial chemotherapy with concurrent radiation therapy (13).

Puc et al. (14) also report that the addition of neck dissection did not result in improved
survival. In their report, of 71 patients treated with chemoradiation, 47 (66%) had a clinical
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complete response whereas 24 (34%) had less than a complete response. Response was mea-
sured by manual palpation after therapy, but the authors did not elaborate on the specific
criteria used to determine a complete or partial response. Among complete responders, 41 had
a neck dissection yielding 17 (41%) patients with residual disease. Of the 24 less than com-
plete responders, only 7 had neck dissection. Thus 47 patients had neck dissection whereas 23
did not. The difference in survival between surgical (52%) and nonsurgical (39%) patients was
not significant (p = 0.40). In the same study, the percentage of neck complete responders that
died of disease was similar whether or not a neck dissection was performed (p > 0.99). This
finding led the authors to question the role of routine planned neck dissection in the treatment
of regionally metastatic disease (14).

In 2003 Grabenbauer et al. (15) also questioned the role of routine neck dissection after they
examined the effect of neck dissection among the primary site complete responders to their
chemoradiation treatments. Of 142 total patients, 97 were found to be complete responders at
the primary site to chemoradiation, although they did not detail how they defined a complete
response. Neck dissection was offered to all of these 97 patients, but only 56 went on to have
neck dissection, leaving 41 who refused neck dissection. The regional control rate among neck
dissection and nondissected patients was 80 and 85%, respectively (p = 0.47). For the com-
plete responders who had neck dissection, the 5-yr overall and disease specific survival rates
were 44 and 55%, respectively, compared with 42 and 47%, respectively, in the nondissected
complete responders. These differences were not statistically significant (p = 0.9) Based on
these findings, the authors conclude that there was no clear evidence for routine use of neck
dissection after chemoradiation in advanced head and neck cancer. They also found a statis-
tical trend toward higher morbidity as measured by pain, dysphagia, and hoarseness among
neck-dissected patients compared with their nondissected counterparts (15).

McHam et al. (16) have recently reviewed their data regarding the effect of chemoradiation
on metastatic neck disease. Out of 109 total patients with N2–N3 disease, 65 had a complete
response to chemoradiation in the neck. Disappearance of palpable neck disease confirmed by
a negative CT scan defined a complete response. Partial response was defined as any residual
palpable disease. Of the 65 complete responders, 32 eventually had neck dissection of which
8 (25%) still had residual disease on pathology. Only one of these eight patients had regional
recurrence. Of the remaining 33 patients who had a complete response but did not receive neck
dissection, 4 (12%) had regional failure. All 44 less than complete responders had neck
dissection, with 17 (39%) neck dissection specimens positive for residual disease. Four of
these 17 patients eventually went on to have regional failure, whereas none of the pathologi-
cally negative patients failed regionally. The authors found that the establishment of a com-
plete response in the neck compared with a less than a complete response did not predict a
pathologic complete response in neck dissection specimens (p = 0.21) or regional failure (p
= 0.80). They thus suggest that planned neck dissection be considered for all N2–N3 patients
because even a clinical complete response to treatment does not predict a pathologic complete
response. Even though the authors found no difference in disease-specific or overall survival,
they again echo the recommendation that planned neck dissection should be performed be-
cause dying of uncontrolled neck disease is highly possible but potentially avoidable if neck
dissection is performed. Additionally, like many previous authors, they also found that re-
gional failure was statistically more likely among patients whose neck dissection specimens
showed residual disease compared with their disease free counterparts (p ≤ 0.001) (16).

From these studies, it becomes apparent that neck dissection plays an important role in the
management of regional metastases in less than complete responders to chemoradiation. For
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patients with a complete response after treatment of an N1 neck, there is no need for a neck
dissection. For more advanced neck disease on presentation, the addition of a neck dissection
after a complete response is controversial. Although no survival benefit may be derived from
the addition of a neck dissection, it results in a lesser incidence of neck failure.

5. COMPLICATIONS

As stated above, dying of metastatic neck disease is very possible. Neck dissection can
reduce this morbidity if the surgery itself does not carry significant morbidity. Taylor et al.
(17) reviewed 27 patients treated with definitive radiation therapy who suffered postoperative
complications and performed logistic regression on these data to identify factors that were
more common among these patients. They found that the use of flaps in the closure of the
wound was associated with increased wound complications. They further found a trend that
higher total doses and treatment times were associated with wound complications and that
lower fraction sizes were associated with lower complication rates (17). In 1997, Newman et
al. (18) described their complication rate for surgery after induction followed by concurrent
chemoradiation. In this study, the protocol was to offer surgery for less than complete respond-
ers after induction or concurrent chemoradiation and for progressive disease. Thus, patients
did not have planned neck dissections. They report that of 17 patients who received surgery,
6 (35%) patients had eight complications within the first 30 postoperative days. There were
three major complications, which were pharyngocutaneous fistula, carotid rupture, and
tracheocutaneous fistula, as well as five minor wound complications. When they compared
these patients with a similar group of patients who underwent similar surgery over the same
time, they found no statistical difference between complication rates and thus conclude that
surgery after chemoradiation does not carry an increased complication rate compared with
nonchemoradiated patients (18).

Similarly, in 1998 Lavertu et al. (19) reported a complication rate of 33% for planned neck
dissection after concurrent chemoradiation. This complication rate was found not to be sig-
nificantly different from that of patients who had planned neck dissections after radiation
therapy alone (29%). From these data, one can conclude that post-chemoradiation neck sur-
gery carries an acceptable complication rate that does not vary significantly from neck surgery
in other settings. Obviously the addition of a neck dissection to the therapeutic regimen should
be carefully weighed as it may cause a higher incidence of morbidity in the form of residual
pain, dysphagia, and hoarseness, as suggested by Grabenbauer et al. (15).

6. EXTENT OF NECK DISSECTION

Another important issue in neck dissection is the extent of surgery. Early authors mostly
used the classic radical neck dissection. Some later studies have suggested that less radical
procedures may be performed safely. For instance, in the study by Robbins et al. (13) selective
neck dissections were used in 33 of the 35 patients undergoing neck dissection. The selective
nature of the surgery mostly entailed omitting either level I or level V from the neck dissection.
The impressive results obtained in this trial suggested that selective neck dissection might be
used in planned neck dissections in place of the classic radical neck dissection (13). Stenson
et al. (20) also suggest that selective neck dissection may be feasible in post-chemoradiotherapy
neck dissection. In their study, 69 patients had neck dissections 5–17 wk after chemo-
radiotherapy. Fifty-six of these patients had selective neck dissections, and 13 patients had
modified radical or classic radical neck dissections. The selective neck dissections consisted
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of preserving the sternocleidomastoid muscle, internal jugular vein, and spinal accessory
nerve when removing levels I–III, II–IV, or rarely II–V lymph nodes. They report 24/69 (35%)
patients with residual pathologically positive nodes after dissection, yet only one of these
patients failed in the neck. They thus conclude that neck dissection is important in obtaining
control of metastatic neck disease and that selective neck dissection can be performed in many
cases (20).

7. SALVAGE NECK DISSECTION

Many authors have explored the role of neck dissection as a salvage procedure for recur-
rence after definitive treatment. Most of these authors conclude that salvage neck dissection
is generally not effective at controlling neck disease. Mendenhall et al. (4) found that success-
ful salvage surgery was achieved in only 50  to 60% of patients initially treated with definitive
radiation therapy. They postulate that salvage surgery is often unsuccessful because the in-
creased fibrosis in the neck after radiation therapy makes detecting neck recurrence very
difficult (4). Mabanta et al. (21) also looked at the issue of postradiation therapy salvage neck
dissection and similarly conclude that it is rarely successful. From their population of 51
patients who had neck recurrence after definitive radiation therapy for head and neck cancer,
33 (65%) could not undergo salvage because of either unresectable disease at recurrence,
medical instability, distant metastatic disease, or patient refusal of further treatment. Of the
remaining 18 patients who had salvage treatment, 14 received neck dissection as part of their
salvage therapy. Locoregional and/or metastatic disease developed in all of these patients.
They report that the rate of neck control at 5 yr post treatment for all 18 patients undergoing
salvage treatment was only 9%. They thus conclude that the likelihood of successful salvage
treatment after a neck recurrence is remote (21).

In addition, Lavertu et al. (19) also report that salvage neck surgery is associated with a
significantly increased rate of surgical complications. They report that salvage procedures had
an overall complication rate of 60%, which differed significantly from the 31% rate for
planned neck dissections. They further report that the rate of major complications (20%) was
also significantly increased among salvage neck dissection patients compared with planned
neck dissection patients (3.4%) (19). These data show that salvage treatment for recurrence
in the neck is rarely successful and can be associated with a high morbidity from operative
complications.

8. ROLE OF IMAGING

In evaluating patients after chemoradiation, many authors had elected to obtain CT scans
as an adjunct to physical exam to look for evidence of recurrent neck disease. In 2004,
Velazquez et al. (22) examined the records of 43 patients who underwent 53 neck dissections
who also had preoperative CT scans. The CT scans were read as positive or negative for
residual disease, and this reading was then correlated to the pathologic findings in the neck
dissection specimens. The criteria used for a positive CT scan included node less than 1 cm,
the presence of multiple nodes or confluent nodes (> 8 mm), central necrosis, and extracap-
sular spread. All of these 43 patients had chemotherapy and radiation therapy as definitive
treatment for their head and neck cancer. They report that CT scans after definitive
chemoradiation treatment had an 85% sensitivity but only a 24% specificity in predicting
residual metastatic neck disease. Furthermore, CT scan in this setting yielded a positive
predictive value of 40% and a negative predictive value of 73%. From these data, the authors



Chapter 4 / Neck Dissection 67

conclude that “the negative predictive value of 73% and low specificity of 24% found in [this]
study preclude the use of CT scans as the sole indicator for determining the need for posttreat-
ment neck dissection in patients with advanced head and neck squamous cell carcinoma” (22).

In the future, if postchemoradiation residual metastatic disease in the neck could be predicted,
the use of planned neck dissection could potentially be eliminated. In this regard, the role of
fluoro-1-deoxy-d-glucose positron emission tomography (FDG-PET) in head and neck cancer
is being defined. Greven et al. (23) evaluated 45 head and neck cancer patients using FDG-PET
scans before and serially after radiotherapy. They report that at 1 mo post radiotherapy, the false-
positive rate was 28%. At 4 mo, the FDG-PET scans were more accurate (23). Wong et al. (24)
report that the sensitivity and specificity for recurrent head and neck cancer are 96 and 74%,
respectively. More studies using FDG-PET scans in head and neck cancer need to be done before
this tool can be routinely used to determine the need for neck dissection after therapy.

9. CONCLUSION

From the data presented, it is clear that for patients who achieve a less than complete
response to chemotherapy and radiation therapy, there is a role for planned neck dissection.
The role for neck dissection for complete responders to chemotherapy and radiation therapy
is more controversial. It is likely to remain controversial until a tool to identify residual disease
accurately is identified. Robbins et al. (16) are the only authors who have shown that a
complete response to chemoradiation (using the RADPLAT protocol) translates into com-
plete sterilization of disease in the neck. All other authors have shown that a certain percentage
of complete responders still harbor viable cancer cells in the neck. Excluding the results of
Robbins et al., the percentages of patients whose necks still harbor disease in the neck dissec-
tion specimen despite a complete response to chemoradiation therapy were 22% (12), 41%
(14), and 25% (16). Although this does not necessarily translate into a subsequent neck
recurrence, the addition of a neck dissection may be reasonable in these cases, especially with
more advanced neck disease on presentation.

Although no study to date has shown that the addition of a neck dissection improves
survival, it does reduce the rate of regional failure and improves the quality of life in the
patients who would otherwise have failed in the neck.
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1. INTRODUCTION

The past two decades have seen significant advances in the efficacy of combined chemo-
therapy and radiation in the management of advanced stage squamous cell carcinoma (SCC)
of the head and neck. This is especially true for SCC of the oropharynx, hypopharynx, and
larynx. Primary surgery for advanced T-stage tumors, despite sophisticated reconstruction of
the surgical defect, may result in a significant impact on speech, swallowing, and respiration.
Organ preservation protocols using definitive radiation with or without chemotherapy may
provide an effective primary treatment while avoiding the functional and cosmetic morbidity
associated with surgery.

Recent reports have described impressive results using this treatment approach. Organ
preservation protocols are successful in nearly 40 to 50% of cases (1–3). Forastiere et al. (4)
demonstrated that in patients with concurrent chemoradiation therapy for advanced laryngeal
cancer, there was a 43% absolute reduction in total laryngectomy rates. We have been able to
demonstrate similar results at our institution. Lavertu et al. (5) reported that only 30% of
patients with stage III or IV head and neck SCC required salvage surgery of the primary site
after organ preservation therapy. In another study, concurrent chemoradiation was given to
105 patients with SCC with most having the primary site in either the oropharynx, larynx, or
hypopharynx. Local control was seen in 87% of patients, and salvage was successful in 64%
of the recurrences. The overall 4-yr projected survival was 60% (6). Adelstein et al. (7)
reported a local control rate of stage IV squamous cell head and neck cancer patients of 91%
with concurrent chemoradiation therapy. With salvage surgery, this local control rate was
increased to 97%.

Surgery in these circumstances is then reserved for salvage in patients with persistent or
recurrent disease and is a critical component of managing regional nodal metastases. The
importance of effective and appropriate surgery in these situations cannot be understated, as
this remains the patient’s only hope for cure. With more patients being entered into organ
preservation protocols, surgical salvage will form an increasingly important part of the
multidisciplinary care of patients with head and neck cancer. The purpose of this chapter is
to review the surgical considerations and strategy in the multidisciplinary management of
patients with advanced SCC of the head and neck.

Salvage Surgery
After Chemoradiation Therapy

Walter T. Lee, MD and Ramon M. Esclamado, MD
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2. PRETREATMENT EVALUATION

A multidisciplinary team approach is paramount for the successful management of these
challenging patients. This team includes head and neck oncologic surgeons, medical
oncologists, radiation oncologists, dentists, speech pathologists, and dedicated nursing sup-
port. The role of the surgeon at this stage of the patient’s management is to help provide the
most accurate clinical staging of the primary tumor, neck disease, and possible distant me-
tastases. Accurate clinical staging and documentation of the primary tumor and regional
disease is critical for two reasons: (1) to determine the most appropriate treatment approach
given the extent of the disease, patient comorbidities, patient biases, and psychosocial factors
that influence the decision-making process; and (2) to provide critical information that guides
decision making as to the appropriate extent of salvage surgery, should the patient fail initial
nonsurgical management. The importance of this is highlighted by our experience that patients
who are initially evaluated and undergo chemoradiation treatment at the Cleveland Clinic
Foundation have excellent surgical salvage rates when they have persistent or recurrent dis-
ease (6). In contrast, patients who are referred to a tertiary care institution for surgical salvage
after receiving their initial treatment at a different institution have an overall 5-yr survival rate
of approx 25 to 35% (8–10).

Pretreatment evaluation includes an appropriate history and complete head and neck physi-
cal examination. Particular attention is given to symptoms and signs of advanced disease, such
as dysarthria from impaired tongue mobility, dysphagia resulting in weight loss, trimus,
otalgia, stridor, vocal fold immobility, cranial nerve involvement, or massive neck nodes with
fixation to the carotid sheath or deep neck musculature. Radiologic evaluation routinely
includes a computed tomography (CT) scan of the neck with contrast, a chest radiograph, or
chest CT to rule out lung metastasis or a synchronous lung cancer. We also utilize
flurodeoxyglucose position emission tomography (FDG-PET) scans in patients with unknown
primary cancers and in patients who may be treated with chemoradiation therapy to help assess
response to treatment.

It is imperative that cancer patients presenting for initial tumor treatment undergo exami-
nation under general anesthesia to map the tumor extent accurately and to exclude synchro-
nous primary cancers of the lung and esophagus. The examination under anesthesia provides
vital information through direct inspection and bimanual palpation as to the deep extent of
tumor involvement of the tongue, floor of mouth, and preepiglottic space; whether the man-
dible is involved; and determination of the size and extent of mucosal subsite involvement in
the larynx, hypopharynx, and oropharynx that cannot be obtained with radiographic imaging.
Examination of a primary laryngeal tumor with the operating microscope or a rigid fiberoptic
telescope gives an accurate assessment of tumor extent and the appropriateness and feasibility
of conservation laryngeal surgery as a primary treatment option. We routinely document the
extent of the tumor by mapping the extent of the carcinoma with descriptions of involved
structures on standardized anatomical diagrams after a thorough examination with palpation
and direct laryngoscopy. These maps become part of the permanent chart and provide a
schematic record of the initial presenting tumor.

The patients’ clinical history and tumor maps are then presented at a regularly held meeting
of the multidisciplinary treatment team, or tumor board. This tumor board not only provides
a forum for coordination of patient care but also affords the opportunity to formulate the
optimal treatment plan. At this time, management of the primary site is considered separately
from management of the neck. If a complete response is obtained at the primary site, it is



Chapter 5/ Salvage Surgery After Chemoradiation 71

important to make a decision at this time regarding incorporation of a planned neck dissection
2–3 mo after treatment. If a neck dissection is not planned and the patient has clinically
palpable regional disease, the radiation dose to the neck is adequately boosted to maximize
regional control in the involved neck.

3. ASSESSMENT OF TREATMENT RESPONSE

Early detection of persistent disease is critical for successful surgical salvage and requires
analyzing response of the primary site separately from the response in the involved regional
nodes. Patients are reevaluated in the fifth week of treatment (after completing the second
cycle of chemotherapy) to ensure that there is an appropriate disease response at the primary
site. In the rare situations in which there is no response or progressive disease at the primary
site, immediate surgical salvage is warranted. If there is an appropriate response, treatment is
completed, and patients are reevaluated 8–10 wk later. At this time, response at the primary
site and neck are determined separately. This can be difficult owing to the mucositis, skin
reaction, and dysphagia that result from treatment. This can persist for 2–6 mo and must be
distinguished from the patient’s pretreatment tumor-related symptoms (7,11). Careful clinical
evaluation requires an attempt to determine whether the patient’s pretreatment symptoms
from the tumor have resolved and affords the opportunity for both visualization and palpation
of the primary site and necks. Posttreatment CT and FDG-PET scans are helpful in determin-
ing treatment response if performed 2–3 mo after completion of treatment. If the outpatient
clinical exam is suboptimal and/or radiographic studies suggest residual/persistent disease,
patients are routinely brought to the operating room for examination under anesthesia and
biopsy as indicated.

Patients who successfully complete initial treatment and are rendered disease free are
carefully followed according to the Society of Head and Neck Surgery recommendations.
Regular follow-up appointments occur every 1–3 mo for the first year, every 2–4 mo during
the second year, every 3–6 mo during the third year, every 4–6 mo during the fourth year, and
then every year afterwards. Chest radiographs are be performed yearly and more frequently
if clinically indicated. Any suspicious lesions are evaluated with a chest CT and subsequent
biopsy if warranted. Thyroid-stimulating hormone (TSH) levels are checked every 3 mo for
the first year and then yearly because chemoradiation-induced hypothyroidism occurs early
and in nearly 50% of patients (12). Additional follow-up, laboratory tests (or imaging) should
be performed as clinically indicated.

The long-term evaluation of patients who have undergone radiation with or without che-
motherapy can be challenging. Organ preservation protocols are not without their own mor-
bidity. The long-term effects of radiation may include edema, chronic fibrosis, tissue necrosis,
dysphagia, and chondro- or osteoradionecrosis. Postradiation edema and scarring distort
anatomy and can hinder examination of mucosal surfaces. Postradiation fibrosis can make
palpation of lymphadenopathy challenging. Symptoms and signs that may indicate possible
recurrences (such as otalgia, neck pain, unilateral headache, worsening dysphagia, or
odynophagia) need to be carefully elicited and evaluated, especially in the background of
posttreatment changes. The goal of frequent and careful follow-up visits, particularly in the
first 2 yr after treatment, is to diagnose recurrent disease or a metachronous tumor early so that
surgical salvage can be attempted.

When suspicious clinical findings or symptoms warrant further radiographic investigation,
a neck CT with contrast should be performed to evaluate the primary site, regional lymph
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nodes, cartilage involvement, carotid sheath involvement, and deep neck muscle infiltration.
Magnetic resonance imaging may assist in further evaluation of soft tissue involvement. When
recurrence is suspected, an examination in the operating room with biopsy needs to be per-
formed. Direct laryngoscopy and biopsy remain the primary means of establishing treatment
failure or recurrence. Patients who have persistent postradiation edema at 3 mo after comple-
tion of the organ preservation regimens are often brought to the operating room for exami-
nation under anesthesia and directed biopsies, as this edema may be a sign of residual
carcinoma. Other patients who should be routinely evaluated in the operating room after
organ preservation are those with tumors in areas that are not adequately examined in an
outpatient setting, such as hypopharyngeal tumors or laryngeal tumors with subglottic extension.

Patients who are referred from outside our institution after tumor recurrence may present
unique hurdles that can make successful salvage more difficult. If the original tumor maps are
not done or available, the original tumor stage cannot be accurately correlated with the actual
anatomic sites of involvement.  These recurrences are often advanced stage and are referred
to a tertiary care center because of complexities in ablation, reconstruction, or rehabilitation.
It can also be difficult to ascertain whether the carcinoma as seen represents focal recurrence
or persistent tumor. This affects surgical planning, as persistent tumor requires surgical ex-
cision of the original tumor-bearing area compared with a focal recurrence, which may need
a less extensive resection. Furthermore, physical findings are seen without a prior reference
point for comparison. In light of these issues, successful salvage surgery as reflected in overall
5-yr survival is 20 to 35%.

If cancer is confirmed, detailed tumor mapping and thorough examination of surrounding
structures should be done. Complete restaging of the tumor should be done at this time, as this
was found to be more predictive of survival following surgical salvage (13). We recommend
that staging procedures be performed as a separate procedure from the salvage surgery. This
allows pathologic confirmation of recurrent disease, which can be difficult to make on frozen
sections, for accurate surgical planning, presentation at the tumor board, and an opportunity
for the patient and their family to have questions answered and give informed consent.

4. EVALUATION FOR SURGICAL SALVAGE

Basic planning and preparation steps occur in all patients considered for surgical salvage,
irrespective of the initial treatment situation. First, a thorough metastatic workup must be
done. A chest CT is obtained to evaluate for pulmonary metastasis, but the indications for CT
of the abdomen and pelvis as well as a bone scan are clinically driven. FDG-PET scan shows
promise as a screening tool for distant metastases, but its role has yet to be defined.

A patient’s nutritional and metabolic status must be carefully evaluated, as recovery from
chemotherapy and radiation can be prolonged. Tumors in the upper aerodigestive tract may
also impede the patient’s ability to swallow. Weight loss and nutritional deficits are often seen
secondary to poor oral intake. These patients may need nutritional supplements or tube feedings
prior to surgery. Many head and neck cancer patients have a significant history of alcohol and
tobacco abuse. Consideration should be given to detoxification to prevent postoperative al-
cohol withdrawal and delirium tremens. Laboratory tests such as albumin, pre-albumin, and
liver function tests are important to assess the overall nutritional status and a complete blood
count (CBC) to determine adequate bone marrow recovery from chemotherapy. Preoperative
arterial blood gas as a baseline in patients with a significant pulmonary disease such as chronic
obstructive pulmmonary disease is helpful information that facilitates postoperative care.
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Furthermore, thyroid function (serum TSH) should be evaluated early in this process in order
to correct biochemical or clinical hypothyroidism, which can result in poor wound healing.

Once the head and neck oncologic surgeon has determined the extent for the resection of
the primary site and appropriate neck dissections, consideration is then given to what type of
reconstruction should be performed. There are numerous options for reconstruction. They
range in complexity and include primary closure, rotational flaps, pedicled flaps, and
revascularized “free” flaps. Free flaps involve harvesting tissue with a defined arterial and
venous blood supply from various donor sites away from the head and neck and reconnecting
the blood supply to recipient vessels in the neck near the surgical resection via microvascular
techniques. The use of free flap reconstruction has revolutionized the once disfiguring head
and neck surgical ablative procedures. Currently, patients not only can achieve oncological
resection but also have socially acceptable cosmetic appearance and function. Free flap recon-
struction requires a surgeon with advanced training in microvascular techniques, but it carries
the advantage of incorporating abundant, healthy, composite tissue such as skin, muscle,
fascia, viscera, or bone into the surgical defect. This improves wound healing by providing
a tension-free closure with healthy, vascularized, nonirradiated tissue. There is an increase in
meaningful function and improvement in cosmetic appearance with free flap reconstruction
(14,15). Evaluation by a reconstructive surgeon should be done prior to salvage surgery.

Finally, an in-depth discussion with the patient and family needs to be undertaken. They
must be aware of the morbidity and mortality associated with salvage surgery. It is important
to remember the emotional toll that being diagnosed with a recurrence can have on a patient
and family. It can be both disappointing and frustrating for a patient to be told of persistent
or recurrent cancer despite enduring weeks of radiation and chemotherapy. An open and
honest discussion with them as to the risks, expectations, morbidity, and chance for cure is
imperative prior to any definitive salvage surgery. The impact of surgery on speech, swallow-
ing, voice, and cosmesis must be anticipated and explained by the surgeon, particularly when
surgery may result in dysphagia with G-tube dependence, the loss of laryngeal voice, or both,
which is especially devastating to a patient.

5. SURGERY

The primary treatment goals of salvage surgery should be discussed and defined with the
patient and family. In order of priority, these goals are: (1) to achieve oncological cure; (2) to
preserve function, particularly speech and swallowing but also vision, hearing, taste, olfac-
tion, facial and shoulder motion, and sensory innervation to the head and neck: and (3) to
preserve or restore cosmesis. At times, the surgical morbidity may be unacceptable to the
patient, which may compromise the adequacy of the resection and ultimately the chance for
cure. For example, a patient may refuse a total laryngectomy and insist on a subtotal conser-
vation laryngeal procedure when it is contraindicated by the extent of the tumor. Another
patient may agree to a total laryngectomy but refuse an extended total laryngectomy that
requires significant resection of the tongue, preventing restoration of swallowing and speech.

The patient must understand the implications of such a decision, and the surgeon must make
the difficult decision of whether to proceed with surgery that may be inadequate for the
disease.

The surgical procedure itself requires one to address the disease in the primary site, necks,
and appropriate reconstruction. Appropriate surgery of the primary site for persistent disease
requires considerable surgical judgment. Generally, if the persistence or recurrence is larger
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than the original tumor, resection of this tumor with 1–2 cm of normal surrounding tissue is
necessary. If the primary site tumor is persistent disease that is no larger than the original
tumor, resection of the original volume of tumor with 1–2 cm of normal tissue surrounding
the tumor is done to achieve negative margins. Appropriate resection of a recurrent primary
site tumor is more controversial.  We generally consider these as tumors that had an initial
complete clinical response to nonsurgical therapy and then recur 6 mo or more after comple-
tion of treatment. These tumors may theoretically be a solitary clonal population of resistant
cells, rather than multifocal polyclonal disease scattered throughout the original tumor vol-
ume. Therefore, if the recurrence is smaller than the original tumor, we attempt resection of
the recurrence with 1–2-cm margins, rather than resecting the original tumor volume with
margins.  The surgeon and patient should be prepared, however, for a more extensive resection
if intraoperative findings or frozen section margins reveal that there are microscopic nests of
tumor throughout the original tumor volume. These considerations again highlight the impor-
tance of accurate pretreatment evaluation and mapping of the tumor, ideally by the surgeon
who will be responsible for performing the salvage procedure if it is needed.

Surgical management of the neck is considered after appropriate surgery for the primary
site is determined. Neck dissection is indicated if: (1) there is clinical or radiographic
evidence of disease in the neck; (2) the neck is clinically negative but carries a more than
20% incidence of occult disease; (3) resection of the primary site requires access through
the neck; (4) free tissue reconstruction is needed; and (5) the patient is poorly compliant for
follow-up. It is our bias to be more aggressive in electively dissecting necks, even bilaterally,
in the patient who has failed chemoradiation at the primary site because the neck becomes
quite fibrotic and it can be difficult to detect a recurrence early enough to salvage the patient
successfully. The disadvantage to this approach is that the fibrosis that results from neck
dissection after chemoradiation can be significant and bothersome, negatively impacting the
pateint’s overall quality of life (16).

Patients who have a complete response at the primary site are recommended to undergo
neck dissection if they have persistent palpable disease in the neck 2 mo after completing
treatment, or if at the time of the original staging, the largest lymph node in the neck was more
than 3 cm. This recommendation is based on our experience that 60% of patients with persis-
tent palpable disease in the neck have histologically proven disease at neck dissection. In
addition, those patients with more than 3 cm nodes at initial diagnosis and a complete response
in the neck have a 25% incidence of histologically positive disease at the time of neck dissec-
tion (17). Others have also agreed with this approach in treating the neck disease (18–21). The
appropriate management of patients with advanced (> 3 cm) bilateral adenopathy who undergo
a complete clinical response is more problematic. This is because of the fibrosis after bilateral
neck dissection and the difficulties in managing the dissected neck should the patient developed
a primary site recurrence or second primary tumor at a later date. We are currently evaluating
the role of pre- and posttreatment CT/PET imaging to predict response in the neck, with the
premise that a negative CT/PET 2–3 mo posttreatment will be highly predictive of a pathologic
complete response, thereby reducing the frequency that neck dissections are performed in pa-
tients with advanced regional disease who have a complete response in the neck.

The surgeon’s decision regarding the type of neck dissection performed for regional sal-
vage should be tempered by the realization that excision of the disease should be complete
since radiation therapy post neck dissection is not an option. The regional control rate should
be greater than 90–95% in an appropriately treated neck when the primary site is controlled.
A radical neck dissection removes lymph node levels I–V and the sternocleidomastoid muscle,
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the internal jugular vein, the spinal accessory nerve, and the cervical sensory nerves. This
results in neck numbness and deformity, inability to raise the humerus from the horizontal to
vertical plane, and possible chronic shoulder discomfort. A radical neck dissection is indicated
in advanced persistent regional disease (>3 cm), particularly when there is involvement of the
aforementioned structures. A modified radical neck dissection removes all five nodal groups
but preserves one or more of either the sternocleidomastoid muscle, the internal jugular vein,
or the spinal accessory nerve. This results in less shoulder impairment if the spinal accessory
nerve can be preserved (16). Modified neck dissection is indicated for patients who have
palpable residual disease in the neck that is freely mobile from the surrounding structures. A
selective neck dissection removes only the lymph node groups in the neck that drain the
specific primary site and does not remove level V, which preserves sensory and motor function
of the neck and shoulder. This has been shown to be effective in managing a neck previously
treated with chemoradiation or radiation therapy alone that is clinically and radiographically
negative when there is persistent or recurrent primary site disease. In these patients, the
incidence of occult disease in the neck was 25% and the nodal drainage was not altered by the
previous radiation therapy (22).

5.1. Surgical Complications
The initial experience with surgical salvage after chemotherapy and radiation therapy was

associated with a high complication rate, particularly with wound healing and postoperative
pharyngocutaneous fistulas (23). This resulted in prolonged hospitalization and a significant
delay in the restoration of speech and swallowing in laryngectomized patients. What was not
appreciated in this early experience was the high incidence of early unrecognized hypothy-
roidism and its detrimental impact upon wound healing. In addition, careful attention to gentle
tissue handling, the avoidance of electrocautery in making mucosal incisions, and the impor-
tance of wound closure under minimum tension, often with the liberal use of revascularized
tissue transfer, have reduced the rate of complications to a rate equal to that seen in
nonirradiated patients (1,2,13,23,24). Hall et al. (25) compared 147 patients who had under-
gone laryngectomy for advanced laryngopharyngeal cancer. Thirty of these patients had
persistent or recurrent disease after initial radiotherapy. History of prior radiation treatment
was not a significant factor in pharyngocutaneous fistula formation (25). Davidson et al. (26)
did not demonstrate a significant difference in surgical complications between standard vs
hyperfractionated radiation therapy groups.

Chemotherapy has not been shown to cause an increase in surgical complications. Agra et
al. (27) reported an increased incidence, but not a statistically significant one (p = 0.08), of
minor complications. There was no difference in major complications. Lavertu et al. (5) also
reported no significant difference in salvage surgery complications in patients who had con-
current chemotherapy compared with radiation therapy alone. However, most patients in this
series underwent salvage neck dissection alone without resection of the primary site, which
prevented salivary contamination of the wound and eliminated the risk of pharyngocutaneous
fistula because of the absence of a mucosal repair.

5.2. Results of Salvage Surgery
The outcomes of salvage surgery are site specific because of the different patterns of tumor

spread and risk of nodal metastases.  Cancer of the larynx has the most favorable outcome with
salvage surgery because the pattern of tumor spread in the larynx is compartmentalized, well
defined, and generally contained within the larynx except for very advanced T-stage tumors.
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Total laryngectomy for recurrent or persistent tumors of the larynx has been routinely used
because of the wide margins that can be achieved. Furthermore, the laryngeal complex is
readily surgically accessible, and closure can be done primarily. In many cases, this surgery
provides the best chance for cure. Parsons et al. (28) were able to salvage over half of the
patients with advanced laryngeal cancer by total laryngectomy. Yuen et al. (29) achieved a 5-yr
survival rate of 45% in patients with advanced laryngeal carcinoma salvaged with laryng-
ectomy.

Early T-stage laryngeal cancers that recur after initial organ preservation protocols may be
amenable to conservation laryngeal surgery. These include vertical partial and supracricoid
laryngectomies. These surgeries should only be used in tumors that meet established criteria.
Contraindications to vertical partial laryngectomy include any of the following: 5-mm sub-
glottic extension posteriorly, 10-mm subglottic extension anteriorly, extension beyond one-
third of the contralateral cord, extension to the arytenoid, and cricoid or thyroid cartilage
involvement.

Supracricoid laryngectomy may also be used for salvage. This operation allows resection
of the thyroid cartilage and endolaryngeal tissues above the cricoid. At least one cricoarytenoid
unit must be preserved. Respiration, deglutition, and voice functions are possible without the
need for a permanent tracheostomy. Reconstruction is done with either a cricohyoido-
epiglottopexy (CHEP) or cricohyoidopexy (CHP). Any patient considered for conservation
laryngeal surgery should have good pulmonary function, limited comorbidity, and ability to
undergo postoperative rehabilitation. Prior treatment with radiation with or without chemo-
therapy is not a contraindication for these procedures.

In contrast to laryngeal tumors, tumors of the oropharynx are especially notorious for
rampant invasion. There are no true anatomical barriers in this region that can help control its
spread. For example, tongue base lesions often spread laterally and superiorly to involve the
tonsil, lateral pharyngeal wall, and soft palate; inferiorly to involve the extrinsic tongue
muscles and the larynx; and anteriorly to involve the mobile tongue, mandible, and floor of
mouth. Surgery of a recurrent tongue base cancer may be extended to include any of these
structures to encompass the tumor adequately. This results in increased functional morbidity.

There are also important factors to consider in surgery of hypopharyngeal carcinomas.
When the carcinoma is located on the posterior hypopharyngeal wall, the prevertebral fascia
provides a barrier to further posterior spread. Thus, the tumor tends to grow in a vertical
fashion. Initally, tumors of the posterior cricoid area tend to grow vertically and horizontally
since the cricoid cartilage is a barrier to anterior progression. Partial or complete pharyngec-
tomy may also have to include total laryngectomy to obtain adequate tumor margins. Finally,
with hypopharyngeal tumors, one crucial question is the proximity to the cricopharyngeus
muscle. If the resection cannot leave an adequate margin to provide for anastomosis, then a
gastric pull-up is performed. This is done to avoid an intrathoracic anastomosis and the
potentially life-threatening complication of mediastinitis.

Krause et al. (24) reported a statistically significant local control difference of 86% in
laryngeal primaries compared with local control of nonlaryngeal primaries at 53%. Two-year
disease-specific survival was 56% for laryngeal primaries vs 24% in oropharyngeal and
hypopharyngeal primaries after failed organ preservation protocol and surgery for salvage
(24). Weber et al. (2) reported an overall disease-free survival of 82% in patients who had
undergone organ preservation protocols and total laryngectomy surgical salvage for advanced
laryngeal carcinoma. Stoeckli et al. (30) reported a 5-yr disease survival rate of 63% in 39
patients after salvage surgery for laryngeal SCC. Most of these patients had advanced TNM
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tumor staging compared with initial TNM stages. Salvage of the primary site consisted of total
laryngectomy in 92% of these patients, and 8% underwent partial laryngectomy. All under-
went bilateral neck dissections of levels II–IV.

Furthermore, Stoeckli et al. (30) reported a worse survival for hypopharyngeal SCC that fail
primary radiation therapy. Their found a 5-yr survival rate of 20% in 15 patients after salvage
for hypopharyngeal SCC (30). Jones (31) reported a similar survival rate (25%) for
hypopharyngeal SCC after failed radiation therapy. There was also a significant number of
major complications (42%) in these salvage patients. These included tissue necrosis of free
flaps and carotid artery rupture (31).

Success rates in surgical salvage of the neck are different for a planned neck dissection,
compared with salvage for recurrence after previous neck radiation. When neck dissections
are performed after radiation therapy in patients who have persistent palpable disease, local
regional control is improved. Chan et al. (32) reported a 3-yr regional control rate of 75% in
patients. Isolated neck failures were found to be 8%. This is in contrast to having neck disease
appear after initial treatment. Salvage surgery for neck disease after radiation in these cases
is dismal. In a series of 51 patients who failed initial radiotherapy, 18 were found to be
unresectable. Eighteen other patients underwent salvage treatment with either chemotherapy,
radiation, and/or surgery. Only one patient was alive at 5 yr (33).

Salvage surgery after radiation with or without chemotherapy is a vital part of the
multidisciplinary care of a head and neck cancer patient.  The challenges lie first in the decision
to treat a newly diagnosed head and neck cancer patient with chemoradiation therapy or
primary surgery and then recognizing that salvage surgery can be successful in improving
survival when nonsurgical management fails. Salvage surgery demands careful evaluation
prior to initiation of treatment, careful follow-up for early detection of recurrences, surgical
judgment and skill in both the ablative and reconstructive components of the operation,
meticulous postoperative care, and rehabilitation.
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1. INTRODUCTION

Depending on the site and extent of disease, treatment alternatives for T3–T4 cancers
include partial laryngectomy, total laryngectomy, and radiation therapy (RT) alone or com-
bined with adjuvant chemotherapy. The prevailing treatment philosophy varies significantly
from one country to another (1). Patients in the United States and Australia are usually treated
surgically, which often necessitates total laryngectomy (1). In contrast, patients in Canada and
Great Britain are often treated with RT alone, with surgery reserved as salvage treatment for
those who experience recurrent disease. Patients treated with RT in the United States some-
times receive induction chemotherapy before RT (2). The rationale for this strategy is based
on the Veterans Affairs Laryngeal Cancer Study Group trial which compared induction che-
motherapy and RT (in the subset of patients who responded to chemotherapy) with initial
laryngectomy and postoperative RT; survival rates were similar, and patients randomized to
the induction chemotherapy arm had a higher rate of laryngeal voice preservation (3). A
similar trial conducted by the European Organization for Research and Treatment of Cancer
(EORTC) evaluated induction chemotherapy followed by RT for patients who had a complete
response to treatment for advanced pyriform sinus and aryepiglottic fold malignancies (4).
Patients randomized to receive induction chemotherapy had 5-yr survival rates similar to
those for patients randomized to undergo initial surgery. Approximately one-third of patients
who received induction chemotherapy retained their larynx. More recently, concomitant
chemoradiation has gained popularity because it has been shown to improve survival com-
pared with RT alone for patients with local-regionally advanced head and neck cancer.

The purpose of this chapter is to review the results of RT alone or combined with adjuvant
chemotherapy for T3 and T4 squamous cell carcinoma of the larynx.

T3–T4 Squamous Cell Carcinoma
of the Larynx Treated With Radiation
Therapy Alone or Combined
With Adjuvant Chemotherapy

William M. Mendenhall, MD
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2. SELECTION FOR TREATMENT

2.1. Glottic Carcinoma
Fixed-cord cancers (T3) may be stratified into relatively favorable and unfavorable lesions.

Patients with favorable tumors have disease that is low volume, mostly confined to one side
of the larynx, have a good airway, and are reliable for close follow-up (5,6). Unfavorable
cancers are usually high volume, have extensive bilateral disease, and are often associated
with airway compromise. In addition to physical findings, primary tumor volume calculated
on pretreatment computed tomography (CT) or magnetic resonance imaging (MRI) is a useful
predictor of local control after RT (5–7). Patients with tumors 3.5 cm3 or smaller have a higher
likelihood of local control after irradiation than those with higher volume cancers. The choice
of CT vs MRI is dependent on the diagnostic radiologist; CT is the preferred modality used
to image the larynx at the University of Florida. The “threshold” volume at which the likeli-
hood of local control after RT diminishes may vary with the observer and/or the imaging
modality.

Patients with favorable tumors may be treated with RT or conservation surgery, which
would necessitate an extended hemilaryngectomy or a near-total laryngectomy. The major
disadvantage of partial laryngectomy is that a relatively small subset of patients (probably less
than 10%) is suitable for the procedure (8). In contrast, 36 of 54 patients (67%) treated at the
University of Florida between 1980 and 1988 for T3 glottic cancer received RT alone (6).
Additionally, the functional outcome after partial laryngectomy may vary considerably, from
that of a classical hemilaryngectomy to a controlled fistula for speaking with a permanent
tracheostomy. Therefore, the preferred conservation treatment for patients with favorable T3
tumors is RT alone. Recent data suggest that altered fractionation schedules may offer
improved local-regional control rates compared with conventional fractionation (9,10). Two
alternatives shown to be efficacious include the University of Florida hyperfractionation
schedule and the M.D. Anderson Cancer Center concomitant boost technique (10).

Patients with unfavorable T3 cancers may be treated either with total laryngectomy and
neck dissection, which is usually followed by postoperative RT, or with two to three cycles
of induction chemotherapy followed by RT for those patients who have a partial (≥50%
response) or complete response to the chemotherapy. Recent data suggest that although induc-
tion chemotherapy may be used to select patients who are more likely to be cured by RT, it
does not improve local-regional control or survival (11). In contrast, concomitant RT and
chemotherapy appear to offer improved local-regional control and survival rates for patients
with advanced head and neck cancers (11–15). In addition to the high primary tumor volume
that defines the unfavorable cancer, pretreatment CT of the larynx may be used to detect
cartilage sclerosis, which is also significantly related to the likelihood of tumor control with
RT (5,7).

Patients with T4 glottic carcinoma may be treated with either total laryngectomy and neck
dissection combined with adjuvant RT or RT combined with adjuvant chemotherapy. Conser-
vation surgery is not a realistic option, and RT alone is feasible only for the small subset of
patients with low-volume disease who are staged as having T4 tumors based on minimal
cartilage involvement or minimal extension into the soft tissues of the neck (usually through
the cricothyroid membrane). Our philosophy is to treat patients with advanced T4 cancers with
total laryngectomy and to treat patients who have relatively low-volume tumors with RT and
concomitant chemotherapy. Although patients who undergo a total laryngectomy may be
rehabilitated with a tracheoesophageal puncture, the majority use an artificial (“electric”)
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larynx (16). Adjuvant chemotherapy regimens usually include cisplatin, carboplatin, and/or
fluorouracil. The optimal combination of RT and concomitant chemotherapy is currently
unclear. Our current preference is to use hyperfractionated RT and weekly cisplatin (30 mg/
m2). Another option is RT and concomitant weekly carboplatin and paclitaxel (9,17).

2.2. Supraglottic Carcinoma
Favorable T3 cancers are low-volume, exophytic lesions with involvement of the preepiglottic

space (18,19). Unfavorable T3 tumors are high-volume, endophytic lesions that are often asso-
ciated with vocal cord fixation and airway compromise (18). Volume of the primary tumor on
pretreatment CT or MRI is a useful predictor of local control after RT; patients with tumors 6
cm3 or less have a significantly higher likelihood of local control than those with higher volume
cancers (7,19). Patients with favorable T3 cancers are treated with either supraglottic laryngec-
tomy or RT. Our preference is to use a hyperfractionated RT schedule if patients are treated with
a conventional portal arrangement. The M.D. Anderson Cancer Center concomitant boost tech-
nique is used because of logistical considerations if the patient is treated with intensity-modu-
lated radiation therapy (IMRT) (9). Compared with RT alone, supraglottic laryngectomy results
in a better local control rate but is associated with an increased risk of complications; in approxi-
mately 5% of surgery patients, the procedure is converted to a total laryngectomy because of the
anatomic extent of the lesion (18). However, most patients with T3 lesions are unsuitable for
conservation surgery because of their medical condition (cardiac and/or pulmonary disease) or
anatomic extent of the primary tumor. Approximately 15 to 20% are suitable for supraglottic
laryngectomy; the remaining patients are treated with RT.

Patients with unfavorable T3 cancers are treated with total laryngectomy and neck dissec-
tion followed by postoperative RT or RT and concomitant chemotherapy. Few such patients
are suitable for conservation surgery.

T4 supraglottic cancers are treated with total laryngectomy and dissection followed by
postoperative RT. Patients with low-volume T4 tumors, usually owing to modest involvement
of the base of tongue or pharyngeal wall, are treated with RT and concomitant chemotherapy.

3. RADIATION THERAPY TECHNIQUE

3.1. Glottic Carcinoma
Patients are treated with parallel-opposed fields that include the primary lesion and internal

jugular lymph nodes (levels II, III, and IV) (20). Most patients have a clinically negative neck
so that it is not necessary to electively irradiate the lateral retropharyngeal nodes that are
usually located anterolateral to the C1 and C2 vertebral bodies (21). Thus, a significant amount
of salivary tissue is excluded from the initial portals so there is no clear advantage associated
with IMRT. The anterior aspect of the neck is tangentially irradiated because of the proximity
of the anterior commissure to the anterior skin surface (usually approx 1 cm); the inferior
border is 2 cm below the inferior extent of the primary tumor (usually 1–2 cm below the bottom
of the cricoid cartilage) (Fig. 1) (22). Patients receive 1.2 Gy per fraction twice daily with a
minimum 6-h interfraction interval in a continuous course to a total dose of 74.4 Gy; the dose
is usually specified to an isodose line that includes the tumor with minimal if any margin
(usually the 95% isodose line, normalized to Dmax at the central axis of the fields). The fields
are weighted 3:2 to the side of the lesion (if it is lateralized) and reduced at 45.6 and 60 Gy.
The low neck receives 50 Gy in 25 fractions, once-daily fractionation with a thin midline
trachea block (Fig. 2) (23).
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3.2. Supraglottic Carcinoma
The portals for supraglottic carcinoma are similar to those used for advanced glottic cancer

except that the anterior neck skin may sometimes be spared, and the inferior border is usually
at the bottom of the cricoid cartilage (Fig. 3) (23). The likelihood of positive retropharyngeal
lymph nodes is low; however, if clinically positive neck nodes are present, the risk is in-
creased, and the superior border of the field is placed at the jugular foramen (21). The dose
fractionation schedule is the same as that described for T3–T4 glottic cancers. Patients with
ipsilateral positive nodes may benefit from IMRT to reduce the dose to the contralateral
parotid and, thus, long-term xerostomia. The M.D. Anderson Cancer Center concomitant
boost technique, consisting of 72 Gy in 42 fractions over 6 wk, is employed for patients who
receive IMRT (9).

Fig. 1. Radiation treatment technique for carcinoma of glottic larynx, stage T3–T4N0. The patient is
treated supine, and the field is shaped with Lipowitz’s metal. Anteriorly, the field is allowed to fall off.
The entire preepiglottic space is included by encompassing the hyoid bone and epiglottis. The superior
border (just above the angle of the mandible) includes the jugulodigastric lymph nodes. Posteriorly, a
portion of the spinal cord must be included within the field to ensure adequate coverage of the midjugular
lymph nodes: spinal accessory lymph nodes themselves are at little risk of involvement. The lower
border is slanted (1) to facilitate matching with the low neck field and (2) to reduce the length of the spinal
cord in the high-dose field. The inferior border is placed at the bottom of the cricoid cartilage if the patient
has no subglottic spread; in the presence of subglottic extension, the inferior border must be lowered
according to the disease extent. (Reprinted from ref. 22, with permission from Elsevier.)
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Fig. 2. Example of a portal for T3N0 glottic carcinoma. Low neck portal. The main nodes at risk are the
low jugular and lateral paratracheal. The delphian node would be in the primary portal. A very narrow
and short midline shield is used. (Reprinted from ref. 23, with permission from Lippincott Williams &
Wilkins.)

3.3. Treatment of the Neck
The risk of subclinical disease in the cervical lymph nodes exceeds 20% for patients with

T3–T4 laryngeal cancer. Therefore, the internal lymph nodes (levels II, III, and IV) are
electively irradiated bilaterally. Patients with N1 or early N2B neck disease with the positive
nodes located within the high-dose fields are treated with RT alone (24). Patients with more
advanced neck disease usually undergo a planned neck dissection after RT (24,25). Recent
data suggest that for patients who have experienced a complete response of the neck disease
after RT, the likelihood of an isolated recurrence in the neck is low regardless of the initial N
stage (26–28). Therefore, it is our current practice to evaluate the response in the neck 1 mo
after completion of RT with CT scan and to proceed with a planned neck dissection if the
probability of residual disease is thought to be 5% or higher (28,29). Patients who are thought
to have less than a 5% risk of persistent neck disease undergo a second CT scan in 3–4 mo after
the first posttreatment scan.

4. TREATMENT RESULTS

4.1. Glottic Carcinoma
Seventy-five patients were treated with RT alone for T3 squamous cell carcinoma of the

glottic larynx at the University of Florida between 1966 and 1994; no patient received adju-
vant chemotherapy (30). The local control and ultimate local control rates at 5 yr were 63 and
86%, respectively. A recent multivariate analysis of 55 patients with glottic carcinoma treated
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with definitive RT revealed that tumor volume (p = 0.0042) had a more significant impact on
local control than T stage (p = 0.0629) (7). Pameijer et al. (5) found that cartilage sclerosis,
in addition to tumor volume, is a useful determinant of local control after RT (Table 1) (5).
The relationship of vocal cord mobility, at various points during and after radiotherapy, to
local control after RT has been evaluated. Whether the vocal cord becomes mobile or remains
fixed does not appear to affect the probability of local control (30).

The local control rates after RT and ultimate local control rates from several institutions,
including the University of Florida, are summarized in Table 2 (22,30–36). Wang (32) reported
a 67% rate of local control after radiotherapy for 41 patients treated with twice-daily fraction-
ation, compared with 42% in 24 patients treated with once-daily RT.

The 5-yr local-regional control and ultimate local-regional control rates for patients treated
at the University of Florida were 61 and 86%, respectively. The 5-yr absolute and cause-
specific survival rates were 54 and 78%, respectively. Foote et al. (8) reported on 81 patients
treated with surgery alone for previously untreated T3 glottic carcinoma at the Mayo Clinic
between 1979 and 1981; 6 patients (7%) underwent a near-total laryngectomy, and the remain-
der underwent total laryngectomy. The investigators observed a 74% 5-yr local-regional
control rate and 5-yr absolute and cause-specific survival rates of 54 and 78%, respectively.
A review of the literature indicates that primary RT and laryngectomy result in similar rates
of ultimate local-regional control, survival, and severe complications (30). This is true even
for patients treated at institutions at which the policy is to treat essentially all patients with T3
cancers with primary RT. The major reason to select patients unlikely to be cured by RT alone

Fig. 3. Example of a portal for a lesion of the lower epiglottis or false vocal cord and a clinically negative
neck. The subdigastric nodes are included but not the junctional nodes. Depending on the anatomy and
tumor extent, the anterior border may fall off (i.e., “flash”), or a small strip of skin may be shielded.
(Reprinted from ref. 23, with permission from Lippincott Williams & Wilkins.)
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is the morbidity and expense associated with a course of unsuccessful RT and the approxi-
mately one-in-three risk of a major complication associated with salvage surgery, such as an
orocutaneous fistula. The major difference between RT and surgery is that RT is associated
with a significantly increased likelihood of laryngeal voice preservation (8,30).

Nine patients with T4 glottic carcinomas were treated with radical RT at the University of
Florida between 1964 and 1994; in 8 of 9 patients, the disease was locally controlled after RT
(37). The results of radiation treatment from the University of Florida and several other
institutions are summarized in Table 3 (37–44); the tumor was locally controlled after RT for

Table 1
Computed Tomography Risk Profiles for Patients With T3 Glottic Larynx Carcinoma (N = 42)

Risk groups (for local recurrance) Criteria No. of patients Local control

Low risk (n = 21) Volume < 3.5 cm3 13
No cartilage sclerosis 19/21 (90%)
Volume < 3.5 cm3 8
Single cartilage sclerosis

Moderate risk (n = 14) Volume < 3.5 cm3 5
>1 cartilage sclerosis
Volume > 3.5 cm3 3 6/14 (43%)
No cartilage sclerosis
Volume > 3.5 cm3 6
Single cartilage sclerosis

High risk (n = 7)a Volume > 3.5 cm3 7 1/7 (14%)
>1 cartilage sclerosis

aTwo of these patients had focal cartilage erosion.
Reprinted from ref. 5.

Table 2
Stage T3 Glottic Carcinoma Treated With Radiation

Ultimate
Minimum Local control after

No. of follow-up control salvage
Investigator Institution patients (yr) (%) surgery (%)

Harwood et al. (31) Princess Margaret, 112 3 51 77
Toronto

Wang (32) Massachusetts General, 65 Not stated 57 —
Boston

Fletcher et al. (33) M. D. Anderson, 17 2 77 —
Houston

Skolyszewski and 15 European centers 91 3 50 —
Reinfuss (34)

Wylie et al. (35) Christie Hospital, 114 1.9 68 80
Manchester, England

Mills (36) Capetown, South Africa 18 2 44 78
Mendenhall et al. (30) University of Florida, 75 2 63 86

Gainesville

Adapted from ref. 22.
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almost two-thirds of patients (37). The cure rates after surgery or RT for T4 glottic cancers are
summarized in Table 4 (40,45–49).

4.2. Supraglottic Larynx
One hundred ten patients were treated with radical RT for T3 (89 patients) and T4 (21

patients) supraglottic carcinoma at the University of Florida between 1964 and 1992; 1 patient
received induction chemotherapy, and the remainder underwent RT alone or combined with
a planned neck dissection (50). Fifty-six patients had American Joint Committee on Cancer
(AJCC) stage III disease (T3N0–N1), and 54 patients had stage IV disease (T3–T4; N2–N3).
The 5-yr rate of local control after RT for 89 patients with T3 cancers was 68%. Excluding 19
patients who died less than 2 yr from treatment with the primary site continuously disease free,

Table 3
Literature Review: Treatment of T4 Laryngeal Cancer

With Radical Radiotherapy

No. of patients Local control

Glottis
Parsons et al. (37) 9 8
Sagerman et al. (38) 1 0
Karim et al. (39) 38 24
Harwood et al. (40) 39 22
Total 87 54 (62%)

Supraglottis
Parsons et al. (37) 21  8
Karim et al. (39) 79 55
Bataini et al. (41) 61 20
Issa (42) 20  6
Fletcher et al. (43) 26 14
Harwood et al. (44) 168 81
Sagerman et al. (38) 11  3
Total 386 187 (48%)

Adapted from ref. 37.

Table 4
Treatment of Stage T4 Glottic Carcinoma

No. of
Investigator Tumor stage patients Method of treatment Results (NED) (%)

Jesse (45) T4 N0–N+ 48 Laryngectomy 54 at 4 yr
Ogura et al. (46) T4 N0 11 Laryngectomy 45 at 3 yr
Skolnick et al. (47) T4 N0 7 Laryngectomy 30 at 5 yr
Vermund (48) T4 N0 31 Laryngectomy 35 at 5 yr
Stewart and T4 N0 13 RT with surgery for salvage 38 at 5 yr

Jackson (49)
Harwood et al. (40) T4 N0 56 RT with surgery for salvage 49 at 5 yra

Abbreviations: NED, no evidence of disease; RT, radiotherapy.
aLife-table method: uncorrected for deaths from intercurrent disease.
Reprinted from ref. 40, with permission.
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the local control, and ultimate local control rates were 45 of 70 (64%) and 57 of 70 (81%),
respectively. Local control after RT vs subsite within the supraglottis revealed the following:
suprahyoid epiglottis, 2 of 3 (67%); infrahyoid epiglottis, 23 of 32 (72%); false vocal cord, 8
of 18 (44%); aryepiglottic fold, 11 of 16 (69%); and arytenoid, 1 of 1 (100%). Local control
vs vocal cord mobility revealed the following: normal mobility, 34 of 48 (71%); impaired
mobility, 6 of 11 (55%); and fixation, 4 of 9 (44%). False vocal cord tumors are probably more
likely to be high-volume, endophytic lesions associated with reduced or absent vocal cord
mobility and a lower probability of cure after RT.

Local control after RT was inversely related to tumor volume as calculated on pretreatment
CT scans: < 6 cm3, 11 of 13 (85%) vs ≥6 cm3 or more, 9 of 19 (47%; p = 0.04). High tumor
volume is also associated with a lower rate of local control with a functional larynx compared
with low-volume primary tumor (19). Multivariate analysis of local control results revealed
the following ranking of possible prognostic factors: twice-daily vs once-daily fractionation
(p = 0.0677), site within the supraglottis (p = 0.1033), N stage (p = 0.0756), sex (p = 0.1812),
T stage (p = 0.6290), vocal cord mobility (p = 0.6817), suitability for conservation sur-
gery (p = 0.6650), and pretreatment CT scan obtained (p = 0.7738). A recent multivariate
analysis of 114 patients treated with definitive RT for supraglottic carcinoma revealed
that tumor volume (p = 0.0220) had a more significant impact on local control compared with
T stage (p = 0.2791) (7).

Local control after RT at several institutions is illustrated in Table 5 (50–54). The applica-
tion of the 1998 AJCC (55) staging has led to a “negative stage migration” whereby some T3–
T4 cancers are categorized into earlier T stages. Hinerman et al. (56) reported on 99 patients
with 1998 AJCC T3 cancers treated with RT at the University of Florida and observed a 5-yr
local control rate of 62%.

Twenty-one patients with T4 supraglottic carcinomas had a 5-yr local control rate of 56%
after RT (50). In a recent update of the University of Florida experience, Hinerman et al. (56)
reported a 62%, 5-year local control rate for 28 patients treated with RT for 1998 AJCC T4
carcinomas. RT local control rates from a variety of institutions are summarized in Table 3.
Overall, the disease was locally controlled in approx 50% of patients, which is somewhat less
than observed after treatment of T4 glottic cancer (50).

Local-regional control rates at 5 yr for 110 patients with T3–T4 cancers treated at the
University of Florida were as follows: stage III, 68%; stage IV, 51%; and overall, 60%. The
5-yr cause-specific and absolute survival rates were as follows: stage III, 83 and 52%; stage
IV, 48 and 28%; and overall, 66 and 40%, respectively.

Table 5
T3 Supraglottic Carcinoma Treated With Irradiation

No. of
Investigator Institution patients Local control (%)

Mendenhall et al. (51) University of Florida, Gainesville 89 68
Fletcher and Hamberger (52) M.D. Anderson, Houston 29 62
Ghossein et al. (53) Institut Curie, Paris 35 46
Wang et al. (54) Massachusetts General, Boston 51 76

Reprinted from ref. 50, with permission.
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Comparison of local-regional control and survival rates for patients treated with primary
RT vs surgery is difficult because surgical series tend to contain a higher proportion of patients
with early N-stage disease that is significantly related to long-term control of neck disease and
the likelihood of distant metastases (51,56,57). If any differences exist, they are probably
modest.

4.3. Chemoradiation
Almost all the data pertaining to efficacy of adjuvant chemotherapy for patients with head

and neck cancer include patients with a variety of primary sites, including the larynx. The
Radiation Therapy Oncology Group (RTOG) recently reported on the results of their 91–11
trial whereby patients with laryngeal squamous cell carcinoma were randomized to three
cycles of induction fluorouracil and cisplatin chemotherapy followed by RT in complete and
partial responders, three cycles of cisplatin and concomitant RT, and RT alone (15). The RT
consisted of 70 Gy in 35 once-daily fractions in all three arms. There were no significant
differences in survival or laryngectomy-free survival between the three arms. However, time
to laryngectomy for patients who received concomitant cisplatin and RT was significantly
improved compared with those who received induction chemotherapy (p = 0.009) or RT alone
(p = 0.0004).

5. COMPLICATIONS

5.1. Glottic Carcinoma
Severe complications are defined as those that necessitate an operation or hospitalization

and/or result in death. Five of 75 patients (7%) treated with RT alone for T3 glottic cancer at
the University of Florida experienced severe complications including the following: laryngeal
edema necessitating a temporary (1 patient) or permanent (1 patient) tracheostomy,
chondronecrosis that necessitated total laryngectomy (1 patient), total laryngectomy for a
suspected local recurrence with a pathologically negative specimen (1 patient), and fatal
airway obstruction (1 patient) (30). Severe complications developed in 7 of 21 patients (33%)
who underwent a salvage laryngectomy: wound dehiscence that necessitated a split-thickness
skin graft (1 patient) and pharyngocutaneous fistula (6 patients). Therefore, 11 patients (15%)
experienced severe complications after RT and/or salvage surgery.

Foote et al. (8) reported that 13 of 81 patients (16%) treated surgically at the Mayo Clinic
experienced significant postoperative complications; 1 patient (1%) died postoperatively of
a myocardial infarction. Ten of 65 patients (15%) treated with surgery alone or combined with
adjuvant RT at the University of Florida experienced a severe complication; 1 (1%) died
postoperatively of upper gastrointestinal bleeding and sepsis (6).

One of 9 patients (11%) irradiated at the University of Florida for T4 vocal cord cancer
experienced a severe treatment complication (37).

5.2. Supraglottic Carcinoma
Eight of 110 patients irradiated for T3 (3 of 89, 3%) and T4 (5 of 21, 24%) carcinomas of

the supraglottic larynx experienced severe complication (50). The risk of major complications
after RT is lower than for patients undergoing a supraglottic laryngectomy, particularly for
those with T3 cancers.
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6. FOLLOW-UP

Patients return to report an interim history and undergo a head and neck examination every
4–8 wk for the first 2 yr, every 3 mo for the third year, every 6 mo for the fourth and fifth years,
and annually thereafter. Chest radiographs and thyroid function tests are obtained yearly.

CT may be used for follow-up examination of patients after RT and may detect local
recurrences earlier than physical examination would (58). Fluorodeoxyglucose (FDG)–
positron emission tomography (PET) may be used to detect local recurrence in patients with
findings on CT that are highly suspicious for local recurrence. Patients with increased uptake
on the FDG-PET scan would undergo biopsy and salvage surgery (if positive), whereas those
with a negative scan would have follow-up observation and would not be subjected to the risk
of chondronecrosis precipitated by the biopsy procedure. Salvage laryngectomy may be in-
dicated for the occasional patient with findings that are very suspicious for a local recurrence
in the absence of a positive biopsy.

7. CONCLUSIONS

Pretreatment CT of the larynx can be used to select patients with favorable lesions for
treatment with radiotherapy alone with a high likelihood of cure with larynx preservation (59).
Those with unfavorable cancers are probably best treated by surgery and postoperative RT or
induction chemotherapy followed by RT in those patients whose tumors respond (9,60).
Because pretreatment CT of the larynx is routinely part of the workup for patients with
advanced laryngeal cancer, it has the obvious advantages of no additional cost or morbidity,
compared with induction chemotherapy. The major disadvantage of pretreatment CT is that
it is operator dependent and information pertaining to tumor volume and cartilage sclerosis
may not be obtained if the quality of the scan and/or diagnostic radiologist is suboptimal.

Recent data suggest that some altered fractionation schedules result in improved local-
regional control rates compared with conventionally fractionated RT (9). Additionally, con-
comitant RT and chemotherapy appear to result in improved local-regional control and survival
compared with RT alone (11,15). The major disadvantage of concomitant RT and chemo-
therapy is increased acute toxicity. The optimal combination of the two modalities is unclear
and under investigation.
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1. INTRODUCTION

Brachytherapy is an important armament available to the radiation oncologist treating
cancers occurring in the head and neck region. It is all the more important in this era of organ
preservation and improving quality of life (1,2). There are very few sites in the body where
locoregional control is so vital to ultimate quality of life, organ function, and survival as in
head and neck cancer. Brachytherapy permits dose intensification specifically to the tumor
site while minimizing damage to the surrounding normal tissue and organs (3,4). This leads
to an increased therapeutic ratio, while the patient also stands to gain functionally, psychologi-
cally, and cosmetically.

Brachytherapy can be used as a single modality of treatment in early-stage malignancies (5).
Occasionally in early-stage malignancies, brachytherapy has been used in combination with
external radiation. It can also be employed in the adjuvant setting following surgery (6).
Brachytherapy is a good boost technique for treating tumors with high-grade malignancy,
lymphovascular or perineural invasion, and cases in which positive or close margins result
following surgery (7–9). In advanced cancers, brachytherapy may be used with external beam
radiation, surgery, and chemotherapy, in varying combinations (10). Overwhelmingly, the role
of brachytherapy in head and neck cancer is limited to tumors with squamous cell pathology.

Another important role of brachytherapy is in the treatment of second and third malignancies
of the aerodigestive tract, seen commonly in head and neck cancer patients treated previously
with radiation. Conversely, in early stage malignancy, brachytherapy may be utilized as a single
modality, reserving other forms of radiation for lesions that may develop at a later date.

However, it important to mention that there have been no prospective double-blind random-
ized studies comparing brachytherapy with conformal fractionated external radiation in any
select group of patients with malignancies of the head and neck region. Given the complex
anatomy of the head and neck region, the superior results obtained with brachytherapy can be
attributed to the training, skill, technique, and experience of the brachytherapist. These tech-
niques are ideally performed by radiation oncologists in centers with large patient volume,
well-trained physicists, a highly functioning multidisciplinary team of head and neck sur-
geons, plastic surgeons, radiologists, dental surgeons, a pain management team, speech and
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swallowing rehabilitation specialists, social workers, and dedicated and knowledgeable nurs-
ing staff.

This review will discuss the general principles of brachytherapy in the treatment and man-
agement of cancers of the head and neck. Criteria with respect to patient selection, choice of
radionuclides, permanent versus temporary implants, low dose rate (LDR) vs high dose rate
(HDR) and other multidisciplinary issues will be addressed. For simplicity of presentation, the
chapter is subdivided into primary sites.

2. HISTORY

Brachytherapy as a mode of cancer treatment is as old as the history of radiation therapy
itself (11). Soon after the discovery of radium in 1898, both radium and radon implants were
performed, primarily in France (12) and the United States (13). The earliest applicators were
crude devices of capsules of radioactive material placed over the skin. In 1904 Wickham and
Derais (14) used sharpened goose quills to perform intratumoral implantations. Abbe (15) and
Morton (16) have reported anecdotal reports of cure for cancers in the head and neck. In the
1930s Paterson and Parker (17), in Manchester, devised a method for implantation of radio-
active sources, to permit a uniform dose distribution throughout the target volume. Quimby,
at Memorial Sloane Kettering (18,19), developed a system of tables and rules in relation to
placement of sources in a uniform grid thereby achieving higher doses at the center compared
with the periphery of the tumor (18,19).

The discovery of artificial radionuclides in the 1950s opened a new era in brachytherapy.
These new radioactive sources could be molded and fashioned to be accommodated in prag-
matic ways. Iridium-192 (Ir-192) seeds and ribbons in plastic catheters were used for implant-
ing tumors. In the 1960s, Henschke et al. (20) introduced the ingenious technique of
afterloading into tubes/catheters placed within the tumor. Remote afterloading techniques
further minimized the medical personnel’s risk of radiation exposure. Over the years, dedi-
cated physicians, greater sophistication in application techniques, improvement in dosimetry
planning, and stringent quality control measures have made brachytherapy “the ultimate
conformal radiation therapy” technique. These scientific advances have enabled brachytherapy
to become an effective and important part of the radiation oncologist’s arsenal for combating
head and neck cancer.

3. BASIC PRINCIPLES

3.1. Patient Selection
The optimal delivery of radiation using brachytherapy begins with selection of the appro-

priate patient. Patients with alcohol dependency, major neurological deficits, decompensated
cardiorespiratory status, memory disorders, and hematological diseases, as well as patients
who have contraindications to surgical procedure; are poor candidates for brachytherapy. The
presence of multiple comorbid factors may preclude the use of brachytherapy (21); however,
age by itself is not a contraindication. Patients must be able to comprehend the brachytherapy
procedure so as to provide baseline self-care needs. During the delivery of radiation, the
patient must be able to impart care to the tracheostomy site, self-administer feeds via a pre-
viously placed nasogastric tube or percutaneous endoscopic gastrostomy (PEG) tube, and
operate the patient-controlled anesthesia (PCA) pump, if necessary. A visit to a dentist, famil-
iar with radiation and its risks, prior to initiation of radiation is imperative in this subset of
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patients. The patient must be able to tolerate the placement of a mandibular shield in the oral
cavity to protect against osteoradionecrosis (22).

3.2. Radioisotopes Used in Head and Neck Brachytherapy
Almost all radioactive sources used nowadays are artificially manufactured. The decision

to use temporary or permanent implants requires thoughtful decision making and depends on
many factors, such as site of tumor, size, organ motion, geometry of target volume, experience
of the brachytherapist in the use of the radioisotope, dosimetry, presence of surrounding
critical structures, and so on.

Currently the most commonly used removable radioactive source is Ir-192. This γ-emitting
isotope undergoes beta decay with a half-life of 73.9 d, and produces polyenergetic γ rays
(201–884 Kev), with an average energy of 380 Kev, having a half-value layer of 0.03 cm in
lead. Ir-192 is produced in the form of seeds that are encapsulated in steel or platinum. Ir-192
seeds are assembled for clinical application in the form of “ribbons” in nylon tubes, with seeds
placed at 1-cm, center-to-center intervals. Usual strengths of Ir-192 seeds are in the range of
0.3–1.0 mg Ra Eq.

Another radioactive source used in temporary implants is iodine 125 (I-125). This isotope
decays by electron capture with a half-life of 59.6 d. It emits a polyenergetic beam (27–35 Kev)
with an average energy of 23 Kev. Although I-125 is mainly used in permanent implants, it
may be an ideal temporary source when rapid fall-off of dose is required (23). This may be the
case when critical structures are in close proximity to the target volume. I-125 has a half-value
layer of 0.002 cm in lead. In the past, Cesium 137 (Cs-137) in the form of seeds has been used.
Radionuclides such as radon 222, radium 226, and tantalum 182 are no longer used (24).

Permanent implants may be advantageous when the target volume is irregular, catheter
placement is impractical, and kinking of the nylon tubes is highly probable. I-125 is the most
commonly used radioisotope in permanent implants. Other radioisotopes used in permanent
implants include palladium 103 and gold 198.

3.3. Techniques
Successful brachytherapy requires meticulous placement of radioactive sources in a tumor

volume. In fact, palpation of the tumor and its boundaries, awareness of adjacent critical
structures, and the relationship of the tumor to the surrounding structures are of utmost impor-
tance for optimal placement of radioactive sources. The main techniques used in photon-
emitting implants will be mentioned briefly (28). Many modifications of these techniques
have evolved over the years. The main techniques that have been utilized in the placement of
radioactive sources in the head and neck are described below.

3.3.1. PIERQUIN AND CHASSAGNE GUIDE GUTTER OR HAIRPIN TECHNIQUE

In this technique, hairpins consisting of two parallel branches with the top shaped like the
letter M are implanted into tumors with the help of rigid guides. The guide materials are either
twin or single guide gutters made of stainless steel. This technique is used in most anatomical
sites within the head and neck region and can be useful when the tumor volumes are small to
moderate.

3.3.2. PLASTIC TUBE TECHNIQUE OF HENSCHKE

Rigid metal guide needles are implanted in the target volume. The placement and spacing
can be verified by visualization, ultrasound guidance, or under fluoroscopy. Plastic tubes are
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then threaded into these rigid hollow needles to cover the entire target volume and are left in
place over the entire duration of treatment. The rigid metal needles are removed. The plastic
tubes are secured in close proximity to the skin with metallic buttons. Radioactive sources are
then afterloaded into these plastic wires following dosimetry planning. This is one of the most
popular techniques, and many alterations exist, such as the pushing method of substitution and
Raynal’s pulling method of substitution. The latter is an excellent technical method for mak-
ing loops within the tumor volume and is commonly used in base of tongue brachytherapy
implants. Large tumors can be effectively treated.

3.3.3. HYPODERMIC NEEDLE TECHNIQUE OF PIERQUIN

Hypodermic needles, beveled at both ends, are introduced into the tumor and transfixed to
the skin at either end. Ir-192 wires are introduced into the hollow needles until only a small
segment protrudes on both ends. Spacing material is then slipped into the ends, and lead caps
are crushed into place. This technique is especially useful in tumors of the lip.

3.3.4. THREAD TECHNIQUE

Radioactive sources are braided onto suture materials and then directly sewn into desired
positions within the target volume. Modifications of this technique exist whereby threaded
radioactive sources are initially evenly sutured onto a mesh, which is then secured onto the
tumor bed.

3.3.5. DIRECT IMPLANTATION METHOD

Radioactive seeds are directly placed into the planned target volume, permanently. This
requires meticulous planning and radiological guidance for accurate placement of the seeds
to achieve good geometry and dose distribution.

A full description of the techniques of brachytherapy, appropriate for each individual site
in the head and neck region, is beyond the scope of this chapter, and interested readers are
referred to standard publications (25–29).

3.4. High-Dose Rate vs Low-Dose Rate Brachytherapy
The miniaturization of high-activity radioisotopes is one of the many technological

advances in radiation oncology. Moreover the progress in computer technology has led to the
establishment of remote afterloading high-dose rate (HDR) brachytherapy. HDR
brachytherapy is now considered a safe and efficient technique. The advantages of HDR
compared with low-dose rate (LDR) are enhanced ability to conform to target volume more
precisely, decreased risk of radiation exposure for medical personnel, better dose distribution
and increased homogeneity within the target volume, less radiation dose to normal tissue,
decreased delivery time (thus potentially sparing the patient a hospital admission), and less
effect of organ motion on dose delivery. The debatable point of HDR vs LDR is related to the
radiobiological effects on tissue and cancer cells being exposed to LDR or HDR radiation.
Advantages of LDR are continuous exposure of cancer cells to radiation during the entire cell
cycle, reduced effects owing to hypoxia in the cells, decreased risk of late normal tissue injury,
and the increased repair capacity of normal tissue.

A large number of patients with head and neck malignancies have been treated by HDR
brachytherapy (25,49,57,58). Local control rates are as good as those obtained by LDR therapy.
Data are continuing to accumulate, given the promising nature of this technique.

Pulsed dose rate (PDR) brachytherapy and fractionated HDR brachytherapy are being
investigated whereby the advantages of both HDR and LDR can be achieved advantageously
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(30,31). In this remote afterloading technique, the patient receives radiation from a medium
dose rate radioisotope. Typically the radiation dose is given for about 10–20 min (pulse dose),
every hour, over a period of days. Between pulses, the patient does not receive any radiation
and is free to ambulate.

3.5. Team Approach
To perform a successful implant, a radiation oncologist needs the coordinated support of

an experienced and well-informed team of anesthesiologists, head and neck surgeons, plastic
surgeons, dental surgeons, and physicists. Placement of the surgical incision, grafts, drains,
and tracheostomy and wound closure techniques need to be meticulously planned and dis-
cussed prior to surgery.

In the postoperative period, well-trained nursing staff should care for the tracheostomy as
well as provide appropriate nutrition. During the treatment the patient should receive adequate
analgesia. The implantation site is inspected at least twice a day.

Following completion of brachytherapy, removal of the tubes should be carried out in
coordination with the ear, nose, and throat surgeons. Prior to removal of the tubes, patients
must have intravenous access along with suction and bandage material. A known complica-
tion during removal of brachytherapy catheters is arterial hemorrhage, which can be con-
trolled effectively by bidigital compression.

In the postimplant period, the expected side effects such as mucositis, pain, and decreased
intake of food and water, need to be addressed with analgesics, mouthwashes, and adequate
alimentation.

4. SITES

4.1. Nasopharynx
Cancer of the nasopharynx is surrounded by critical structures such as the brainstem,

cochlea, pituitary, optic chaisma, temporal lobes, and salivary glands. Therefore brachytherapy
with either permanent or temporary implants (32) is often integral and important in the man-
agement of nasopharyngeal cancer. Nasopharyngeal tumors are highly radiosensitive and are
usually treated with chemoradiation (33). Brachytherapy is more commonly used in the treat-
ment of locally recurrent disease, given its steep dose fall-off with distance and dose optimi-
zation potential.

When the entire nasopharyngeal mucosa requires irradiation, temporary intracavitary im-
plants are optimal (34). However, in situations in which the lesion is discrete and localized,
permanent implants have been more successful (35–37). Permanent implants can be done via
a transoral (36), transnasal (37), or transpalatal (38) approach.

Vikram et al. (37) using the transnasal approach reported a 2-yr local control rate of 100%
in primary nasopharyngeal cancers. Harrison et al. (38) used the transpalatal approach in the
treatment of recurrent nasopharyngeal tumor, especially for tumors located in the
posteriosuperior wall of the nasopharynx. Harrison et al. (36) have also applied the transoral
technique with equally good control rates.

In the setting of recurrent (39–43) nasopharyngeal carcinoma, using brachytherapy, several
institutions have reported local control rates of 20–60%. Fu et al. (44) treated patients with a
combination of limited external radiation and brachytherapy. They obtained a 5-yr survival
of 41%. Teo et al. (45) utilized brachytherapy alone and obtained 5-yr local control rates of
69% with a 5-yr disease-free survival of 58%. Choy et al. (46) treated 43 patients with inter-
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stitial implant using Au-198 and obtained a 5-yr local control of 44 to 81% with a 5-yr overall
survival of 25 to 65%.

Brachytherapy can also be given as a boost in primary nasopharyngeal tumors or for
residual localized disease. Syed et al. (47) reported on 15 patients with primary nasopharyn-
geal cancer who were treated with external radiation and intracavitary boost. The 5- and 10-
yr overall rate was 61% for both, whereas the local control rates at 5 and 10 yr were 93 and
77%, respectively. Similarly Wang (48) also achieved a markedly improved 5-yr local control
rate of 93% by giving a 7–10-Gy intracavitary boost following external radiation of 64 Gy.

Levendag et al. (49) reported their experience wherein 91 patients received fractionated
intracavitary HDR boost after 60–70 Gy to a cumulative dose of 78–82 Gy. Twenty-one of
these patients, who were stage II–IVB, also received chemotherapy. They concluded that for
stage I–IIB patients, external beam radiation therapy with intracavitary radiation remains their
standard of care with local control and overall survival rates of 97 and 67%, respectively. For
the higher stage tumors, which were additionally treated with chemotherapy, local control was
86% and overall survival was 72%.

4.2. Oral Cavity
Structures within the oral cavity are essential for speech, deglutition, airway protection,

good dentition, and taste, apart from cosmesis. Preservation of this complex functioning
system is of paramount importance in the patient’s quality of life. The overwhelming majority
of cancers of the oral cavity are squamous cell in origin.

4.3. LIP
Surgical excision is recommended for small lesions that can be primarily closed without

cosmetic or functional deficit. However, most of the other lesions, especially of the upper lip,
commissure lesions, and large malignant ulcers can be effectively treated with definitive
brachytherapy. The European Group of Brachytherapy reported results of over 1800 cases of
lip cancer treated with implants (50). Local control for T1, T2, and T3 tumors were 98.4, 96.6,
and 89.9%, respectively. Jorgensen et al. (51), in their study of more than 800 patients,
reported local control of 93, 87, and 75% for T, T2, and T3 tumors, respectively. The vast
majority of studies have utilized single-plane Ir-192 temporary implants, to deliver a dose of
approx 60 Gy over a period of 6 d (Fig. 1). T3 tumors and thicker lesions can be treated to
slightly higher doses.

4.4. Oral Tongue
There are several reports of improved local control in patients with tumors of the oral tongue

following treatment with brachytherapy, either alone or in combination with external bean
radiation (52–58). The largest study (more than 600 patients) is from the Curie Institute in
Paris (56). Most patients, who had T1 and T2 disease, were treated with implant alone, to a
dose of 70 Gy over 6–9 d. Large T2 and T3 lesions received a combination of external beam
and interstitial implant. Local control for T1, T2, and T3 lesions were 86, 80, and 68%,
respectively. Similarly Mazeron et al. (52) also treated 166 patients with Ir-192 implants for
stage T1 and T2 patients. Five-year local control in 153 of these patients, who were node
negative, was 87%. These results are similar to those obtained by Spiro et al. (59): all patients
with T1, T2, and T3 lesions were treated with partial glossectomy alone. Local control was
85% for T1, 77% for T2, and 50% for T3 cancers.
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Another subgroup of patients who benefit from brachytherapy includes those who have
undergone surgery for small lesions, yet are found to have close pathologic margins, deep
muscle involvement, perineural invasion, or lymphovascular invasion (60–63). Without ad-
ditional treatment, these patients have a high rate of local recurrence. Ange et al. (62) reviewed
the records of 23 patients, who after excision biopsies of oral tongue and floor of mouth lesions
underwent primary radium implants. Local control was 100%, with good preservation of
function. They suggested doses between 5500 and 6000 cGy. Hu and Harrison (63) reported
the results of 13 patients with oral tongue and floor of mouth cancers treated with Ir-192
implants after excision of T1 or T2 tumors with close or positive margins. All patients had
pathologically negative neck dissections except one patient who had a N1 neck. A median
dose of 50 Gy (range, 45–57 Gy) was delivered at LDR, with a surgery-to-brachytherapy
interval of about 8 wk (range, 15–77 d). No patients received external beam radiation therapy.
At a median follow-up of 25 mo, no local failures occurred; two patients developed neck
failure, one of which was salvaged by additional surgery and external beam radiation. Overall
survival was 92%, with no patients developing distant metastases. A soft tissue ulcer occurred
in one patient and healed with conservative medical management. Thirty-one percent devel-
oped a RTOG grade 3 mucositis and 23% developed a grade 2 xerostomia (3/13).

Mendenhall et al. (64) also analyzed the results of 16 patients (9 oral tongue and 7 floor of
mouth) who were treated with radiation therapy following excision biopsy. While eight of

Fig. 1. Lip low-dose rate temporary interstitial implant: a T2N0 squamous cell carcinoma of the left
lower lip near the commissure. Catheters (14 gage) were percutaneously introduced through the lesion
and spaced 8–10 mm apart. Ir-192 ribbons were afterloaded to deliver a dose of 60 Gy in 6 d. The patient
had a complete response and is without recurrence at 10-yr follow-up.
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these patients were treated with interstitial implants alone, and the others were treated with a
combination of external radiation and brachytherapy. All patients had at least a 2-yr follow-
up, and 81% had a 5-yr follow-up. One patient developed intercurrent disease and succumbed.
Of the remaining 15 patients, local control was obtained in 7 of the 8 oral tongue patients and
in all 7 floor of mouth patients. These results show that brachytherapy alone leads to an
exceedingly high rate of local control and can be used as the primary treatment of choice in
this subset of patients. As minimal volume of tissue has been irradiated, the chance for further
use of radiation is available in the unlikely scenario of a second malignancy developing within
or close to a previously radiated field.

In clinically T2N0 oral tongue patients, risk of occult nodal disease warrants treatment to
the neck. Hence a combination of external beam and brachytherapy boost is recommended.
Chu and Fletcher (65) obtained excellent local control with interstitial boost of 30 Gy. They
treated T1 and T2 oral tongue cancers with this method and achieved local controls of 94.3 and
83%, respectively. However, the proportion of the dose given by brachytherapy compared
with external beam dose is subject to debate. Benk et al. (66) compared 110 T2N0 patients who
were treated with either brachytherapy implant (85 patients) or a combination of external
radiation to the primary and neck followed by a brachytherapy boost (25 patients). Local
control in those patients subjected to interstitial implant alone was 88% compared with 36%
in the other group. Pernot et al. (53) reviewed the results of 147 T2N0 patients in similar
settings. Seventy patients were treated with interstitial implant alone and compared with 77
patients who had been treated with external beam and implant. The 5-yr local control was
89.8% in those treated with implant alone and 50.6% in those treated with external irradiation
and brachytherapy implant.

Two studies also support the concept that in early-stage oral tongue cancer patients, the
greater the proportion of dose by brachytherapy, the higher the probability of local control.
Wendt et al. (67) showed that the 2-yr local control was 92% for patients treated with
brachytherapy plus external radiation less than 40 Gy, compared with 65% for patients who
received brachytherapy plus external radiation more than 40 Gy. Similarly, Mendenhall et al.
(68) reported a local control rate of 75% for an implant plus ≤30 Gy external beam radio-
therapy compared with 40% for an implant plus >30 Gy external beam radiotherapy.

To achieve optimal dosimetry and decrease incidence of side effects, certain factors need
to be considered. Multivariate analysis have revealed that dose, dose rate, and tumor size are
strongly correlative of local control, while only size and location are prognostic for necrosis.
Intersource spacing has also been studied. Simon et al. (69) treated 131 T1 and 142 T2 oral
tongue and floor of mouth cancer patients with Ir-192 implant alone. They were grouped into
2 sets based on the spacing between the sources, 9–14 mm, group 1 and 15–20 mm, group 2.
Results revealed 5-yr local control of 86% in group 1 and 76% in group 2. There was no
statistical difference based on the source distance, but it was for dose and dose rate.

Mazeron et al. (70) retrospectively analyzed 134 T1 and 145 T2 oral tongue cancers for
influence of dose and dose rate on local control and necrosis. They concluded that to achieve
maximum local tumor control and decrease the incidence of necrosis, the tumor dose of 65–
70 Gy should be given at a rate of 0.3–0.5 Gy/h. At the Henri Mondor hospital, results of 121
patients were reviewed to look for predictors of local control and necrosis (54). Age, sex, total
dose, dose rate, linear activity, and inter-source spacing were examined. Minimum follow-up
was 2 yr. They found that local control increased with increasing dose of radiation. However,
the risk of necrosis also increased with increasing dose. Pernot et al. (71) undertook a similar
study, reporting that smaller size correlated with improved local control. The ratio of treated
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surface to tumoral surface appeared to be important in predicting better control (if <1.2 the
local control was 75 vs 52% if >1.2).

Results following treatment with HDR brachytherapy for early oral tongue cancers have
been analyzed (57,58). Inoue et al. (57) conducted a phase III trial wherein patients with
T1T2N0 squamous cell carcinoma of the oral tongue were treated with either LDR
brachytherapy (15 patients) or HDR brachytherapy (14 patients). Two-year local control rates
in the LDR and HDR groups were 86 and 100%, respectively. Leung et al. (58) treated 19
T1T2N0 patients with HDR brachytherapy. They achieved a local control rate of 94.7% with
acceptable morbidity. Yamazaki et al. (72) compared 341 patients (T1T2N0) who had been
treated by LDR brachytherapy with a group of 58 patients who received HDR brachytherapy.
In their analysis, the 3- and 5-yr local control rates in patients treated with LDR brachytherapy
were 85 and 80%, respectively. The local control rate in the HDR group was 84% for both 3-
and 5-yr follow-up.

Placement of a custom-built, lead-coated mandibular shield markedly reduces the in-
cidence of mandibular osteoradionecrosis (ORN). Miura et al. (73) performed retrospec-
tive analysis on 103 patients with T1 and T2 oral cancers, treated with Ir-192 implants.
The incidence of ORN of mandible was only 2.1% in the presence of a mandibular shield;
the incidence rose to 40% without a mandibular shield. Pernot et al. (74) also showed that
routine use of the mandibular shield reduced the incidence of osteoradionecrosis from
10.5 to 5.5%.

4.5. Floor of Mouth
Early floor of mouth cancers can be successfully managed with either radiation or surgery,

with similar outcomes. When radiation therapy is considered, improved outcomes are noted
with the addition of brachytherapy. However, certain floor of mouth cancers can be in close
proximity to the mandible; hence one must be cautious and cognizant of the risk of ORN of
that bone. Pernot et al. (75) analyzed 207 patients who presented with cancer of the floor of
mouth. Brachytherapy alone was used in the treatment of 102 patients. Results revealed a 5-yr
local control rate of 97, 72, and 51% for T1, T2, and T3 patients, respectively. They also
concluded that brachytherapy alone is more advantageous than a combination of external
radiation plus implant in T1T2N0 lesions. Chu et al. (65) treated T1 and T2 floor of mouth
cancers with a combination of external beam radiation (50 Gy) and brachytherapy boost (30
Gy). The local control was 98 and 88.5% for T1 and T2 cancers, respectively. As in oral tongue
cancer, certain factors can influence local control. Most important among them is the presence
of gingival extension.

Mazeron et al. (76) reviewed data on 117 T1 and T2 floor of mouth cancer patients who were
treated with brachytherapy alone. The local control was 86% for tumors without gingival
extension; those with gingival extension had a local control of only 50%. Another predictive
factor that correlates with local control is size of tumor. Matsumoto et al. (77) analyzed 90
patients with T1 and T2 floor of mouth lesions who had undergone Au-198 implants. Local
control was 89, 76, and 56% for lesions 0-2 cm, 2–3 cm, and >3 cm, respectively. In this
population, local control with gingival extension was 55%; in the absence of gingival exten-
sion, it was 82%.

The risk of ORN of the mandible is clearly the major disadvantage of brachytherapy
procedures on floor of mouth cancer patients. As mentioned previously (73,74), placement of
a leaded mandibular shield markedly decreases the radiation dose to the mandible and in turn
decreases incidence of ORN.
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4.6. Buccal Mucosa
Buccal mucosa cancers are relatively uncommon in the western world. They are more

commonly seen in Southeast Asian countries, owing to the habitual use of chewing tobacco
either alone or mixed with areca nut, lime, and flavoring agents. This leads to oral submucous
fibrosis (78), a precursor to oral cancer.

One of the largest reviews on buccal mucosa cancers is by the European Group of
Curietherapy (79). Seven hundred and forty-eight patients who had undergone either
brachytherapy alone (226 patients), or brachytherapy with external radiation (80 patients), or
external radiation (273 patients) alone were followed up for a minimum of 3 yr. Brachytherapy
alone was carried out if the lesion was less than 5 cm. Local control rates were 81% for
brachytherapy alone, 65% for combined treatment, and 66% for external radiation alone.

Nair et al. (80) performed another large retrospective analysis. In their series of 234 patients
with T1, T2, and T3 buccal mucosa cancer, interstitial implant was undertaken to deliver a
dose of 65 Gy over a period of 6 d. Stage-specific disease free survival rates were 75, 65, and
46% for T1, T2, and T3 tumors, respectively. Large tumors also require radiation treatment
to the neck.

4.7. Oropharynx
Surveillance, Epidemiology, and End Results (SEER) results estimate that more than 8000

new cases of oropharyngeal cancer will be diagnosed in the United States in 2004 (81). There
will be approx 2000 deaths (81), many of which will probably be attributable to locoregional
failure. Brachytherapy plays an important role in the local control of malignancies in the
oropharynx. The combined use of external irradiation and brachytherapy has led to an increase
in organ preservation that in turn improved the quality of life in these patients.

4.8. Faucial Arch and Tonsil
Squamous cell carcinoma of the faucial arch and tonsil are relatively rare in the United

States. Generally speaking, squamous cell cancers arising in the anterior tonsillar pillars and
soft palate have a better prognosis compared with tonsillar fossa lesions (82). Tumors limited
to the posterior tonsillar pillar are rare.

One of the largest studies on T1–3 squamous cell carcinomas of the velotonsillar region was
by Pernot et al. (83). They evaluated the results of 361 patients who received either
brachytherapy alone (18 patients) or a combination of external beam and brachytherapy (343
patients) using an Ir-192 radioactive source. The patient distribution with respect to cancer site
was as follows: tonsils 128, soft palate 134, posterior tonsillar pillar 9, anterior tonsillar pillar
63, and glossotonsillar sulcus 27. The 5- and 10-yr local control rates were 80 and 74%, and
the overall survival rates were 53 and 27%, respectively. The study also showed that 5-yr local
control for T1–2 tumors was 87%, compared with T3 tumors, which was 67%. The local
control for N0 was 80%; for N+ it was 55%.

Mazeron et al. (84) reviewed the outcome of 165 T1–2 faucial arch squamous cell cancer
patients who were treated with either external irradiation, or brachytherapy alone, or a com-
bination of both. In this study 5-yr local control was 58, 100, and 91%, with 5-yr overall
survival being 21, 50.5, and 60%, respectively. As both local control and overall survival
improved with brachytherapy as part of treatment, they recommend that T1–2 tumors of the
faucial arch be treated with external radiation of 45 Gy followed by a brachytherapy boost of
30 Gy. If neck nodes are clinically positive, they should receive an additional 25–30 Gy, or
an elective node dissection should be performed.



Chapter 7 / Brachytherapy 103

Similar results were duplicated in studies by Puthawala et al. (85), Behar et al. (86), and
Amornmarn et al. (87). The integrated therapy of external beam radiation and interstitial
implant for tonsillar cancers resulted in improved local control and overall survival with good
function and quality of life.

Levendag et al. (30) retrospectively analyzed the results of 38 patients with squamous cell
carcinomas of the tonsil and soft palate who received treatment using PDR or fractionated
HDR brachytherapy alone or combined with external irradiation. These results were com-
pared with those obtained in 72 patients treated with external beam radiation alone. Their
analysis indicates that there was no difference in the local relapse-free survival or overall
survival between the two groups, at 3 yr of follow-up.

4.9. Base of Tongue
Cancers of the base of tongue are silent in the early stages owing to the lack of pain fibers

in the region as well as difficulty in visualizing them on routine physical examination (88).
However, owing to the rich lymphatics in the region, following an insidious period, many of
them present as locally advanced lesions. The incidence of ipsilateral neck nodes at presen-
tation is approx 70%; bilateral neck nodes are present in 20%.

Early-stage cancers can be effectively managed by either surgery or radiation. Radiation
is usually a combination of external beam radiation with a brachytherapy boost or external
beam radiation alone. Comparative analysis has also been carried out in patients with early-
stage base of tongue cancer who were treated with either surgery followed by postoperative
external radiation or primary external radiation with an interstitial implant. Houssett et al. (91)
retrospectively studied three treatment options in T1–2 base of tongue cancer patients: surgery
followed by external irradiation (arm 1), external radiation plus interstitial implant (arm 2),
and external radiation alone (arm 3). With a median follow-up of 8 yr and a minimum follow-
up of 4 yr, they found that local failure was twice as common in the external radiation alone
(arm 3 = 43%) compared with the other two (arm 1 = 18.5% and arm 2 = 20.5%). In their
opinion, external radiation followed by interstitial implantation is the best of the three thera-
peutic options. Analyses by Regueiro et al. (92) and Goffinet et al. (29) also validate the
concept that addition of a brachytherapy implant improves local control and preserves func-
tion in early-stage base of tongue cancer patients.

The surgical treatment for locally advanced base of tongue cancers consists of partial
glossectomy, neck dissection, and reconstruction with a myocutaneous flap. Occasionally
surgery may also entail supraglottic laryngectomy or even a total pharyngolaryngectomy with
reconstruction. Apart from the associated morbidity (prolonged anesthesia, increased hospital
stay, infection, ventilator dependency, intensive nursing care) of such surgery, this also can
lead to serious functional deficits such as difficulty in speech and swallowing causing inability
to work, communicate with others, and eat in public. Moreover, patients undergoing surgery
for locally advanced base of tongue cancer do require postoperative radiation.

Current literature data (29,89,93–95) strongly support external beam radiation to the pri-
mary and neck combined with a brachytherapy boost to the primary. This has resulted in
excellent locoregional control along with highly desired minimal functional deficit. This is
turn has noticeably led to organ preservation and improved quality of life in this set of patients.

Harrison et al. (93) have published long-term results of base of tongue cancer patients who
were primarily treated with radiation, with neck dissection added for those initially seen with
palpable neck nodes. Initially, patients received external beam radiation to the primary site
and upper neck (54 Gy) and to the low neck (50 Gy). Clinically node-positive necks received
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an additional 6 Gy with external beam radiation. An Ir-192 boost of 20–30 Gy was given 3 wk
later, at the same time as the neck dissection (Fig. 2). In their analysis of 68 patients, the
actuarial 5- and 10-yr local control was 89 and 89%, with overall survival of 86 and 52%,
respectively. The actuarial 5- and 10-yr neck control was 96% overall, 86% after radiation
alone, and 100% after radiation plus neck dissection.

Harrison et al. (96,97) also performed detailed quality of life assessments on long-term
survivors of locally advanced base of tongue cancer patients who had undergone primary
radiation treatment. Patients completed (1) the Memorial Symptom Assessment scale (MSAS),
(2) the Functional Assessment of Cancer Therapy (FACT), (3) the Performance Status Scale
for Head and Neck cancer (PSS) (98), and a sociodemographic and economic questionnaire.
The PSS scoring revealed that 83% were able to eat in public comfortably, 75% could tolerate
a normal diet, and 93% were able to communicate effectively. FACT results revealed that 72%
were able to maintain their full-time employment status. Of those who were working part-time
prior to their diagnosis, 83% were able to continue to do so after radiation treatment.

Fig. 2. Base of tongue low-dose rate implant. Patient is a 57-yr-old male who presented with a T4N0M0
squamous cell carcinoma of the tongue base. He received a course of external beam radiation to a dose
of 54 Gy to the tongue base and 54 Gy electively to both sides of the neck. Within 3 wk of completion
he underwent base of tongue implant. The implant was done via the looping technique, introducing the
catheters in the submental area using curved metal trochars. A dose of 30Gy was delivered to complete
treatment.
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Other investigators (29,89,94,95) have also demonstrated effective local control rates
when patients with locally advanced base of tongue lesions are treated primarily with
external beam radiation and brachytherapy boost. Crook et al. (89) analyzed the results
of T1 and T2 patients treated by external radiation and interstitial implant. Few of these
patients were treated exclusively with implant alone. Five-year local control rates were
85% for T1 lesions and 71% for T2 lesions. Horwitz et al. (94) treated 20 base of tongue
cancer patients with a combination of external beam radiation and interstitial boost of I-
125 seeds. The 5-yr actuarial local control and overall survival rates were 88 and 72%,
respectively. Puthawala et al. (95) published their 10-yr experience on the treatment of 70
patients with base of tongue cancer. Following a minimum follow-up of 2 yr, the overall
local control was 83%, and the absolute 3-yr disease-free survival for the entire group was
67%. Goffinet et al. (29) also evaluated 28 base of tongue cancer patients 29. They
received combined external radiation and brachytherapy boost using an Ir-192 radioac-
tive source; 71% of the patients remained disease free at a mean follow-up of 32 mo. The
authors conclude that base of tongue cancers can be effectively treated with a combination
of external beam and interstitial radiation.

4.10. Neck Nodes
Prognosis in patients with large nodal recurrence following failure of primary treatment is

dismal. Aside from failure of treatment, these patients have a very poor quality of life owing
to severe pain, wound breakdown, infection, fistula formation, bleeding, and necrosis within
the cervical lymph nodes. These terminally ill patients are also prone to receive limited
medical attention, given their poor prognosis. Brachytherapy can be a useful last option in
these patients

Inoperable neck nodes in locally advanced or recurrent head and neck cancer may be
managed by either temporary or permanent implantation of radioactive seeds. Cornes et al.
(99) reported their analysis of 39 patients who underwent maximal surgical resection and
reirradiation with implantation of Ir-192 seeds. Thirteen patients underwent salvage surgery
and brachytherapy without reconstruction. The local control at 1 yr was 68%. However, 46%
also experienced severe radiation induced fibrosis and neck contracture. In the remaining 26
patients, who underwent salvage surgery and brachytherapy with a reconstruction flap, local
control at 1 yr was 63%, with severe side effects in 12%.

Choo et al. (100), at the Ottawa regional cancer center, treated 20 patients with
recurrent or persistent neck metastases with Ir-192 implants. Of the 20 patients, 9 also
underwent salvage surgery, 3 other patients received additional external beam radia-
tion, and 8 were treated with brachytherapy as the sole modality of treatment. They
reported that in 15 patients, immediate local control was 100%. At 27 mo of follow up,
25% were alive.

Goffinet et al. (101) reported a neck implant technique using I-125 seeds braided onto a
vicryl suture. After maximal surgical debulking, the braided seeds are sutured in regular rows,
according to a preplan whereby a dose of 80–120 Gy is delivered. The higher dose is given
if the patient has not received any radiation previously. In 53 nonirradiated patients treated
with this technique, effective local control in the head and neck region was obtained in 71%.
In 38 patients who had been irradiated previously, local control was 59%. Goffinet et al. (102)
also placed afterloading tubes in the neck. Ir-192 or I-125 radioactive sources were afterloaded
to deliver a dose of 20–30 Gy. They obtained local control of 80% in 13 patients who were
treated with this technique.
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4.11. Skull Base Tumors
Skull base tumors, as the name implies, are critically close to such vital structures as cranial

nerves, brain parenchyma, spinal cord, and major blood vessels. Radiation dose by external
beam may be limited, unless given by stereotactic technique, owing to the tolerance of the
surrounding normal structures. Kumar et al. (103,104) treated 15 patients with skull base
meningioma, by placement of permanent radioactive I-125 seeds, under local anesthesia. The
dose administered was 100–500 Gy, at a dose rate of 0.05–0.25 Gy/h. At a median follow-up
of 15 mo all patients were alive. The authors also note that there were no early or late com-
plications in their patients. Gutin et al. (105) treated 13 patients with recurrent and locally
advanced skull base and spine tumors with placement of I-125 seeds. All 13 patients had been
previously treated with radiation. In their analysis, the tumor regressed or stabilized in three
patients, and two other patients had long-term remission.

5. RECURRENT HEAD AND NECK CANCER

Retreatment of locally recurrent head and neck cancer is a technical challenge to the head
and neck oncologist. The use of a single modality of treatment, be it surgery or radiation or
chemotherapy, is rarely curative. Prior to initiating treatment, a complete restaging workup
is essential. This will help in formulating a treatment plan for the individual. The risk–benefit
ratio of intensive therapy to the site of failure in the head and neck is taken into account. Results
of retrospective analysis are further complicated the heterogenous population of patients in
these studies. Nevertheless, most studies show that optimal locoregional control can be
achieved with the inclusion of brachytherapy as a component of the treatment.

Goffinet et al. (101) reported their series of 34 patients with recurrent head and neck cancer.
They underwent intraoperative placement of permanent implantation of I-125 seeds impreg-
nated on a vicryl suture at the time of salvage surgery (Fig. 3). A local control rate of 59% was
obtained. Mazeron et al. (106) treated 70 recurrent head and neck cancer patients, who had
been previously irradiated, with an Ir-192 implant. The actuarial local control at 5 yr was 69%.
In patients with recurrences in the faucial arch and posterior pharyngeal arch, the local control
was 100%. Syed et al. (107) treated 29 persistent or recurrent head and neck cancer patients
who had had a full course of radiation previously. A dose of 50–70 Gy was administered over
a period of 3–5 d. Sixty-three percent of patients had complete local control at 18–36 mo.

Peiffert et al. (108) treated 73 patients with recurrent velotonsillar carcinomas who had
been previously irradiated. Ir-192 radioactive sources were implanted to deliver a dose of
approximately 60 Gy. Grade 2, soft tissue necrosis, was seen in 10 patients in whom the
implanted dose was greater than 60 Gy. The 5-yr specific survival was 64%; however, the
overall survival was only 30%. It was commented that 42% of the patient succumbed to
another malignancy, and all but two of these patients continued to abuse tobacco and alcohol
products. Lee et al. (109) analyzed the results of 41 patients who underwent salvage surgery
with I-125 implant, for a diagnosis of extensive recurrent head and neck carcinoma. Recon-
struction using myocutaneous flaps was done in 18 patients. The average I-125 dose was
approximately 80 Gy. The 5-yr local control and actuarial overall survival rates were 44 and
40%, respectively. Major complications were transient wound infection (32%), flap necrosis
(24%), fistula formation (10%), and carotid rupture (5%).

Because of the increased potential for morbidity and mortality (carotid rupture is inevita-
bility fatal), a surgical reconstruction using free tissue transfer flaps or myocutaneous flaps
have been performed to reduce complications in this setting.
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6. INTRAOPERATIVE RADIATION THERAPY

Intraoperative radiation therapy (IORT) is a special type of brachytherapy technique that
delivers, in a single session, a radiation dose to  the tumor bed under direct visualization with
normal tissues shielded or displaced from the irradiated area. Thus, a single large dose of
radiation (10–20 Gy) can be delivered to the tumor bed after surgical resection with even
further protection of adjacent normal tissue, particularly the skin and suture line, which can
decrease the risk of postoperative complications. Also, direct visualization and placement of
the applicator over the tumor site for a short period insures greater accuracy of delivery. This
results in an improved therapeutic ratio of local control vs complications. The biologic effec-
tiveness of a single-dose IORT is considered equivalent to 1.5–2.5 times the same total dose
of fractionated electron beam radiotherapy (110), which allows dose escalation.

Intraoperative brachytherapy can be  given by placement of a sterile flaccid applicator over
the tumor bed that acts as a conduit, allowing a high-dose radioactive source (IORT-HDR) to
deliver radiation to the tumor bed (Fig. 4). Alternatively, it can be delivered via electrons
(IOERT) using special cones that are placed in direct contact with the tumor bed. In the United
States, both modalities of IORT are restricted to institutions with experience in the technique.

Hu et al. (111) have evaluated the use of IORT-HDR in 15 patients with locally advanced
or recurrent head and neck cancer. A median dose of 12 Gy was delivered to the tumor bed,
using the Harrison-Anderson-Mick (HAM) applicator. At a median follow-up of 10 mo, the
crude local control was 80%, with a disease-free survival of 74%. Nag et al. (112) analyzed

Fig. 3. I-125 permanent implant. The patient was previously treated with external beams radiation for
a supraglottic larynx carcinoma. He did well until a neck recurrence developed 18 mo later. He under-
went neck dissection, and a permanent I-125 seed implant embedded in a vicryl suture was sewn into
the soft tissues of the neck.
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the results of 29 patients with base of skull involvement. Following maximal surgical resec-
tion, patients received 7.5–15 Gy via IORT-HDR. Twenty-one percent had received external
radiation previously. Overall local control and survival rates were 66 and 72%, respectively.

Garrett et al. (113) treated 28 patients with IOERT, 61% of who had previously received
external radiation. Local control and overall survival rates were 66 and 67%, respectively. In
this group of patients, 23% had gross residual disease following maximal surgery. Rate et al.
(114) delivered a median dose of 20 Gy using IOERT to 47 patients with recurrent head and
neck cancer. All had received external radiation previously. The local control rate was 62%.
Even in this series, 23% of patients had residual tumor after surgery. A study by Coleman et
al. (115) yielded similar results.

These studies reveal that in the setting of locally advanced or recurrent head and neck
cancer, the best results using IORT are obtained following maximal surgical resection com-
bined with external beam radiation (116).

7. CONCLUSIONS

In head and neck cancer patients, curative treatment and quality of life are inextricably
linked. Minimizing toxicity in the planned treatment protocol will help to preserve organs and
decrease treatment-related morbidity. Brachytherapy provides curative doses to the tumor
while minimizing dose to the surrounding normal tissue. Most importantly, the improved
therapeutic ratio increases the chance of organ preservation, leading to improved quality of
life with respect to function, emotion, and cosmesis. Brachytherapy has been proved to be
effective either as a single modality of treatment or in combination with external beam radia-
tion, surgery, and chemotherapy. It has a proven role in the setting of recurrent or persistent
disease. Retrospective studies have shown that both LDR and HDR brachytherapy are effec-
tive in head and neck cancers. PDR is a promising approach that is under active investigation.

Proper patient selection, a radiation oncologist skilled in brachytherapy, and good dosim-
etry planning can minimize risks and complications. A coordinated team approach, with
personnel well versed in brachytherapy, maximizes the potential to perform a high-quality
brachytherapy implant. All these factors are pivotal in making brachytherapy a successful and
essential component in the treatment of head and neck malignancies.
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1. INTRODUCTION

Head and neck cancer represents a complex collection of tumors involving mucosal sur-
faces of the upper aerodigestive tract. Approximately 43,000 cases are diagnosed each year
in the United States, representing 3 to 4% of all cancers (1). Worldwide, head and neck cancer
represents a much broader oncology problem (~500,000 annual cases), with tumor develop-
ment strongly associated with chronic tobacco and alcohol use.

Radiation plays a central role in the treatment of head and neck cancer. New radiation
delivery techniques offer a powerful potential to diminish the spectrum and severity of radia-
tion toxicities for head and neck cancer patients. For many decades, conventional head and
neck radiation techniques have involved treatment with generous opposed lateral beams to
encompass the known primary tumor and upper cervical lymphatics. This classical technique
produces a relatively homogeneous dose distribution that allows excellent target dosing while
minimizing hot and cold spots. However, owing to the tight proximity of tumor targets and
normal tissue in the head and neck region, many uninvolved structures including salivary
glands, spinal cord, auditory apparatus, optic apparatus, mandible, and vocal cords can unnec-
essarily receive high doses of radiation.

Intensity-modulated radiation therapy (IMRT) represents an advance in technology that
allows the radiation oncologist to “shape” radiation dose profiles around normal structures
while fully dosing the tumor and at-risk nodal regions. This capacity for improved dose
distribution affords considerable opportunity to reduce the overall toxicity profile associated
with head and neck radiation. However, despite high promise, IMRT use remains in its early
stages, and must be delivered with strict attention to quality assurance, as relatively few long-
term clinical data exist. Furthermore, IMRT is quite labor intensive for the practitioner, with
a strong dependence on physics and quality assurance support, thus leaving open the possi-
bility for significant heterogeneity across practitioners and institutions.

1.2. What is Intensity-Modulated Radiation Therapy?
IMRT refers to a specific technique of linear accelerator-based radiation therapy whereby

radiation beams are modulated in such a manner as to produce highly conformal dose distri-
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butions. A primary objective of IMRT is to reduce dose to selected normal tissue structures
in an effort to preserve function, while maintaining full dose delivery to tumor targets. In
conventional head and neck radiotherapy, the fields are shaped by blocks and potentially
modulated by wedges or custom tissues compensators (2). In contrast, IMRT is delivered by
either multiple modulated static fields (step and shoot) or by a continuously rotating gantry
(serial tomotherapy). As the radiation is delivered, specific subsections of each field, known
as beamlets, are delivered at different intensities to produce highly conformal dose distribu-
tion around irregular shapes (Fig. 1).

IMRT planning is conceptually distinct from conventional radiotherapy planning. With
conventional head and neck planning, the radiation oncologist will shape beams by viewing
anteroposterior (AP) and lateral radiographs of the head and neck. A generous field margin
is used to account for setup variation and physical characteristics of the beam itself. The
radiation dose and profile are then calculated using broad and simple beams in a process
known as forward planning. In contrast, IMRT planning requires the up-front designation of
specific targets (gross tumor, elective nodal regions) and avoidance structures (spinal cord,
salivary glands, optic apparatus, and so on). Dose specifications are then defined for each of
the targets and avoidance structures. The computer planning software then creates a series of
beam angles with modulation patterns that strive to achieve the physician’s dose prescription
goals. This process is known as inverse planning.

1.3. History
IMRT was first conceptualized in the 1960s. However, it was not until the 1980s and 1990s

that the computing capability needed for the complex inverse planning algorithms became
commercially available (3). In 1994, the NOMOS Peacock system was introduced as the first
commercial IMRT delivery unit. The Peacock system required that an existing linac be ret-
rofitted with a beam modulation device known as a dynamic multivane intensity-modulating
collimator (MIMiC). The MIMiC allowed a radiation beam to be continuously modulated as
the gantry rotated. This particular form of IMRT is called serial tomotherapy, as “slices” could
be treated by a continually rotating gantry. More recently, other forms of IMRT have come
into common use. Step and shoot IMRT represents another commonly used technique whereby
multiple static beams are subdivided into “beamlets.” Each individual beamlet is then modu-
lated. Helical tomotherapy is similar to the Peacock system but has the added features of a

Fig. 1. Transverse, sagittal, and coronal images of head and neck IMRT plan for a patient with squamous
cell carcinoma of the right tonsil. The left parotid gland (arrow) is specifically spared from high-dose
radiation (mean dose of approx 22 Gy for left parotid).
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moving treatment table, allowing large fields to be treated in a single spiral, with a computed
tomography (CT) array diametrically opposed to the energy source allowing for imaging
capability during the time of treatment. Each of these systems shares the commonality of need
for intensive physics support, precise anatomical target definition, and rigorous quality assur-
ance processes.

2. TREATMENT PLANNING

IMRT treatment planning involves three principal stages. These general stages include
image acquisition from the patient for treatment planning, target and avoidance structure
delineation by the physician, and inverse planning by physics and dosimetry (Table 1).

In the first step (image acquisition), a CT scan of the head and neck region is performed.
This scan is similar to that performed for standard 3D conformal radiation therapy (3D-CRT).
Initially, some form of head and neck immobilization mask is created for patient positioning.
Selected institutions will engage additional immobilization measures such as reinforced ther-
moplastic masking (4), shoulder immobilization, or maxillofacial biteblocks for optical guid-
ance (5). A thin-sliced CT scan or CT-positron emission tomography (PET) fusion scan is then
acquired in the treatment position. Despite these additional measures for enhanced setup
reproducibility, from the patient’s perspective, the preplanning process is not substantially
different from conventional radiation planning.

Once high-quality imaging is acquired, primary tumor and elective nodal targets are defined
by the physician on serial CT scan images (target delineation). The primary tumor target (gross
tumor volume [GTV]), represents the radiographically visible tumor as seen on the CT scan
and complemented by physical exam findings. Thereafter, elective or “at-risk” nodal regions
are contoured on a slice-by-slice basis for establishment of a clinical target volume (CTV).
One common approach involves the designation of a high-risk CTV (CTV-1) encompassing
soft tissue and nodal regions adjacent to the GTV (6). A lower risk CTV-2 may also be
designated, which commonly represents nodal regions contralateral to the primary tumor.
Selected avoidance structures are then defined such as parotid glands, spinal cord, mandible,
and optic apparatus/chaism (if applicable).

Despite emerging publications with suggested guidelines to standardize and simplify the
process of elective nodal coverage, target definition remains a highly labor-intensive process
(7–14). Furthermore, significant target-delineation heterogeneity exists across institutions.
Publications regarding head and neck IMRT from institutions with significant expertise can
demonstrate significant variation in the design of coverage volumes (15).

Once the tumor targets and avoidance structures are defined, the physician prescribes actual
doses that each target should receive. Commonly, the GTV may receive doses of approx 70
Gy, whereas CTV-1 may receive 54–66 Gy, and CTV-2 may receive 50–54 Gy in the defini-
tive treatment setting (6). Final doses for grossly involved nodes may depend on whether or
not the patient is scheduled for a planned postradiation (or chemoradiation) neck dissection
as well as the overall volume of the involved nodes (16). Avoidance structures may have

Table 1
Principal Stages of IMRT Treatment Planning

1. Image acquisition
2. Target delineation
3. Inverse planning
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specific dose limitations assigned to them based on accepted tolerances. For example, dose to
the contralateral parotid gland may be limited to a mean dose of 20–26 Gy (17) in an effort
to preserve long term salivary function.

In the final phase of IMRT treatment planning, physics and dosimetry develop a deliverable
IMRT plan using an inverse planning process. During this process, a specific beam arrange-
ment and modulation pattern are created. The physician then reviews the plan to ensure that
target coverage is adequate while striving to achieve the normal tissue avoidance goals suc-
cessfully. Once the plan is physician approved, physics performs further quality assurance at
the treatment machine prior to the first treatment to ensure that radiation is delivered as
planned.

3. TREATMENT DELIVERY

From the patient’s perspective, IMRT treatments are quite similar to conventional treat-
ments, as the treatments are delivered daily with a linear accelerator. However, the treatments
can differ for the patient in certain ways. First, the daily treatment time is somewhat longer,
as more individual treatment fields are used. The increased beam modulation necessitates
longer “beam-on” times to deliver the same dose. A conventional head and neck radiation
treatment is delivered in approx 5–10 min. In contrast, an IMRT head and neck treatment may
be delivered over approx 25–30 min.

With a goal to diminish toxicities, IMRT dose profiles commonly reveal steep dose gradients
between tumor and adjacent normal structures. Therefore, quality head and neck IMRT requires
highly reproducible patient setup and positioning on a daily basis. For conventional head and
neck radiotherapy, patients are aligned with simple laser and mask marks using weekly position
check films for quality assurance. This setup method safely allows 3–8-mm variations in daily
setup (18). Conventional radiotherapy design with large lateral fields readily accounts for this
daily setup variation. High-quality IMRT demands more rigorous setup verification and immo-
bilization. A number of techniques can be used, such as optical guidance (5), daily portal filming,
or the use of linac/imaging machine hybrids. These techniques may require patients to use an
additional apparatus like a maxillary bite tray for optical guidance or have their treatment time
extended slightly for daily imaging. Nonetheless, most patients appear to accept  IMRI readily,
particularly if the goal of normal tissue protection is appreciated.

4. CLINICAL DATA

Several reports have described early clinical promise with head and neck IMRT, for both
tumor control and reduction of xerostomia. These data generally represent limited single-
institution experience, often with a heterogeneous group of patients (postoperative vs defini-
tive, chemotherapy vs no chemotherapy, varying dose/fractionation schemes). Prospective,
multiinstitutional protocols that incorporate IMRT for head and neck cancer patients remain
in the early stages.

Mature clinical data regarding the efficacy of IMRT in the management of head and neck
cancer is just emerging. Preliminary single-institution experience with IMRT suggests favor-
able outcomes (Table 2). These results must be interpreted with caution, given the small
overall numbers and careful patient selection, but they suggest that head and neck IMRT
appears to be safe and effective in appropriately selected patients.

Chao et al. (19) have reported on 126 patients who underwent head and neck IMRT. Forty-
one percent of patients were treated definitively and the remainder postoperatively. Some
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patients also received chemotherapy. The 2-yr actuarial locoregional control rate was 85%.
Dawson et al. (20) published patterns of recurrence from a group of head and neck cancer
patients treated with parotid sparing IMRT techniques at the University of Michigan. Fifty-
eight patients with primary head and neck cancer were treated definitively or postoperatively
and followed for a median of 27 mo. Chemotherapy was administered in 28%. A 79% local
rate of control was achieved, with 12 patients developing recurrence by 2 yr. Butler et al. (21)
reported on 20 patients with primary head and neck tumors; 19 patients had a complete
response to therapy and a significant reduction of dose to parotid glands. With a median
follow-up of 13.5 mo, two patients who achieved a complete response developed local recur-
rence at 10 and 15 mo. Treatments were generally well tolerated. Lee et al. (22) reported on
67 patients with nasopharyngeal carcinoma who were treated with IMRT. Fifty of 58 patients
were treated with concomitant and adjuvant chemotherapy. With a median follow-up of 31
mo, a local-regional progression-free rate of 98% was observed. These results have stimulated
further evaluation of head and neck IMRT in an ongoing cooperative group trial for nasophar-
ynx cancer patients through the Radiation Therapy Oncology Group (RTOG).

These studies suggest that IMRT represents a promising new therapy in head and neck
cancer. However, these early results must be viewed with some caution. Aside from the
nasopharynx data, these series include a variety of head and neck disease sites, some treated
definitively and some postoperatively. Chemotherapy regimens and fractionation regimens
vary within and across the published series. Overall follow-up for the patients remains rela-
tively short. The specific techniques of IMRT treatment show evolution within each of these
updated series. All these factors suggest that ongoing careful and systematic evaluation re-
garding acute and long term outcomes with head and neck IMRT should be pursued. Indeed,
several recent reports identify challenges that remain in the safe and effective advancement
of head and neck IMRT (23–25). Data are emerging regarding key contributing factors for
disease control and treatment failure for head and neck IMRT, including tumor characteristics
and treatment technique. Chao et al. (26) found that primary tumor GTV and nodal GTV size
independently predicted for therapeutic outcome. Analysis of patterns of failure in patients
treated with IMRT led Eisbruch and colleagues (27) to recommend careful attention to
retropharyngeal nodes in patients with oropharyngeal primaries. Further reports based on
clinical outcome will continue to shape the practice of head and neck IMRT.

Table 2
Preliminary Single-Institution Experience With Intensity-Modulated Radiation Therapy

No. of Definitive vs Chemotherapy Locoregional
Series patients Disease site postoperative (yes/no) control (%)

Chao et al. (16) 126 General head Both Yesa 89 (2-yr)
and neck

Dawson et al. (20) 68 General head Both Yesa 79 (2-yr)
and neck

Lee et al. (21) 67 Nasopharynx Definitive Yes 98 (4-yr)
Butler et al. (20) 20 General head Definitive No 85

and neck

aThese series contain some patients who did not receive chemotherapy.
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4.1. Salivary Sparing
In head and neck cancer, one of the most common rationales for IMRT is to preserve salivary

gland function and thereby diminish the severity of chronic xerostomia with associated adverse
impact on taste, swallowing, dentition, speech, and overall quality of life. In addition, the
capacity of IMRT to limit dose to normal tissue structures may also allow dose escalation and
differential dose painting, thereby accomplishing “in-field tumor boosting” (21).

Xerostomia brings significant long-term consequences for the head and neck cancer patient.
Lack of salivary production can lead to sore throat, decreased taste, dental decay, mandibular
osteoradionecrosis, and impaired voice and swallowing functioning. IMRT techniques afford
distinct opportunities for salivary gland sparing (Figs. 2 and 3). Eisbruch et al. (17) suggest

Fig. 2. Isodose distributions contrasting conventional (left) and IMRT (right) head and neck treatment
plans. Dramatic reduction of dose to the left parotid gland is achieved with the IMRT plan.

Fig. 3. (A) Parotid gland doses for conventional and IMRT head and neck radiation. The gray bar
represents the general dose range at which preservation of salivary sparing gland function appears
achievable. (B) Recovery pattern of salivary flow (%) following conventional vs IMRT head and neck
radiation. Values represent comparison to pre-RT salivary function.



Chapter 8 / IMRT in Head and Neck Cancer 121

that mean doses of 26 Gy or less to the parotid gland are necessary to spare long term parotid
gland function substantially. At 26 Gy or less, excellent preservation of salivary function
(unstimulated and stimulated respectively) was observed (17). In addition, Eisbruch et al. (28)
have demonstrated that salivary flow correlates with improved quality of life, suggesting that
parotid sparing may be associated with improved overall clinical outcome. Chao et al. (29)
have reported on results of a trial examining the functional outcome of salivary glands at 6 mo
following radiation. Mean dose to the parotid gland was shown to correlate with ultimate
salivary flow in 41 patients analyzed. More recent studies continue to suggest that salivary
sparing is possible with IMRT using proper technique (30) and may favorably impact on
overall quality of life (31,32).

5. ADDITIONAL FACTORS

As with any new technology, questions remain regarding the use of IMRT. Some have
voiced caution about embracing IMRT as a standard of care until the acquisition and compara-
tive evaluation of more systematic clinical trials data (33,34). Nevertheless, the general use
of IMRT has increased dramatically over the last several years (Fig. 4). In a recent survey of
US radiation oncologists published by Mell and colleagues in 2003 (35), one-third of respon-
dents reported that they were currently using IMRT. In addition, more than 90% of respon-
dents who were not currently using IMRT stated that they planned to do so in the near future.
Despite this increased utilization, several notable concerns regarding the use of IMRT remain,
particularly in the case of head and neck cancer.

5.1. IMRT Standardization
One concern is reflected by a lack of standardization in IMRT planning and delivery. The

published literature describes several different techniques, and specific aspects of IMRT
planning processes remain somewhat practitioner dependent. Multiple fractionation schemes
and target delineation techniques are used. Subtle technique distinctions can pose a challenge
to new institutions that wish to commence use of IMRT. For these reasons, it is increasingly
important to provide standardized recommendations and guidelines for head and neck IMRT
planning. Indeed, guidelines are beginning to emerge with recommendations for nodal cov-
erage targets based on tumor location and stage (11,12).

5.2. IMRT Setup Precision
Radiation oncologists have been traditionally trained to use large field margins to cover

unsuspected tumor infiltration and to avoid geographical miss. Since a major goal of IMRT
is to limit dose to normal tissue structures that may reside very close to tumor targets, daily
setup precision takes on much greater significance. A recent study by Hong et al. (18) suggests
that the daily setup variations with conventional head and neck masking and immobilization
techniques may be insufficient to ensure high quality IMRT delivery over a 6–7 wk course of
treatment. Indeed, daily setup errors of several millimeters can result in underdosing of tumor
or overdosing of normal tissues such as the “spared” parotid gland, underscoring the impor-
tance of rigorous quality assurance processes for IMRT.

5.3. IMRT Fractionation
Radiation therapy paradigms for head and neck cancer have undergone substantial evolu-

tion in recent years. One significant advance involves clarification regarding the importance
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of overall treatment time. Intensification of treatment via altered fractionation has proved
valuable in improving locoregional control and disease-specific survival (36–38). In order to
intensify treatment with conventional radiotherapy, treatments are frequently delivered twice
daily during the treatment course. In light of the increase in daily treatment time required for
IMRT, and the intentional dose profile heterogeneity of IMRT, it remains unclear whether
IMRT can (or should) be delivered twice daily to mimic hyperfractionation regimens. Indeed,
there may be a good radiobiological rationale to maintain once-daily IMRT in light of the
higher daily dose delivered to tumor (GTV) targets over elective regions.

5.4. Radiation Exposure
Another theoretical concern with IMRT involves the increased machine output (monitor

units) required for IMRT delivery and the potential future risk for second malignancy. With
increased modulation of the radiation beam, more monitor units are generated to deliver the
prescribed dose. Consequently, there can be increased leakage from the linear accelerator,
increasing the body’s total exposure by two- to threefold (39). In a recent publication, Hall and
Wu (39) suggest that this increase in total body dose could potentially increase the rate of
second malignancy from 1% per 10 yr to 1.75% per 10 yr, a almost doubling the second
malignancy rate. Careful follow-up will be required to determine whether IMRT does in fact
increase the risk of second malignancy.

5.5. Future IMRT Trials
As head and neck IMRT gradually advances into more common use, the design of clinical

trials that explore the use of chemoradiation, altered fractionation, and molecular targeted
therapy becomes more complex. Indeed, the cooperative oncology groups are struggling
currently with systematic methodology to credential and quality-assure the process of head
and neck IMRT for participating institutions. The successful accomplishment of future head
and neck cancer treatment trials will need to acknowledge the steadily increasing use of IMRT
despite inherent difficulties in trial design and quality assurance. This represents a significant

Fig. 4. Cumulative use of IMRT users by year, 1992–2002. IMRT use increased most rapidly since 1998.
(Adapted from ref. 35.)
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challenge in that a broad series of promising molecular agents that may enhance radiation
response are becoming available. However, the profound variation in IMRT expertise and
delivery technique across institutions currently renders this an added variable that may serve
to complicate the evaluation of new molecular agents with radiation.

6. CONCLUSIONS

IMRT for head and neck cancer represents a highly promising technical advance in radia-
tion delivery providing enhanced dose conformation around tumor targets while diminishing
dose to normal tissue structures. One primary objective of head and neck IMRT is to provide
parotid gland sparing, which may prevent severe xerostomia and thereby improve overall
quality of life. The head and neck IMRT process is labor intensive and requires an experienced
team of specialists. Early clinical data suggest that head and neck IMRT may be effective in
both tumor control and salivary gland sparing. However, systematic validation of early clini-
cal results and long-term follow-up is highly desirable in controlled clinical trials.
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1. INTRODUCTION

Fractionation deserves a second look in light of the explosive growth and development of
radiation therapy. With the progress we have just seen in the manipulation and delivery of
cytotoxic agents in conjunction with radiotherapy, there are now new avenues to explore as
the classical dose and fraction size limits may no longer apply. Technological developments
in physics, computing, and imaging over the past three decades culminated at the end of the
1990s in the ability to deliver elaborate 3D high-dose volumes to precisely defined targets. The
traditional dose limits that are based on the tolerated dose to surrounding normal tissues may
no longer be limiting since normal tissues are now avoided to a large extent. Can dose now
be safely escalated using altered fractionation? Will the reduced toxicity also permit further
exploration of concurrent chemotherapy with altered fractionation? Will molecular image-
guided boosts to smaller subvolumes improve tolerance of “hotter” fractionation regimes?
Breakthroughs in tumor biology have opened exciting new opportunities to develop specific
molecularly targeted strategies to selectively enhance tumor response to radiation. With the
nonoverlapping set of toxicities of these agents, can they be safely administered concurrently
with more intense radiotherapy fractionation regimes?

To address these questions, a review of the results and indications of altered fraction would
be useful. A survey of the key lessons may not only provide new ideas for combining these
modalities to further improve the therapeutic ratio but should also underscore the key radio-
biological principles that remain valid and useful in guiding everyday clinical decision mak-
ing. This is especially pertinent in avoiding the potential disadvantage of the inevitable
alteration of fractionation to some targets with the use of intensity-modulated radiation therapy
(IMRT). Specifically, this review will summarize:

• The biological basis of altered fractionation: the reason(s) to expect an improved therapeutic
ratio.

• The benefit of accelerated radiotherapy regimens.
• The benefit of hyperfractioned radiotherapy regimens.
• The combination of altered fractionation with concurrent chemotherapy.

Altered Fractionation
Benefits, Pitfalls With IMRT Dosimetry,
and Combined Gains With Molecular Targeting

Anesa Ahamad, MD, FRCR, David I. Rosenthal, MD,
and K. Kian Ang, MD, PhD



126 Ahamad, Rosenthal, and Ang

• Critical fractionation issues to consider when IMRT is used:
• Delivery of lower biologically effective dose to targets and lower probability of cure.
• Prospect for improving the therapeutic ratio: dose escalations to targets without increased

dose to normal tissues.
• Current standard of care.
• Future directions: combining the gains of molecular imaging and molecular targeting with

altered fractionation.

2. THE BIOLOGICAL BASIS OF ALTERED FRACTIONATION

Until to a few years ago, the standard dose-fractionation schedule for primary treatment of
head and neck cancers in the United States was 70 Gy in 35 fractions once daily, 5 d per week
over 7 wk. Accelerated radiotherapy regimens administer the entire course in less than the
standard (7-wk) overall treatment time. Hyperfractioned radiotherapy regimens administer
a smaller dose (<2 Gy) per fraction over the same overall treatment time, usually by delivering
more than one fraction per day. Both regimes improve locoregional control in head and neck
squamous cell carcinoma (HNSCC). The biological mechanism of this is explained in Sub-
headings 2.1. and 2.2.

2.1. Accelerated Fractionation
Accelerated fractionation shortens the overall treatment time and improves outcome by

counteracting the “hazard of accelerated tumor clonogen repopulation during radiotherapy”
(1). As tumor regresses during the course of radiation, the clonogenic surviving cells begin to
proliferate more rapidly and reduce the overall net cytotoxicity of a fractionated course of
radiation. This is well described in an analysis by Withers et al. (1), who correlated tumor
control with overall treatment time in head and neck cancer. As duration of radiotherapy is
prolonged beyond 3–4 wk, the probability of local control decreases. Beyond this time the
effect of each additional day is equivalent to a loss of dose effectiveness of approx 0.6 Gy. This
was confirmed by a later analysis (2), which showed that the lag before accelerated tumor
clonogen may be less than 3 wk and that an extra 0.48 Gy/d is needed to compensate for this
effect. Conversely, if the treatment duration can be reduced from the classical 7 wk, an
improvement in outcome can be expected. However, to deliver treatment in less than 7 wk,
it is not possible to simply give the dose in larger daily fractions because of the adverse effect
of large fraction-size normal tissue late effects. Such effects on surrounding normal tissue are
dose limiting in radiation therapy. To keep the level of late effects acceptable, either the total
cumulative dose needs to be decreased, or a smaller dose per fraction may be given, as in the
concomitant boost schema. The improvement in the therapeutic ratio by accelerated fraction-
ation regimes is owing to the administration of the course of treatment in a time period short
enough to avoid the effect of accelerated clonogenic proliferation. The probability of tumor
control increases for a given total dose delivered in shorter treatment time. This leads to a
therapeutic gain since overall treatment time has little influence on the probability of late
normal tissue injury (when the fraction size is not increased and the interval between dose
fractions is adequate for repair of sublethal DNA injury) (3). However, when the overall
duration of treatment is markedly reduced, acute reactions become intolerable, and it is nec-
essary to reduce total dose or fraction size. Under these circumstances, a therapeutic gain is
realized only if the dose equivalent of regeneration of tumor cells exceeds the actual reduction
in dose required to keep acute reactions at a tolerable level (4).
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2.2. Hyperfractionation
Hyperfractionation increases the therapeutic gain by either permitting a higher total dose

to be delivered or reducing the late effects by a sparing effect of small fraction size on normal
tissues manifesting late complications. This is the exploitation of the subtle difference in the
modes of cell kill by radiation that is a linear quadratic function of dose. The ratio of the linear
and the quadratic components of cell killing, / , is a quantitative measure of a tissue’s
sensitivity to dose per fraction. Most late-responding normal tissues (for example, when
fibrosis, necrosis, and demyelination are present) have a small / value of around 1–4 and
are highly sensitive to fraction size. The administration of smaller doses per fraction allows
repair of sublethal injury in normal tissue during the interfraction interval (which generally
takes 6 h to approach completion in late-responding tissues). Whereas late-responding
normal tissue tends to have small / values and be sensitive to the sparing effect of small
fraction size, most human tumors (5,6) and acute-responding tissue, such as skin, mucosa, and
hemopoetic tissue, have large / ratios of around 8–14 and are less capable of repair in the
interfraction interval. They are less sensitive to the sparing effect of small fraction size.
Therefore, hyperfractionation spares normal tissue but not tumor. Since late normal tissue
complications are generally dose limiting for conventional daily fractionated radiation therapy
(7), reducing the dose per fraction permits a higher total dose to be given with a greater
probability of tumor control for the same level of late effect. Hyperfractionation may also
increase tumor radiosensitivity by redistribution of cells into more radiosensitive phases of
mitosis. As the number of fractions increases, the probability of cells being hit as they progress
through sensitive phases increases. Hyperfractionation may also permit improved oxygen-
ation of tumor, which increases radiosensitivity.

By the end of the 1980s the strategy was summed up as: give as high a dose as you can
without causing severe late effects, using smaller doses per fraction of around 1.8–2 Gy to
keep the late effects moderate compared with tumor kill, and give this dose in as short an
overall time as you can (1).

Clinical experience by the end of that decade also showed that three fractions × 2 Gy per
day cannot be given without causing severe late effects. The maximum dose that can be given,
whatever the fractionation, appeared to be no more than 4.8–5 Gy per day. No more than 55
Gy can be given within 2 wk, or acute effects become too severe (8). Based on these facts, a
number of randomized trials were started. Those results are now available and are summarized
in the next two sections.

3. THE BENEFIT OF ACCELERATED RADIOTHERAPY REGIMENS

Table 1 summarizes the data of four prospective trials testing pure accelerated fractionation
against the conventional regimen. The key findings of accelerated fractionation regimens are
summarized at the end of this section.

The regimes tested in the first two trials were found to induce unacceptable acute toxicity
and have been abandoned, but the two other trials yielded positive outcomes. The Vancouver
Cancer Center regimen (66 Gy as ten 2-Gy fractions per week in an overall 22–25 d instead
of the conventional 45–48 d [9]) was terminated prematurely because the proportion of grade
4 late reactions was significantly increased in the accelerated arm. The investigators of M.
Sklodowska-Curie Institute, Poland (66–72 Gy daily fractions 7 d per week at 1.8–2.0-Gy
fractions) reduced the overall treatment time by 2 full weeks (10). However, the incidence of
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severe confluent mucositis in the accelerated arm was more than double that of the conven-
tional arm (62 vs 26%), and the incidence of severe late complications was 10 and 0%,
respectively. The severe late complications occurred in patients who received 2 Gy per frac-
tion in the accelerated arm (5/23 patients, or 22%). Consequently, the fraction size was
decreased to 1.8 Gy per fraction in the later years of the study, and no additional late toxicity
was found. The 2-wk acceleration resulted in a significant improvement in 3-yr local control
(82 vs 37%, p < 0.0001) and overall survival (78 vs 32%, p < 0.0001). However, the results
in the control arm might be considered rather poor, as the study did not enroll patients with
N2–N3 disease, unlike most other large trials.

The experimental regimens addressed by the Danish Cooperative Group (11,12) and a
Polish Cooperative Group (13) are alike and consisted of delivery of six instead of five daily
fractions per week to a total dose of 66 Gy, which reduced the overall treatment time by 1 wk
without reducing the radiation dose. There were more severe acute reactions, but no increase
in late toxicity (e.g., edema, fibrosis), with the exception of telangiectasia (p < 0.001), observed
in the Polish study. The larger Danish study (the Danish enrolling most patients with laryngeal
cancer) demonstrated that accelerated fractionation led to a significant increase in the
locoregional control rate, which so far has not had a significant impact on survival, probably
because of the possibility of salvaging local relapses and a high rate of comorbidity.

The Polish Cooperative Group compared locoregional control, disease-free survival, and
overall survival induced by an accelerated regimen: 66 Gy given in 33 fractions over 38 d (two
fractions every Thursday) with a conventional regimen: 66 Gy given in 33 fractions over 45
d. Three hundred and ninety-five patients with T1–T3, N0, M0, glottic and supraglottic laryn-
geal cancer were randomized. There was no difference in terms of locoregional control (p =
0.37) (13).

The Danish trial is one of the largest trials of altered fractionation (11,12). It accrued 1485
patients with larynx, oropharynx, and oral cavity carcinomas of all stages. The sixth fraction
of the week was administered either on Saturdays or as a second daily fraction during one of
the weekdays. Overall 5-yr locoregional control rates improved (70 vs 60%, p = 0.0005). The
whole benefit of shortening treatment time was seen for primary tumor control (76 vs 64%,
p = 0.0001) but was nonsignificant for neck-node control. Treatment duration of 6 vs 7 wk
improved preservation of the voice among patients with laryngeal cancer (80 vs 68%, p =
0.007) and improved disease-specific survival (73 vs 66%, p = 0.01) but not overall survival.
Acute morbidity was significantly more frequent with six than with five fractions but was
transient. The six fractions a week regimen has become the standard treatment in Denmark.

Multivariate analysis showed that accelerated fractionation was particularly beneficial in
moderately and well-differentiated laryngeal cancer with no apparent benefit for poorly dif-
ferentiated tumors (analysis of 754 larynx cancers with known differentiation). This benefi-
cial effect of shortened treatment time for better differentiated cancers and better effect at the
primary site vs nodal disease led the authors to hypothesize that the mechanism of repopulation
in HNSCC is similar to the response in the normal mucosa where the tumor has originated and
that, to secure such a response, the tumor needs to have a functional mechanism capable of
regeneration. This capacity to respond to the trauma of irradiation is more likely to exist in
well-differentiated tumors, and the process may be facilitated by signaling from the surround-
ing normal mucosa. Accelerated proliferation may therefore be a response of the primary
tumor and not the nodal metastases (12).
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4. HYBRID ACCELERATED FRACTIONATION

Three forms of hybrid accelerated fractionation have been tested in randomized trials. Type
A consists of an intensive short course of treatment in which the overall duration of treatment
is markedly reduced, with a corresponding substantial decrease in the total dose. Continuous,
hyperfractionated, accelerated radiotherapy (CHART) is a prototype. Types B and C represent
techniques with which the duration of treatment is more modestly reduced, but the total dose
is kept in the same range as for a conventional treatment. This is accomplished by using either
a split-course twice-a-day fractionation regimen (type B) or a concomitant boost technique
(type C).

Table 2 summarizes five randomized trials comparing these hybrid accelerated fraction-
ations. Three trials addressed the type A regimen: CHART (14), the Trans-Tasman Radiation
Oncology Group (15), and a French Cooperative Group (GORTEC) (16) trial. The CHART
schedule (16) has the most drastic acceleration (54 Gy in three fractions per day in 2 wk, a
reduction by 4.5 wk). The total dose was reduced by 18%. CHART did not improve tumor
control or survival in head and neck cancer, but subgroup analysis revealed greater response
to CHART in advanced laryngeal primaries, younger patients, and well-differentiated tumors.
Poorly differentiated tumors fared better with conventional radiotherapy. The Tran-Tasman
Radiation Oncology Group (15) (59.4 Gy in 3.5 wk) shortened the course by 3.5 wk with a 15%
lower total dose. There was no gain in tumor control end points, there was more severe acute
mucositis, and there was a significant reduction in some grade 2 or higher late soft tissue
morbidity. The GORTEC regimen (63 Gy in 3.5 wk) also shortened the duration of treatment
by a 3.5-wk acceleration but reduced the dose by only 10%, predominantly in patients with
T4 oropharyngeal carcinomas (16). This produced a significant improvement in the 2-yr
actuarial locoregional control rate (58 vs 34%, p < 0.01) but no significant difference in overall
survival. Acute mucositis was also more pronounced in the accelerated fractionation arm,
requiring tube feeding in 90% of patients. The median follow-up was 28 mo, and late toxicity
was reportedly similar between the two arms.

Two trials addressed the type B (split-course accelerated) regimen. The European Organi-
zation for Treatment of Cancer Radiotherapy Group (17), and the Radiation Therapy Oncol-
ogy Group (RTOG) (18). The European Organization for Treatment of Cancer Radiotherapy
Group tested a thrice-a-day regimen with a 1.5–2-wk treatment acceleration and a 3% total
dose increment and showed a 13% improvement in the 5-yr locoregional control rate (95% CI:
3–23%). However, this regimen doubled the rate of grade 3–4 acute morbidities (including
iatrogenic mortality), significantly increased the incidence of grade 3 fibrosis (p < 0.001), and
was associated with severe neurological complications: seven cases of permanent peripheral
neuropathy and two cases of radiation myelopathy. In contrast, the RTOG (18) tested the spit-
course regimen with a 1-wk acceleration but a 4% total dose reduction. This was one of the
three experimental arms compared with conventional fractionation. It failed to improve the
locoregional control, and it increased acute mucositis but not late toxicity. Consequently, the
two cooperative groups abandoned these two split-course regimens because of unacceptable
toxicity and lack of efficacy, respectively.

One trial addressed the type C regime (concomitant boost regimen). The RTOG (18) trial
tested 72 Gy in 42 fractions in 6.5 wk as another one of the three experimental arms compared
with conventional fractionation (a 1-wk acceleration and a 3% total dose increment). This
regime showed a significant improvement in 2-yr locoregional control and a trend toward
improved disease-free survival, but no difference in overall survival or late toxicity.
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4.1. Key Findings of Accelerated Regimens
The key findings of accelerated fractionation regimens include the following:

• Modest acceleration by 1 wk by delivering six fractions of 2 Gy per week or a concomitant
boost regimen with neither dose reduction nor introduction of a treatment break yields superior
locoregional control of head and neck carcinomas without appreciable increase in late toxicity
but without clear impact on survival. The lack of survival advantage is perhaps because of the
patient mix: a large proportion of the patients were treated for laryngeal carcinoma, for which
salvage surgery is quite effective.

• Acceleration by more than 3 wk with a 10% total dose reduction (<6 to 7 Gy) also improves
locoregional control without demonstrable increase in late complications. However, a further
5–8% total dose reduction abrogates the gain in tumor control but appears to reduce the severity
of some late normal tissue complications, such as fibrosis and edema.

• Mucositis per se or its consequential late toxicity prevents delivery of more than 12 Gy per
week when given in two fractions of 2 Gy per day, 5 d a week or daily fractions throughout
weekends to a total dose of 66–70 Gy (pure acceleration).

• Acceleration achieves significant improved local control for well-differentiated tumors and
advanced primary mucosal site tumors but may be of little benefit to advanced nodal disease
and poorly differentiated tumors. This supports the existence of the accelerated proliferation
phenomenon in mucosa-derived tumor cells.

5. THE BENEFIT OF HYPERFRACTIONED RADIOTHERAPY REGIMENS

Table 3 summarizes the results of four randomized trials of hyperfractionation compared
with conventional regimens in intermediate to locally advanced head and neck carcinoma. The
key findings of hyperfractioned fractionation regimens are summarized at the end of this
section.

In all four trials (18–21), hyperfractionation allowed a higher total dose to be delivered,
which produced significantly improved locoregional tumor response or improved locoregional
control by 8–20% associated with more severe acute mucositis but no increase in late morbid-
ity. In two of these trials, hyperfractionation improved overall survival by 10–19%.

The Brazilian Group (19) tested hyperfractionated 70.4 Gy at 1.1 Gy twice daily in 6.5 d
vs the 66-Gy standard. This regime improved local response by 20% and found a 3.5-yr overall
survival from 8 to 27%. The European Organization for Treatment of Cancer Radiotherapy
Group (20) tested 80.5 Gy hyperfractionated at 1.15 Gy per fraction, twice per day in 7 wk vs
70 Gy at 2 Gy per fraction. The 10.5-Gy increase in dose improved locoregional control from
40 to 59%. The Princess Margaret Hospital (21) tested 58.0 Gy at 1.45 Gy twice per day over
4 wk vs 51.0 Gy at 2.55 Gy per fraction once daily (a standard fractionation at that institute).
The 7-Gy increase in dose improved locoregional control from 37 to 45% and improved 5-yr
overall survival from 30 to 40%.

The RTOG 9003 trial (18) tested 81.6 Gy at 1.2 Gy per fraction twice per day over 6 wk
vs 70 Gy at 2 Gy per fraction and two accelerated regimes, as shown in Table 3. The
hyperfractionated regime improved locoregional control from 46 to 54.4% (similar to the
improvement by accelerated fractionation with the concomitant boost arm of the trial).

This trial, which tested both alterations, provided strong evidence that total dose and treat-
ment duration are important to outcome. Locoregional control was significantly improved by an
increase of the total dose without changing overall time using hyperfractionation, or by accel-
erated overall treatment time without changing total dose using concomitant boost fractionation.
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5.1. Key Findings of Hyperfractionated Regimens
Key findings of hyperfractioned radiotherapy regimens include the following:

• Hyperfractionation is better than standard fractionation in locoregional control of intermediate
to locally advanced head and neck carcinoma. This was associated with an improvement in
survival in two trials.

• Reducing the fraction size from 2 Gy to 1.1–1.2 Gy permits a 7 to 17% total radiation dose
escalation without an increase in late complications. This supports the existence of a differen-
tial fractionation sensitivity (variable / ratios) between human late-responding normal tis-
sues and head and neck carcinomas.

6. COMBINED ALTERED FRACTIONATION
WITH CONCURRENT CHEMOTHERAPY

In light of the data in strong support of the superiority of altered fractionation to standard
radiotherapy alone, it is logical to ask whether chemotherapy would further improve the gains
obtained by altered fractionation. The findings of improved local control and survival with the
addition of concurrent chemotherapy to radiotherapy in several randomized studies (22–25)
and two recent metaanalyses (26,27) inspired investigators to combine altered fractionation
schedules with chemotherapy. These trials predominantly evaluated results with the addition
of chemotherapy, not results with different fractionation regimes.

Table 4 summarizes the results of six randomized studies investigating the efficacy of
concurrent chemotherapy regimens with altered fractionation. The choice of fractionation
regime was empirical. Radiation regimens tested so far were accelerated fractionation in three
trials, hyperfractionation in one study, and split-course altered fractionation in the remaining
two trials.

6.1. Accelerated Fractionalization Combined With Concurrent Chemotherapy
At least five trials using adequate doses of radiotherapy are summarized. An Austrian three-

arm trial tested the addition of mitomycin C (MMC) on d 5 of treatment to accelerated
fractionation: 70 Gy conventional fractionation alone vs Vienna variation of continuous
hyperfractionated accelerated radiation therapy (V-CHART) alone, 55.3 Gy in 17 d vs V-
CHART combined with concurrent MMC on d 5 (V-CHART + MMC) (28). Locoregional
tumor control was 31% after conventional fractionation, 32% after V-CHART, and 48% after
V-CHART + MMC, respectively (p < 0.05). Overall crude survival was 24% after conven-
tional fractionation, 31% after V-CHART, and 41% after V-CHART + MMC (p < 0.05).
Reducing the overall treatment time from 7 wk to 17 consecutive days and radiation dose from
70 to 55.3 Gy produced equivalent results; the addition of MMC on d 5 to the accelerated
fractionated treatment produced a significant improvement in local tumor control and sur-
vival. One-third of the patients treated with conventional fractionation and nearly all patients
treated with accelerated fractionation developed grade 3 mucositis, which usually started at
the end of or after the completion of accelerated therapy thus not causing interruption of the
radiation treatment.

A German Cooperative Group compared a concomitant boost radiation regimen with or
without carboplatin and 5-fluorouracil (29). The addition of chemotherapy produced a trend
for better locoregional control and survival rates, but it induced a significantly higher inci-
dence of chronic dysphagia, resulting in feeding-tube dependency (51 vs 25%). A secondary
randomization to receive or not receive granulocyte colony-stimulating factor to reduce mucosi-
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tis produced the unexpected finding that the administration of granulocyte colony-stimulating
factor significantly reduced the probability of locoregional control in both treatment arms.

The French Cooperative Group GORTEC tested the combination of 62–64 Gy given in 5 wk
with cisplatin and fluorouracil and terminated the trial prematurely owing to unacceptable
toxicity (30).

Split-course altered fractionation with or without concurrent chemotherapy was tested in
two trials. Both added cisplatin and fluorouracil to split-course type accelerated fractionation
schedules (70 Gy in 42–51 d) (23,31). Both showed that a chemotherapy regime improved
locoregional control vs altered fractionation alone. The locoregional control improved, with
an 18 to 26% increase in late effects. The larger trial showed improved overall survival.

6.2. Hyperfractionation and Concurrent Chemotherapy
A randomized trial by Jeremic et al. (32) tested the addition of low-dose daily cisplatin to

77 Gy at 1.1 Gy per fraction twice daily over 7 wk. Daily cisplatin improved the locoregional
progression-free survival (50 vs 36%, p = 0.04), 5-yr progression-free survival (46 vs 25%,
p = 0.007), 5-yr distant metastases free survival (86 vs 57%, p = 0.001), and 5-yr overall
survival (46 vs 25%, p = 0.008). This was a true therapeutic gain because there was no
difference in late side effects.

6.3. Ongoing RTOG Trial of Concurrent Chemotherapy
to Select Fractionation Schedules

The optimal fractionation with concomitant chemotherapy remains unclear and must be
defined by future prospective randomized trials. The RTOG is currently conducting a random-
ized trial to test whether altered fractionation improves the outcome of concurrent cisplatin
chemotherapy, i.e., whether the benefit of altered fractionation remains true in the setting of
concurrent chemotherapy (33). The fractionation is based on the findings of RTOG 90-03, as
given in Table 3 as presented earlier (18). Patients with squamous cell carcinoma of the oral
cavity, oropharynx, hypopharynx, or larynx stage III–IV disease (T2N2–3M0, T3–4 any N
M0 but not T1–2N1 or T1N2–3) are randomized to either: conventional standard radiation
(70 Gy in 35 fractions once daily over 7 wk) with three cycles of concurrent cisplatin (100 mg/
m2 given every 3 wk during radiotherapy) or concomitant boost (72 Gy in 42 fractions in 6.5
wk) with two cycles of the same chemotherapy.

7. CRITICAL FRACTIONATION ISSUES TO CONSIDER WHEN USING IMRT

Advances in the accuracy of tumor delineation by diagnostic imaging and progress in
dosimetry have made it possible to deliver high radiation doses that conform to the 3D shape
of tumor volumes using IMRT. The new era of high-precision radiation therapy brings two
major advantages: improved coverage of tumor volumes by the prescribed dose without the
use of multiple matched fields, and increased sparing of normal tissues, such as parotid gland,
spinal cord, brainstem, brain, optic nerve, and chiasm. However there are two important
fractionation issues to be considered:

• Specification of the dose and fractionation to the primary target may result in treating second-
ary targets to a lower dose per fraction. This has to be corrected by alteration of the total dose
to the secondary target to avoid the potentially serious disadvantage of delivering a lower
biologically effective dose.
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• IMRT may allow radiation dose escalation if the dose-limiting toxicity can be spared by organ
avoidance. Incremental dose may be delivered as additional fractions with prolongation of the
duration of treatment or by giving more than one fraction per day. Alternatively, the dose per
fraction may be increased and the total escalated dose delivered in the same or shortened
treatment time.

7.1. Potential Delivery of Lower Biologically Effective Dose to Targets
and Lower Probability of Cure

Classic non-IMRT radiotherapy techniques for head and neck cancer deliver doses at a
fixed dose per fraction to all targets. A large initial field encompasses the entire volume, then
the field is reduced to cover additional regions to a higher dose. For example, a classic head
and neck plan such as the one represented in Fig. 1A uses opposed lateral photon fields and
abutting electron fields to deliver 50 Gy at 2 Gy per fraction to gross disease at the primary
site and nodes, as well as to elective nodal regions and structures around the tumor that may
contain microscopic tumor cells. A smaller pair of fields is then used to deliver an additional
16–20 Gy in 8–10 fractions to the gross tumor and nodal disease to 66–70 Gy, depending on
the size of the gross tumor. A posterior electron field may be added to bring the dose adjacent
to the gross nodal tumor to 56–60 Gy. This type of fractionation is used especially with
concurrent chemotherapy.

In contrast with IMRT, all targets are treated in a fixed number of fractions, and difference
in the total dose is achieved by varying the dose per fraction. For example, 70 Gy in 35 fractions
prescribed to the gross tumor will deliver 2 Gy per fraction to this volume. The 56 and 50 Gy
prescribed to secondary target volumes will also be delivered in 35 fractions in 7 wk at a smaller
dose per fraction. The biologically effective dose of 56 Gy and 50 Gy in 35 fractions in 7 wk is
lower using IMRT because of the effect of the smaller dose per fraction and longer treatment
time, as shown in Table 5. A method to estimate the equivalent dose owing to lower dose per
fraction is the linear quadratic formula:

BED2 = D{[d + ( / )]/[2 + ( / )]}

Where BED2 is the biologically isoeffective dose at 2 Gy/fraction, D is the total dose (Gy),
d is the dose per fraction (Gy), and n is the number of fractions and an / value of 10.5 for
head and neck tumor was used (34). The BED2,T is the biologically effective dose with smaller
dose per fraction in overall prolonged treatment time, assuming that Dprolif, the dose recovered
by tumor owing to proliferation of tumor cells by prolongation, is at a rate of 0.7 Gy per day
in head and neck tumors (34). The BED2,T was calculated by the equation:

BED2,T = D{[d + ( / )]/[2 + ( / )]} – (T – t) × Dprolif

T is the prolonged time (days) and t is the original treatment time if given at 2 Gy per day.
If IMRT is used, the dose to the 56- and 50-Gy targets would therefore need to be increased
to approx 62.3 and 59.8, respectively, to correct for this decreased biological effect. This
corrected dose (Dcorr) is the total dose that could be given when IMRT is used. Table 5 also
gives the estimated total corrected dose fraction size rounded off to 1 decimal place. If the
primary target is given as 70 Gy in 35 fractions, the 56- and 50-Gy (in 2 Gy fractions) targets
should be given to 63 and 59.5 Gy at 1.8 and 1.7 Gy per fraction, respectively.

For example with the multi-institutional RTOG nasopharynx protocol, RTOG H0225,
which is testing the feasibility of delivering IMRT for nasopharyngeal carcinoma both the
gross tumor and lymph node metastasis with a 5-mm margin will receive 70 Gy in 33 fractions
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at 2.12 Gy per fraction. The primary subclinical first-echelon nodes or dissected neck area
containing lymph node metastases will receive 59.4 Gy in 33 fractions of 1.8 Gy/fraction (33).

7.2. Prospect for Improving the Therapeutic Ratio by Dose Escalations to Targets
Without Increased Dose to Normal Tissues

The experience and conclusions of altered fractionation studies are based entirely on the
results of traditional radiotherapy techniques and conventional conformal techniques. These
techniques deliver the boost dose to a much larger volume of normal tissues. However, IMRT

Fig. 1. Suggested adjustment of the total dose to secondary targets when intensity-modulated radiation
therapy (IMRT) is used. (A,B) The difference between the biologically isoeffective dose (BED) at 2 Gy/
fraction of plans using classic non-IMRT techniques for head and neck cancer, vs IMRT if the dose to
secondary targets is not adjusted. This loss of effect is caused by smaller dose per fraction and prolonged
overall treatment times. The variables used to calculate these are given in Table 6. In this example of a
T3N2 base of tongue cancer, (A) shows doses administered using a non-IMRT technique with successive
field reductions to deliver 70 Gy at 2 Gy per fraction to gross disease, 56 Gy to the high-risk region
posterior to nodal disease and 2Gy per fraction and 50 Gy to an elective contralateral nodal region at 2
Gy per fraction. In (B), biologically isoeffective dose at 2 Gy/fraction to these regions is shown if IMRT
is used without adjustment of doses. The BED of the two secondary targets is much less than in (A)
because the doses to secondary target volumes, 50 and 56 Gy, are delivered in 35 fractions in 7 wk using
IMRT at a smaller dose per fraction. The BED is calculated from the linear quadratic formula as shown
in the text. (C) The adjusted dose to be given to secondary targets if IMRT is used to deliver 70 Gy in
35 fractions to the primary CTV.
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techniques deliver lower doses to normal structures and consequently induces for less toxic-
ity. For example, parotid-sparing head and neck IMRT has been shown to reduce the inci-
dence and severity of xerostomia (35–37).

Reduced dose to the brain and optic and otic apparatus may translate into fewer central
nervous system complications and improved quality of life. However, a further advantage of
IMRT may be its potential for dose escalation. If the toxicity that traditionally limits the total
prescribed dose can be reduced, then IMRT may actually invalidate accepted limits of frac-
tionation and dose intensity and open up a new set of boundaries. IMRT is being studied by
the RTOG in two current studies:

• RTOG-H0022 is studying early oropharyngeal cancer treatment using IMRT. The prescribed
dose to the primary planning target volume is 66 Gy in 30 fractions at 2.2 Gy per fraction in
6 wk. As shown in Table 6, this translates into a biologically effective dose of 69.1 Gy because
the treatment is accelerated to 6 wk (33).

• RTOG-H0225 is studying nasopharyngeal cancer treatment using IMRT with concomitant
chemotherapy. The prescribed dose to the primary clinical target volume is 70 Gy in 33
fractions at 2.12 Gy per fraction in 6.5 wk. As shown in Table 6, this is biologically equivalent
to 73.4 Gy (33).

Table 5
The Biologically Isoeffective Dose (BED) for Tumor Control to Secondary

Targets With Intensity-Modulated Radiation Therapy (IMRT)a

Non-IMRT IMRT Non-IMRT IMRT

Dose to secondary target (Gy) 56 56 50 50
Dose per fraction (Gy), 2 1.6 2 1.43
No. of fractions 28 35 25 35
Overall time in wk (d) 5.5 (38) 7 (47) 5 (33) 7 (47)
BED2: BED for tumor control 56 54.2 50 47.7

at 2 Gy/fraction without
time factor ( / =10.5)

Dose recovered by tumor 6.3 9.8
owing to prolongation at a
rate of 0.7 Gy per day

BED in prolonged time 47.9 37.9
Total dose to be given if IMRT 62.3 59.8

is used and dose to secondary
target is not given at standard
fractionation

Dose per fraction rounded to 1.8 1.7
one decimal place

Total dose to be given with 63 59.5
IMRT with dose per
fraction rounded to one
decimal place

aWhen the goal dose is 70 Gy in 35 fractions to primary target if the secondary targets
are prescribed to 56 and 50 Gy as for non-IMRT shrinking field techniques. This takes
into consideration the effect of reduced dose per fraction and the effect of prolonged
overall treatment time (illustrated in Fig. 1).

The equations used to derive the BEDs for tumor control2 and tumor control2,T are
given in the text.
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Both regimes will improve convenience of treatment for patients by reducing the total
duration of treatment, improving the efficacy of treatment by overall acceleration, and reduc-
ing late effects by the conformality of the IMRT technique. Preclinical comparative dosimetry
studies have suggested that dose escalation may be feasible using simultaneous boosts to
tumor subvolumes (38). Further work is ongoing to explore whether the boost volume may be
localized using metabolic or hypoxic imaging (39).

8. CURRENT STANDARD OF CARE

An analysis by the Meta-analysis of Chemotherapy on Head and Neck Cancer Collabora-
tive Group (27) revealed a small, but statistically significant, overall benefit in survival with
chemotherapy. (The absolute benefit at 2 and 5 yr was 4%.) However, concurrent chemo-
therapy with radiation, mainly given in conventional fractionation, yielded a significant
absolute benefit at 2 and 5 yr of 8%. This benefit is seen predominantly in more locally
advanced (i.e., stage IV) head and neck cancer. This is, in general, a larger survival benefit than
that achieved with altered fractionation regimens. Although this is accompanied by increased
acute and late toxicity in normal tissue, many head and neck oncologists recommend concur-
rent chemoradiation, mainly for patients with large T3 or T4 tumors or with N2–N3 nodes.

Since accelerated regimens seem to preferentially benefit local control at the primary site
and not nodal control, it is reasonable to choose altered fractionation for patients with T2 or
exophytic T3 or N0–1 disease and those with more advanced locoregional tumor who are unfit
to receive chemotherapy (40).

The critical question of whether altered fractionation is more effective than standard frac-
tionation when combined with concurrent chemotherapy is still being addressed based on
encouraging results of phase II trials.

Table 6
Biologically Isoeffective Dose (BED) in Shortened Time,

and Higher Dose per Fraction Used in Two RTOG Studiesa

IMRT IMRT
Non-IMRT (RTOG H0022) Non-IMRT (RTOG H0225)

Dose (Gy) 66 66 70 70
Dose per fraction (Gy) 2 2.20 2 2.12
No. of fractions 33 30 35 33
Overall treatment time, in wk (d) 6.5 (45) 6 (42) 7 (49) 6.5 (45)
BED for tumor control at 2 Gy/ 66.0 67 70 70.6

fraction (BED2) without time
factor ( / = 10.5)

Dose equivalent increase owing 2.1 2.8
to shortened treatment time
at a rate of 0.7 Gy per day

BED in shortened time,T (BED2,T) 69.1 73.4

Abbreviations: RTOG, Radiation Therapy Oncology Group; IMRT, Intensity-modulated radiation therapy.
a1, RTOG-H0022 study of early oropharyngeal cancer treatment using IMRT to prescribe 66 Gy in 30 fractions

at 2.2 Gy per fraction in 6 wk to primary target; 2, RTOG-H0225 study of nasopharyngeal cancer treatment using
IMRT to prescribe 70 Gy in 33 fractions at 2.12 Gy per fraction in 6.5 wk to the primary target.

The equations used to derive BEDs for tumor control2 and tumor control2,T are given in the text.
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9. FUTURE DIRECTIONS:
COMBINING THE GAINS OF MOLECULAR IMAGING AND MOLECULAR

TARGETING WITH ALTERED FRACTIONATION

Advances in the understanding of tumor biology have opened exciting new opportunities to
develop specific molecularly targeted strategies to selectively enhance tumor response to radia-
tion. Advances in molecular imaging will also permit better delineation of selective targets.

For example, epidermal growth factor receptor (EGFR) overexpression was shown to be
a strong independent prognostic indicator for overall survival and disease-free survival and
a robust predictor for locoregional relapse but not for distant metastasis in a correlative study
using specimens of patients with advanced HNSCCs enrolled in the RTOG 9003 trial (18).
When validated, EGFR immunohistochemistry could be considered for selecting patients for
more aggressive combined therapies or enrollment into trials targeting EGFR or its downstream
signaling pathways (41).

In addition, promising preclinical and earlier phase clinical results support the use of EGFR
blockade in combination with radiation for advanced HNSCC (42–44).

These results were corroborated by the recently reported phase III international trial that
demonstrated radiosensitization following molecular inhibition of EGFR signaling. The agent
cetuximab, when added to high-dose radiation in patients with locoregionally advanced
HNSCC, produced a statistically significant prolongation in overall survival and increase in
locoregional control.

In this study, 424 patients were randomized to receive either radiation alone for 6–7 wk, or
radiation plus weekly cetuximab. The inhibition of EGFR yielded an improved median survival
of 28–54 mo, a 2-yr survival of 55 to 62%, and a 3-yr survival of 44 to 57% (p = 0.02) (45).

Further studies are needed to explore the mechanisms behind repopulation, which will
hopefully identify predictive factors to help select appropriate fractionation regimes, improve
treatment strategies, and define targets. The combination of molecular imaging, image-guided
radiotherapy, and molecular targeted therapy will improve the efficacy of radiotherapy.
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1. INTRODUCTION

Tumor hypoxia, or the condition of low tumor oxygenation, has been a focus of consider-
able debate in radiation therapy for almost 50 yr since the pioneering work of Gray and
colleagues (1) demonstrating an oxygen dependency in the radiosensitivity of cells and tis-
sues. During this period, interest among researchers has waxed and waned as promising new
directions emerged from the laboratory, only to fail in clinical trials. However, with the
emergence of new concepts and the development of new tools, the prospect of targeting tumor
hypoxia and identifying patients who would most benefit from this approach appears more
tangible clinically. This chapter discusses the significance of tumor hypoxia in head and neck
squamous cell carcinomas (HNSCC) as well as past, present, and future strategies for targeting
this microenvironmental factor.

2. TUMOR HYPOXIA AND MALIGNANT PROGRESSION

Poorly oxygenated regions develop within solid tumors because of aberrant blood vessel
formation, changes in blood flow from intermittent closure of existing blood vessels, and
increasing tumor oxygen demands for growth (2) (Fig. 1). The existence of hypoxia in human
tumors was suggested in 1955 by Thomlinson and Gray (3), who showed with histological
sections that there was a constant distance (100–150 μm) across tumor tissues between blood
vessels and necrosis and that this distance was the oxygen diffusion distance based on capil-
lary oxygen partial pressure and cellular oxygen consumption. They postulated that hypoxic
cells existed adjacent to necrotic areas, just beyond the oxygen diffusion distance. This is now
known as chronic hypoxia. A second form of hypoxia, known as acute hypoxia, also exists
owing to fluctuating flow in tumor blood vessels. This was first postulated by Brown (4) and
subsequently demonstrated in transplanted mouse tumors using injections of two different
diffusible dyes minutes apart showing that temporary reduction in flow or closure of blood
vessels can be observed in solid tumors, resulting in areas of acutely hypoxic cells (5). It is
likely that acute and chronic hypoxia are the extremes of a continuum caused by the dynamic
nature of tumor blood flow and that both can give rise to tumor cells that are prone to metastasis
and resistant to conventional therapy.

The Role of Tumor Hypoxia
in Head and Neck Cancer Radiotherapy

Quynh-Thu Le, MD, Amato J. Giaccia, PhD,
and J. Martin Brown, PhD
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Laboratory studies have indicated that tumor hypoxia can play an important role in regu-
lating cell viability and promoting cell metastatic potential. Graeber et al. (6) have shown that
hypoxia induced apoptosis in minimally transformed mouse embryo fibroblasts with normal
p53 function, but not in cells with mutant p53 proteins in both cell culture and transplantable
tumors. These data suggest that hypoxia may exert a physiologic pressure for selection by
clonal expansion of mutant p53 tumor cells, which, in HNSCC, have been shown to behave
more aggressively than their wild-type counterparts (7). Young et al. (8) observed that cells
treated with hypoxia were more likely to invade the lungs of recipient mice than untreated
cells. Likewise, acute hypoxia has been shown to enhance the formation of spontaneous nodal
metastases in an orthotopic murine model or cervical carcinomas (9). Clinical studies have
supported the link between hypoxia and tumor metastasis: studies of soft tissue sarcomas and
carcinomas of the cervix have shown that hypoxia is an independent and significant prognostic
factor that correlates with metastatic spread (10–12).

At the molecular level, multiple stress-response pathways are turned on when cells are
exposed to hypoxia. Changes in the expression of genes and proteins are important for hypoxia-
induced cellular adaptation to an anaerobic environment. One of the most well-described
oxygen-response pathways is mediated by the hypoxia-inducible factor (HIF-1), which has
been shown to play an important role in tumor development (13,14). HIF-1 regulates genes
that are involved in metabolism, angiogenesis, invasion, metastasis, and apoptosis, all of
which can influence tumor growth and metastasis (Fig. 2). One of the most important HIF-1
targets is vascular endothelial growth factor (VEGF), which is a proangiogenic protein that
has been implicated in poor prognosis in head and neck cancer (15,16). Rapidly advancing
knowledge of hypoxia-regulated genes and proteins via proteomic and genomic approaches
will provide a better understanding of the molecular basis of hypoxia and give rise to novel
concepts for exploiting this microenviromental factor.

Fig. 1. Schematic representations of tumor hypoxia and necrosis that resulted from differences in the
vasculature between tumor and normal tissues. (Reprinted from ref. 2, with permission from the Ameri-
can Association for Cancer Research.)
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3. THE RELATIONSHIP BETWEEN TUMOR HYPOXIA
AND RADIOTHERAPY OR CHEMOTHERAPY

Tumor hypoxia has been shown to confer universal resistance to radiation damage in a wide
range of cells and tissues using various end points (1). The oxygen enhancement ratio, which
is defined as the ratio of the radiation doses required to produce the same level of cell kill under
hypoxic to aerobic conditions and which reflects the difference in radiosensitivity between
aerobic and hypoxic cells, is normally in the range of 2.5–3 for mammalian cells (17). A
typical radiation-killing curve for mammalian cells under aerobic and hypoxic conditions is
shown in Fig. 3A. The reason for the universality of this effect is that oxygen reacts chemically
with the unpaired electron on the free radicals produced by ionizing radiation in the DNA,
thereby stabilizing, or fixing, the damage. In the absence of oxygen, the radical damage can
be repaired by hydrogen donation from sulfhydryl compounds in the cell (Fig. 3B). Thus, lack
of oxygen can severely compromise the efficacy of ionizing radiation.

Tumor hypoxia can also indirectly decrease the efficacy of several chemotherapy agents.
Hypoxia causes cells to slow down or arrest in their progression through the cell cycle (18),
thereby reducing their response to anticancer drugs, which are generally more effective in
proliferating cells. In addition, drug distribution is limited by perfusion distance from the
blood vessels and by intermittent acute closures of existing blood vessels, thereby decreasing
drug concentrations in hypoxic areas. Finally, tumor hypoxia and associated hypoglycemia

Fig. 2. Schematic representation of hypoxia-inducible factor (HIF)-1α regulated pathways. ARNT, aryl
hydrocarbon receptor nuclear translocator; HRE, hypoxia responsive element; HSF, heat shock factor;
IGF2, insulin-like growth factor 2; MDM2, murine double minute-2; NIP-2, Bcl-2/adenovirus E1B 19
kDa interacting protein; NOS, nitric oxide synthase; PDGF, platelet-derived growth factor; PKC, pro-
tein kinase C; PAI-1, plasminogen activator inhibitor-1; TGF-α, transforming growth factor-α; Tie-2,
angioprotein receptor tie-2; Epo, erythropoetin; VEGF, vascular endothelial growth factor.
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can activate genes that contribute to drug resistance for several chemotherapeutic agents
including adriamycin (19), etoposide (20), and cisplatin (21).

4. TECHNIQUES TO MEASURE TUMOR HYPOXIA AND THEIR CLINICAL
SIGNIFICANCE IN HEAD AND NECK CANCERS

Techniques for measuring tumor oxygen can be direct and indirect. Direct approaches can
be applied to tissue (needle electrodes) or blood (direct measurements or imaging of oxyhe-
moglobin saturation and oxygen diffusion). Indirect approaches use injectable or endogenous
molecular reporters of oxygen as the end points. Injectable reporters include 2-nitroimidazole
compounds such as misonidazole, pimonidazole (1-[2-nitro-1-imidazolyl]-3-N-piperidino-2-
propanolol) (22), and EF5 (2-[2-nitro-1H-imidazol-1-y1]-N-[2,2,3,3,3-pentafluoropropyl]
acetamide) (23). These compounds form stable adducts with intracellular macromolecules,
and this binding is proportionally inhibited as a function of increasing oxygen concentration
(24). Detection of these adducts with antibodies can provide information on the relative
oxygenation of tissue at a cellular resolution. Intrinsic hypoxia reporters are those genes that

Fig. 3. (A) Typical survival curves for ionizing radiation for mammalian cells under aerobic and hypoxic
conditions. The oxygen enhancement ratio (ratio of doses to produce the same cell kill under hypoxic
to aerobic conditions) is typically 2.5–3.0 and is 2.8 in this figure. (B) The mechanism for decreased
radiosensitivity in hypoxic cells compared with aerobic cells. Ionizing radiation produces a radical in
DNA, which can be converted into permanent damage and cell death in the presence of oxygen or
repaired by donation of a hydrogen from cellular nonprotein sulfhydryls (-SH) in the absence of oxygen.
(Reprinted from ref. 76, with permission from the American Association for Cancer Research.)
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are induced by hypoxia including HIF-1, VEGF, CA IX (carbonic anhydrase IX), lactate, and
osteopontin. Measurements of the protein expression of these markers in either tumor tissues
or blood can provide indirect evidence of hypoxia in solid cancers.

4.1. Polarographic Needle Electrodes
Polarographic needles provided the first convincing evidence that hypoxia existed in human

solid tumors (25,26). Since these earlier studies that used nonstandardized electrodes, the
major use of the needle electrode for pO2 measurements came with the introduction of a
commercially available system (Eppendorf pO2 histograph, Eppendorf, Hamburg, Germany).
In this system, the sensing electrode, mounted on the tip of a needle (Fig. 4A), is advanced
automatically through the tissue via a step motor, taking readings rapidly (within 1.4 s) to
avoid changes in oxygen tension resulting from pressure artifacts or tissue damage caused by
the needle. With this system, a histogram of oxygen tension can be obtained from multiple
points along different tracks through the tissue. An example of measurements made in an
HNSCC-involved neck node and adjacent normal subcutaneous tissue is shown in Fig. 4B.
The normal tissues show a typical gaussian distribution of oxygen tensions with a median
between 40 and 60 mmHg, whereas tumors invariably show a lower oxygen tension distribu-
tion (Fig. 4C).

The first information suggesting that hypoxia, as measured by the polarographic needle
electrode, can be used to predict treatment outcomes was published in 1993 by Hockel et al.
(27), who showed that cervical cancer patients with most hypoxic tumors (median pO2 <10
mmHg) had a significantly lower overall and recurrence-free survival compared with patients
with less hypoxic tumors. Since then, several HNSCC studies have confirmed the prognostic
significance of electrode-detected tumor hypoxia. Table 1 summarizes these results. With one
exception, all studies have shown that low partial oxygen tension in the tumor, defined either
by median tumor pO2 or the hypoxic fraction of the pO2 measurements, correlate with treat-
ment outcomes defined as locoregional control and survival in HNSCC patients treated with
radiotherapy or chemoradiotherapy. Figure 5 shows representative survival curves by median
tumor pO2 for HNSCC patients from a study by Brizel et al. (28). Importantly, they also found
that tumor oxygenation may help to predict for pathologically persistent neck nodes in patients
undergoing a neck dissection for clinical N2–3 necks after chemoradiation treatment, strongly
supporting the concept that it is the direct radiation resistance of the hypoxic cells that affects
local control (28). Persistent cancer was noted in 19 of 31 patients with hypoxic tumors
(median pO2 <10 mmHg), whereas it was found in only 4 of 18 patients with well-oxygenated
tumors (median pO2 >10 mmHg).

Although the microelectrode technique can directly measure tumor pO2 and predict treat-
ment outcomes in HNSCC, it suffers from several drawbacks that make it difficult for general
use. These include high cost, invasiveness, tumor inaccessibility, pressure dependence,
interobserver variability, failure to distinguish necrosis from hypoxia, and the lack of spatial
information on hypoxia. Despite these limitations, it is the most accepted method for assessing
hypoxia at the present time.

4.2. Injectable and Endogenous Molecular Markers for Hypoxia
The use of 2-nitroimidazoles as hypoxia markers was first suggested in the 1970s when

these agents were discovered to bind selectively to hypoxic cells (29). Two agents that are
currently being tested in patients are pimonidazole and EF5. These two agents are injected
intravenously up to 48 h preceding tumor biopsy or resection and have similar mechanisms



150 Le, Giaccia, and Brown

of activation but different in vivo stability, biodistribution, and pharmacokinetics. For a com-
prehensive review of these two agents, see Evans and Koch (30). In general, 2-nitroimidazole
markers stain for areas of chronic hypoxia (31) and are more sensitive at severe hypoxic
conditions than the microelectrode (30,32). At this time, there are minimal clinical data
regarding the prognostic significance of these agents in HNSCC. In a small study evaluating
pimonidazole, microvessel density count, and CA IX binding in 42 HNSCC tumors,
pimonidazole staining was more pronounced at distances of greater than 100 μm from blood
vessels than CA IX, suggesting that it is more specific for chronic hypoxia (33). In addition,
high pretreatment pimonidazole staining correlated with a higher risk of locoregional relapse

Fig. 4. (A) The Eppendorf pO2 histograph. (B) An example of pO2 distribution in normal subcutaneous
tissues and a lymph node metastasis in a patient with a HNSCC. (Reprinted from ref. 76, with permission
from the American Association for Cancer Research.).
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in patients treated with radiotherapy alone, but, importantly, not in patients treated with
radiotherapy plus carbogen and nicotinamide, which are used to modulate tumor hypoxia and
which improved locoregional control.

Endogenous molecular markers for tumor hypoxia are proteins whose expression is induced
by hypoxic exposure. Presently, the most widely investigated proteins are HIF-1 and CA IX
in tissues and VEGF and osteopontin in the blood. The advantage of this approach is that levels
of these proteins can be assessed on archival materials, thereby allowing rapid correlation to
treatment outcomes. In addition assessment requires neither the injection of foreign material
nor any additional invasive procedure beyond that of taking blood or tumor biopsy at diagno-
sis. A significant drawback to these approaches is that these proteins can be regulated by

Fig. 4. (C) Distribution of median pO2 values in tumor (black filled bars) and normal subcutaneous
tissues (open bars) in 65 patients with HNSCC. (Reprinted from ref. 77, with permission from Elsevier.)

Fig. 5. Locoregional control and survival by median tumor pO2 in HNSCC patients treated with radio-
therapy or chemoradiotherapy. (Reprinted from ref. 78, with permission from Elsevier.)
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factors other than hypoxia. For example, HIF-1 expression can be influenced by several
nonhypoxic stimuli including nitric oxide (NO), cytokines (interleukin-1β and tumor necrosis
factor-α), trophic stimuli (serum, insulin, insulin-like-growth factors), and oncogenes (p53,
Vsrc, PTEN, and others) (34–37). Also because HIF-1 is rapidly induced under hypoxic
conditions, it is important to fix the tumor specimen very quickly after resection. In compari-
son studies between endogenous and injectable markers, the staining patterns of endogenous
molecular markers were generally more diffuse and closer to the blood vessels than the
injectable markers (33,38), suggesting other modes of induction and activation at a wider
range of oxygen concentration. The prognostic roles for the endogenous markers have been
investigated in HNSCC, and the results have been mixed, depending on the type of therapy
(Table 2). In general, overexpression of these markers portends poorer outcomes in patients
treated with nonsurgical therapies but not in those treated with primary surgery. This would
support the importance of a direct effect of tumor hypoxia on treatment sensitivity rather than
on producing a more malignant phenotype in HNSCC.

Our laboratory focus has been on identifying secreted markers of hypoxia that can be easily
measured in the blood, as these markers have the potential of being translated into universally
available inexpensive laboratory tests. Two markers that have been tested in the clinic with
mixed results are VEGF and osteopontin. Although circulating VEGF levels have been shown
to be elevated in cancer patients (39,40) and in patients with acute hypoxia such as obstructive
apnea (41), the relationship between tumor hypoxia and systemic VEGF levels is unclear.
Dunst et al. (42) found that serum VEGF levels significantly and independently correlated
with hypoxic tumor subvolume in 56 HNSCC patients. However, it also correlated with total
tumor volume, hemoglobin level, and platelet counts. They did not report on the clinical
significance of serum VEGF levels in terms of treatment outcomes in this study. In contrast,
we did not find a direct relationship between plasma VEGF and tumor pO2 in 48 HNSCC
patients in our study (unpublished data). We did, however, find a small but significant rela-
tionship between osteopontin level and tumor pO2 in our patient cohort (43). In addition,
plasma osteopontin was an independent and significant predictor for treatment outcomes in
these patients, regardless of nodal status (Fig. 6). These results were confirmed by the Danish
Association of Head and Neck Cancer (DAHANCA) in a larger cohort of HNSCC patients
treated with radiation therapy ± nimorazole, a hypoxic cell sensititizer (44). Further validation
of this promising marker is ongoing in HNSCC patients at our institution.

4.3. Imaging Hypoxia
Imaging hypoxia is important for radiation therapy in HNSCC as it theoretically provides

potential targets for dose escalation. In addition, serial imaging studies can provide informa-
tion on changes in tumor hypoxia during the course of therapy to help with fine-tuning of
treatment delivery. Positron emission tomography (PET) and single-photon emission com-
puted tomography (SPECT) are probably the two most extensively evaluated approaches for
imaging tumor hypoxia at the moment. Most radiopharmaceuticals under development for
hypoxia detection use 2-nitroimidazole compounds coupled to a radioisotope such as 18F,
64Cu, 60Cu, and 123I. The most widely used imaging agent to date is flouromisonidazole (18F-
miso), and data for 18F-miso PET in HNSCC have demonstrated the feasibility of this tech-
nique. In a small study that combined tirapazamine (TPZ), a hypoxic cell cytotoxin, with
cisplatin and radiotherapy in patients with locally advanced HNSCC, 18F-miso PET scans
detected hypoxia in 14 of 15 patients at baseline, with only one patient having detectable
hypoxia at the end of treatment (45). One disadvantage of the 18F-miso PET is the high
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background from nonmetabolized drug. New agents such as 18FAZA and 18F-EF5 may pro-
vide better resolution with less background. Another promising PET agent is 60Cu-ATSM,
which is a nonnitro-containing bioreductive compound. It has been shown to have a correla-
tion with oxygen electrode measurements in animal tumors and can image tumor hypoxia in
HNSCC patients (46). It also enjoys the advantage of having a very short half-life (23 min),
which makes it feasible to perform serial imaging studies on patients. Larger studies and long-
term follow-up are needed to clarify the clinical utility of imaging hypoxia and their applica-
tion in radiation delivery.

Fig. 6. Kaplan-Meier estimates. (A) Freedom from relapse by osteopontin (OPN) plasma levels. (B)
Overall survival by OPN plasma levels. (C) Overall survival by OPN plasma levels in patients with N0–
2 neck nodes. (D) Overall survival by OPN plasma levels in patients with N3 neck nodes. (Reprinted
from ref. 43, with permission from the American Association for Cancer Research.)
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5. TARGETING TUMOR HYPOXIA

Since the 1950s, enormous efforts have been devoted to develop strategies to overcome the
perceived clinical problem of tumor hypoxia. These include hyperbaric oxygen treatment to
increase oxygen partial pressure (47), the use of specific drugs to reduce oxygen binding to
hemoglobin (e.g., RSR13 [48]), the use of vasodilator and carbogen (ARCON) to enhance
oxygen tissue delivery (49), the use of electron affinity drugs as hypoxic cell radiosensitizers
(50), and treatment with high linear-energy transfer (LET) radiation, which is less oxygen
dependent for cytotoxicity (51). Although most of these strategies have not achieved general
acceptance, a meta-analysis of trials using hypoxic cell sensitizers or hyperbaric oxygen
showed a small but statistically significant benefit in terms of locoregional control and sur-
vival (47). In this part of the chapter, we will cover some of these prior strategies (specifically
hypoxic cell sensitizers), explore in detail two promising current strategies, including the
concept of exploiting hypoxia using drugs that selectively kill hypoxic cells, such as TPZ, and
touch on some future approaches for exploiting hypoxia.

5.1. Past Strategies
The most straightforward strategy for overcoming intratumoral hypoxia is the administra-

tion of oxygen at pressure higher than room air (usually three atmospheres), i.e., hyperbaric
oxygen treatment. Although one study showed promising results in HNSCC patients, the
results were mixed in other solid tumors (52,53). In retrospect, this strategy only affects
chronically hypoxic cells and is not expected to change acute hypoxia. Although a meta-
analysis suggests that the use of hyperbaric oxygen breathing during radiation therapy can
improve local control by 10% (47), it has not gained general acceptance for clinical use owing
to inconsistent response, safety issues, and the high cost and complexity of its implementation.

One of the best studied strategies for overcoming the radiation resistance of hypoxic cells
is to use electron-affinic drugs (nitroimidazoles) to sensitize tumors to radiation. Xenograft
studies with single large radiation doses showed significant radiosensitization with
nitroimidazole compounds in tumors without enhancing normal tissue toxicity (54,55). Dur-
ing the past two decades, nitroimidazole compounds have been extensively evaluated by the
Radiation Therapy Oncology Group (RTOG) and the DAHANCA group in HNSCC as an
adjunct to radiotherapy with mixed results (50,56–59). Most of these trials reported disap-
pointing local control and survival outcomes except for one large study (50). In this large
phase III study (DAHANCA 5-85), the addition of nimorazole to radiotherapy resulted in
improved locoregional control rates (49 vs 33%, p = 0.002) and cancer-related survival (52
vs 41%) compared with the placebo-control arm in patients with supraglottic larynx and
pharynx cancers. The main drawback to using these compounds is the neurotoxicity associ-
ated with multiple doses seen with misonidazole and to lesser extent etanidazole and
nimorazole (60,61). This toxicity limits the dose of drugs that can be administered to achieve
maximal efficacy.

5.2. Present Strategies
5.2.1. HYPOXIC CELL CYTOTOXINS

These compounds differ from radiosensitizers in that they can directly kill hypoxic cells
independent of radiation therapy. Direct killing of hypoxic cells theoretically has greater
therapeutic potential than oxygenating or sensitizing these cells to conventional radiotherapy
or chemotherapy for two reasons: (1) hypoxic cytotoxins kill cells that are resistant to radiation
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and chemotherapy, thereby producing complementary cytotoxicity, as shown in Fig. 7; and
(2) these drugs can target both acutely and chronically hypoxic cells and therefore cover a
broader spectrum of hypoxic cells than hypoxic cell sensitizers. Although not developed as
a specific toxin for hypoxic cells, the chemotherapy drug mitomycin C has some selective
toxicity to hypoxic cells, at least in vitro (62). Pooled data from two randomized trials in
HNSCC suggested that the addition of mitomycin-C to radiotherapy resulted in statistically
significant improvement in locoregional control and cause-specific survival at 5 yr (63).
Another study comparing conventional fractionated radiation alone with the Vienna continu-
ous hyperfractionated accelerated radiation regimen (V-CHART) alone or with V-CHART
plus mitomycin-C showed the best overall survival and locoregional control for the group
receiving V-CHART and mitomycin-C (64,65). Although promising, mitomycin-C toxicity
limits the frequency of drug delivery, making it unlikely to be the ideal drug for exploiting
tumor hypoxia.

A more promising strategy to exploit tumor hypoxia is through agents that have a high
selectivity for killing hypoxic cells, the prototype of which is TPZ (or SR4233). TPZ is a
benzotriazine with selective cytotoxicity for hypoxic cells at a relatively low drug concentra-
tion. The hypoxic cytotoxicity ratio (HCR) or the concentration of the drug that is required to
produce equal cytotoxicity under normoxia relative to hypoxia is in the 50–300 range for
various cell lines (66,67). This is to be compared with an HCR of 1–5 for mitomycin-C (62).
Mechanistically, it has been demonstrated that TPZ undergoes a one-electron reduction to
form a cytotoxic free radical that causes DNA breaks, chromosomal aberrations, and cell death

Fig. 7. (A) Diagramatic representation of a tumor cord surrounding a capillary showing decreasing O2
concentration, proliferation, and drug concentration as a function of distance from the capillary. (B) The
considerations in the left lead to the prediction that cell killing by radiation and conventional chemo-
therapy will be reduced as a function of distance from the capillary. In contrast, a hypoxic cell toxin
should show the opposite profile. The combination of standard treatment with hypoxic cell toxins should
be expected to produce uniform cell killing as a function of distance from capillary (combined). Such
a profile has been demonstrated experimentally in xenograft models by Durand et al. (79). (Reprinted
from ref. 76, with permission from the American Association for Cancer Research.)
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(67) (Fig.8). In the presence of oxygen, the TPZ radical is backoxidized to the nontoxic parent
compound. More recently, it has been shown to act as a topoisomerase II poison in hypoxic
cells, inducing double-strand breaks in a similar fashion as etopside (68). Although TPZ was
first proposed to be used with radiotherapy, recent emphasis has been on TPZ’s ability to
potentiate the cytotoxicity of cisplatin. The maximum tolerated dose (MTD) of TPZ as a single
agent or in combination with chemotherapy is 390 mg/m2. When given concurrently with
radiotherapy for head and neck cancers, toxicities were acceptable up to doses of 160 mg/m2,
administered three times a week for 12 doses (69). There is a known steep dose-response
relationship for TPZ-related toxicities, with vomiting, diarrhea, muscle cramps, and acute
reversible hearing loss observed at a dose of 390 mg/m2. Conversely, these side effects are
uncommon with TPZ doses of 260 mg/m2 or less (70).

Early clinical results from a phase II clinical trial of TPZ plus radiotherapy in HNSCC
patients are encouraging, with a reported 2-yr local control rate of 60% for patients with stage
III-IV tumors (71). However, the most impressive results have come from the combination of
TPZ, cisplatin, and radiotherapy (45). Rischin et al. (72) treated 16 patients with locally
advanced unresectable HNSCC in a phase I study. TPZ 290 mg/m2 was given 1 h prior to
cisplatin 75 mg/m2 followed by conventionally fractionated radiotherapy in the first, fourth,
and seventh weeks of radiation. In addition TPZ 160 mg/m2 was administered three times a
week initially during wk 2, 3, 5, and 6, but for the last 10 patients it was given during wk 2 and
3 only owing to dose-limiting toxicity, which was neutropenia. The overall complete response
rate was 81%; the 3-yr local progression-free rate was 88%, and overall survival was 67% at
a median follow-up of 3 yr.

As a follow-up to this trial, a randomized phase II study was initiated under the auspices
of the Trans-Tasman Radiation Oncology Group (TROG), in which the same regimen of TPZ,
cisplatin, and radiation was compared against chemoradiotherapy using concurrent cisplatin,
and 5-flourouraci (5-FU) as a chemo-boost approach during the last 2 wk of radiotherapy (72).
Results from this study showed a trend for improved 3-yr local-regional control. Failure-free
rates (84 vs 66%, p = 0.069) and failure-free survival (55 vs 44%, p = 0.16) favoring of TPZ
arm. Based on these data, a large multiinstitutional phase III trial is under way to study the

Fig. 8. Mechanism of selective hypoxic cytotoxicity of tirapazamine (TPZ).
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efficacy of TPZ in combination with radiotherapy and cisplatin in HNSCC (Elwyn Loh, M.D.,
Sanofi Synthelabo, personal communication).

In contrast, a small phase II randomized study from our institution using an aggressive
chemoradiotherapy regimen consisting of two cycles of induction cisplatin 100 mg/m2, con-
tinuous infusion 5-FU (CI 5-FU) 1000 mg/m2/d × 5 d and TPZ 300–330 mg/m2 on d 1 and 22,
followed by simultaneous chemoradiotherapy, which consisted of cisplatin 20 mg/m2, 3×/wk
(M, W, F), CI 5-FU 600 mg/m2/d × 4 d, and TPZ 160 mg/m2 to 260 mg/m2 during wk 1 and
5 of conventionally fractionated radiotherapy to 66–74 Gy. This regimen was compared with
the same regimen without TPZ in a total of 60 resectable HNSCC patients in the study (30
patients per arm). To date, there is no difference in treatment outcomes including locoregional
control and overall survival at a median follow up of 2 yr (73).

The difference between our results and those from the TROG trial may be explained by the
type and schedule of chemotherapy use (i.e., induction and concomitant chemotherapy in our
trial compared with concomitant chemotherapy alone in the TROG trial), the fact that we only
gave TPZ for a total of six doses during the radiotherapy treatment, and the type of patients
enrolled (resectable for our group vs mostly unresectable for the TROG study). The large
consortium phase III randomized study will shed new light on the role of TPZ in the manage-
ment of HNSCC.

5.2.2. ARCON THERAPY

Another promising approach to overcoming tumor hypoxia in HNSCC is the combined use
of the nicotinamide vasodilator and carbogen breathing (ARCON) to increase the oxygen
partial pressure of tumors. ARCON (accelerated radiotherapy with carbogen and nicotina-
mide) has produced a 3-yr local control rate in excess of 80% for advanced stage T3–4
laryngeal and oropharyngeal cancers (49). Presently, a phase III clinical trial testing the
efficacy of ARCON in laryngeal cancers is ongoing in Europe, with a projected accrual of 344
patients (49). The results of this study will elucidate the role of ARCON in the management
of some head and neck cancers.

5.3. Future Strategies
One of the future strategies for hypoxia targeting is to develop more diffusible forms of TPZ

that have better tissue penetration, in order to reach most if not all the hypoxic cells. Another
strategy to is exploit tumor hypoxia for drug delivery. For example, the obligate anaerobic
Clostridium species, which have been engineered to carry prodrug-activating enzymes, can
be used to target and selectively deliver cytotoxic agents to areas of hypoxia and necrosis (74).
Although this approach appears promising in experimental systems, it has not been tested
clinically. As more is known about the molecular basis of hypoxia, another tangible future
strategy will focus on targeting specific hypoxia-induced proteins such as HIF-1 (75) or
related transcription factors.

6. CONCLUSIONS

After half a decade of efforts, tumor hypoxia continues to represent a therapeutic challenge
for the head and neck oncologist. Nonetheless, the prospect of reducing its impact is looking
brighter. First, an improved ability to detect and quantify tumor hypoxia allows for better
selection of patients who would benefit from hypoxia-targeted therapy. The era of genomics
and proteomics together with the unraveling of the human genome have significantly im-
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proved the understanding of tumor hypoxia and resulted in rapid identification of new molecu-
lar targets for therapeutic exploitation. Testing of new leads from the laboratory requires well-
conducted clinical trials with innovative designs that incorporate serial novel noninvasive
surrogate end points for hypoxia such as molecular makers or imaging methods. Our respon-
sibility as oncologists is to support these trials, to improve tumor control and curability in our
patients.
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1. INTRODUCTION

It has been known for more than 20 yr that cisplatin-based combination chemotherapy can
achieve overall response rates of 70 to 90%, with complete response rates of 20 to 50% in
patients with previously untreated locally advanced head and neck cancer (1,2). The use of
chemotherapy prior to radiation or surgery is commonly referred to as induction or neoadjuvant
chemotherapy. Investigators hypothesized that the addition of an active induction regimen
prior to definitive radiotherapy or surgery would have a significant beneficial impact on the
outcome of treatment for patients with locally advanced squamous cell carcinoma of the head
and neck. As well as the potential to decrease distant metastases, it was hoped that significant
tumor shrinkage could contribute to improved local-regional control, and facilitate organ
preservation (3). Early single-arm trials confirmed the activity of platinum-based induction
regimens and established that sequential induction chemotherapy and radiation was feasible,
without any apparent increase in radiation toxicity (4).

2. RESULTS OF PHASE III TRIALS AND META-ANALYSES

Based on promising phase II results, numerous phase III trials of induction chemotherapy
have been conducted. In general, these trials have failed to demonstrate any improvement in
local control or survival, although the incidence of distant metastases was frequently reduced
(3). Several metaanalyses, including a detailed analysis based on individual patient data, have
failed to show any significant benefit with induction chemotherapy (5–7). There was a risk
reduction of 5% that corresponded to an absolute benefit of 2% with induction chemotherapy
that was not statistically significant. None of the 31 induction trials included in the meta-
analysis was significant for overall survival. However, a subgroup analysis did show that
induction chemotherapy with cisplatin and 5-fluorouracil (5-FU) was different from other
regimens, with a hazard ratio of 0.88 (95% CI: 0.79–0.97).

Proponents of induction chemotherapy frequently highlight two studies that they contend
support the case for induction chemotherapy as a worthwhile strategy in head and neck cancer.
One is the study by Domenge et al. (8) who reported on the Group d’Etude des Tumeurs de
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la Tete et du Cou (GETTEC) trial that tested the addition of cisplatin and 5-FU prior to
radiotherapy or surgery and radiotherapy. The GETTEC trials were included as two studies
in the meta-analysis, neither of which was significant, but the two groups were pooled for
publication. In the published analysis there was a significant difference in overall survival, but
not in event-free survival, local-regional control, or distant metastases. These results are
intriguing as it is generally much harder to show a difference in overall survival than in event-
free survival in head and neck cancer trials owing to the competing causes of death in this
population.

The other trial that is frequently discussed is the trial of Paccagnella et al. (9), which tested
the addition of induction chemotherapy prior to surgery for operable patients and prior to
radiation for inoperable patients. There were no significant differences between the group that
received induction chemotherapy and the group that did not. However, a subgroup analysis
of the 171 inoperable patients showed an improvement in overall survival (3-yr survival 10
vs 24%, p = 0.04) and disease-free survival (DFS) (3 yr DFS 26 vs 34%, p = 0.06). There was
an imbalance in the number of patients with T4 disease between the arms, and on multivariate
analysis the effect of chemotherapy on overall survival became of borderline significance (p
= 0.06). Even though 37% of patients had stage 3 disease, only 27% were deemed to be
operable. Radiotherapy could be stopped for 2 wk after 40 Gy or if Grade 3 or 4 mucositis
occurred, a strategy that is likely to have an adverse effect on outcome, particularly in patients
being treated with radiation alone. No details about the actual duration of radiotherapy and
dose delivered are included in the manuscript. The overall results in the control arm are very
poor, which raises the question about whether the induction chemotherapy partly compen-
sated for suboptimal radiation therapy.

3. DISCORDANCE BETWEEN AVAILABLE EVIDENCE
AND USE OF INDUCTION CHEMOTHERAPY

Despite the largely negative results from randomized trials, induction chemotherapy has
been widely used outside of clinical trials, particularly in the United States. Harari and col-
leagues (10,11) have reported on the results of community cancer specialists in the United
States, who surveyed the management of patients with locoregionally advanced, nonmetastatic
head and neck cancer. The specialists were equally divided among otolaryngologists, radia-
tion oncologists, and medical oncologists. By 1996, most of the randomized trials of induction
chemotherapy as well as the metaanalyses had been published. In addition, many editorials
and reviews had concluded that there was no role for induction chemotherapy, apart from
possibly selecting patients for larynx preservation, and that it should not be used outside of
a clinical trial (5,12,13). Even so, the 1996 survey revealed that 61% of respondents identified
induction chemotherapy as their most common approach for the management of patients with
locoregionally advanced head and neck cancer. Between 1996 and 2000, there were few new
data on sequential chemoradiation, but increasing evidence of benefit for concurrent
chemoradiation was found in randomized trials (14–16). Metaanalyses of individual patient
data published in early 2000 confirmed a benefit for concurrent but not sequential
chemoradiation (7). Concurrent chemoradiation was preferred by 39%; surprisingly, 31% still
favored induction chemotherapy. Induction chemotherapy continues to be widely used even
though its use as part of standard care has not been supported by the available evidence at any
time over the last 20 yr, with the possible exception of larynx preservation.
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4. WHY HAS INDUCTION CHEMOTHERAPY
HAD SUCH A LIMITED IMPACT IN HEAD AND NECK CANCER?

A number of explanations have been proposed to account for the limited impact of induc-
tion chemotherapy. Differentiated tumors such as squamous cell carcinomas of the head and
neck may maintain the ability to regenerate and repopulate. During an extended period of
treatment, accelerated repopulation of surviving clonogenic cells may counter any benefit
from the independent cytotoxicity of chemotherapy (17). Chemotherapy may be targeting a
population of tumor cells that is already sensitive to radiation, and hence the addition of
chemotherapy would be subadditive for local-regional control. Drug resistance may limit the
impact of chemotherapy, as suggested by the fact that in the absence of definitive local
therapy, chemotherapy responses are generally brief. Another explanation is that chemo-
therapy may have a limited impact on tumor stem cells. Chemotherapy may not be able to
overcome factors that contribute to treatment failure following radiation, e.g., hypoxia. Lastly,
induction chemotherapy delays the introduction of the most effective modalities for the treat-
ment of head and neck cancer (radiation and surgery) and this may also offset any benefit from
the chemotherapy.

5. LARYNX PRESERVATION TRIALS

One area in which induction chemotherapy could have been considered a reasonable
approach in the past was as part of a larynx preservation strategy. This was based on the results
of the Veterans Affairs (VA) randomized study demonstrating that a policy of induction
chemotherapy followed by radiation for responders and surgery for nonresponders permitted
larynx preservation, without any significant difference in survival compared with initial sur-
gery (18). Similar results were reported by the European Organization for Research and
Treatment of Cancer (EORTC) in pyriform sinus tumors (19). However, as these trials did not
include a radiation-alone arm and there was no improvement in survival, the conclusions were
that larynx preservation was feasible but the contribution of induction chemotherapy remained
uncertain. It was postulated that the role of induction chemotherapy was to predict patients
likely to do well with radiation and hence identify candidates for a larynx preservation
approach. This was based on the known correlation between response to chemotherapy and
favorable outcome with radiation (20). Nevertheless, it had not been demonstrated that select-
ing patients for radiation based on response to chemotherapy gave better results than treating
all patients with radiation and reserving surgery for salvage.

The other concern was that the meta-analysis showed a nonsignificant trend in favor of the
control group, corresponding to an absolute negative effect in the chemotherapy arm that
reduced survival at 5 yr by 6% (7). Analysis by tumor site showed that this negative effect may
be limited to laryngeal (VA trial) and not hypopharyngeal tumors (EORTC trial). It is impor-
tant to note that patients in the VA trial proceeded to radiation after a partial or complete
response, whereas in the EORTC trial only patients who achieved a complete response pro-
ceeded to radiation. These findings raise the possibility that the delay in primary treatment
(surgery or radiation) in patients who achieve less than a complete response to induction
chemotherapy may adversely affect outcome. Only a complete response may be adequate to
counter the adverse consequences of accelerated repopulation and delayed introduction of
radiation or surgery, albeit without any apparent survival benefit. An alternative explanation
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for the negative effect being limited to laryngeal tumors is that laryngeal tumors tend to be
better differentiated than hypopharyngeal tumors and hence may have a greater capacity for
accelerated repopulation following chemotherapy.

The results of the pivotal Radiation Therapy Oncology Group (RTOG) phase III larynx
preservation trial (RTOG 91-11) have demonstrated that there no longer seems to be a role for
induction chemotherapy as part of a larynx preservation strategy (21). This trial was well
designed to address some of the uncertainties that remained following the previous larynx
preservation trials and also to determine the role of concurrent chemotherapy. The induction
chemotherapy arm, as in the VA trial, was the control arm, with responders proceeding to
radiation alone and nonresponders proceeding to laryngectomy. This approach was compared
with radiation alone and with concomitant chemoradiation. Although there were no signifi-
cant differences in overall survival, patients on the concurrent chemoradiation arm had
improved local-regional control and a lower rate of laryngectomy. Induction chemotherapy
followed by radiation did not improve local-regional control or larynx preservation rates
compared with radiation alone. Although this particular trial did not show improved overall
survival, the results are quite consistent with other randomized trials in locally advanced head
and neck cancer, demonstrating a significant benefit with concurrent chemoradiation and little
or no benefit with sequential chemoradiation.

6. REEVALUATION OF THE ROLE OF INDUCTION CHEMOTHERAPY
WITH THE EMERGENCE OF CONCURRENT CHEMORADIATION

AS THE STANDARD OF CARE

Concurrent chemoradiation has recently been established as the standard of care for locally
advanced head and neck cancer that is treated with a primary radiation approach. The meta-
analysis clearly shows that concurrent chemoradiation is far more effective than an induction
approach, and this has been reinforced by an updated meta-analysis including more recent
randomized trials of concurrent chemoradiation (22). Hence, even if induction chemotherapy
is thought to have a role in standard treatment based on a positive interpretation of the induc-
tion chemotherapy literature, e.g., emphasizing the cisplatin/5-FU subgroup analysis from the
meta-analysis, its role still needs to be reevaluated in the setting of a more efficacious standard
treatment than was available previously.

With improvements in local-regional control using concurrent chemoradiation and altered
fractionation regimens, it has been argued that distant metastases are becoming a more com-
mon site of first relapse (23). Investigators have speculated that treatments that may decrease
distant metastases, such as the addition of induction chemotherapy to concurrent
chemoradiation, may have an impact on survival if the rates of local-regional failure are low.
Several phase II trials have reported good results with this approach (23,24). However, in trials
that have compared concurrent with sequential chemoradiation, the incidence of distant me-
tastases has been similar (21,25). In the larynx preservation trial, both concurrent and sequen-
tial chemoradiation decreased distant metastases compared with radiation alone (21). Hence,
concurrent regimens that use schedules and doses of cisplatin or cisplatin and 5-FU that have
significant cytotoxic activity may be just as effective as induction chemotherapy in eradicat-
ing micrometastases. The addition of induction chemotherapy could only further decrease
distant metastases if more than three cycles is more effective than three cycles, if the addition
of other drugs is beneficial, e.g., taxanes, or if the concurrent chemotherapy used has minimal
cytotoxic effect on distant metastases.
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7. NEW INDUCTION CHEMOTHERAPY REGIMENS

There have been several reports of high response rates with taxane-containing induction
regimens (26). Recently, a phase III EORTC trial comparing docetaxel, cisplatin, and 5-FU
with cisplatin and 5-FU as induction chemotherapy followed by radiation alone has been
reported in preliminary form (27). The docetaxel-containing regimen was associated with
improved local-regional control, decreased distant metastases, and improved overall survival.
These results suggest that more efficacious chemotherapy regimens may indeed make induc-
tion chemotherapy a more effective strategy.

Several phase III trials are planned or under way evaluating the benefit of adding taxane-
containing induction chemotherapy to concurrent chemoradiation. It is important that in these
trials concurrent chemoradiation regimens with proven benefit in randomized trials be used,
e.g., cisplatin 100 mg/m2 in wk 1, 4, and 7. Trials that use less intensive concurrent chemo-
therapy that has not been demonstrated to be of benefit may be harder to interpret. The key
question to address is whether induction chemotherapy imparts additional benefit when com-
bined with concurrent chemoradiation compared with a standard concurrent chemoradiation
regimen. It is not clear whether an intensive induction regimen such as that used in the EORTC
trial can be combined with an intensive concurrent regimen. The concern would be that
delivery of the concurrent component may be compromised in a multicenter trial. Cumulative
cisplatin toxicities such as neuropathy may also become problematic if high-dose cisplatin is
included in both the induction and concurrent regimens.

8. CONCLUSIONS

The strategy of induction chemotherapy in locally advanced head and neck cancer has been
evaluated in clinical trials for 25 yr, and overall the results have been disappointing. Although
some data suggest that induction chemotherapy prior to radiation alone can have a positive
impact (e.g., the cisplatin/5-FU subgroup analysis of the meta-analysis and the EORTC trial)
the available evidence does not support its use outside of a clinical trial.
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1. INTRODUCTION

Squamous cell carcinoma of the head and neck (HNSCC) represents 5% of newly diag-
nosed cancers in adult patients seen in the United States. Although HNSCC is a highly curable
malignancy when diagnosed at an early stage, many patients present with advanced local-
regional disease. Locally advanced disease can be separated into either intermediate (stage III;
T3N0M0 or T1–3N1M0) or advanced (stage IV; T4N0–1M0 or T1–4N2–3M0) (1). Stage III
patients are generally resectable, and although their prognosis is better a stage IV patients, the
prognosis for all these patients, particularly those who are unresectable has remained poor (1–
8). The potential for surgical resection, whether surgery is advised or not, defines a better
prognosis than the presence of unresectable disease. Thus resectability, site, stage, and per-
formance status are the major prognostic factors for patients with HNSCC. Standard therapy
with surgery and/or radiotherapy can be associated with significant morbidity and functional
disability, particularly when the tumor arises in the larynx, piriform sinus, or oropharynx (9).
In addition, despite aggressive local therapy with surgery or radiotherapy, between 50 and
60% will develop locoregional recurrences, and 20 to 30% will develop distant metastases
within 2 yr. Only 20 to 45% will remain disease free and alive at 3 yr.

Over the last three decades, medical, surgical, and radiation oncologists have tried to
develop a strategy to include chemotherapy in the treatment of locally advanced HNSCC to
improve survival and reduce morbidity. Platinum-based chemotherapy is very active in recur-
rent HNSCC. Response rates to platinum-based combination chemotherapy are relatively
high and, in previously untreated patients, can reach 50 to 70%, with 20 to 30% complete
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responses (10,11). These outstanding results have led to a considerable effort to develop
curative and function-preserving platinum-based therapy for patients with this disease.

As a result of this long and shared endeavor, the incorporation of chemotherapy into a
combined modality approach to locally advanced HNSCC has resulted in four general advan-
tageous outcomes: (1) chemotherapy can substitute for primary site surgery, allowing primary
functional organ preservation (2,12,13); (2) chemotherapy can improve local regional control
(6,14,15); (3) chemotherapy can reduce the rate of distant failure (13); and (4) chemotherapy
can improve survival in patients with advanced disease (4,6,16–19). Despite compelling
evidence for these outcomes, optimal content and scheduling of combined modality therapy
has remained extremely controversial (20). Three major approaches have been investigated
for the treatment of primary, locally advanced disease: (1) induction chemotherapy (IC), in
which chemotherapy is given before definitive surgery and/or radiotherapy; (2) concomitant
treatment with chemotherapy and radiotherapy (CRT), in which chemotherapy and radio-
therapy are delivered over the same time frame; and (3) sequential chemotherapy (SCT), a
combination of induction chemotherapy and CRT, followed by surgery to sites of bulky nodal
or persistent primary site disease (21,22).

2. INDUCTION CHEMOTHERAPY

2.1. Background
Induction chemotherapy for HNSCC has been studied for more than 25 yr. The intense

interest in induction chemotherapy has been based on consistent reports of substantial
response rates in patients with advanced and recurrent HNSCC. The evidence that cisplatin-
based chemotherapy can rapidly shrink large tumors in patients with markedly advanced
HNSCC and result in a significant fraction of pathologically negative resections supports
the notion that induction chemotherapy can enhance cure rates and/or eliminate the need for
surgical resection. The seminal investigations by the team of medical oncologists at Wayne
State University systematically explored treatment with cisplatinum and 5-fluorouracil (5-
FU) and, through a series of trials, developed the PF induction chemotherapy regimen
(10,11,23–26). Although a number of different schedules were tested, the combination of
bolus cisplatin and a 5-d continuous infusion of 5-FU was found to be most effective,
balanced with acceptable toxicity. Other schedules of these drugs or reduced doses led to
lesser response rates.

The Wayne State two-drug regimen combines 100 mg/m2 cisplatin on d 1 with 1000 mg/
m2/d continuous infusion 5-FU starting on d 1 and continuing for 5 d (10,23). The toxicity of
this regimen has been considerable, including nephrotoxicity, mucositis, and diarrhea. Sub-
stituting carboplatin for cisplatin to reduce toxicity has been associated with poorer survival
and responses in both curable and recurrent disease (27,28). Multiple phase III randomized
trials in recurrent disease have combined additional drugs to improve on this regimen, without
success (Table 1) (28–34). The PF regimen was the most effective regimen and has remained
the gold standard in advanced HNSCC until recently. In first-line therapy of patients with
recurrent disease, PF is reported to produce response rates of 25–45%, with complete responses
approaching 20%. Responses are short lived, with median progression free survival of 5–9 mo
(28–34). Although tumors shrink rapidly, acquired resistance leads to rapid regrowth. This is
a reflection of the genetic plasticity and short potential doubling time of the malignant cells
and explains why, in curable, untreated patients, a single modality of therapy cannot be
delivered over an extended period (35,36).



Chapter 12 / Sequential Therapy for HNSCC 173

The Wayne State and Stanford groups were the first clinical research teams to suggest that
PF could replace surgery in curable, resectable patients (25,26). The concept of organ pres-
ervation gave medical oncologists a more engaged role in the curative treatment of HNSCC
and drove the development of induction chemotherapy during the modern era of clinical
investigation in to HNSCC. Others suggested that induction chemotherapy made biologic
sense because drug delivery is better in untreated, well-vascularized tumors and, as in other
tumor systems, micrometastatic disease could be eradicated by high-dose therapy. In addition,
it is clearly evident that in HNSCC, the treatment-naïve patient is far more tolerant of the side
effects of chemotherapy than the irradiated or postoperative patient.

The clinical benefits of PF induction chemotherapy in curable patients have been demon-
strated in meta-analysis (7,19). The most recent indicated that PF regimens, including those
substituting carboplatin for cisplatin, had a significant 5-yr survival advantage over standard
therapy (Table 2). Close analysis reveals that only six, relatively recent, randomized trials
comparing PF with standard therapy have sufficient patients (≥100/arm) and scientific rigor
to allow valid conclusions to be drawn (Table 3) (4,12,13,17,18). These trials demonstrated
either organ preservation, reduced distant metastases or significant improvements in survival
in PF induction chemotherapy-treated patients compared with the control populations.
Reported response rates have averaged 60–80%, with complete responses in 20–30% of the
patients. The trials can be divided into those in which organ preservation was the major end
point or survival was the major end point.

2.2. Organ Preservation in Patients With Resectable HNSCC
The phase III Veterans Affairs (VA) Larynx Preservation Trial is a two-arm study in which

induction chemotherapy with PF followed by radiation was compared with initial laryngec-

Table 1
Selected Randomized Phase III Trials in Recurrent Disease

Comparing PF With Other PF-Based Regimens

Study PF dose Comparison PF CR + PR (%)

Paredes et al., 1988 (32) P: 120 PF with DDTC protectant 41
F: 5000

LHNOG, 1990 (30) P: 100 Cisplatin 31
F: 4000 MTX

Cisplatin + MTX
Forastiere et al., 1992 (28) P: 100 Carboplatin/5-FU 32

F: 4000 MTX
Jacobs et al., 1992 (34) P: 100 Cisplatin 40

F: 4000 5-FU
Clavel et al., 1994 (29) P: 100 CABO 34

F: 4000 Cisplatin
Schrijvers et al., 1998 (33) P: 100 PF + interferon-α2b 47

F: 4000
Murphy et al., 2001 (31) P: 100 Cisplatin/Tp 22

F: 4000

Abbreviations: DDTC, diethyidithiocarbamate; MTX, methotrexate; Tp, paclitaxel; CABO,
cisplatin, methotrexate, bleomycin, and vincristine; PF, cisplatinum and 5-fluorouracil; CR, complete
response; PR, partial response.
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tomy followed by radiation therapy in patients with resectable, intermediate-stage larynx
cancer (2). The results demonstrated that patients who received induction chemotherapy had
an equivalent survival to patients treated with total laryngectomy, but organ preservation was
achieved in two-thirds of the patients given induction chemotherapy. Additionally, the rate of

Table 2
Five-Year Survival for Randomized Trials of Chemotherapy

vs Standard Therapy in HNSCC: The Results of a Meta-Analysis

Trial type No. of trials No. of patients Difference (%) p value

All trials 65 10,850 +4 <0.0001
Adjuvant 8 1854 +1 0.74
Induction 31 5269 +2 0.10
PF 15 2487 +5 0.01
Non-PF 16 2782 0 0.91
CRT 26 3727 +8 <0.0001

Abbreviations: HNSCC, head and neck squamous cell carcinoma; PF,
cisplatinum and 5-fluorouracil; CRT, chemoradiotherapy.

Modified from ref. 7.

Table 3
Adequately Powered, Well-Designed Randomized Trials of Induction Platinum-Flurouracil (PF)

Chemotherapy Compared With Standard Therapy for Curable HNSCC

No.
Preservation Treatment regimen entered Results

Organ
VA larynx study, 1991 (2) PF × 3 332 Organ preservation with PF

Surgery
EORTC hypoparynx, 1994 (3) PF × 3 202 Organ Preservation with PF

Surgery
Intergroup larynx, 2003 (6) PF × 3 547 Laryngectomy free survival

Cisplatin + SFX with CRT vs XRT
SFX No significant difference with PF

Survival
Depondt et al., 1993 (17) Carboplatin/5-FU 324 No survival advantage, total

Surgery and/or XRT population
Significant improvement in

advanced disease
Paccagnella et al., 1994 (4) PF × 4 237 No survival advantage, total

Surgery and/or XRT population
Significant survival

improvement in advanced
disease

Domenge et al., 2000 (18) PF × 4 318 Significant survival
Surgery and/or XRT improvement, total

population

Abbreviations: SFX, standard single-fraction radiotherapy; CRT, chemoradiotherapy; XRT, X-ray therapy.
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distant metastasis was decreased in the induction chemotherapy patients. A similar study of
pyriform sinus cancer performed by the European Organization for Research and Treatment
of Cancer (EORTC) demonstrated an equivalent survival between the chemotherapy and
surgical arms, with organ preservation achieved in one-third of the patients (12). This study
also included primarily patients with intermediate-stage disease. Updates of both studies
confirm that the early results have held up over more than 10 yr (37). These are landmark
studies, which clearly established that intermediate-stage patients treated for larynx preserva-
tion with a nonsurgical approach were not penalized in terms of survival.

Prior to the most recent Intergroup 91-11 trial, attempts to replicate these data were unsuc-
cessful for a number of reasons (13). A Group d’Etude des Tumeurs de la Tete et du Cou
(GETTEC) trial that studied laryngeal cancer exemplifies the flaws in design and conduct that
plagued early attempts to perform clinical research in HNSCC (38). This trial included very
few patients, 69 in total, and had significant early morbidity, which suggested poor patient
selection and treatment monitoring. This study highlights problems encountered with many
trials in HNSCC, most notably, the inclusion of patients who are inappropriate for aggressive
treatments by virtue of underlying morbidities or psychosocial disability. Patients being treated
with an intensive therapeutic regime that includes chemotherapy and radiotherapy must be
able to tolerate the treatment. In addition, when organ preservation is an outcome of impor-
tance, they must be capable of rehabilitating from the therapy. Combined-modality therapy
can lead to devastating short-term toxicity and long-term morbidity, which must be addressed.
Hence it is of great importance that the care in or out of clinical trials be managed by an
experienced and coordinated-combined modality team skilled in the specifics of treatment for
HNSCC. Importantly, late function, toxicity, and mortality are not well appreciated in many
clinical trials.

More recently, induction chemotherapy for organ preservation has been compared with
CRT and with standard daily fractionated radiotherapy in the Intergroup 91-11 trial (13). This
study reported that for the intermediate-stage patients, CRT with bolus cisplatin led to greater
laryngectomy-free survival than radiotherapy alone. Induction chemotherapy was intermediate
and not significantly better compared with radiotherapy or was worse than CRT. Both chemo-
therapy arms had diminished distant metastases compared with radiotherapy alone. This is
somewhat puzzling, as CRT is not associated with a reduction in distant metastases in postop-
erative or advanced disease settings. Hence, this result is may be specific to the larynx as a
primary site or to intermediate-stage disease. Swallowing function was significantly better at 1
yr in the induction chemotherapy group compared with radiotherapy or CRT. Surprisingly,
differences in laryngectomy-free survival diminished over time. Thus, in this intermediate-stage
population, CRT appears to be a more efficient and potentially effective therapy than radio-
therapy alone, although with longer follow-up the difference may disappear.

Two additional studies evaluated PF in patients with both resectable and unresectable
disease (4,18). Patients were stratified prior to therapy into these two categories, with surgery
planned to occur in the resectable patients between induction chemotherapy and radiotherapy.
In the earlier Studio Trial, induction chemotherapy did not improve survival in the resectable
patients, although unresectable patients did have a significant survival improvement. There
are several potential reasons for these results. First, tumor mapping prior to surgery may not
have been adequate. Thus, the complete original volume may not have been encompassed by
the postchemotherapy surgery. Second, there was a delay to allow postsurgery healing prior
to regional postoperative radiotherapy. This delay permitted the residual population of poten-
tially resistant tumor cells to expand and repopulate their remaining tissues. Unresectable
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patients receiving chemotherapy on this trial did not have intervening surgery and had a
significant improvement in survival. Hence, one could argue that surgery reduced survival in
the resectable patients.  The second trial, a GETTEC study with an identical design published
6 yr later, demonstrated a significant improvement in resectable patients who received induc-
tion chemotherapy followed by surgery and radiotherapy compared with those who did not
receive PF induction chemotherapy. The improvement in survival in resectable patients re-
ceiving PF in this later trial could be the result of better pretherapy tumor mapping and more
rapid movement to radiotherapy after surgery.

The biology of HNSCC must be considered when one is evaluating data from these trials.
First, when comparing therapy trials for patients who have resectable disease with trials for
patients who have unresectable disease, there is a critical difference in the possible end points
of studies specific to larynx preservation compared with studies in patients who have
unresectable disease or oropharyngeal carcinoma. In organ preservation studies, equivalent
survival is an accepted end point if laryngeal or tongue function is maintained, whereas
survival is the appropriate end point in unresectable disease. In addition, in larynx and pyri-
form sinus cancer, salvage surgery is effective in up to 30% of patients. Hence primary site
surgery remains a viable therapeutic option in larynx preservation trials, whereas this is
generally not the case in oropharynx or unresectable disease. In addition, the volume of
disease tends to be less in resectable tumors of the larynx and pyriform sinus; hence the
possibility of cure is higher. These are subtle distinctions that have implications for determin-
ing equivalence or improvement in survival in studies that include different sites or stages of
HNSCC; this is an example of the complexity of therapeutic and scientific decision making
in this disease. Finally, in studies with surgery or organ preservation as a planned intervention
for resectable disease or after response assessment, the timing of the surgery has not been
optimal. Performing primary site surgery, nodal surgery, or primary site “salvage” surgery
after induction chemotherapy but before radiotherapy might negatively impact on survival by
delaying the initiation of radiotherapy.

2.3. Patients With Unresectable HNSCC
The role of induction chemotherapy is well established in more advanced or unresectable

HNSCC (4,18). The Studio Trial and the GETTEC randomized trials have unequivocally
shown that induction chemotherapy can improve survival and local disease control and can
prevent the occurrence of metastasis in patients with locally advanced unresectable disease.
Survival was significantly improved in the prestratified, unresectable Studio Trial patients
who received induction chemotherapy over standard radiotherapy. Two-year survival was
30% in the induction arm compared with 19% in the radiotherapy arm. Updated 12-yr results
of the Studio Trial were reported and the significant improvement in survival in the PF-treated
patients has been maintained (39).

As mentioned above, the proper sequencing of induction chemotherapy with other modali-
ties has not been well explored. In the Studio Trial unresectable patients went directly from
induction chemotherapy to radiotherapy and showed a significant improvement in survival
compared with radiotherapy alone. Importantly, and radically unlike any preceding trials,
patients in the unresectable group underwent a postradiation primary site biopsy. If that biopsy
was negative, they went on to neck dissections if indicated prior to chemotherapy and/or
radiotherapy. The notion of postradiotherapy surgery is biologically plausible, when you
consider the risk of delay, potential tumor doubling times, and the nature of radiotherapy,
which is regional therapy, as opposed to surgery, which is focused and structurally limited in
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extent. This is in marked contrast to performing surgery between induction chemotherapy and
radiotherapy, which potentially allows tumor cell repopulation to occur prior to the start of
radiotherapy. In addition, more restricted surgery may be viable after induction chemotherapy
and aggressive radiotherapy, although this was not tested in the Studio Trial. Finally, patients
are better able to tolerate more aggressive radiotherapy (or chemoradiotherapy) prior to surgery.

Primary site biopsies after induction chemotherapy for prognostic determination are
underutilized. In the first study of its kind, the Wayne State group found that patients who had
a complete clinical response combined with a complete pathologic response at the time of
surgery had superior survival compared with those who still had residual disease (25). In the
VA Laryngeal Cancer Study, a positive primary site biopsy after induction chemotherapy was
associated with reduced locoregional control (40). Notably, one-half of partial responders had
a negative postchemotherapy biopsy and a good outcome, suggesting that pathologic response
was superior in predictive value to clinical assessment. Therefore, pathologic response at the
primary site may be used for assessment of therapeutic efficacy and prediction for for primary
site control. The predictive value may vary by site and by regimen. In newer ongoing studies,
response and biopsy have been used to predict who might be a candidate for organ preserva-
tion. Primary site biopsy and response to induction chemotherapy might also be useful in
setting the intensity of subsequent therapy. Newer functional imaging techniques have the
potential to impact profoundly on therapeutic decision making in this setting and may serve
as surrogates for primary site biopsy or may predict the need for neck dissection.

2.4. Improving PF Induction Chemotherapy
Although PF has been the standard for induction therapy, numerous phase II and phase III

trials have sought to develop alternative regimens to PF to improve response or moderate
toxicity. Several trials have been reported in which carboplatin was substituted for cisplatin
in the PF regimen because of its simpler toxicity profile and ease of administration. In a large
randomized trial reported by Depondt et al. (17), Carboplatin-based PF induction therapy led
to a borderline improvement in survival in the complete population compared with standard
therapy. Despite the use of an agent that is inferior for curative therapy, Depondt et al. (17)
demonstrated a significant improvement in overall survival in the subset of advanced induc-
tion chemotherapy-treated patients. Cisplatin has been shown to be superior to carboplatinum
in randomized trials of platinum/5-FU regimens both in the setting of induction chemotherapy
and in recurrent disease (27,28). Thus, interpretation of borderline negative results with
carboplatin-based PF should be performed with caution.

Other approaches have included adding a third drug, altering PF scheduling, or promoting
radically new combinations. These regimens include PF with leucovorin and interferon-PF
regimens (Table 1) (41); they have proved to be no better or were less effective than PF in
randomized trials. Recently, the taxanes have been shown to be the most active single agents
in recurrent disease. Taxanes have been investigated in combination as a doublet with
carboplatinum or triplet with PF in the induction setting (3,31,42–47). One radically aggres-
sive therapy, paclitaxel, cisplatin, and ifosfamide (TIC), has shown considerable activity and
appreciable toxicity in a phase II study but has never been tested in phase III (48). A single
randomized trial in the recurrent setting with cisplatin plus paclitaxel (PTp) vs PF is completed
and a full report is pending (31). In this Eastern Cooperative Oncology Group (ECOG) study,
response rate between PF and PTp was equivalent, and toxicity with PTp was less. However,
PF had a better 1-yr survival then PTp. High-dose induction carboplatinum-taxol (CTp)
regimens have been studied in phase II trials with mixed results. Although carboplatinum is
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inferior agent to cisplatin in combination with 5-FU, it is unclear whether, when combined
with a taxane, it is less effective then cisplatin. Some carboplatin-paclitaxel regimens require
cytokine support, and observed response rates are relatively low. It is therefore very surprising
that carboplatin/taxane-based therapies have been accepted as standards for induction therapy,
as there are no phase III data showing equivalence or improvement in response or survival,
compared with standard PF.

Combinations of taxane plus PF (TPF) have been studied extensively in phase II and III
trials. The majority of phase II studies in curable, previously untreated patients have shown
excellent results (Table 4) (3,43–47). More importantly, there are now two large, randomized
phase III trials reported in abstract form demonstrating that a taxane triplet based on PF is
superior to and less toxic than standard PF (3,46). The EORTC trial demonstrated that a
docetaxel-based TPF induction therapy, followed by radiotherapy, led to a significant im-
provement of survival in patients with unresectable HNSCC. A persistent relative survival
improvement of 25% was associated with less nausea, vomiting, and mucositis and fewer
deaths then the PF arm. The Madrid study evaluated a paclitaxel-based TPF regimen and also
demonstrated, in a more mixed population, an improvement in survival and less toxicity with
the triplet, compared with the PF regimen. These studies are highly significant and signal an
important change in therapy for HNSCC, making TPF therapy an acceptable, more effective
standard for induction chemotherapy.

3. SEQUENTIAL CHEMORADIOTHERAPY

There is compelling evidence from phase III trials and a meta-analysis that induction
chemotherapy and CRT each improve survival in patients with locally advanced HNSCC (7).
An analysis of failures in aggressive TPF regimens followed by hyperfractionated radio-
therapy revealed good control of distant metastases but disappointing locoregional failure
rates, even in the face of hyperfractionated radiotherapy programs (49). An analysis of mul-
tiple CRT studies reveals no effect on distant metastases by CRT treatments leading to a
relative increase in distant metastases such that distant metastases account for more than 50%
of failures (6,14,15,50).

As opposed to CRT, induction chemotherapy provides high-dose systemic therapy, which
treats distant disease and significantly reduces local and regional disease prior to the start of
radiotherapy. The latter effect has the potential to lead to a better functional outcome as
documented in the Intergroup Larynx Preservation Trial (13). Induction chemotherapy tox-
icity is also usually transient, whereas CRT toxicity is significantly prolonged and frequently
permanent. Induction chemotherapy is also associated with prolongation of treatment. In
addition, it is possible to assess prognosis and adjust the intensity of subsequent therapy based
on response to induction chemotherapy. Early studies by the Wayne State team demonstrated
that CRT could salvage unresectable patients who were not responding to PF induction che-
motherapy (22). This group of patients would be expected to have an almost 100% mortality
with standard radiotherapy; however 26% remained alive and disease free at 2 or more years,
and more than half were controlled locally. Thus, CRT allows for increased locoregional dose
intensity. CRT may be altered to salvage poor responses to induction chemotherapy. CRT
alone is ineffective systemic therapy and is associated with considerable systemic and local
toxicity. Finally, if CRT is the sole planned therapy, then there is no method to assess prog-
nosis and adjust intensity or toxicity once CRT has started.

We, and others, have proposed and are studying methods of combining induction chemo-
therapy with CRT and surgery as sequential therapy. We have proposed a paradigm in which
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induction chemotherapy is followed by CRT; surgery typically is added after CRT to complete
the eradication of residual cancer in areas of bulk disease, particularly in the neck, or for
salvage of persistent primary site disease. We believe this paradigm optimizes therapy by
attending to the known biology of HNSCC and the clinical observations of the last two decades
of combined-modality therapy in this disease. Tumor growth rates are most rapid after tumor
volume is decreased, as occurs in the immediate period after completion of induction chemo-
therapy (35). This is a biologically critical period for therapeutic intervention. Thus, the
addition of a non-cross-resistant regional therapy with minimal delay, i.e. CRT after induction
chemotherapy, rather than a focused treatment, i.e., surgery, at this critical time point should
improve locoregional control. CRT at this point is superior to surgery because it treats the
entire region, rather than specific structures. Surgery can be applied after CRT to remove any
residual nidus within the sites of prior bulk disease.

Many sequential therapy plans have been investigated in phase II studies based on different
treatment concepts. Schedules have varied in timing, intensity and choices of agents. These
studies are summarized in Table 5 (22,46,51–57). Two phase III trials, the Madrid study and
the TAX 324 studies are included, although they represent studies comparing PF with TPF
(46) and do not answer questions regarding the value of the sequential therapy paradigm. The
University of Pennsylvania sequential program studied very high-dose CTp followed by
single-agent weekly CRT with Paclitaxel (51). Surgery was reserved for nonresponders to
chemotherapy and for patients with large neck nodes, who have post-CRT neck dissections
and adjuvant chemotherapy. The University of Chicago gave weekly CTp chemotherapy over
6 wk followed by THFX CRT (52). The Minnie Pearl Cancer Research Network Trial per-
formed a study of high-dose CTp with continuous infusion of 5-FU followed by CTp weekly
with radiotherapy (54). Vanderbilt University Medical Center completed a trial similar to the
University of Pennsylvania trial (55). The Venice Study explored two CRT regimens in
combination with TPF induction chemotherapy (57). They found two CRT cycles of a cisplatin/
5-FU regimen to be more tolerable than three cycles of  a carboplatinum/5-FU regimen and

Table 4
Phase III and Selected Phase II Trials of Taxane Plus PF Induction Chemotherapy for Curable Hand

and Neck Squamous Cell Carcinoma

Phase II Treatment regimen No. entered 2-Yr survival

Posner et al., 2001 (44) TPF 43 82%
Janinis et al., 2001 (43) TPF 20 60%
Schrijvers et al., 2004 (45) TPF 48 41%
Colevas et al., 2002 (47) TPFL 34 68%

Phase III Treatment comparison No. entered Summary result

Hitt et al., 2003 (46) TpPF 383 Significant survival advantage
to TpPF

Less toxcity
Vermoken et al., 2004 (3) TPF 358 Significant survival advantage

to TPF
Less toxicity

Abbreviations: TPF, toxane, cisplatinum, and 5-fluorouracil; TPFL, TPF plus leucouorin; TpPF, paclitaxel,
cisplatinum, and 5-fluorouracil.
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plan a phase III trial comparing sequential therapy with CRT. Results for all these trials are
relatively early but suggest a 60 to 70% 3-yr survival.

The University of Michigan has adopted a different approach, They are using induction
chemotherapy to determine subsequent therapy (56). After one cycle of PF patients are as-
sessed for response and nonresponders undergo laryngectomy; complete and partial respond-
ers receive CRT with bolus cisplatin. Two additional cycles of adjuvant PF are then given to
complete responders. Survival and organ preservation rates are excellent. Survival at 3-yr was
80%. This population is primarily patients with resectable larynx cancer and is not directly
comparable to the more advanced patients treated in the other sequential studies.

A multicenter, randomized, phase III trial, TAX 324, has been completed; it compared a
sequential treatment plan of TPF (with docetaxel) vs PF induction therapy, followed by CRT
with weekly carboplatinum. TAX 324 accrued over 530 patients (Fig. 1). Results should be
available for initial analysis by the Fall of 2005. This trial is similar to the Madrid trial;
however, the weekly CRT with carboplatin allows more regional dose intensity and less
systemic toxicity was seen than with the bolus cisplatin regimen used in the Madrid study. In
addition, surgery in the TAX 324 study was planned to be performed after CRT, based on the

Table 5
Sequential Chemotherapy Trials

Induction Concomitant Adjuvant
chemotherapy chemoradiotherapy chemotherapy

Wayne State phase II, PF Bolus cisplatin None
1990 (22) q 3 wk × 3 q 3 wk × 3

SFX
U. of Chicago phase PFL + interferon-α Split course, concomitant 5-FU, None

II, 1998 (53) q 4 wk × 3 hydroxyurea
U. of Chicago phase Carboplatin/Tp Paclitaxel, 5-FU, hydroxyurea None

II, 2003 (52) q 3 wk × 6 HF-XRT
U. of Penn. phase II, Carboplatin/Tp Paclitaxel weekly Carboplatin/Tp

2003 (51) q 3 wk × 2 SFX q 3 wk × 2
MPCRN phase II, Carboplatin/Tp Carboplatin/Tp weekly None

2003 (54) q 3 wk × 2 SFX
5-FU CI d 1-42

ECOG 2399 phase II, Carboplatin/Tp Paclitaxel weekly None
2003 (55) q 3 wk × 2 SFX

U. of Michigan phase PF x 1 Cisplatin q 3 wk PF × 2 q 3 wk
II, 2003 (56) SFX

Madrid phase III, TpPF vs PF Cisplatin q 3 wk None
2003 (46) SFX

Venice phase I/II, TPF Carboplatin/5-FU x 3 None
2004 (57) q 3 wk × 3 or

PF × 2
SFX

TAX 324 phase III, PF vs TPF Carboplatin weekly None
unpublished q 3 wk × 3 SFX

Abbreviations: PFL, isplatin, 5-fluorouracil (5-FU), and leucovorin; HF-XRT, hyperfractionated radiotherapy;
MPCRN, Minnie Pearl Cancer Research Network; CI, continuous infusion; PF, cisplatin and 5-FU; TPF, taxane,
cisplatinum, and 5-FU; TpPF, paclitaxel and PF; SFX, single-fraction radiotherapy.
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notion of enhancing regional therapy and reserving focal surgery for any residual nidus of
cancer at the original sites of bulk disease.

The phase II and phase III trials of sequential therapy have reported 2- and 3-yr survival
rates in advanced disease that are unprecedented. This new paradigm of treatment has not been
compared with a standard CRT regimen, and phase III studies are being planned or initiated
to compare the paradigms of sequential therapy and CRT. The Southwestern Oncology Group
(SWOG) is a comparative trial using bolus cisplatin CRT as the standard arm and TPF induc-
tion chemotherapy followed by bolus cisplatin CRT as the experimental therapy (Fig. 2). The
Dana-Farber Cancer Institute is leading an active phase III trial comparing TPF-CRT sequen-
tial therapy with cisplatin plus accelerated concomitant boost (CRT-ACB) radiotherapy (Fig.
3). The Paradigm Trial has chosen an aggressive CRT-ACB approach as the CRT control arm.

Fig. 1. Schema for the TAX 324 trial, a randomized phase III trial comparing TPF with PF in a sequential
therapy paradigm. 5-FU, 5-fluorouracil; CI, continuous infusion; EUA,.

Fig. 2. Schema for the SWOG trial, a randomized phase III trial comparing TPF-based sequential therapy
with chemoradiotherapy. P, cisplatinum; D, docetaxel; F, 5-fluorouracil; T, taxane.
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This CRT-ACB regimen is currently being compared by the Radiation Therapy Oncology
Group (RTOG) with a standard arm of bolus cisplatin and once-daily radiotherapy. The
Paradigm Trial takes full advantage of the prognostic value of response to induction therapy.
Patients on the induction TPF arm of the Paradigm Trial with poor responses to induction
therapy will be treated with a more aggressive docetaxel based CRT with ACB. Docetaxel
based CRT-ACB is more locally toxic, but phase I and laboratory data indicate that taxanes
are superior radiation sensitizers even when the tumor is resistant to taxane alone (58–60).
Unfortunately, increased normal tissue toxicity limits their utility.

4. CONCLUSIONS

Induction chemotherapy has been studied and refined over the last two decades. Induction
therapy with PF leads to improved survival in patients with advanced disease. The newly
studied triplets of taxane-based PF have improved the outcomes compared with PF and are a
new standard of care for induction chemotherapy. The new paradigm of sequential therapy
incorporates our advancing understanding of the biology of the disease and the experiences
of past clinical trials and results in several potential benefits. Sequential therapy leads to
improved locoregional control, organ preservation, and function by dramatically reducing
tumor volume and treating systemic metastases prior to the start of CRT. By identifying
patients with resistant disease before CRT, surgery or more aggressive CRT approaches can
be applied. Sequential therapy and TPF induction chemotherapy will be the platforms for
further investigation of the new molecularly targeted agents coming into the clinic. Sequential
therapy makes sound biologic sense and represents a standard of care that is reasonable, but
it remains experimental. Phase III trials will ultimately determine whether sequential therapy
is truly superior to induction chemotherapy or CRT.

Fig. 3. Schema for the Paradigm trial, a randomized phase III trial comparing TPF-based sequential
therapy with chemoradiotherapy. ACB, accelerated concomitant boose; CR, complete response; F, 5-
fluorouracil; NR, no response, P, cisplatinum; PR, partial response; T, taxane; XRT, radiotherapy.
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1. INTRODUCTION

Initial efforts to integrate systemic chemotherapy into the definitive management of squa-
mous cell head and neck cancer focused on sequential treatment schedules. Given the impres-
sive response rates seen with multiagent chemotherapy in previously untreated patients,
considerable effort went into the study of induction or neoadjuvant treatment schedules (1).
Numerous randomized trials have now been completed. Although induction chemotherapy
has been generally well tolerated, and appears to decrease the likelihood of distant metastatic
disease, no consistent survival benefit has been demonstrated from this treatment approach
alone (2).

Increasingly the focus of multimodality treatment for this disease has been on the use of
concurrent rather than sequential schedules. This approach, commonly referred to as
chemoradiotherapy (CRT), is based on the potential for synergism between the two treatment
modalities, i.e., chemotherapeutic radiosensitization (3).

A number of mechanisms for radiosensitization have been suggested (4). These include the
potential ability of chemotherapy to decrease tumor cell repopulation following radiation
fractionation. The possibility that chemotherapy might recruit cancer cells into a more radia-
tion-sensitive phase of their cell cycle has also been suggested, as has the ability of chemo-
therapy to inhibit repair of sublethal radiation damage. Both laboratory and/or clinical models
of radiosensitization have been demonstrated for several chemotherapeutic agents including
cisplatin, 5-fluorouracil (5-FU), mitomycin, hydroxyurea, bleomycin, and the taxanes. Con-
current treatment approaches have been found to be valuable not just in head and neck cancer
but also in several of the gastrointestinal tumors including esophageal cancer, rectal cancer,
anal cancer, and pancreatic cancer as well as in lung, genitourinary, and gynecologic malig-
nancies.

The theoretical advantages of concurrent treatment also include the fact that both chemo-
therapy and radiation therapy are independently active treatment modalities and may act on
different cell populations. The use of chemotherapy in conjunction with radiation also allows
for the treatment of microscopic metastatic disease not addressed by locoregional treatment.
Furthermore, the concurrent rather than sequential use of these two treatment modalities
provides for a shorter overall treatment duration, an issue of considerable importance in the
relatively noncompliant head and neck cancer population.

Concurrent Chemoradiotherapy

Impact on Survival and Organ Preservation

David J. Adelstein, MD
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There is, however, a significant disadvantage to concurrent treatment (1). The simultaneous
use of two independently toxic treatment modalities will necessarily result in greater toxicity
than either treatment modality used alone. This has often resulted in a compromise of the dose
intensity of the radiation, the chemotherapy, or both. These compromises have included the
use of single-agent rather than combination chemotherapy, a reduction in chemotherapy dose,
or an alteration in radiation scheduling, most notably the use of split radiotherapy courses.
Such compromises in dose intensity also compromise overall treatment results. It is therefore
important that any benefit achieved by the concurrent use of these two treatment modalities
be more than just additive, in order to compensate for the increased resultant toxicity.

2. SINGLE-AGENT CHEMORADIOTHERAPY TRIALS

The initial exploration of concurrent chemoradiotherapy utilized a full course of conven-
tional, uninterrupted radiation therapy as the definitive management along with simultaneous
single-agent chemotherapy. Although it was recognized that the chemotherapy was, by itself,
suboptimal, it was felt to be potentially sensitizing in conjunction with the radiation. A number
of randomized phase III trials have been reported comparing radiation therapy with radiation
and single-agent 5-FU (5–7), bleomycin (8–11), and  platinum (12–15) (Table 1).

5-FU was the first chemotherapy drug studied in this fashion. A randomized trial begun in
1961 at the University of Wisconsin demonstrated an improvement in both local control and
survival in patients treated with bolus 5-FU and concurrent radiation compared with radiation
therapy alone (5). The benefit appeared to be restricted to those patients with oral cavity
tumors. A survival benefit was also demonstrated in a large trial reported by Sanchiz et al. (6)
comparing 60 Gy of radiation with the same radiation dose and single-agent 5-FU. In this
study, a third treatment arm using hyperfractionated radiation to a larger total dose (70.4 Gy)
produced results similar to those of the CRT arm. Browman et al. (7) reported their trial of
conventional radiation compared with radiation and two concurrent 72-h, 5-FU infusions. The
concurrent group experienced greater toxicity but a statistically improved complete response
rate with marginally improved progression-free and overall survival.

The experience using concurrent single-agent bleomycin has been inconsistent.
Locoregional control and relapse-free survival were improved in the Northern California
Oncology Group Trial (10), whereas results reported by the European Organization for Re-
search and Treatment of Cancer (EORTC) were negative, with no benefit identified from the
addition of bleomycin (11). This latter trial, however, was compromised by frequent protocol
deviations. The Northern California Oncology Group study also used additional adjuvant
chemotherapy with methotrexate and bleomycin, thus making it difficult to interpret the
results fully.

Encouraging phase II trials have been reported using several schedules of single-agent
cisplatin and concurrent radiation therapy. The Eastern Cooperative Oncology Group (ECOG)
studied a weekly low-dose cisplatin treatment schedule (16), and the Radiation Therapy
Oncology Group (RTOG) utilized high-dose cisplatin given every 3 wk (17). A large random-
ized Intergroup study was subsequently performed comparing radiation therapy alone and the
ECOG regimen of cisplatin (20 mg/m2/wk) along with radiation in patients with locally
advanced but unresectable cancer (12). No survival benefit resulted from the concurrent
treatment despite a higher overall response rate. One explanation for this lack of benefit was
the relatively small dose of cisplatin ultimately given (140 mg/m2). Subsequent randomized
trials employing radiation and daily cisplatin chemotherapy (13,14) or the RTOG, every 3-wk
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regimen have demonstrated a clear survival benefit for the concurrent chemotherapy arms
(15).

This last experience was studied in a second-generation Intergroup randomized trial for
patients with locally advanced unresectable tumors (15). This trial compared (1) radiation
therapy alone (given in a conventional fractionation schedule), (2) the same radiation therapy
plus concurrent high-dose cisplatin (100 mg/m2) given every 3 wk, and (3) an unconventional
split course of radiation plus concurrent 5-FU and cisplatin combination chemotherapy. The
third treatment schedule had been designed with the hope that patients initially deemed
unresectable might be rendered surgical resectable after limited preoperative CRT.

This study enrolled 295 patients from the ECOG and the Southwest Oncology Group
(SWOG), and clearly demonstrated an improved survival for patients treated with the concur-
rent high-dose cisplatin regimen compared with radiation therapy alone. The split-course
radiation therapy and combination chemotherapy arm was not statistically different from
either of the other two treatment arms. The lack of improvement seen from the use of a
multiagent chemotherapy regimen was felt to reflect the detrimental impact of the split course
of radiation therapy, which was not compensated for by the number of surgical resections
ultimately performed. This Intergroup study also allowed salvage surgical procedures to be
performed in patients with less than a complete response, or in those with a locoregional
recurrence after definitive nonoperative management. Such salvage surgery proved possible,
although the surgical procedure was most often only a neck dissection, performed after achieve-
ment of a complete response at the primary site. The clear improvement demonstrated from
the addition of high-dose single-agent cisplatin to conventional radiation therapy established
a new standard of care for the management of patients with unresectable disease.

3. MULTIAGENT CHEMORADIOTHERAPY TRIALS

What stands out from these single-agent trials is the reproducible survival benefit achieved
by the addition of either concurrent single-agent 5-FU or single-agent platinum. Unlike the

Table 1
Randomized Trials of Radiotherapy vs Radiotherapy and Concurrent Single-Agent Chemotherapy

No. of
Author Yr patients Radiation (Gy) Survival benefit

5-Fluorouracil
Lo et al. (5) 1976 136 60-70 Yes
Sanchiz et al. (6) 1990 859 60 Yes
Browman et al. (7) 1994 175 66 Marginal

Bleomycin
Shanta et al. (8) 1980 157 55–60 Yes
Vermund et al. (9) 1985 222 65 No
Fu et al. (10) 1987 104 70 Yesa

Eschwege et al. (11) 1988 199 70 No
Platinum

Haselow et al. (12) 1990 319 68–78 No
Jeremic et al. (13) 1997 159 70 Yes
Jeremic et al. (14) 2000 130 77 Yes
Adelstein et al. (15) 2000 295 70 Yes

aRelapse-free survival.
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experience using induction chemotherapy schedules, this represents a clear demonstration
that chemotherapy has a role in the definitive management of patients with head and neck
cancer. The next logical step was the use of concurrent combination chemotherapy regimens.

Multiagent CRT has been approached somewhat more tentatively, however, in view of
significant and realistic concerns about toxicity (18), Many of the initial efforts employed
suboptimal drug combinations, chemotherapy doses, or radiotherapy treatment schedules.
Despite these compromises, reproducible success, using predominantly 5-FU and platinum
combinations, has been reported, demonstrating a survival benefit compared with radiation
alone (Table 2) (19–24).

Perhaps the most convincing of these studies was initially reported by Calais et al. in 1999
(23) and updated by Denis et al. in 2004 (25). This study randomized 226 patients to either
radiation therapy alone (70 Gy in 35 fractions) or concurrent CRT using the same radiation
therapy schedule and three cycles of concurrent carboplatin and 5-FU. All reported end points
statistically favored the CRT arm, with a 5-yr overall survival of 22% compared with 16% for
those patients treated with radiation therapy alone. Planned surgical salvage or neck dissection
was not part of this treatment protocol and may explain the relatively poor overall survival.
Nonetheless, the study serves as a proof of principle and validates the additional benefit
possible with concurrent combination chemotherapy. In this study, as in all others, the acute
toxicity seen with concurrent CRT was significantly greater than after radiation therapy alone.

Although planned salvage surgery is important in patient management, it has a confounding
impact on the results of these kinds of studies. In 1997, Adelstein et al. (20), reported results
from a phase III trial comparing radiation therapy alone with radiation and two cycles of
concurrent 5-FU and cisplatin. Patients with resectable stage III and IV disease were eligible,
and surgical resection was planned for all patients with less than a complete response or with
locoregional disease recurrence after treatment. Although the overall survival rate was unaf-
fected by the addition of concurrent chemotherapy, relapse-free survival, distant metastatic
control, and overall survival with primary site preservation were significantly improved in
those patients treated with the CRT. The lack of an overall survival benefit was felt to represent
the important contribution of surgical salvage in patients treated with radiation alone.

Several randomized trials have been performed comparing concurrent CRT with sequential
treatment schedules using induction chemotherapy followed by definitive management. Both

Table 2
Randomized Trials of Radiotherapy vs Radiotherapy and Concurrent Multiagent Chemotherapy

No. of Radiation Survival Locoregional
Author Yr patients Chemotherapy (Gy) benefit control benefit

Weissler et al. (19) 1992 32 PF 72 (bid, split) Yesa —
Adelstein et al. (20) 1997 100 PF 66–72 Yesb Yes
Wendt et al. (21) 1998 270 PFL 70.2 (bid, split) Yes Yes
Brizel et al. (22) 1998 116 PF 70–75 (bid) Yes Yes
Calais et al. (23) 1999 226 CpF 70 Yes Yes
Staar et al. (24) 2001 240 CpF 69.9 (bid CB) Yesc Yesc

Abbreviations: CB, concomitant boost; Cp, carboplatin: F, 5-fluorouracil; L, leucovorin; P, cisplatin.
aDisease-specific survival.
bRelapse-free survival.
cOropharynx cancer subset.
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Taylor et al. (26) and Adelstein et al. (27) used a 5-FU plus cisplatin chemotherapy combina-
tion with a split course of radiation therapy, and reported a suggestive but inconclusive benefit
for the concurrent treatment group. Pinnaro et al. (28) compared single-agent cisplatin and
concurrent radiation to induction 5-FU and cisplatin followed by radiation. No differences in
survival were identified.

Metaanalysis data have been confirmatory. The largest of these metaanalyses, from the
Meta-Analysis of Chemotherapy on Head and Neck Cancer (MACH-NC) group based in
France, reviewed 63 randomized trials, including more than 10,000 patients, using updated
individual patient data (29). No survival advantage was identified from either a neoadjuvant
or adjuvant treatment schedule, except for the subgroup of patients treated with induction
platinum and 5-FU (hazard ratio 0.88; 95% CI:0.79–0.97). Patients treated with concomitant
CRT however, had an absolute 5-yr survival benefit of 8% with a p < 0.0001 (HR 0.81; 95%
CI: 0.76–0.88). It is important to point out that this metaanalysis did not include most of the
trials reported in Table 2.

A variation on this theme of concurrent CRT has been the reemergence of intraarterial
chemotherapy regimens. The RADPLAT (intraarterial cisplatin and concurrent radiation
therapy) regimen devised by Robbins et al. (30) at the University of Tennessee uses high-dose
intraarterial cisplatin, systemic thiosulfate neutralization, and concurrent radiation in patients
with advanced head and neck cancers. The phase II experience suggests excellent locoregional
control but has raised concern for the possibility of distant metastases.

This concern about distant metastatic disease has also emerged as a direct result of the
locoregional success achieved by aggressive concurrent CRT regimens. Two recent phase II
studies of multiagent chemotherapy and altered fractionation radiation therapy have reported
locoregional control in more than 90% of patients (31,32). As a result, and in contrast to all
previous experience in this disease, the most common cause of treatment failure in these two
series was distant metastases. This observation has suggested to some that there is a possible
role for the reintroduction of induction chemotherapy prior to definitive concurrent treatment
in an effort both to increase locoregional control and to decrease distant metastases. Studies
of this approach are currently under way.

Most of the concurrent CRT trials that have been reported have utilized conventional
radiation fractionation. Several of the more recent studies have explored altered radiation
fractionation schedules (22,24,32), a radiation therapy approach of proven, albeit modest
additional benefit (33). Whether this intensification of radiation therapy will improve results
or will only produce additional toxicity remains to be seen.

It must be stressed that these kinds of concurrent treatment schedules are associated with
significant toxicity, far in excess of that seen after single-modality treatment. The success of
these approaches has only been possible because of growing familiarity with the necessary
intensive supportive-care measures. Close nursing and physician follow-up, active dental
prophylaxis, early aggressive and appropriate antibiotic usage, and vigorous nutritional sup-
port are critical. Feeding tubes are now routinely employed in these patients in an effort to
avoid the treatment breaks that would have previously been required because of mucositis and
dysphagia (34). The importance of maintaining dose intensity and avoiding radiation therapy
treatment breaks cannot be overemphasized.

Although our ability to manage these acute toxic affects has improved, there is growing
recognition of the consequential late toxic manifestations from these kinds from treatments
(35). In particular there is concern about persistent posttreatment dysphagia, including persis-
tent feeding tube dependence. Although in some patients this may reflect the locally advanced
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nature of the tumor at presentation, and a baseline compromise in swallowing, it may also
reflect the protracted period during which CRT-induced mucosal inflammation precludes oral
intake. When coupled with the tumor-induced functional change, treatment-induced stricturing
and scarring of the hypopharyngeal and proximal esophageal structures can result. Subse-
quent dysphagia may be irreversible.  Aggressive diagnostic and therapeutic measures, with
vigorous rehabilitation are required. The observed improvement in survival from concurrent
CRT has also come at the price of an increase in radiation fibrosis of the neck, xerostomia, and
laryngeal dysfunction, with an incidence that varies widely depending on the chemotherapeu-
tic agents and radiation therapy schedules chosen. Intensive investigation of the impact of
these treatments on long-term functioning is a major focus of current investigations.

4. POSTOPERATIVE ADJUVANT CONCURRENT CHEMORADIOTHERAPY

Although concurrent CRT has improved patient survival compared with radiation therapy
alone, definitive surgical resection remains the most appropriate intervention for many pa-
tients with this disease. There are, however, no studies that have compared definitive surgery
with concurrent CRT, and no statement can be made as to their relative efficacy. Patients who
have early-stage disease and patients who have advanced tumors with significant preexisting
organ dysfunction may be better served by definitive resection followed by postoperative
adjuvant treatment. For patients with high-risk tumors after surgical resection, including
patients with positive surgical margins, multiple lymph node involvement, extracapsular
disease extension, or angiolymphatic invasion, postoperative radiation therapy is indicated.
The addition of concurrent chemotherapy to this postoperative radiation has been intensively
studied and is the subject of Chapter 14 in this volume.

5. CONCURRENT CHEMORADIOTHERAPY FOR ORGAN PRESERVATION

Next to survival, organ function conservation is the most important treatment goal. The loss
of speech, swallowing, or nonstomal breathing is a significant price to pay. It is important,
however, to distinguish between organ preservation and organ function preservation (36).
Although a total laryngectomy is a terribly multilating procedure, postoperative rehabilitation
will often allow successful restoration of intelligible speech. A definitive nonoperative ap-
proach, on the other hand, might obviate surgical resection but still result in significant func-
tional disability, such as in the patient with long-term feeding tube dependence.

Chemotherapy has been increasingly legitimized as a tool that might allow for the wider
application of definitive radiation and the elimination or modification of surgery, with the
hope that organ function conservation might be improved. This approach has been best tested
in patients with larynx and hypopharynx cancer who would require a total laryngectomy for
surgical control. Both the Veterans Affairs Laryngeal Cancer Study Group (37) and the EORTC
(38) have demonstrated a role for induction chemotherapy in predicting those patients most
likely to benefit from definitive radiation rather than surgical resection.

It has, however, been unclear from these studies whether radiation therapy alone might be
equally successful in allowing patients to avoid a laryngectomy. This question was addressed
by the recently reported second-generation, three-arm laryngeal preservation Intergroup study
(RTOG 91–11) (39). This trial compared definitive radiation alone, induction chemotherapy
followed by radiation therapy (with surgical salvage for nonresponders), and definitive con-
current CRT, in patients with advanced larynx cancer. Induction chemotherapy consisted of
5-FU and cisplatin, and the concurrent treatment schedule used single-agent high-dose
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cisplatin alone. Clear superiority of the radiotherapy/concurrent cisplatin arm was demon-
strated in laryngeal preservation and locoregional control compared with both the induction
chemotherapy and the radiation therapy alone arms. Both of the chemotherapy-containing
arms suppressed the incidence of distant metastases and resulted in a better disease-free
survival than radiation therapy alone. Both chemotherapy-containing arms also produced
significantly more acute toxicity.

Despite this improvement in organ preservation, no survival benefit was found from the use
of concurrent chemotherapy. Indeed, survival was the same for all three treatment arms. It
should be pointed out, however, that salvage laryngectomy was performed in 25% of the
patients entered on this study and was successful in more than 60% (40). It was also required
in fewer patients on the concurrent treatment arm, again pointing out the confounding influ-
ence of surgical salvage on our interpretation of these multimodality studies (Table 3).

The potential for concurrent CRT to allow for organ preservation (and organ function
conservation) in nonlaryngeal head and neck cancers has not been well tested (36). Many of
the phase III trials reported have demonstrated an improvement in organ preservation com-
pared with radiation therapy alone. However, survival equivalence with primary surgical
approaches has not been studied, and the ultimate functional benefit derived from aggressive
concurrent CRT is unknown.

6. CONCLUSIONS

There is little doubt that the concurrent use of systemic chemotherapy with radiation pro-
duces a survival benefit compared with radiation therapy alone. Further efforts must be di-
rected toward defining those patients best suited for this kind of intervention as opposed to
primary surgical resection. The optimal combination of chemotherapy and radiation that will
produce both the best survival and best functional result also needs to be identified. Efforts to
modify both the acute and late toxicities must be coupled with continued efforts to define the
long-term functional implications of both surgical and nonsurgical approaches. The recogni-
tion that distant metastases are now a more frequent cause of treatment failure must continue
to prompt the search for better systemic agents, whether these are conventional chemothera-
peutic drugs or the newer targeted therapies.
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1. INTRODUCTION

With about half a million cases diagnosed yearly worldwide (1), head and neck squamous
cell cancers (HNSCCs) represent 4 to 5% of all solid malignancies. The prognosis of locally
advanced stages, which are found in at least 40% of oral cavity and pharynx carcinomas, remains
dismal: in the United States the 5-yr relative survival rates for the period 1989–1995 hardly
reached 50%. At the time of diagnosis, distant metastases are found in less than 10% of the
cases and until the late 1980s, this disease feature led investigators to focus on local treatment.

Throughout the 1960s and 1970s, surgery and/or radiotherapy were the mainstay of locore-
gional treatment in patients with locally advanced HNSCC. Stage I–II lesions were treated
efficiently with one of these two modalities, and about 60 to 90% of the patients with early
disease were free of cancer at 5 yr. Throughout the past century, the treatment of stage III–IV
tumors remained a matter of debate, and their management was sometimes highly controversial.

With the advent of megavoltage units in the 1950s, tumors considered unresectable were
routinely treated with definitive radiation therapy. With time, both treatment machines and
irradiation techniques improved, which led radiooncologists both to consolidate their knowl-
edge of conventional treatments and to investigate novel altered fractionation regimes, either
accelerated or hyperfractionated. Definitive radiotherapy used to achieve 5-yr overall survival
rates of less than 30% (2), but the significant number of patients in poor general conditions
and with lifestyle-related comorbidity certainly accounted for this.

In the late 1970s, various cytotoxic drugs were found to produce promising overall response
rates. Among them cisplatin and 5-fluorouracil (5-FU) were extensively investigated both as
definitive treatment and in combination with radiotherapy. In a metaanalysis of chemotherapy
in head and neck cancer (3), which included more than 10,000 patients with locally advanced
HNSCC, the overall survival at 5 yr was 32%.

On the other hand, surgery is the first-line treatment of choice in resectable tumors, and
traditionally postoperative radiotherapy is delivered in case of locally advanced tumor or in
the presence of close resection margins. In the 1980s, there were some indications that adding
cytotoxic agents to the locoregional treatment might have an impact on treatment outcome,
but, in terms of evidence-based medicine, no clear conclusions could be drawn from the scarce
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prospective trials that had addressed this issue. It is only within the last few years that new
evidence has emerged in favor of adjuvant treatments based on a multidisciplinary approach.

Recently we have improved our knowledge in several areas such as the clinical and patho-
logic features of importance for the prognosis after primary line surgery and the impact of
various adjuvant treatments on treatment outcome.

Obviously a number of gray zones remain in the field of adjuvant treatment in patients with
locally advanced tumors, especially regarding the indication for chemotherapy in intermedi-
ate-risk disease. However, recent trials have produced level I evidence for improved outcome
after postoperative chemoradiotherapy (CRT) in high-risk patients. We concentrate here on
patients operated on with curative intent and do not discuss the outcome in patients with gross
residual disease after surgery, since these cases receive palliative treatment.

Some conclusions can now be drawn from the most recent studies, especially those that
addressed prospectively the issues mentioned above. We show how a transatlantic collabora-
tion, developed in the last decade between a European and a US cooperative group, has
probably given a definitive answer to the long-lasting dilemma of the adjuvant treatment of
head and neck cancers.

2. THE ROAD TO CHEMORADIOTHERAPY IN THE ADJUVANT SETTING

2.1. Postoperative Radiotherapy
In the early 1970s, Fletcher and Evers (4) pioneered the use of radiosurgical approaches,

especially in patients with stage II–IV HNSCC. A prompt confirmation that postoperative
radiotherapy significantly reduced the risk of failure above the clavicles was offered by other
institutions, both in Europe and in the United States (5–7).

Throughout the next 20 yr, operable patients were usually managed with surgery followed
by postoperative radiotherapy. Interestingly, the range of locoregional control rates reported
in the literature for surgery combined with radiotherapy is astonishingly broad; from 35 to
75%, depending on tumor stage and histopathological pattern (8–10). This marked variation
in outcome suggests that, in addition to heterogeneities in tumor- and patient-related factors,
variations in surgeon and radiotherapist expertise may have affected the prognosis of these
patients.

After primary surgery the prognosis of HNSCC is essentially determined by the clinical
stage and presence of unfavorable histopathological features. Prognostic factors for survival
are tumor location and stage, quality of surgical resection, and, in some studies, age and
gender (8,11–15). Indeed, it has been repeatedly shown that, although most small T1–2tumors
with no evidence of neck node involvement can be adequately treated by surgery alone, the
incidence of locoregional failures and distant metastases is high in patients locally advanced
disease (5,6,8,10).

Careful retrospective analyses conducted by Fletcher and colleagues (4) at the M.D. Ander-
son Cancer Center showed that a dose of 50 Gy was required to eradicate malignant microfoci
in 95% of the cases with negative surgical margins. It was also found that high doses, up to
70 Gy, had to be delivered postoperatively in patients with oropharyngeal or oral cavity
squamous cell carcinomas, and in case of positive surgical margins (16).

What about preoperative radiotherapy? Few controlled trials have looked at the optimal
sequencing of surgery and radiation. Tupchong et al. (17) found in a phase III study that
preoperative irradiation (50 Gy) was inferior to postoperative radiation therapy (60 Gy) in
patients presenting with supraglottic larynx and hypopharynx disease. Note, however, the
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lower total dose in the preoperative arm. This being said, preoperative radiotherapy has only
been used in a few institutions in the last two decades.

Thus radiotherapy is traditionally delivered as an adjuvant therapy to surgery, and the
benefit from this combination in patients with poor prognostic factors is now well documented
(4–7). The parallel development of both surgical techniques “à la carte” and novel radiation
techniques such as 3D CRT and intensity modulated radiotherapy (IMRT) has reinforced the
role of postoperative radiotherapy, especially regarding the quality of life of patients after
treatment.

The incidence of treatment sequelae, such as functional impairment of swallowing or
speech or a poor cosmetic outcome is linked to the extent of the surgical procedure. However,
in choosing between primary line vs salvage surgery, we should never lose sight of the fact
that cure represents the overall goal of therapeutic management and that surgery with postop-
erative radiotherapy is a key element in the achievement of that objective.

2.2. Chemotherapy
The rationale for the inclusion of chemotherapy in the therapeutic management of locally

advanced tumors springs from three main observations: (1) even if 70 to 75 % of these cases
remain free of disease at 2 yr, their long-term prognosis is poor: 5-yr survival rates rarely
exceed 30 to 35%; (2) although a fairly high number of deaths are linked to intercurrent
diseases, the incidence of metastases can reach 15 to 20% (5); and (3) a variety of cytotoxic
agents have demonstrated efficacy against epithelial cell cancers.

Systemic treatments not only increase cell killing through an additive effect to that of
radiotherapy but also improve disease-free survival rates through a reduction in distant me-
tastases. From the late 1970s on, various schemes of adjuvant chemotherapy were tested first
in sequence and thereafter concomitantly with radiation therapy.

Interestingly enough, the actual role of adjuvant chemotherapy remained to be defined
when investigators decided, in the 1990s, to move more consistently to modalities combining
concurrent chemo- and radiotherapy (18,19): indeed the encouraging results obtained in
nonrandomized studies (20–22) had not been fully consolidated in randomized trials, at least
in terms of a significant gain in survival (10,23,24).

Nonrandomized studies essentially focused on the impact of 5-FU in the adjuvant setting.
For instance, Johnson et al. (22), tested the sequential administration of methotrexate with
leucovorin rescue, and 5-FU for 6 mo after surgery and radiotherapy. Beyond the fact that the
CRT was shown to be well tolerated, the adjusted 2-yr disease-free survival was 67%, com-
paring favorably with the 36% disease-free survival for concurrent controls, treated with
surgery and radiotherapy alone. Among the randomized studies (23–25), the effect of adjuvant
chemotherapy on survival was highest for resectable tumors with unfavorable histopathologi-
cal factors. For instance, Intergroup study 0034 (25) clearly showed that, whereas adjuvant
chemotherapy given sequentially to radiotherapy did not affect prognosis in terms of
locoregional failures and survival rates in the whole group, the high-risk group benefited more
from adjuvant chemotherapy than the low-risk group, for both tumor control and survival.

Another strong message from the Intergroup study related to the pattern of failure, which
had been significantly modified by the addition of chemotherapy: a reduction of recurrences
in the nodes and of distant metastases was indeed observed in the chemotherapy-containing
arm. This reduction in distant metastases had been shown in a previous report (26) for the
treatment arm using maintenance chemotherapy. These observations provided the first con-
vincing evidence that high-dose regimes of chemotherapy had to be used in the postoperative
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setting if the targets were both an effect on local control and a significant impact on micro-
scopic cell deposits at the systemic level. This trial was undoubtedly a milestone in the
developmental work on the adjuvant treatment of head and neck cancers.

In parallel, a number of institutions were attempting to overcome the dismal prognosis of
locally advanced carcinomas by investigating regimes combining chemo- and radiotherapy
concomitantly. They were actually aiming to gain a significant benefit from the so-called
supraadditive (or synergistic or radiosensitizing) effect (27,28) that is observed when the
cytotoxic effect of the combination is greater than the sum of the effects of radio-
therapy and chemotherapy considered separately.

In patients treated conservatively, early metaanalyses had shown that this coadministration
was able to increase both locoregional control and survival rates significantly (3,29–32); this
led various institutions and cooperative groups to activate prospective trials investigating the
role of cytotoxic drugs as adjuvant treatment to primary line surgery as well.

2.3. Concomitant Chemo- and Radiotherapy
A series of potential interactions between chemo- and radiotherapy in coadministration indeed

justified this approach (33), among them: (1) changes in the cell survival curve; (2) cooperation to
prevent the emergence of resistant clones; (3) decrease in tumor mass and reoxygenation; (4) se-
lective toxicity for hypoxic cells; (5) selective toxicity depending on cell cycle phase; (6) cytoki-
netic cooperation; (7) action on DNA repair; and (8) increased apoptosis (34).

In the 1990s, both neoadjuvant and sequential chemotherapy failed to increase local control
for head and neck cancer patients treated conservatively (35–38). Many investigators assumed
that the higher progression-free survival rates reported for patients treated conservatively with
concomitant single-agent chemotherapy and radiotherapy (referred to here as CRT) could be
extrapolated to the postoperative situation.

2.3.1. CHOICE OF DRUGS

As mentioned above, platinum-derivate compounds and 5-FU combined concurrently with
radiotherapy have been most studied by prospective trials (18–24). The activity of both drugs
against head and neck cancer is thought to stem from the following properties: (1) inhibition
of repair of lethal and sublethal damage induced by radiotherapy; (2) capacity to radiosensitize
hypoxic cells; (3) reduction of tumor burden, leading to an improved blood supply; (4) syn-
chronization and redistribution of tumor cells into the more sensitive G2-M cell cycle phase;
and (5) induction of apoptosis (34).

Platinum-derived analogs, specifically cis-diamminoplatinum [II] (cisplatin) and cis-
diammine-l,1-cyclobutane dicarboxyplatinum [II] (carboplatin), are the agents most often
delivered concomitantly to radiation in the treatment of locally advanced HNSXC. Among
these analogs, cisplatin has been the most extensively investigated by far in the postoperative
setting.

Interactions of these agents with ionizing radiation are not still fully understood and, a
number of recent laboratory studies focus on their administration before or after cell irradia-
tion. Among the potential mechanisms associated with cisplatin- and carboplatin-mediated
radiation sensitization under both oxic and hypoxic conditions were the enhanced formation
of toxic platinum intermediates in the presence of radiation-induced free radicals (27,39–43)
and a radiation-induced increase in cellular platinum uptake.
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2.3.2. THE TIME FACTOR

In patients with rapidly proliferating tumors such as HNSCC, therapeutic efficacy may be
improved with shorter overall treatment time. These so-called accelerated radiotherapy
regimes are more efficient in counterbalancing cell repopulation (33,44–46).

There are good reasons to believe that accelerated repopulation of any remaining tumor
cells may be a particular problem in postoperative radiotherapy for HNSCC (46). This is partly
based on retrospective studies of the importance of the interval between surgery and radio-
therapy for tumor control probability although patient selection bias is a major concern in
these studies. From a biological point of view, the release of growth factors and cytokines after
surgery and the possible effect of tumor debulking on a putative homeostatic control also
provide indirect support for the importance of overall time in the postoperative setting. How-
ever, the most convincing evidence comes from recent randomized phase III trials showing
a marked benefit from acceleration of postoperative radiotherapy (47,48). One possible ben-
efit of CRT is the intensification of therapy, which effectively causes a treatment acceleration.

2.3.3. CHEMORADIOTHERAPY SCHEMES

Platinum-derived compounds thus represent reference agents to combine with radiotherapy
in HNSCC since they are both potentially strong “radiosensitizers” and active chemothera-
peutic compounds in their own right. In trials of first-line postoperative CRT, the dose/
delivery schedules of platinum varied dramatically, ranging from every 3 wk (100 mg/m2) to
low-dose daily (6 mg/m2) administration (33).

One of the first prospective studies on the combination of postoperative radiotherapy with
cisplatin, as single-agent therapy, was completed by Bachaud and colleagues, in 1996 (49,50).
They randomized 83 patients with stage III or IV head and neck carcinomas with histological
evidence of extracapsular spread of tumor in lymph node metastases to receive either radio-
therapy using a daily dose of 1.7 Gy for the first 54 Gy and 1.8–2 Gy until the completion of
the treatment (up to a total dose of 65–70 Gy to the primary site). In the combined modality
arm, cisplatin 50 mg iv with forced hydration was given every week (i.e., seven to nine cycles)
concurrently with radiotherapy. Fourty-four patients were treated by radiation only and 39 by
radiation with chemotherapy. The radiotherapy group displayed a higher locoregional failure
rate than the second group (41 vs 23%; p = 0.08). Survival without locoregional failure was
better in the CRT group (p = 0.05).

Meanwhile, in the late 1980s, two groups (51,52) investigated the feasibility and efficacy
of regimens combining radiotherapy concomitantly with cisplatin or mitomycin C at various
dose levels and intensities. Table 1 lists the results of randomized studies conducted in the late
1980s and 1990s comparing postoperative radiotherapy with CRT in an attempt to achieve
radiosensitization and spatial cooperation (38,49–52). The cytostatic agents most frequently
administered were cisplatin and mitomycin C. In the two studies that accrued the largest
number of patients, disease-free survival rates were increased in the CRT arm (50,52).

In the early 1990s, the encouraging results of the study conducted by Al-Sarraf et al. (53),
giving cisplatin in single high doses (100 mg/m2) repeated every 3 wk (d 1, 22, and 43), led
the European Organization for Research and Treatment of Cancer (EORTC) and the Radiation
Therapy Oncology Group (RTOG) cooperative groups to consider this regime as the reference
CRT approach for adjuvant treatment of head and neck carcinomas and to activate two ran-
domized trials measuring treatment outcome for this regime after curative surgery in patients
with locally advanced tumors.
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3. THE POSTOPERATIVE MANAGEMENT
AT THE TURN OF THE CENTURY

3.1. Can We Predict Treatment Outcome in Patients Primarily Treated
With Curative Surgery?

The “more is better” principle does not always apply to the adjuvant treatment in head and neck
oncology, especially in the postoperative setting. For instance, two randomized studies conducted
in the 1990s failed to demonstrate any significant benefit for either higher doses of radiotherapy
or the addition of chemotherapy to radiotherapy, as adjuvant treatments. Nevertheless, these
studies demonstrated the clear need to stratify the patient population according to their level of risk
before any treatment (54): they strongly supported the value of data from previous retrospective
analyses on the critical importance of various disease patterns such as primary tumor site and
extension, surgical margin status, perineural invasion, vascular embolisms, number and location
of positive lymph nodes, and presence of extracapsular extension (ECE) of nodal disease.

L.J. Peters et al. (54) showed that risk assessment by clusters of surgical-pathologic features
usefully indicated the need for postoperative radiotherapy. Two main messages emerged from
their analysis: first, ECE was the only significant independent variable and combinations of
two or more risk factors were associated with a progressively higher risk of recurrence.
Second, patients with no adverse surgical-pathologic features were shown not to need post-
operative radiotherapy, because the 5-yr actuarial locoregional control and survival rates
achieved with surgery alone were 90 and 83%, respectively.

3.2. Is There a Dose–Effect Relationship in Postoperative Setting?
The dose–effect relationship for postoperative radiotherapy is not well established. For

instance, the study by Peters et al. (54), showed no significant dose–response relationship for
total doses ranging from 57.6 to 68.4 Gy in the whole irradiated population. It can be specu-
lated that the beneficial effect on tumor control of doses more than 57.6 Gy was partly offset
by tumor cell regeneration occurring during the additional time taken to deliver the higher
doses (given at 1.8 Gy/d).

Table 1
First Generation Trials on Adjuvant Treatments Comparing Chemoradiotherapy to Radiotherapy

Alone After Primary Line Surgery

No. of LRC
Author patients Site Type of CT p value Survival

Weissberg et al., 120 Oral cavity, naso-, Mitomycin C < 0.01 NS
1989 (51) oro-, and hypopharynx,

larynx
Bachaud et al., 88 Oral cavity, oro- and Cisplatin < 0.01 NS

1991 (49,50) hypopharynx, larynx
Weissler et al., 26 Oral cavity, oro- and Cisplatin, 5-FU NS NS

1992 (38) hypopharynx, larynx
Haffty et al., 120 Oral cavity, oro- and Mitomycin C < 0.01 NS

1993a (52) hypopharynx, larynx

Abbreviations: CT, chemotherapy; 5-FU, 5-fluorouracil; LRC, locoregional control.
aUpdate of Weissberg’s study.
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Moreover, in the study mentioned above, patients with one adverse feature other than ECE
who received 57.6 Gy postoperatively had a 5-yr actuarial locoregional control rate of 94%:
this moderate dose, which induces a lower incidence of acute and late morbidity than did 63
Gy in their patient cohort, appears to be sufficient to cure a significant number of patients with
an intermediate risk of recurrence. Finally, even after higher radiation dose (63 Gy), the
prognosis of high-risk patients (i.e., those with ECE or two or more other adverse features)
remains rather dismal, with a 5-yr actuarial locoregional control rates of only 65–70%.

3.3. The Concept of “Treatment Package”
The overall duration of the “treatment package,” i.e., the total treatment time from the

time of the surgical procedure until completion of the radiotherapy, should be considered
at the time of treatment planning. Ang et al. (47) randomized high-risk patients to a total
dose of 63 Gy delivered in 5 wk (n = 76) or 7 wk (n = 75). In the 7-wk schedule, a prolonged
interval between surgery and postoperative radiotherapy was associated with significantly
lower local control (p = 0.03) and survival (p = 0.01). Overall treatment time had a major
influence on the 5-yr locoregional control rate: for overall time less than 11 wk, locoregional
control was achieved in 76% compared with 62% for 11–13 wk, and 38% for more than 13
wk (p = 0.002). Ang et al.’s study (47), together with those by Awwad et al. (48), Sanguineti
et al. (55), Trotti et al. (56), Shah et al. (57), and Rosenthal et al. (58) thus supports the
concept that microscopic tumor cell aggregates escaping surgical excision repopulate
quickly before treatment completion.

The treatment package should be delivered in a short overall time (55–58), and Ang and
colleagues (47) recommend completion of the combined treatment in less than 11 wk. One
way to achieve this is by acceleration of the radiotherapy schedule. As an alternative, accel-
eration based on the concomitant delivery of cytotoxic drugs and ionizing radiation could
reach equivalent or better results at both the local and systemic levels.

3.4. A Dilemma: Dose Intensities and Densities in Chemoradiotherapy
Whereas CRT based on low doses of cytostatic agents mainly aims for only a chemo- and/

or radiosensitizing effect, the goal of high-dose CRT is to achieve better control of locoregional
disease as well as a prevent metastasis and treat occult metastatic deposits efficiently.

Since distant metastases are the cause of failure in one of five patients with locally advanced,
stage III–IV, head and neck cancers, the delivery of high-dose chemotherapy is preferable in
the adjuvant setting, since the gain from a pure radiosensitizing effect of the combined cyto-
toxic agent(s) is limited by the competing risk of distant failure. Still, the delivery of high doses
of chemotherapy, certainly in combination with high doses of radiation, and possibly in the
framework of multidrug regimes, has to be carefully evaluated by the physician before treat-
ment is started. Compliance with aggressive adjuvant therapy may be low in this category of
patients, whose general condition is often influenced by the surgery as well as comorbid
conditions. This is reflected in dose intensity reductions in some 25 to 33% of patients receiv-
ing postoperative CRT (33).

Regarding the type of chemotherapy used in the adjuvant setting, there are no strong data
on the efficacy level of the various chemotherapy regimes: cisplatin-based schedules are
generally accepted as the first choice, and there are no convincing data showing that multidrug
regimes are superior to cisplatin or carboplatin alone. The addition of 5-FU is likely to account
for an undue increase in acute mucosal reactions in this fragile category of patients and might
be responsible for a dose-intensity reduction (24).
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3.5. Toxicity of Adjuvant Treatments
Acute reactions from adjuvant treatments are known to be markedly increased with CRT

(59). The need for intravenous rehydration, gastric feeding tubes during treatment,
and narcotics for severe pain implies an intensive supportive care that not all in- and outpatient
units are able to manage. Caution is therefore needed when introducing this type of therapeutic
management in community hospitals.

Unfortunately, late side effects are often poorly reported in the literature (60) and although
most reports show only a limited increase in severe late side effects after CRT (61,62), it is
likely that late toxicity is underreported. This situation may improve when prolonged follow-
up becomes available. Also, current attempts to develop guidelines for the side effects of
cancer therapy will hopefully improve the information content of published reports on novel
therapies.

A more detailed appraisal of these acute and late toxicities is given in the next section.

4. ADJUVANT TREATMENT OF LOCALLY ADVANCED HEAD AND NECK
CANCERS: NEW EVIDENCE, NEW CHALLENGES

4.1. Objectives of Recent Prospective CRT Studies in the Adjuvant Setting
Two randomized controlled trials (63,64), conducted by the EORTC and the RTOG, have

recently been reported. Both trials were designed to evaluate the role of CRT in the postop-
erative setting. The EORTC study (63) compared the addition of concomitant high doses of
cisplatin plus radiotherapy vs radiotherapy alone in high-risk head and neck cancers of the oral
cavity, oropharynx, larynx, or hypopharynx. The end points were disease-free survival (pri-
mary end point) and overall survival, local control rates, and treatment toxicity as secondary end
points. The study was open from 1994 to 2000, and 334 patients were randomly assigned to either
radiotherapy (66 Gy in 33 fractions more than 6.5 wk) or CRT, using the same radiotherapy
schedule combined with three courses of cisplatin, 100 mg/m2, on d 1, 22, and 43.

In the experimental arm, grade 3–4 functional mucosal reactions were significantly more
frequent (44 vs 21%; p = 0.0004), but there was no difference in objective mucosal reactions
between the two arms (p = 0.2). Grade 3–4 chemotherapy-related acute toxicity was mainly
hematological, with 11% granulocytopenia and 2% thrombocytopenia.

Regarding treatment outcome, progression-free survival was the primary end point. At a
median follow up of 60 mo, there was a significant (p = 0.044) difference in progression-free
survival in favor of the CRT group: the estimated median progression-free survival was 23 mo
(95% CI: 18-30) in the radiotherapy and 55 mo (95% CI: 33–75) in the CRT group; the 5-yr
Kaplan-Meier estimates were 36 and 47%, respectively. In terms of overall survival, there was
a significant (p = 0.02) difference in overall survival in favor of the CRT group: the 5-yr
estimates were 40% for the control arm and 53% in the experimental one. Finally, regarding
the local outcome, the 5-yr cumulative incidence estimates of locoregional relapses were 31%
for the radiotherapy and 18% for the CRT group (p = 0.007). Time to progression was also
significantly improved (p = 0.14) after CRT compared with radiotherapy alone (Fig. 1).
Adding chemotherapy to postoperative irradiation did not significantly affect the incidence
of metastases.

Finally, the cumulative incidences of late complications were not significantly different
across the two groups. Although a higher incidence of grade 3+ muscular fibrosis was found
after CRT (10 vs 5%), severe xerostomia was observed less often in this group (14% vs 22%).
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The RTOG 95-01 study (64) yielded a clear benefit in terms of disease-free survival, overall
survival and local control, although the magnitude was less than that observed in the EORTC
22931 study (Figs. 2 and 3). A preliminary comparison of these two trials shows that notwith-
standing an apparently similar design, inclusion criteria were different in the two studies;
indeed, the RTOG based its selection of risk factors on the presence of tumor in two or more
lymph nodes, and/or extracapsular spread of nodal disease, and/or microscopic-size tumor
involvement of the surgical margins of resection as the factors most significantly associated
with a high risk of locoregional relapse. In contrast, the EORTC selected the risk factors based
on literature data, especially from the study conducted in the early 1990s by Peters et al. (35):
vascular embolisms, perineural disease, and oral cavity and oropharynx carcinomas with
positive lymph nodes at level IV or V. This means that, in addition to the presence of stage III
or IV disease, the common high-risk criteria in the EORTC and RTOG trials were extracap-
sular spread, and positive surgical margins.

There was also a marked difference in N-stage distribution between the two trials: in the
RTOG trial, more than 93% of the cases presented with N2–3 stage compared with only 56%
in the EORTC trial. Likewise, positive surgical margins were found in 29% of the cases treated
in the EORTC study (arm 1: 32%; arm 2: 27%). In the RTOG trial the corresponding figures
were lower, 19 and 17% in the control and experimental arms, respectively.

This comparison shows that patient selection and the distribution of clinical characteristics
differed between the two studies, including tumor sites, neck disease stage, and risk factor

Fig. 1. Kaplan-Meier estimates for time to progression rates in EORTC trial 22931. Patients assigned
to CRT (dashed curve) experienced longer times to progression compared with those randomized to
radiotherapy (XRT; solid curve; p = 0.014, log-rank test). N, number of patients; o, number of observed
events; DDP, carboplatin.
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Fig. 2. Compared with radiotherapy alone, relative gain obtained by CRT in terms of disease-free
survival (DFS), overall survival (OS), and locoregional control (LRC) rates in EORTC trial 22931 and
RTOG trial 9501.

Fig. 3. Impact of CRT on cancer-related death rates in EORTC trial 22931 and RTOG trial 9501.
Compared with those radomized to radiotherapy alone, patients assigned to CRT experienced an abso-
lute reduction in cancer-related death rates of 17% at 5 yr in the EORTC trial and a 13% reduction at 2
yr in the RTOG trial.
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selection. Also, the proportion of patients with positive surgical margins was higher in the
EORTC trial. These differences are likely to influence the absolute gain from postoperative
CRT.

5. CURRENT POLICY

In patients with locally advanced HNSCC, postoperative radiotherapy produced largely
unsatisfactory survival rates until the late 1990s. As a result, various strategies have been
proposed to improve treatment outcome in patients with resectable tumors at high risk of
recurrence or metastasis. Most recent reports on postoperative CRT have suggested a change
in the pattern of failure, with a relative increase in distant metastases as a cause of death in up
to 25% of cases with locally advanced disease. This is likely to result from the application of
more intensive locoregional treatments.

The recent EORTC and RTOG CRT trials with high-dose cisplatin (100 mg/m2 on d 1, 23,
and 45 of radiotherapy) and radiation doses of at least 60–66 Gy have shown that this com-
bination is more effective than radiotherapy alone in HNSCC patients with unfavorable clini-
cal and/or pathological factors treated with primary surgery. The addition of chemotherapy
resulted in a significant increase in local control and disease-specific and overall survival
rates. Even if longer follow-up is needed to assess accurately the late morbidity after CRT, this
therapeutic approach can be considered the standard adjuvant treatment for this population of
patients.

The outcomes observed in these two trials must obviously be interpreted in the light of
various tumor and treatment factors that may potentially modulate the magnitude of the CRT
effect, as demonstrated by the RTOG 95-01 trial results.

6. FUTURE OPTIONS FOR ADJUVANT TREATMENT

Despite the improvement seen with CRT, locoregional control levels reached so far remain
unsatisfactory, even after high-intensity multimodality treatments. A first complementary ap-
proach is the addition of more active drugs that may further improve the efficiency of the combi-
nation, such as hypoxic cell killing agents (tirapazamine) or topoisomerase 1 inhibitors (33).

Overexpression of the epidermal growth factor receptor (EGFR) has been correlated with more
aggressive behavior and poor clinical outcome (45). Blockade of EGFR—an interesting therapeu-
tic target—by the monoclonal antibody C225 (cetuximab) was shown to increase the cell radiosen-
sitivity in vitro (33), and this approach could also be tested in the postoperative setting.

With respect to radiotherapy side effects, there has been some interest in compounds that
could possible reduce treatment toxicity: agents such as amifostine (65) and pilocarpine
(66) are currently under investigation, but it is too early to draw definitive conclusions on the
value of these agents in sparing the salivary gland function.

As mentioned above, distant metastases have now become the most common cause
of treatment failure and death and now emerge as a real impediment to cure in patients with
locally advanced tumors. As a consequence, more effective drugs such as taxanes, which
demonstrate a high level of activity in head and neck carcinoma patients,  should be investi-
gated more extensively in the adjuvant setting.

After surgery, one of the main concerns is the delay in starting radiotherapy (7). Although it
seems logical to begin radiation therapy as soon as possible to avoid any tumor cell repopulation,
delayed wound healing can postpone the start of adjuvant treatment beyond 6–7 wk in a number
of cases. It seems logical to try to address the potential problem of accelerated tumor cell
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repopulation after surgery. Very few studies, however, have taken this parameter into consid-
eration (7). Delivery of perioperative chemotherapy begun no later than 10 d after surgery and
protracted, on a weekly basis, until onset of CRT should be investigated prospectively.

Finally, further investigations on treatments combining altered fractionation with either
cytotoxic drugs or noncytotoxic compounds could give us useful indications on what can be
expected from an increase in cell killing and/or attempts to counterbalance tumor cell prolif-
eration.

It might be that, with the increasing locoregional efficacy of combined treatments, the
relative importance of local failures as causes of cancer-related death is reduced and that
metastases become the main concern of oncologists when they try to optimize the adjuvant
treatment of high-risk, resectable head and neck cancer.
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1. INTRODUCTION

Nasopharyngeal carcinoma (NPC) of the endemic type (World Health Organization [WHO]
type II and III) is considered separately from head and neck squamous cell cancer (HNSCC)
because of certain distinctive features that confer a different biological behavior in terms of
treatment responses and disease outcome. The most important feature that probably accounts
for this difference is its strong association with the Epstein-Barr virus (EBV) (1–3). This virus
is probably the key etiological agent in the pathogenesis of this cancer, with genetic predis-
position and other environmental factors as important cofactors (4–13). This is in line with the
peculiar geographic distribution and racial predilection of this disease.

Owing to the location of the primary site, it is not surprising that the vast majority of such
patients would be diagnosed with advanced-stage disease at presentation. An estimated 50 to
65% of these patients would present with locally advanced disease, and about 5 to 8% would
have disseminated disease at the outset (14,15). The more aggressive systemic nature of NPC
compared with HNSCC is another distinctive feature that has been well described (16,17).
Cvitkovic et al. (16), in their series of 255 consecutive patients with newly diagnosed ad-
vanced NPC who underwent uniform staging procedures inclusive of a unilateral posterior
iliac crest bone marrow aspiration and biopsy, found that 44% of these patients had dissemi-
nated disease. Bone wass the most common site for metastatic involvement, accounting for
65% of all patients with disseminated disease, which is similar to our series (74%) (16,17).
Bone marrow involvement was found in about 25% of these patients (16). More than 50% of
the patients with disseminated disease had more than one site of metastasis (17).

The high rate of responsiveness to chemotherapy and/or radiotherapy is the third distinctive
feature of NPC. This has been shown reproducibly in various phase II studies of metastatic/
recurrent disease in which response rates of 50 to 80% to platinum-based regimens were
demonstrated with complete responses of up to about 20% (18–21). However, despite the
initial high response rates, the duration of response is generally short, not exceeding 8 mo in
most studies. The use of three or more first-generation cytotoxics in combination has resulted
in unacceptably significant toxicities, including treatment-related deaths, but also a median
survival that exceeded 12 mo (18,19,22–24). A feature of note is the sustained
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chemoresponsiveness of NPC in the second-line and even third-line setting (25). Since the
early 1990s, a series of studies have added new active agents to the armamentarium (26–29).
Paclitaxel, capecitabine, gemcitabine, and irinotecan are the agents found to be active in the
first- and/or second-line setting in patients with disseminated disease (Table 1). Combination
of these second-generation agents with a platinum resulted in comparable response rates and
duration of response, compared with the first-generation combination regimens, at acceptable
toxicities (30–33). Preliminary results of a phase II study using a triplet combination of
paclitaxel, gemcitabine, and carboplatin showed an overall response rate of 78%, with one
complete responder (34). Although the time to progression of 8 mo is not improved compared
to historical data, the median survival of 18.5 mo with this triplet combination is rather
encouraging. A phase III randomized study to assess these novel combinations is clearly
required. Bringing these new agents forward in the primary treatment of patients with
locoregionally confined disease is also warranted. The use of cetuximab (C225), an epidermal
growth factor receptor (EGFR)-targeted form of treatment, has also been studied, but its role
in NPC is still ill defined (35).

2. RADIOTHERAPY IN NPC

The primary treatment for locoregionally confined NPC is radiotherapy, mainly because of
its high radiosensitivity and the technical difficulty with surgery. Radiosensitivity of NPC is
dependent on histological type. The WHO type I or keratinizing squamous cell type is less
sensitive and holds a poorer prognosis (36,37). Endemic NPC in East Asia and the Mediter-
ranean is primarily type II or III (or the undifferentiated type) and carries a better prognosis,
with a 5-yr survival rate of about 60% (38–40).

The radiotherapy technique adopted in Singapore and Hong Kong is generally quite similar
and more aggressive than what radiation oncologists from nonendemic areas would prescribe
(41,42). In Singapore, patients are treated with external beam radiotherapy using 6-MV linear
accelerators. The primary tumor is treated with two lateral opposed facial fields to 20 Gy,
followed by a three-field technique (anterior facial and lateral opposed facial fields) to a total
dose of 66 Gy for T1 and T2 lesions and 70 Gy for T3 and T4 lesions. The neck is treated to
a dose of 60 Gy, and lymph nodes are boosted with electrons for another 10 Gy. Treatment is
at a rate of 2 Gy per fraction 5 d a week, and all fields are treated daily. Patients with high
cervical lymph nodes or inferior extension of their tumor toward the oropharynx are treated
with a shrinking field technique, using long faciocervical fields for the first 40 Gy, followed
by a three-field plan for the rest of the tratment. Patients with bulky parapharyngeal disease
are boosted with a “parapharyngeal boost technique,” as described by Tsao (15,43). The
addition of intracavitary brachytherapy for early primary tumors (T1–2) is also commonly
prescribed in a bid to improve control (44,45).

Table 1
Activity of New Cytotoxic Agents

Agent Ref. Response rate (%)

Paclitaxel 26 21.7
Gemcitabine 27 28
Capecitabine 28 23.5
Irinotecan 29 17
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The results of radiotherapy in early-stage disease are good, with 5-yr survival rate of greater
than 80 and 70% for stages I and II, respectively (14,15). As expected, this 5-yr survival rate
drops markedly to less than 30% for those with locally advanced stage IV disease. This is
largely because of the higher risk of distant relapse in those with locally advanced disease—
30 to 60% at 5 yr, with most relapses occurring within the first 2 yr of diagnosis (46).
Locoregional relapse is also common, with a local relapse rate of about 50% in those with more
advanced primary tumors.

Several strategies were explored in a bid to improve locoregional control, especially in
those with locally advanced disease. The addition of parapharyngeal boost or stereotactic
radiosurgery in selected groups as consolidation after external beam radiotherapy was re-
ported to result in improved locoregional control (47,48). The use of radiobiological prin-
ciples to improve tumor control has also been studied. Wang (49), from the Massachusetts
General Hospital in Boston, first reported improved local control using an accelerated frac-
tionation scheme. However, when a group from Hong Kong attempted to repeat this regimen,
the study was stopped prematurely because of increased neurological toxicity (probably from
the larger radiation portals commonly used in East Asia) (50). However another attempt at
accelerating the radiotherapy by treating patients 6 d a week resulted in a promising rate of
local control with acceptable toxicity and is currently the subject of a phase III randomized
study involving centers in Hong Kong, China, Singapore, Canada, and the United Kingdom
(51). The use of intensity-modulated radiotherapy (IMRT) and inverse treatment planning has
also reported excellent tumor control with the added advantage of sparing normal tissues like
the parotid glands. Series using chemo-IMRT from the University of California (San Fran-
cisco), Washington University, and Memorial Sloan Kettering Cancer Center reported excel-
lent local control rates for locally advanced tumors (52–54).

3. CHEMOTHERAPY IN COMBINED MODALITY MANAGEMENT

Because of the systemic nature of NPC, especially in those with locoregionally advanced
disease, it is unlikely that radiotherapy as a single modality will be able to address the thera-
peutic hurdles sufficiently (16). In view of the high chemoresponsiveness of NPC, the addition
of cytotoxics to radiation has been a subject of intense study in this subset of patients over the
past few decades. Despite the initial hurdles and controversies, significant strides have been
made in this area. The various ways of sequencing chemotherapy with radiation have been
investigated in phase III randomized studies, and the picture that has emerged is that definitive
treatment with radiation of the locoregional disease should be instituted earlier rather than
later (with exceptions, as will be explained later) and that sensitization of this important
modality with chemotherapy is probably crucial.

4. NEOADJUVANT CHEMOTHERAPY

There are sound reasons for considering neoadjuvant chemotherapy in patients who present with
locally advanced disease. Neoadjuvant chemotherapy aims to (1) eradicate distant micrometastases
that are likely to be present in this subset of patients, (2) reduce primary and regional tumor bulk
and hence improve oxygenation with resultant higher sensitivity and response to definitive radia-
tion, and (3) reduce the extent of radiation, especially at critical structures at the brainstem and
hence reduce the morbidity of the radiation. The high response rates observed with platinum-based
chemotherapy in the metastatic/recurrent setting and the even higher responses seen in the
locoregionally advanced setting gave strong support for such an approach.
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Single-arm phase II studies have reproducibly shown very high responses to neoadjuvant
platinum-based combination regimens of 75–98%, with some reporting promising survival
outcome (55–60). However, these initial impressions were not borne out by the results of pro-
spective randomized studies (Table 2). Two small studies done in Hong Kong and Japan, respec-
tively, used two cycles of an induction regimen comprising cisplatin and 5-fluorouracil (5-FU)
before radical radiotherapy in the experimental arm. A further four cycles of the same chemo-
therapy was given as consolidation after radiotherapy in the Hong Kong study. No significant
difference in outcome was observed in both studies. However, a major flaw with both studies
is the small sample size, which may lack the statistical power to show a difference (61,62).

Three large randomized studies have been reported to date that probably helped to answer
this question more definitively (63–65). The first large international study, led by the French,
randomized 339 patients to three cycles of induction chemotherapy (cisplatin, bleomycin, and
epirubicin) before radiotherapy or to radiotherapy alone (63). An excess of treatment-related
deaths was noted in the chemotherapy arm (8 vs 1%), implying the importance of experience
and caution with the use of this chemotherapy combination. Although there was a significant
difference in disease-free survival (favoring the chemotherapy arm), no difference in overall
survival was observed at a median follow-up of 49 mo (range 23–70 mo). There has been no
follow-up on this report to date.

The second large international study, led by investigators from Hong Kong, randomized
334 patients to two to three cycles of induction chemotherapy comprising cisplatin and
epirubicin followed by radiotherapy or to radiotherapy alone (64). At a median follow-up of
41 mo (range 5–77 mo) at the time of the report, the median overall survival time had not yet
been reached. However, the investigators observed a trend toward an improved relapse-free
survival at 3 yr favoring the chemotherapy arm (58 vs 46%, p = 0.053). A longer follow-up
period would be required to determine any impact on overall survival, if any.

Table 2
Randomized Studies of Neoadjuvant Chemotherapy

OS rate (%)

Response
No. of to NACT

Study Yr Treatment patients (%) 2-yr 3-yr 5-yr

Chan et al. 1995 2 PF > RT > 4 PF 37 81 80 NR NR
(61) RT alone 40 — 80.5 (p = NS) NR NR

Hareyama 2001 2 PF > RT 40 NR NR NR 60
et al. (62) RT alone 40 — NR NR 48 (p = NS)

Cvitkovic, 1996 3 BEP > RT 171 91 NR NR NR
(63)a RT alone 168 — NR NR NR

Chua et al. 1998 2/3 PE > RT 134 84 NR 78 NR
(64) RT alone 152 — NR 71 (p = 0.57) NR

Ma et al. 2001 2/3 PBF > RT 224 82.6 NR NR 63
(65) RT alone 225 — NR NR 56 (p = 0.11)

Abbreviations: >, Followed by; NACT, neoadjuvant chemotherapy; OS, overall survival; PF, cisplatin, 5-fluorouracil; BEP,
bleomycin, epirubicin, cisplatin; PE, cisplatin, epirubicin; PBF, cisplatin, bleomycin, 5-fluorouracil; RT, radiotherapy; NR, not reported;
NS, not significant.

aOverall survival not statistically significant, but the number of events to determine its final significance had not yet been reached
at the time of report.
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The largest trial to date was a single-institution study conducted at the Sun Yat-Sen Uni-
versity of Medical Sciences, Guangzhou, People’s Republic of China, where the world’s
highest incidence of NPC is found (65). A total of 456 patients, accrued over a 1-yr period,
were randomized to receive either induction chemotherapy (cisplatin, bleomycin, and 5-FU)
before radiotherapy or radiotherapy alone. The median follow-up period for patients alive was
66 mo (range 35–75 mo). There was good compliance with the treatment, with about 98% of
patients in each arm completing the planned radiation, and all the patients in the chemotherapy
arm had at least two cycles of the induction chemotherapy. There was a trend towards im-
proved overall survival (63 vs 58%; p = 0.11) and relapse-free survival (59 vs 49%; p = 0.05)
at 5 yr in the chemotherapy arm.

The main impression of the studies reported to date is that the use of induction chemo-
therapy followed by radiotherapy is probably not an optimal way to sequence these treatment
modalities. Although there appears to be a trend toward a positive biological effect with two
to three cycles of induction chemotherapy that is platinum based, this effect is probably at best
mild to modest. It is possible that there is an overestimation of this effect, resulting in sample
sizes in these studies that lack the statistical power to show its true effect.

We have not excluded the usefulness of using chemotherapy as induction before definitive
treatment in the locally advanced setting despite the negative results of the studies just de-
scribed. As mentioned, this sequencing may allow the avoidance of undue toxicity to nervous
tissue from high-dose radiation in patients with intracranial extension. It is possible that the
use of induction chemotherapy to effect downsizing of the tumor followed by concurrent
chemoradiotherapy (CRT) as definitive treatment may achieve the dual results of improved
outcome with minimal long-term injury to critical nervous tissues. This method of scheduling
has not been well studied, and hence it is uncertain whether radiotherapy, which is the more
important treatment modality, would be compromised with this approach. A well-designed
randomized study should be able to answer this important question.

5. ADJUVANT CHEMOTHERAPY

The main aim of adjuvant chemotherapy is to eradicate distant micrometastatic disease in
patients who are at risk. Two studies looking specifically at this issue have been reported,
which unfortunately did not help in the clarification of this important matter (66,67).

Rossi et al. (66) randomized 229 patients to receive radiotherapy alone or radiotherapy followed
by adjuvant chemotherapy comprising vincristine, cyclophosphamide, and doxorubicin. This study
failed to show any survival benefit with the addition of adjuvant chemotherapy. However, the main
criticism of this study is the use of a nonplatinum chemotherapy combination.

The investigators from Taiwan studied the effect of adjuvant cisplatin, 5-FU, and leucovorin
given on a weekly schedule (67). Although they planned to randomize 240 patients in this study,
they decided on the early termination after 157 patients were randomized over a 4-yr period
owing to the slow accrual rate and the low compliance with chemotherapy in the experimental
arm. At a median follow-up of 49.5 mo, there was no difference in overall survival or relapse-
free survival at 5 yr between the combined and standard arm (54.5 vs 60.5% and 54.4 vs 49.5%,
respectively). The poor progress and the small sample size of this study make it difficult to arrive
at any meaningful conclusion regarding the role of adjuvant treatment.

6. CONCURRENT CHEMORADIOTHERAPY

The use of concurrent cisplatin with radiotherapy has been well established in HNSCC as
an effective way to preserve organs and as a superior treatment method compared with radio-
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therapy alone (68–70). However, significant toxicity is associated with this form of sequenc-
ing, and proper patient selection is of paramount importance to reduce the potential fatal
complication rate with the use of concurrent CRT.

Because of the wide radiation portal and the more aggressive radiation technique alluded
to above in Subheading 2. that is used in the treatment of NPC, the use of cisplatin as a single
agent or in combination with 5-FU concurrently can result in significant toxicities. The use
of cisplatin and 5-FU at 20 mg/m2/d and 1 g/m2/d, respectively, on d 1–4 administered during
the first and fifth weeks of radiotherapy was deemed too toxic from our pilot study, with a 14%
toxic death rate (71).

Al-Sarraf et al. (72) reported acceptable toxicities with no compromise of radiation deliv-
ered in a series of 27 patients treated at Wayne State University; cisplatin was administered
at 100 mg/m2 every 3 wk for three cycles during radiation. The survival outcome appeared to
be improved compared with historical data (72). A phase III Intergroup study (0099) followed
(reported in 1998) in which standard radiotherapy was compared with the same radiotherapy
and concurrent cisplatin as above, followed by three further cycles of cisplatin and 5-FU
postradiation (73). The study closed early when the first interim analysis of 147 randomized
patients showed a significant survival benefit in favor of CRT. At a minimum follow-up of 5
yr, the overall survival rate was 67 vs 37% in favor of the CRT arm (74). Sixty-three and 55%
of the patients were able to receive the three cycles of the cisplatin during the concurrent phase
and three cycles of the adjuvant cisplatin/5-FU, respectively. However, what is unclear from
this study is the relative benefit of concurrent and adjuvant chemotherapy.

Despite the significant survival benefit with chemoradiotherapy demonstrated in the Inter-
group 0099 study, this treatment strategy did not find wide acceptance among the oncologists
from the Asian region for the following reasons. The most important reason is the less aggres-
sive form of radiotherapy technique used in the 0099 study that could have led to an inferior
result in the radiotherapy arm. Compared with the historical results of the more aggressive
radiotherapy technique used in Singapore and Hong Kong, the survival outcome of patients
treated with radiation only in these endemic areas appears similar to the CRT arm in the 0099
study. The second reason is the histological subtypes in the 0099 study: less than half of the
patients have the endemic WHO type III undifferentiated carcinoma. Although this could
explain the inferior results in the radiotherapy-alone arm, it was felt that the results of the
Intergroup 0099 study should not be adopted as a new standard in the Asian context without
further investigations.

Nevertheless, it was clear that despite the use of a more aggressive radiation technique, a
significant proportion of patients with locoregionally advanced endemic NPC would fail
locoregionally and/or systemically. It was therefore important to address the role that chemo-
therapy should play in the primary treatment. We performed a pilot study using a slightly
modified form of the chemotherapy regimen used in the Intergroup 0099 study (75). The aim
of this study was to determine the feasibility of administering chemotherapy without altering
the aggressive radiation technique in our patients. Cisplatin was used at the same dose but
fractionated at 25 mg/m2/d on d 1–4 every 3 wk during radiotherapy and at 20 mg/m2/d on d
1–4 every 4 wk together with 5-FU 1000 mg/m2/d during the adjuvant phase. We found that
this treatment schedule was feasible, with acceptable toxicities. Seventy-five percent and 63%
of the 57 patients treated were able to complete all three cycles of the cisplatin during radiation
and all three cycles of the adjuvant chemotherapy, respectively.
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We proceeded to conduct a phase III randomized study (SQNP01 study) to determine the
applicability of the Intergroup 0099 results in Singapore (76). A total of 221 patients with stage
III/IV disease (according to the American Joint Commission for Cancer /Union International
Contre Cancer 1997 stage groupings) were randomized between September 1997 and May
2003. Only two patients in the radiotherapy arm (R) were noncompliant with treatment.
However, 40% of those in the chemotherapy arm (C) had either dose reduction or reduced
cycles of chemotherapy during the concurrent phase. Thirty-one percent of these patients did
not receive any adjuvant chemotherapy, and another 27% had dose reduction, or reduced or
delayed cycles of chemotherapy. Six patients in C required a reduction of the radiotherapy
dose. At the time of interim analysis in October 2003, 59 patients (37 in R, 22 in C) had died.
The cause of death was disease-related for 51 of them. The median survival time for those in
R was 49.9 mo, but this has not been reached for those in C. The 2-yr disease-free survival rates
for the two regimens were 62% for R and 76% for C. The hazard ratio (HR) was 0.67 (95%
CI: 0.42–1.08, p = 0.10). The 2-yr cumulative incidence rate for distant metastasis was 28%
(95% CI: 18–37%) for R and 14% (95% CI: 7–21%) for C. The difference in incidence of
distant metastasis between the two groups was statistically significant (p = 0.034). The 2-yr
overall survival rates were 77% for R and 85% for C, respectively (Fig. 1). Patients who were
randomized to receive C had a longer survival time than those on R. The HR estimate was 0.54
(95% CI: 0.32–0.89, p = 0.02). It is hence clear that the CRT treatment schedule as used in the
Intergroup 0099 study confers survival benefit in patients with locally advanced NPC in the
endemic region as well and should be adopted as the standard of care with the caveat that only
patients with good performance status be selected and that good supportive measures be
readily available to treat potential complications. However, the relative importance of concur-
rent vs adjuvant chemotherapy remains unclear.

Kwong et al. (77), from Queen Mary Hospital, Hong Kong, attempted to address the relative
importance of concurrent and adjuvant chemotherapy in a four-arm randomized study. The
three study arms were: (1) concurrent CRT using uracil-tegafur (UFT) at 200 mg q8h through-
out radiation, (2) radiotherapy followed by adjuvant chemotherapy consisting of a cisplatin/
5-FU combination alternating with a vincristine, bleomycin, and methotrexate combination
for six cycles, and (3) concurrent CRT followed by adjuvant chemotherapy as detailed in (1)
and (2). This study was terminated early after 222 out of the targeted 350 patients were
randomized owing to a slow accrual rate and the significant toxicities encountered with the
adjuvant chemotherapy. Sixty-five percent of the patients experienced grade 3/4 toxicities
during adjuvant treatment that were mainly of the hematological or gastrointestinal type.
When the two arms that received concurrent UFT and radiation were compared with the other
two arms that did not, the investigators found that concurrent CRT reduced the distant metasta-
sis rate at 3 yr significantly compared with radiotherapy alone (29.4 vs 14.8%; p = 0.026).
However, there was only a borderline impact on the 3-yr overall survival rate (86.5 vs 76.8%;
p = 0.06). The addition of adjuvant chemotherapy has no significant impact on the outcome
in this study. However, the negative impact of the smaller than expected sample size on a
definite conclusion in this study implies that the jury is still out regarding the relative role of
concurrent and adjuvant chemotherapy.

Two recent reports from Hong Kong and Taiwan looked specifically at concurrent CRT in
a phase III randomized fashion (78–80). Chan et al. (78) used weekly cisplatin at 40 mg/m2

during the radiation in their study; 350 patients were randomized between April 1997 and
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November 1999, with progression-free survival (PFS) as the end point. As expected, toxicities
were higher in the CRT arm, and 78% of the patients were able to receive at least four weekly
doses of cisplatin. Only 44% of the patients were able to complete at least six weekly doses
of cisplatin. At the time of data analysis, the median follow-up was 2.71 yr (range 0.52–6.36
yr). The number of events for overall survival analysis was not yet reached and hence was not
reported. However, there was no significant difference in the 2-yr progression-free survival
between the CRT arm (76%) and the radiotherapy-alone arm (69%), with an estimated HR of
1.367 (95% CI: 0.93–2.00, p = 0.1). There was no difference in time to local failure between
the two arms as well. The progression-free survival for patients who received less than six
weekly doses of cisplatin was also not statistically different from those who received at least
six doses (HR 1.348; p = 0.299). However, subgroup analysis revealed a clear benefit in favor
of those with T3–T4 stages with improvement of the 2-yr progression-free survival from 46
to 68% (HR 2.328); this was attributable to a reduction in distant metastases in this group of

Fig. 1. Overall survival comparison between chemoradiotherapy (C) and radiotherapy (R) in the SQNP01
study.
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patients. An update on the overall survival outcome was presented at the 40th American
Society of Clinical Oncology Annual Meeting in June 2004 (79). At a median follow-up of
5.5 yr, the 5-yr overall survival was 72% for those on the CRT arm, in contrast to 59% for
those treated with radiotherapy alone (HR 1.41; 95% CI: 1.00–2.00, p = 0.0479). However,
the 5-yr progression-free survival was of borderline significance in favor of CRT (62 vs
52%; p = 0.0764).

Lin et al. (80) used a combination of cisplatin at 20 mg/m2/d and 5-FU at 400 mg/m2/
d over a 96-h infusion in their study. Those randomized to CRT would receive two
cycles of the chemotherapy regimen during wk 1 and 5 of the radiation. Two hundred
and eighty-four patients were randomized during a 5-yr period from December 1993 to
April 1999. Despite the expected higher acute toxicities with concurrent chemotherapy,
the compliance with radiotherapy was not reduced and the number of patients requiring
delay in radiotherapy was not increased compared with radiotherapy-alone arm (11 vs
16 patients). The compliance with chemotherapy was also very good, with 93.6% of the
patients completing the planned two cycles with a delay of 1 wk or more of the second
cycle in only nine patients. At a median follow-up of 65 mo (range 36–100 mo), there
was significant improvement in the 5-yr overall survival rate and progression-free
survival (72.3 vs 54.2% and 71.6 vs 53%, respectively). This was mainly attributable
to the significant improvement in local control rates at 5 yr (89.3 vs 72.6%, p = 0.0009),
although there was also a nonsignificant trend toward improved distant control (78.7 vs
69.9%, p = 0.0577).

It is difficult to make firm statements regarding the merits of these two trials, given the
different trial designs and the levels of maturity of the data. However, taking the results of our
study (76) into consideration as well (which showed a highly significant improvement in
overall survival in favor of CRT attributable to significant improvement in the distant control
rate despite the short follow-up period), it is perhaps justifiable to make some preliminary
observations.

First, it is likely that concurrent CRT is the major contributor to the improved outcome, as
observed in the Intergroup 0099, the Singapore, and the Taiwan studies (Table 3). This is also
in line with experience in the treatment of locally advanced HNSCC (68,69). However, is
cisplatin as a single agent used during radiation sufficient without the addition of the adjuvant
cisplatin, and 5-FU combination? This question is difficult to answer without a randomized
study. However, based on experience with treatment of metastatic disease, the high risk of
systemic disease in high-risk groups at diagnosis, and the fact that systemic relapse is a major
contributor to mortality, using multiagent combination to address systemic control is a more
tenable position.

Second, early, rapid, and effective locoregional treatment is probably crucial to improve the
outcome of those with advanced locoregional disease. Radiation treatment is still the more
important modality in primary treatment and should be instituted earlier rather than later; this
concept is supported by the lack of benefit shown in the large randomized neoadjuvant che-
motherapy studies reported (63–65). Augmentation of radiation effect by administering che-
motherapy concurrently has been shown conclusively by four well-conducted randomized
studies to impact positively on overall survival (73,76,78–80). Whether an accelerated frac-
tionation schedule of radiotherapy would help improve survival is a question that is best left
to the outcome of the ongoing multicenter study led by the investigators from Hong Kong
alluded to above in Subheading 2. (51).
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7. CONCURRENT CHEMORADIOTHERAPY
FOR LOCOREGIONALLY RECURRENT DISEASE

Local relapse is a significant problem, ranging from about 10 to 50% at 5 yr depending on
the T stage at presentation (46). Teo et al. (81), in his series of 903 patients, found that skull
base invasion and cranial nerve involvement at diagnosis independently predicted for local
recurrence after a standard course of radiotherapy. Of note, in our series (82), patients who
developed locoregional relapse as the sole site of recurrence after primary treatment tend to
be bothered mainly by the problem of locoregional control on follow-up, with only 14%
developing disseminated disease at a median interval of 12 mo from the time of first recur-
rence. Locoregional disease with the resultant complications is the major contributor to
mortality in this group of patients.

Management of patients with locoregional relapse is fraught with difficulties. The decision
regarding the management plan depends on several factors. The first factor is the disease-free
interval after the radical radiotherapy received at diagnosis. A disease-free interval of less than
1 yr generally precludes the use of a second course of radiation. The second factor is the extent
of the locoregional recurrence. An extensive area of recurrence requiring a large radiation
portal can result in significant morbidity and is generally unacceptable. Third, patients who
have undergone more than one prior radical course of radiotherapy to the same subsite(s) are
not suitable for further radiation. Finally, good performance status is an important requisite
for any radical form of salvage therapy.

Treatment options are limited. Surgery is usually limited to neck dissection for patients with
cervical nodal recurrence only. Nasopharyngectomy is usually performed in patients who
have failed a repeat course of radiation and who have very limited persistent or recurrent local
disease. Very few patients are suitable for this latter option. A repeat course of radiotherapy

Table 3
Randomized Studies of Concurrent Chemoradiotherapy

OS rate (%)

No. of
Study Yr Treatment patients 2-yr 3-yr 5-yr

Al-Sarraf 1998 P/RT > 3 PF 78 NR 78 67
et al. RT 68 NR 47 (p = 0.005) 37 (p = 0.001)
(73,74)

Wee et al. 2004 P/RT > 3 PF 111 85 NA NA
(76) RT 109 77 (p = 0.02) NA NA

Kwong et al. 2003 UFT/RT 53 NR 83.5 NR
(77) UFT/RT > PF/VBM 57 NR 89 NR

RT > PF/VBM 55 NR 82.7 (p = NS) NR
Chan et al. 2003 P/RT 174 NR NR 72

(78,79) RT 176 NR NR 59 (p = 0.0479)
Lin et al. 2003 PF/RT 141 NR NR 72.3

(80) RT 143 NR NR 54.2 (p = 0.002)

Abbreviations: >, followed by; P/RT, cisplatin and concurrent radiation; PF, cisplatin, 5-fluorouracil; UFT/RT, uracil-tegafur and
concurrent radiation; PF/VBM, cisplatin, 5-fluorouracil alternate with vincristine, bleomycin, methotrexate; PF/RT, cisplatin, 5-
fluorouracil and concurrent radiation; NR, not reported; NS, not significant; OS, overall survival.
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is a well-established option and is often prescribed for those with first local or locoregional
relapse, with successful salvage in a small proportion of appropriately selected patients. Lee
et al. (83), from Hong Kong, reported an 11% 5-yr local control rate in the largest series of
patients with recurrent NPC treated with reirradiation. They found that the extent of local
recurrence was the most significant factor affecting local salvage. The 5-yr freedom from local
failure rate for those with early recurrent primary tumor was 28 to 35%. The Taiwan group of
Chang et al. (84), in their experience with 186 patients found that advanced stage of recur-
rence, short disease-free interval of less than 2 yr before retreatment, and inability to deliver
at least 50 Gy of radiation during retreatment predicted for a significantly poorer outcome. The
overall 5-yr survival rate for all the patients was 12.4%. The survival outcome declined
markedly to 3.7% at 3 yr for those with evidence of intracranial extension or cranial nerve
palsy at the time of reirradiation.

The use of concurrent CRT as salvage therapy has been reported to be capable of salvaging
a small proportion of patients who had undergone prior radical treatments for HNSCC (85,86).
We recently reported a small series of 35 patients with locoregionally recurrent nasopharyn-
geal carcinoma who were retreated with reirradiation and concurrent cisplatin (80 mg/m2)
with/without subsequent consolidation chemotherapy using the standard cisplatin and 5-FU
combination (87). Most of these patients had extensive locally recurrent rT3–T4 disease
(66%) and hence the resultant multiple cranial nerve palsies (51%). Most of the patients (77%)
were able to receive at least two cycles of cisplatin during the reirradiation, and 69% of the
patients were able to proceed to the consolidation cisplatin/5-FU. Almost all patients (97%)
received at least 50 Gy of reirradiation to the site(s) of disease recurrence using various
techniques. At a median follow-up of 46 mo, the 5-yr overall survival rate and progression-
free survival rate were 29 and 16%, respectively, for those with rT3–T4 lesions. As expected,
late toxicities were not uncommon. These included cranial neuropathies (31%), temporal lobe
necrosis (14%), and endocrine abnormalities (14%). Of those with temporal lobe necrosis,
only one patient had grade 4 toxicity, which occurred 82 mo after retreatment. The other four
patients were diagnosed as having incidental radiologic findings without significant clinical
consequences. Of the five patients with endocrine abnormalities, four had grade 3 hypopitu-
itarism, and one had grade 4 diabetes insipidus. Hence the calculated actuarial incidences of
any grade 3–4 late toxicity were 12 and 23% at 2 and 5 yr after retreatment, respectively.

The treatment of locoregionally recurrent NPC remains a therapeutic challenge owing to
the prior high dose of radiotherapy. The presence of significant morbidities from the extensive
locoregional recurrence compounds the problem further. The use of reirradiation alone yields
results that are far from ideal, even in those with early local recurrences. The concurrent use
of chemotherapy and an adequate dose of reirradiation is a promising treatment schedule in
this context, although late neurological and endocrine toxicities can be problematic. The use
of IMRT in this context may be able to obviate these long-term problems and improve the
therapeutic ratio of concurrent CRT.

8. CONCLUSIONS

The treatment of NPC has made significant strides over the past decade. Concurrent CRT
has been shown to improve the survival outcome of patients with locally advanced disease.
There are still hurdles to overcome, which should be possible with recent changes and
advances. Advances in technology have made possible a more targeted delivery of high-dose
radiotherapy, avoiding critical structures; this may improve locoregional control with lower
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acute and, more importantly, long-term toxicities. Newer active cytotoxics with proven activ-
ity in NPC have been added to the armamentarium, and studies are under way to determine
whether they can effect improved systemic control as primary treatment and in the metastatic
setting. With the improvement in the infrastructure for the conduct of clinical trials in the
Asian region and greater collaboration between different centers, we can await more exciting
results ahead.
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1. INTRODUCTION

Normal tissue tolerance limits the delivery of both ionizing radiation and cytotoxic chemo-
therapy for virtually all types of cancer including squamous cell carcinoma of the head and
neck (HNSCC). The concept of the therapeutic ratio (TR) is fundamental to the understanding
of this issue. The TR can be qualitatively defined as the TCP/NTCP where TCP is the tumor
control probability and NTCP is the normal tissue complication probability. Both of these
parameters have sigmoid dose-response curves (Fig. 1). The horizontal separation between
these two curves for any given treatment will often determine the efficacy of that treatment.
As the curves separate from one another, the likelihood increases that treatment will be
effective and not cause an unacceptable level of morbidity. Conversely, the closer together
these two curves are, the less the likelihood is that treatment will be effective without causing
an unacceptable level of morbidity.

Radiotherapy plus concurrent chemotherapy has been demonstrated to be superior to either
sequential combined-modality therapy or single-modality therapy in multiple disease catego-
ries in well-designed randomized trials. Disease sites include uterine cervix (1–4), esophagus
(5), and lung (6). Perhaps the greatest volume of data supporting the value of concurrent
chemoradiotherapy (CRT) exists for the curative intent treatment of HNSCC. A metaanalysis
published by Pignon et al. (7) evaluated more than 10,000 patients treated in randomized trials
that were completed and reported through 1993. An 8% absolute survival benefit over radio-
therapy alone was observed in patients who received concurrent therapy. A smaller, but
significant, benefit was also seen in patients treated with sequential neoadjuvant chemo-
therapy. The metaanalysis also suggested that concurrent treatment was superior to sequential
therapy (7).

A recent three-arm randomized trial conducted by the Radiation Therapy Oncology Group
(RTOG) in advanced larynx cancer demonstrated the superiority of concurrent therapy over
both single-modality radiation and sequential CRT in head-to-head comparisons (8). Several
randomized trials that cumulatively enrolled more than 1500 patients have been published
since the 1993 metaanalysis cutoff date. These trials all used both state of the art radiotherapy
(many with modified fractionation and chemotherapy, all with either platinum and/or 5-
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fluorouracil [5-FU]). They all show statistically significant improvement in local regional
control, failure-free survival, and overall survival in the range of 10 to 20% (8–15).

Radiotherapy with concurrent chemotherapy is rapidly evolving into a significant compo-
nent in the adjuvant therapy of patients who undergo primary surgical resection. Pathologic
characteristics including positive surgical margins and extracapsular nodal spread determine
high risk for locoregional recurrence. Randomized trials conducted by the European Organi-
zation for the Research and Treatment of Cancer (EORTC) and RTOG have demonstrated that
the addition of concurrent chemotherapy to postoperative irradiation improves locoregional
control, failure-free survival, and overall survival. These improvements again come at the cost
of increased acute and chronic toxicity (16,17).

The availability of hematologic growth factor support has made it possible to combine more
intensive/optimal radiotherapy and chemotherapy regimens in the concurrent scheduling
format. Nonetheless, treatment intensification still clearly increases toxicity in the context of
concurrent CRT. Two of the most significant toxicities that arise during the treatment of head
and neck cancer are mucositis and xerostomia, both of which develop acutely during the
course of treatment.

A trial conducted at Duke University randomized patients with advanced head and neck
cancer to either accelerated hyperfractionation alone or accelerated hyperfractionation with
concurrent cis-diaminedichloroplatinum (CDDP)/5-FU chemotherapy. The incidence of
confluent grade 3 mucositis was the same in both treatment arms (74 vs 77%, respectively)
but the mean time to resolution of mucositis was 50% longer in the patients receiving com-
bined-modality therapy (6 vs 4 wk). The University of Munich conducted a randomized trial
comparing split-course accelerated fractionation vs split-course accelerated fractionation with
concurrent CDDP, 5-FU, and leucovorin in patients with unresectable head and neck cancer.
The incidence of confluent mucositis more than doubled in the patients receiving combined-

Fig. 1. A graphic representation of the therapeutic index (TI). The tumor control probability (TCP) is
to the left of the normal tissue complication probability (NTCP) and both are displayed as sigmoid dose-
response curves. Larger separations are indicative of higher TIs. Ideally, normal tissue protection strat-
egies would move the NTCP curve to the right without compromising TCP (moving the TCP curve to
the right). Ideal therapeutic intensification strategies would move the TCP curve to the left without
worsening NTCP (moving the NTCP curve to the left).
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modality therapy (38 vs 16%, p < 0.001) (14). A French randomized trial in advanced orophar-
ynx cancer (GORTEC 94-01) compared once-daily radiotherapy against once-daily radio-
therapy with concurrent carboplatin and 5-FU. Confluent mucositis increased from 39 to 71%
(p = 0.005) with the addition of chemotherapy (18). The University of Vienna compared
standard fractionation radiotherapy vs accelerated fractionation with concurrent mitomycin
C and 5-FU (11). Although there was a survival benefit in the combined modality arm,
confluent mucositis also increased from 33 to 90%.

The GORTEC 94-01 trial demonstrated that chronic morbidity is also more severe with
concurrent therapy (18). Grade 3/4 cervical fibrosis increased from 12 to 27% (p = 0.04).
Grade 3/4 xerostomia was comparable between the standard and experimental arms (35 vs
41%), but severe dental complications were significantly higher in patients receiving com-
bined-modality therapy (37 vs 18%, p = 0.01). Overall, 32% of the patients receiving radio-
therapy alone had grade 3/4 late effects vs 49% for those patients treated with
combined-modality therapy (p = 0.02).

The data clearly demonstrate that disease control and survival are improved with radiation
and concurrent chemotherapy over radiation alone or sequential chemotherapy followed by
radiation. The added morbidity of this treatment reveals, however, that there is a pressing need
for the development of strategies to ameliorate treatment-induced toxicity. Some investiga-
tors have coined the term “toxic cure” to describe the effects of concurrent therapy (19). These
toxicities arise primarily from radiotherapy and are exacerbated with the addition of chemo-
therapy.

Normal tissue-protective strategies have been employed in radiation oncology almost since
the inception of this discipline. These strategies can be classified on the basis of the physical
manipulation of the beam, alteration of the fractionation schedule, and pharmacologic ma-
nipulation of the radiation response. Physical radiation protection schemes are based on the
simple principle that exclusion of normal tissue from the target volume is the most effective
form of radioprotection. Standard techniques for achieving this goal include the placement of
lead alloy blocks into the path of the radiation beam in order to prevent radiation from passing
through tissues that lie underneath the block. The use of multiple treatment fields is another
standard technique for protecting normal tissues. The intent is to include the entire tumor within
the volume of tissue that is irradiated by all the beams while exposing critical normal tissues to
radiation from less than the full complement of beams. Multiple shaped treatment fields may not
provide adequate normal tissue protection in a setting in which the tumor volume and normal
tissues are immediately adjacent to one another or even wrapped around one another. In these
circumstances, techniques such as conformal radiotherapy or intensity-modulated radiotherapy
(IMRT) may be more effective means of minimizing normal tissue dose.

Standard fractionation radiotherapy for head and neck cancer consists of the delivery of one
fraction per day in the range of 180–200 cGy. Acute morbidity from radiotherapy is a function
of the total dose delivered in a given period and is relatively independent of the fractionation
scheme utilized. Late or chronic morbidity is dependent on the total dose delivered too, but
it also is highly dependent on the size of the dose per fraction. For a given cumulative dose
of irradiation, a larger number of small doses per fraction will create less chronic toxicity than
a smaller number of larger doses per fraction. Hyperfractionation is the term employed to
describe the use of a significantly greater number of smaller multiple daily doses of radiation.
The rationale for the use of hyperfractionation is that such a scheme will improve the TR by
allowing the delivery of a larger cumulative dose to improve treatment efficacy over standard
fractionation while maintaining a constant risk of late toxicity. EORTC Trial 22791 confirmed
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the validity of this concept in patients with oropharyngeal cancer who were randomized to
receive either standard fractionation 2 Gy per day to 70 Gy in 7 wk or 80.5 Gy in 7 wk at 1.15
Gy bid. Local regional control was increased from 40 to 59% (p = 0.02) with the utilization
of hyperfractionation. The incidence of confluent mucositis was also higher with
hyperfractionation, but there was no difference in late morbidity between the two treatment
arms (20).

The other approach to normal tissue protection in the treatment of head and neck cancer is
pharmacologic in nature. Controversy exists as to whether modification of treatment delivery,
e.g., IMRT or altered fractionation, or pharmacologic manipulation of radiation response is
the optimal strategy for normal tissue protection. Prior to exploring the data relating to physi-
cal manipulation of the radiation beam, a review of the Food and Drug Administration (FDA)
guidelines for approval and marketing of devices is in order. The hardware and software
necessary for the delivery of radiotherapy, including IMRT, is regulated by the FDA through
the 510k mechanism. The FDA requirement for the approval of a new device for marketing
and sale is that the “. . . device is substantially equivalent (for the indications for use stated in
the enclosure) to legally marketed predicate devices marketed in interstate commerce . . ..” In
other words, if the new treatment planning software or beam shaping collimation devices
produce radiation dose distributions in a target volume equivalent to those that can be pro-
duced by devices already on the market, then the new devices in question will be approved for
marketing and sale. No type of clinical trial, randomized or otherwise, is required. Demonstra-
tion of efficacy or clinical benefit is not required.

A search of the National Library of Medicine PubMed database indicates that several
hundred articles relating to the topic of IMRT (cancers of all sites) have been published since
1997. Virtually none of these is a prospective clinical trial, and not one is a randomized trial.
Nonetheless, IMRT has proved to be a useful tool in improving our understanding of dose-
volume-function relationships for normal tissues in the radiotherapy of head and neck cancer.
Specifically, traditional “wisdom” stated that the tolerance of the parotid glands to radio-
therapy was 50 Gy. Eisbruch et al. (21) have elegantly demonstrated, however, that that when
the mean dose to the parotids exceeds 26 Gy, there is usually little if any recovery of function.
These data should prove quite useful in the design of future trials directed toward preservation
of salivary gland function.

Similarly, Garden et al. (22) demonstrated that the use of IMRT with once-daily standard
fractionation in the treatment of 54 patients with early-stage (T1 and T2) oropharyngeal
carcinoma resulted in less irradiation to the parotid glands than would have arisen from
conventional radiotherapy. Acute mucosal toxicity was not improved, however, and may
actually have been worse, as 42% of the patients required placement of feeding gastrostomies
(22). These data force one to keep in mind that a physical improvement in the radiation dose
distribution in and around the target volume and critical normal tissues may or may not lead
to an improvement in clinical outcome.

IMRT-mediated reductions in dose to tissues such as the parotid are accomplished at the
expense of irradiating much larger volumes of normal tissue, not necessarily in the vicinity of
the target, to doses as high as 10 to 30% of the prescribed target dose. This “dose dumping” effect
may deliver 700–2000 cGy to anatomic regions that would not receive any dose at all with
conventional or even conformal treatment techniques. These doses are potentially carcinogenic,
and the carcinogenicity of radiation cannot be ignored, especially in the head and neck popula-
tion, in which the risk of developing a second malignant neoplasm approaches 20 to 30%.
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The FDA requirements for the approval and marketing of a new drug are considerably more
rigorous than those for the approval of a new device or technology. A series of phase I, II, and
III trials must be performed to demonstrate both the safety and efficacy of the drug with respect
to a prespecified prospective end point. In some circumstances, a second confirmatory phase
III trial may be required. The safety of a conventional cytotoxic drug relates to the side effects
that are directly attributable to its administration. There is an additional dimension to the
safety profile of a potential radioprotective drug: specifically, is the activity of the drug
selective enough to prevent the damaging effects of ionizing irradiation on normal tissues but
not on the tumor? Consequently, a clinical trial designed to test the effectiveness of a phar-
macologic radioprotective agent must also demonstrate that the agent does not impair the
efficacy of the radiotherapy itself. This consideration injects an aspect of treatment equiva-
lence into the study design and typically leads to the requirement of a larger study population
than would otherwise be necessary (23).

Pharmacologic radioprotective strategies can be loosely classified into three categories:
protection, mitigation, and treatment. A review of randomized trials of prototypical agents in
each group will illustrate the different strategies. The bellwether pharmacologic radioprotec-
tor is amifostine (WR-2721; Ethyol®, Medimmune, Inc., Gaithersburg, MD). Amifostine is
a thiol-containing compound long recognized to have radioprotective potential (24). It func-
tions as a classical radiation protector via free radical scavenging. It preferentially accumu-
lates in the saliva glands. A pivotal open-label phase III trial conducted from 1995 to 1997
randomized patients to receive curative intent or postoperative irradiation with or without iv
amifostine (200 mg/m2) given 15–30 min prior to each radiotherapy fraction daily. The pri-
mary end points of this trial were reduction in the incidence of grade 2 or higher acute and late
xerostomia and grade 3 or higher acute mucositis. Preservation of antitumor efficacy of the
radiotherapy was also assessed along with the acute toxicity of the drug itself.

This trial enrolled 303 patients, and the minimum follow-up for all surviving patients is 2
yr. Administration of amifostine did not reduce the incidence of grade 3 mucositis (25). It did,
however, result in diminished xerostomia. There was no compromise of locoregional disease
control, failure-free survival, survival (Table 1). The FDA approved amifostine in 1999 for
use in conjunction with postoperative irradiation in settings in which a substantial portion of
the saliva glands would be in the radiation field.

Severe toxicity (>CTC grade 3) attributable to amifostine occurred in less than 10% of
patients on this trial and consisted of nausea and vomiting and transient hypotension. Nearly
two-thirds of the patients had less severe grades of these side effects, and drug-related toxicity
did cause approx 20% of patients to discontinue amifostine prior to completing radiotherapy.
Subcutaneous administration of the drug may cause fewer side effects than intravenous dosing
(26).

Critics of this trial contend that its size made it underpowered to detect a very small
compromise in survival and that it was neither placebo controlled nor blinded (27). The first
argument is technically correct but overlooks the reality that absolute refutation of a small
compromise of antitumor efficacy attributable to amifostine would have required an equiva-
lence trial. Demonstration that amifostine reduced survival from a hypothetical 45 to 40% (α
= 0.05, 80% power) would have necessitated 1246 patients per study arm (28). Such a large
study cannot be performed in head and neck cancer. Patient resources are too scarce. The
largest randomized head and neck trial ever conducted, RTOG 90-03, required 8 yr to enroll
1113 patients into four treatment arms (29).
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The second contention regarding the absence of blinding and placebo control is valid.
Xerostomia is a physician-assessed, semiquantitative parameter, and the scoring of an indi-
vidual patient can vary between different assessors. The absence of a blinded placebo control
arm created the potential for physician bias in the assessment of this end point. Fortunately,
prospective secondary end points in the trial included both serial patient self-assessment of
symptoms associated with dry mouth and quantitation of salivary production, the latter of
these being an objective, quantitative measure not subject to variation among different asses-
sors. Those patients who had the least severe xerostomia as scored by the investigators were
also the ones who had the greatest production of unstimulated saliva. Similarly, the patients
who assessed themselves as having the least severe xerostomia-related symptoms had the
greatest salivary production. All three of these end points were highly correlated with one
another, which helps to validate the results in the absence of a placebo control arm.

Small phase II and III studies suggest that amifostine may reduce CRT-induced salivary,
pulmonary, mucosal, and hematologic toxicity (30–32). A metaanalysis of all these trials may
help to clarify the tumor protection concerns associated with the use of this drug.

Another approach to the management of radiation-induced toxicity is the utilization of
substances that mitigate damage caused by prior radiation exposure. This strategy contrasts
to the classical free radical scavenging radioprotective mechanism of drugs such as amifostine.
The leading drug under development in this category is palifermin. Palifermin is a recombi-
nant human keratinocyte growth factor that belongs to the fibroblast growth factor family of
cytokines (FGF-7). It stimulates cellular proliferation and differentiation in a variety of epi-
thelial tissues including mucosa throughout the alimentary tract, salivary glands, and type II
pneumocytes. Palifermin also regulates intrinsic glutathione-mediated cytoprotective mecha-
nisms. Administration of palifermin in preclinical rodent models leads to a significant thick-
ening of oral tongue mucosa (Fig. 2) (33). Preclinical studies of fractionated radiotherapy have
revealed that the administration of palifermin leads to increases in the dose of radiotherapy
necessary to induce ulcerative mucositis and also to reduce the duration of this ulceration
when it does occur (34,35). Parotid gland production of saliva is also preserved when palifermin
is administered in the setting of radiotherapy in preclinical systems.

The ability of palifermin to reduce mucositis in a clinical setting has been tested in a pivotal
phase III double-blind placebo-controlled trial of patients with non-Hodgkin’s lymphoma
undergoing bone marrow transplantation. The bone marrow ablative regimen consisted of
1200 cGy of total body irradiation (TBI) given at 150 cGy bid. Thereafter, VP-16 and
cyclosphosphamide were administered. Palifermin was delivered prior to the initiation of TBI
and again after the completion of chemotherapy, which also corresponded to 5 d after the
completion of TBI. The dose schedule of palifermin was 60 μg/kg/d three times for both

Table 1
Phase III Trial Results for Amifostine

Amifostine (n = 153) vs control (n = 150)

Parameter 12 mo (%) 18 mo (%) 24 mo (%) Overall p value

Locoregional tumor control 72 vs 71 61 vs 64 54 vs 58 0.863
Progression-free survival 75 vs 70 63 vs 63 56 vs 59 0.911
Overall survival 89 vs 82 81 vs 73 72 vs 67 0.145
RTOG grade ≥2 xerostomia 32 vs 56 29 vs 51 20 vs 36 0.002
Unstimulated saliva (>0.1 g) 70 vs 49 69 vs 60 76 vs 56 0.011
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administrations. This trial enrolled 212 patients who were equally divided between the pla-
cebo and palifermin arms. The WHO scoring system was used. The incidence of grade 3/4
mucositis approached 90% in the placebo arm as opposed to approx 60% in the palifermin arm.
For those patients who developed this level of toxicity, the duration was significantly reduced
from 10.4 d in the placebo arm to 3.7 d in the palifermin arm (p > 0.001). Grade IV mucositis
developed in 62% of the placebo arm patients and only 20% of the palifermin arm patients (p
> 0.001). Mean duration of grade IV mucositis was reduced from 6.2 d to 3.3 d with the use
of this drug (p > 0.001).

The clinical experience with palifermin in head and neck cancer is limited to one phase I
and one phase II trial. Both of these trials integrated palifermin into regimens of radiation and
concurrent CDDP/5-FU chemotherapy for patients with American Joint Commission for
Cancers (AJCC) stages III/IV nonmetastatic squamous carcinoma of the head and neck. Both
trials utilized a dose of palifermin prior to the initiation of chemoradiation and then delivered
an additional dose at the end of each week of radiotherapy. The primary end point of the phase
I trial was safety and tolerability of the drug. The dose of palifermin was escalated from 20
to 80 μg/kg. The most common toxicity of the drug was an erythema of the face, which
occurred in 9/60 patients (50%) and was a non-dose-limiting toxicity. Hypersalivation oc-
curred as a dose-limiting toxicity in one patient. Transient, asymptomatic elevations of amy-
lase and lipase were observed. The maximum tolerated dose was not determined in the dose
schedule tested in this trial. There was a 3:1 randomization to palifermin and placebo in this
trial and no evidence of compromise of treatment outcome in patients receiving palifermin.

A phase II trial was subsequently performed in which the same type of patient population
received concurrent chemoradiation. Patients were randomized 2:1 between palifermin and
placebo. Institutions had the discretion to deliver radiotherapy via conventional once-daily 2-
Gy fractions or with an accelerated hyperfractionated regimen of 1.25 Gy bid. One hundred
patients were enrolled on this trial, of whom 34 received accelerated hyperfractionation and
the remainder received standard fractionation. Palifermin was delivered at a dose of 60 μg/kg.
Again, the first dose was delivered prior to the initiation of CRT and then every Friday

Fig. 2. Enhanced mucosal proliferation in rodent tongue after 3 d of administration of recombinant
human kertinocyte growth factor (KGF; 5 mg/kg/d) (33). The mucosal thickness has doubled secondary
to the cytokine exposure.
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afternoon after the last fraction of radiation. Two additional doses of palifermin were given
1 and 2 wk after the completion of radiotherapy for a total of 10 doses of the drug. Palifermin
did not reduce the incidence or duration of mucosal or salivary gland toxicity. The subset of
patients receiving hyperfractionated radiation, however, showed significant improvements in
the duration and severity of mucositis. They also had improved swallowing function and less
salivary gland toxicity relative to patients who received placebo.

The relative lack of success of palifermin in the head and neck setting in the transplant
context would appear to be multifactorial. To begin with, the dose intensity of palifermin was
significantly greater in the transplant trial than in the head and neck studies. Cumulative doses
of 180 μg/kg were sandwiched around a dose of 1200 cGy of radiotherapy. This contrasts with
doses of 60–80 μg/kg that were sandwiched around 1000–1200 cGy in the head and neck
studies. The effect of this lesser dose intensity of palifermin would then have been amplified by
the significantly larger doses of mucosal irradiation that are delivered for head and neck cancer
as opposed to bone marrow transplant conditioning. Lastly, the head and neck trials used the
RTOG/CTCT version 2.0 scale for mucositis assessment. This scale mandates a cutoff of assess-
ment 90 d after the initiation of therapy. Mucositis after concurrent CRT for head and neck cancer
will commonly persist for more than 6 wk beyond the completion of treatment, the implications
of which are that mucositis is still present at the end of the 90-day cutoff date. Thus, the scoring
system used in these trials was insensitive in terms of distinguishing a difference between a
patient whose mucositis resolved 91 d after the initiation of therapy vs 120 d after the completion
of therapy. Further investigation of palifermin is indicated in head and neck cancer. Future
strategies will probably include more intensive administration of the drug and utilization of the
more up-to-date CTC version 3.0 toxicity scoring scheme.

Radioprotectors and radiation mitigators are both designed with the intent of minimizing
the risk of clonogenic death of normal cells and subsequent disruption of the protective
mucosal barrier. Head and neck radiotherapy also initiates a local cytokine cascade, which
includes interleukin-1, and -6, and tumor necrosis factor (TNF)-α. An inflammatory response
results, which contributes to the ultimate anatomic disruption of the mucosa. Secondary
bacterial and fungal overgrowth are thought to exacerbate the local pathophysiology.

Sucralfate, a basic aluminum salt of sucrose, has long been used in the treatment of peptic
ulcer disease. It provides a protective coating to ulcerated tissue by means of binding to
exposed proteins in damaged cells (36). It also stimulates mucus production, mitosis, and
surface migration of cells. Sucralfate has been tested in several double-blind placebo-con-
trolled randomized trials. Despite the attractive conceptual nature of using it to ameliorate
mucositis, the clinical data do not show any benefit from sucralfate (37–40).

Benzydamine HCl is a nonsteroidal antiinflammatory drug that also posses antimicrobial
activity (41). It is a potent inhibitor of TNF-α (42). This particular proinflammatory cytokine
is upregulated in mucosal tissue of the head and neck regions, with peak levels typically peak
at approx 2000 cGy (conventionally fractionated) just prior to the first signs of mucosal
ulceration. The ability of benzydamine to reduce mucositis during head and neck radiotherapy
was tested in a randomized double-blind placebo-controlled trial (43). The primary end point
of this trial was the area under the curve for the mean mucositis score over a cumulative
radiotherapy dose up to a total dose of 5000 cGy. Secondary end points included use of
concomitant pain medication, oral pain at rest and with eating, body weight, and the use of
enteral nutritional support.

Benzydamine therapy resulted in a 30% reduction in mucosal erythema and ulceration.
Most of this benefit was observed once doses greater than 2500 cGy had been delivered. One-
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third of the benzydamine patients did not develop any mucosal ulceration at all, compared with
only 18% of the placebo-treated patients (p = 0.04). There was a nonsignificant trend toward
reduction in mouth pain at rest for the patients who received benzydamine. Importantly,
benzydamine was no more effective than placebo with respect to the reduction of pain during
meals. Cumulative weight loss during radiotherapy was equivalent in the two treatment groups.
There was no difference in the proportion of patients who required enteral nutritional support
between the two treatment arms.

The data from the benzydamine trials suggest that this agent is active against mucositis but
are clearly inconclusive with respect to whether or not it has any clinical role in the treatment
of this condition. There was no significant benefit regarding the functional sequelae of mu-
cositis. Most patients received radiotherapy doses of 6400–7400 cGy. Mucosal assessment
was not performed beyond 5000 cGy. This aspect of the study design may explain the discor-
dance between the improvement in the anatomic assessment of mucosal integrity associated
with benzydamine and the lack of any functional benefit, as the latter parameters were assessed
throughout a patient’s entire course of radiotherapy. The most severe mucositis during a
course of head and neck radiotherapy occurs beyond the 5000-cGy level. Fewer than 10% of
the patients enrolled in this trial received concurrent chemotherapy, even though most of them
had stage III/IV disease. Concurrent CRT has become the standard of care for most patients
with this extent of disease. Thus, the clinical value of benzydamine has not been proved for
patients receiving high-dose radiotherapy with or without concurrent chemotherapy.

Endogenous oral flora may exacerbate the mucosal inflammatory process once the mucosal
integrity is disrupted. This secondary infection may prolong the course of mucositis. Protegrins
are naturally occurring peptides that have broad-spectrum antimicrobial activity (44). Iseganan
is a synthetic analog of this class of compounds. A placebo-controlled trial in patients receiv-
ing chemotherapy suggested that iseganan reduced the incidence of ulcerative stomatitis and
decreased both mouth pain and swallowing difficulty. Consequently, a phase III double-blind,
placebo-controlled trial was launched in patients receiving head and neck radiotherapy (45).

This trial allowed different fractionation schemes but mandated that a minimum dose of
6000 cGy be delivered. Forty percent of the patients enrolled received concurrent chemo-
therapy. The study contained three treatment arms: iseganan plus standard oral care, placebo
plus standard oral care, and supportive oral care only.

Iseganan and placebo were completely equivalent to one another with respect to all end
points in the trial. Interestingly enough, iseganan and placebo were both superior to standard
oral care. Two-thirds of the patients in both arms had confluent mucositis compared with 79%
in the supportive oral care arm (p = 0.02). Only 2% of the SOC patients had no mucosal
ulceration vs 9% in both the iseganan and placebo arms (p = 0.04). Peak mouth pain and
difficulty swallowing were also significantly worse for the patients assigned to supportive oral
care. Radiotherapy dose reductions were also significantly more common in the supportive
oral care patients.

The iseganan trial did not show any benefit associated with the administration of the study
drug, but it did, however, demonstrate the importance of adherence to a strict regimen of oral
hygiene during head and neck radiotherapy. Patients on both the drug and placebo arms were
instructed to swish and gargle prior to each administration of study drug. They also maintained
study diaries to help ensure adequate compliance with administration of the study drug. These
interventions were not performed in the patients assigned to supportive oral care. Despite the
absence of benefit associated with iseganan therapy, this trial has made a very important
contribution toward the development of new therapies for mucositis through its demonstration
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of the value of organized and systematic attention to the maintenance of good oral hygiene
throughout a course of head and neck CRT.
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1. INTRODUCTION

Squamous cell carcinoma of the head and neck (HNSCC) can be treated with various
modalities including radiotherapy, chemotherapy, and surgery. These are often employed in
combination, with each playing a substantial and complementary role. Using a multi-
disciplinary approach, investigators have recently been able to achieve improved  survival
outcomes for patients with locally advanced, nonmetastatic disease—including both increased
long-term survival rates (now approaching 70% in recent reports) (1–3) and organ preserva-
tion (4,5). Nevertheless, in approx 50% of high-risk patients tumors will recur (1–3,6), often
with distant metastasis, making the cancer incurable and shifting the treatment goal toward
palliation. In addition, short- and long-term toxicities of combination therapy are significant,
with xerostomia, esophageal strictures, dysphagia, and increased aspiration risk commonly
encountered.

The last decade has witnessed startling advances in so-called targeted therapies in oncol-
ogy. The approval of agents such as imatinib, rituximab, trastuzumab, erlotonib, bevacizumab,
and cetuximab has started to change management significantly in several solid and liquid
tumors. In fact, we are still in the process of establishing the best way to integrate these novel
options with existing therapies. Unlike cytotoxic chemotherapy, which interrupts normal
mitotic activity in all dividing cells, targeted therapies are rationally designed to interfere with
cancer-specific markers or signaling pathways. Given their higher specificity, they are ex-
pected to be better tolerated, have a higher therapeutic index, be effective at doses lower than
the maximum tolerated dose, and differ from cytotoxics in their side effect profile.

Given the current treatment limitations in HNSCC, the hope is that the introduction of
targeted therapies will further improve clinical outcomes and at the same time reduce toxici-
ties.  This chapter gives an overview of novel compounds that are being investigated in
HNSCC, some of which are in late-stage clinical trials and may be considered for regulatory
approval in the near future. Integrating these targeted therapies with radiotherapy or
chemoradiotherapy (CRT) will be vital for the advancement of HNSCC treatment.

2. MOLECULAR BIOLOGY OF HNSCC

It has been estimated that in order for HNSCC to develop, cells require the accumulation
of 6–10 genetic alterations (7). In HNSCC, as in all cancers, these fall into two categories—
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activation of protooncogenes and inactivation of tumor suppressor genes. Tables 1 and 2 give
an overview of genetic changes that are frequently reported and felt to be important in HNSCC
carcinogenesis.

Although most HNSCC tumors are smoking and alcohol related, tumors of the palatine
tonsils and the base of the tongue frequently contain oncogenic human papilloma virus (HPV)
DNA and form a distinct subgroup found frequently in nonsmokers (8). These are less likely
to harbor p53 mutations and are correlated with an improved stage- and disease-specific
survival. In contrast, tumors of the larynx, hypopharynx, and floor of mouth are nearly always
substance use related (9,10).

The hypothesized progression from normal mucosa to hyperplasia, dysplasia, carcinoma
in situ, and invasive carcinoma has been studied extensively. Early carcinogenic molecular
events include 9p (p16) inactivation and 3p loss—both of which involve tumor suppressor
genes central to HNSCC genesis (11,12). This is apparently followed by alterations on chro-
mosome 17p, which is seen in the progression of preinvasive to invasive lesions (13,14). Other
events follow, as outlined in Tables 1 and 2. The exact sequence of events varies and may be
different for different molecular subgroups.

Early insults are felt to induce field cancerization—the expansion of a common clonal
progenitor to a large area—and may explain the frequent occurrence of metachronous or
synchronous tumors (15–18). Field cancerization therefore forms the rationale for the use of
primary prophylaxis with chemopreventative agents. Retinoic acid derivates have been most
extensively studied in this regard; however, they have thus far either been ineffective at low
doses or associated with unacceptable mucocutaneous toxicity at high doses.

Chemoprevention may be best aimed at premalignant lesions showing 3p and 9p alter-
ations; persistence of these changes has been shown to correlate with progressive lesions and
poor outcome (19). More recently it has also been suggested that DNA content and aneuploidy
can be powerful predictors of progression to invasive cancer as well as treatment failure and
mortality (20,21). How this will be integrated with previous molecular progression models
needs to be further elucidated.

Many of these alterations are currently being investigated as targets for novel, targeted
therapies. Thus far relatively few drugs have been approved, but it is expected that many more
will follow. This chapter provides an overview of the current status of these agents and the
various stages of clinical development.

3. EPIDERMAL GROWTH FACTOR RECEPTOR

The epidermal growth factor receptor (EGFR; synonymous with erbB1 or Her1) is a mem-
brane-bound receptor tyrosine kinase. It is part of a family of four receptors (erbB1–B4) that
are activated after binding of their respective ligands by dimerization (homo- or
heterodimerization) and phosphorylation of intracellular tyrosine residues (Fig. 1). erbB2
(her2/neu) does not have a known ligand in vivo and is activated by heterodimerization with
other family members (e.g., EGFR). Upon activation, intracellular signaling cascades mediate
a multitude of functions including cell proliferation, survival, invasion, metastasis, and angio-
genesis (Fig. 1). Invoked signaling cascades include the Ras/Raf/mitogen-activated protein
kinase (MAPK), phosphatidylinositol 3 kinase (PI3K)/AKT/mammalian target of rapamycin
(mTOR), and Janus kinase (Jak)/signal activator and transducer of infection (Stat)/protein
kinase C (PKC) pathways (22). EGFR and other erbB receptors are deregulated in multiple
solid tumors including lung, breast, colorectal, and also HNSCC. In fact, 80 to 90% of HNSCC
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overexpress EGFR, and overexpression increases progressively from early precancerous
lesions to invasive tumors (23,24). Overexpression of its ligands is also frequently present,
suggesting an autocrine signaling loop. EGFR expression has been suggested to confer an
adverse prognosis, as it correlates with increased tumor size, presentation with more advanced
stage, decreased survival, increased risk of recurrence, and decreased radiation sensitivity
(25–29). In general, four mechanisms of increased activity have been described: receptor
overexpression, receptor mutations, overproduction of ligand (auto- and paracrine), and
activation through other receptor systems (e.g., uPA receptor [UPAR]).

Given the role EGFR plays in the progression of tumors and its importance in early precan-
cerous lesions, EGFR quickly became an interesting target for the development of novel
therapies. Multiple strategies have been pursued with the aim of inhibiting EGFR signaling.
Only two strategies have so far come to clinical fruition: monoclonal antibodies to the extra-
cellular domain of EGFR and small-molecule inhibitors of the intracellular tyrosine kinase
domain. An overview of the agents undergoing clinical trials is shown in Table 3. Alternative
approaches using inhibition of receptor trafficking and EGFR synthesis have so far not been
used outside of preclinical model systems. In the future it may be possible to improve the
efficacy of antibodies by attaching bacterial toxins or radionuclides allowing specific delivery
to tumor cells. The EGFR ligand, transforming growth factor (TGF)-α has been linked to the
Pseudomonas endotoxin TP-38 and is currently in phase I/II clinical trials (TGF-α-PE38
immunotoxin [TP-38]) employing intratumoral administration.

Both EGFR small-molecule inhibitors and anti-EGFR monoclonal antibodies lead to inhi-
bition of the signal transduction, but only antibodies achieve downregulation of EGFR expres-
sion. Observed effects of these agents include cell cycle arrest in the G1 phase, decreased
tumor vascularization (presumably by downregulation of vascular endothelial growth factor
[VEGF]), and increased apoptosis (30–35). The small-molecule inhibitors are available orally
for daily dosing, whereas monoclonal antibodies are administered intravenously with half-
lives that allow weekly to every 3-wk dosing. Both classes of EGFR inhibitors have a favor-
able side effect profile, with very few grade 3 and 4 toxicities reported. Both classes of agents
cause a characteristic acneiform rash that has been correlated in clinical trials with response
and survival (36–38). Small-molecule EGFR inhibitors have been reported to cause gas-
trointestinal upset (37–39), and gefitinib has been associated in rare cases with severe pulmo-
nary pneumonitis. This has only been observed in patients with lung cancer with an approx
1% incidence rate, although one-third of cases are fatal (40). This toxicity appears to be far
more common in the Japanese population, for unknown reasons.

3.1. Clinical Trial Results With EGFR Inhibitors
The use of cetuximab in HNSCC was first reported in a dose-finding phase IB study in

combination with cisplatin (41). No dose-limiting toxicities were observed; therefore surro-
gates such as receptor saturation (measured by immunohistochemistry), tyrosine kinase assays,
and EGF/EGFR immunoblots were used to establish the current dosing of 400 mg/m2 loading
and 250 mg/m2 maintenance administered weekly. Even in patients with high EGFR expres-
sion, this dose achieved approx 95% receptor saturation. In 6 of 9 patients with known cisplatin-
refractory metastatic disease, partial responses were observed (12 patients total in the trial).
Subsequently, in larger phase II trials, response rates in refractory metastatic disease of 11–
14% were reported (42–44). The combination of cetuximab with cisplatin vs cisplatin alone
was reported in an ECOG trial in 200 treatment-naïve patients. Despite a significantly improved



Chapter 17 / Targeted Therapies 245

Table 3
Novel Agents Targeting the EGFR Pathway

EGFR inhibitor Class Administration Common toxicities Comments

Monoclonal antibodies
Cetuximab (C225, Chimeric Intravenous Cutaneous, allergic FDA approved for

Erbitux™) monoclonal colorectal cancer
antibody In combination with

radiation (vs
radiation alone)
shown to have
improved survival
in HNSCC (45)

EMD 72000 Humanized Intravenous Cutaneous
monoclonal
antibody

h-R3 Humanized Intravenous Hemodynamic,
monoclonal systemic
antibody

Panitumumab Humanized Intravenous Cutaneous
(ABX-EGF) monoclonal

antibody
Immunotoxins

TGF-α-PE38 TGF-α linked Intratumoral Phase I study TGF-α linked to
immunotoxin to toxin ongoing Pseudomonas
(TP-38) entotoxin TP-38

protein;
administered
intratumorally

Small molecules
Gefitinib (ZD1839 Reversible Oral Cutaneous, FDA approved for

Iressa™) tyrosine gastrointestinal, third line
kinase rare pneumonitis treatment in
inhibitor described mostly NSCLC

in Japanese Response rates as
patients with lung single agent in
cancer first and second

line therapy 3–
10%, with larger
proportion of
patients having
disease
stabilization

Erlotinib (OSI-774 Reversible Oral Cutaneous,
Tarceva™) tyrosine gastrointestinal

kinase
inhibitor

PKI-166 Reversible Oral Cutaneous,
tyrosine gastrointestinal,
kinase systemic, liver
inhibitor

(continued)
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response rate and a trend in favor of the experimental arm, statistical significance in progres-
sion-free survival was not established.

Recently, the activity of cetuximab activity in HNSCC was demonstrated most clearly in
a trial of cetuximab in combination with radiation vs radiation alone in locally advanced
HNSCC. The results, presented in abstract form only, revealed a marked benefit with respect
to local control and median overall survival of 54 vs 28 mo in the experimental and control
arms, respectively (45). Although these observations will not immediately alter the standard
of care, this trial suggests that EGFR inhibitory strategies enhance the beneficial effect of
radiotherapy with manageable toxicity. The integration of these agents with current approaches
should follow.

The second class of anti-EGFR agents, small-molecule EGFR inhibitors, block intracellular
ATP binding to EGFR and prevent phosphorylation and activation of the receptor. Gefitinib
(Iressa™) and erlotinib (Tarceva™) were approved for nonsmall cell lung cancer (NSCLC) in
2003 and 2004 (46). In HNSCC cell lines as well as xenograft models, gefitinib showed highly
potent antitumor activity (47). In cell lines, combination with chemotherapy and radiation was
synergistic (48,49).

Two phase II trials of gefitinib therapy in patients with recurrent or metastatic HNSCC
showed modest response rates (38,50), with the higher dose of gefitinib appearing to be more
active. In the trial using the higher 500-mg daily dose, a response rate of 11% was reported,
with a clinical benefit in 53% of patients and a median overall survival of 8.1 mo. A subsequent
trial administering 250 mg/d and enrolling a similar cohort of patients, however demonstrated
a response rate of only 1%, with a 5.2-mo median overall survival. These findings would
suggest that a dose–response relationship exists for gefitinib in HNSCC and that 500 mg is a
more optimal dose than 250 mg. Nevertheless, both trials reported a correlation of the devel-
opment of rash with clinical benefit. Randomized trials are currently ongoing to evaluate the
role of gefitinib in recurrent or metastatic HNSCC.

Recently, early data of a phase I trial combining gefitinib with celecoxib were reported (51).
The regimen was well tolerated, without dose-limiting toxicities. Three of nine patients had
a response (33%), suggesting potentially enhanced activity over gefitinib alone, and phase II
testing is planned. Furthermore, gefinitib has been used in combination with chemotherapy
as well as chemoradiotherapy (CRT). The University of Chicago has tested gefitinib as part
of a 5-fluorouracil (5-FU), hydroxyurea, twice-daily radiation (FHX) platform in treatment-

Table 3 (continued)

EGFR inhibitor Class Administration Common toxicities Comments

Lapatinib Reversible Oral Cutaneous, Inhibits both EGFR
(GW572016) tyrosine gastrointestinal, and her-2/neu

kinase systemic
inhibitor

Canertinib Irreversible Oral Cutaneous, oral, Pan-erbB inhibitor
(CI-1033) tyrosine systemic,

kinase gastrointestinal
inhibitor

Abbreviations: EGF(R), epidermal growth factor receptor; FDA, Food and Drug Administration; NSCLC, non-small
cell lung cancer; TGF-α, transforming growth factor-α.

Modified from ref. 22.
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naïve, curative-intent patients. Efficacy results are premature, but it appears that gefitinib is
well tolerated as part of a CRT regimen.

Erlotonib is the second reversible EGFR inhibitor that has been studied in HNSCC and has
shown overall results comparable to those of gefitinib. In a 29-center, phase II study compris-
ing 114 patients with advanced HNSCC, erlotinib showed partial responses in 4% and disease
stabilization in 38% of patients (52). Common side effects again were acneiform rash and
diarrhea (52). Increased rash severity was also correlated with an increase in survival (36,52).
Recently investigators from the University of Chicago reported early data on a phase I trial
combining erlotinib and bevacizumab (53), with encouraging results (nine evaluable patients:
one partial response, seven stable disease, and one progressive disease). Bevacizumab is
discussed further in Subheading 4.

Other agents, including PKI-66, lapatinib (GW572016), and CI-1033 are in phase I and II
clinical trials. They may be somewhat different in their activity, as they inhibit additional
members of the erbB family and CI-1033 binds irreversibly.

In summary, anti-EGFR agents, including both monoclonal antibodies and small-molecule
inhibitors, are in the process of finding their role in HNSCC. Single agent activity has been
demonstrated and, based on ongoing and recent trials, approval of these agents is likely in the
near future. Cetuximab, gefitinib, and erlotinib are most advanced in their development and
clinical evaluation.

4. ANGIOGENESIS

Angiogenesis is the process of forming new blood vessels to support growth in both normal
and tumor tissue. During the past decade it has been increasingly appreciated to what degree
tumors rely on angiogenesis for their continued growth. In fact, it has been demonstrated that
solid tumors will not grow larger than 2–3 mm in diameter in the absence of new blood vessels
and furthermore rely on angiogenesis to form metastases (54–57). The process of angiogen-
esis is mediated by a multitude of pro- and antiangiogenic factors, many of which are redun-
dant and stand in a well-regulated balance with each other (58). The proangiogenic factors that
are known to play a role in HNSCC are listed in Table 4. Among the proangiogenic factors,
VEGF plays a central role in neovascularization. After more than 15 yr of research the anti-
VEGF antibody bevacizumab (Avastin™) was recently approved in the treatment of colon
cancer (59) but has also shown activity in several other tumors. The importance of VEGF in
HNSCC biology is also well established (60–63).

VEGF signals primarily via a transmembrane tyrosine kinase receptor called VEGFR-2
(also known as KDR or Flk-1) and induces endothelial cell proliferation and survival (55,64).
Inhibition of the VEGF pathway markedly decreases angiogenesis and inhibits the growth of
tumors (including HNSCC) in nude mice (65,66). Multiple antiangiogenic strategies have
been pursued including antibodies to VEGF (e.g., bevacizumab), the inhibition of the receptor
(VEGFR-2) via monoclonal antibodies or small-molecule inhibitors, the administration of
natural or synthetical antiangiogenic factors to counterbalance proangiogenic stimuli, inhibi-
tion of enzymes that degrade the extracellular matrix, integrin antagonists, and therapies with
direct endothelial cell toxicity. In HNSCC so far only the first two strategies have been
employed.

Somewhat particular to HNSCC was the concern that, because of the central role of radia-
tion therapy, which relies on adequate oxygenation, inhibition of angiogenesis could poten-
tially create larger hypoxic areas, leading to radiation resistance. However, recent data suggest
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that radioresistance is partly owing to new vessel formation by the tumor (67–70).
Weichselbaum and colleagues (71–73) confirmed that the combination of angiostatin or an
anti-VEGF antibody with radiation was synergistic and decreased radioresistance of tumors.
These results have also been confirmed for antiangiogenic small-molecule tyrosine kinase
inhibitors (74). In xenograft HNSCC models, antiangiogenic strategies have had encouraging
results (74–79) and have led to the incorporation of novel antiangiogenic agents into clinical
HNSCC trials.

SU5416 is a small-molecule inhibitor of the VEGFR2 receptor tyrosine kinase and was
studied in HNSCC in a single-agent phase II trial. The abstract reported one response in 20
patients. As with other antiangiogenic drugs, this trial demonstrates that angiogenesis inhibi-
tion by itself has little activity (80). Combinations with standard therapies are more promising,
as has been demonstrated for bevacizumab in colon cancer (59). The development of SU5416
has been discontinued owing to marked toxicities (dose reductions in 50% of patients [81])
and administration difficulties (intravenous, with vehicle causing hypersensitivity). Several
other agents in this class, however, are promising, such as the orally available small-molecule
inhibitors PTK-787 or ZD6474, which are currently in phase I and II trials. Another oral
antiangiogenic agent, sorafanib (Bay 43-9006), was originally conceived as a Raf-1 kinase

Table 4
Angiogenic Factors Secreted by Keratinocytes and HNSCC

Factor Alternate name Function

AFGF FGF1 Universal FGFR ligand
BFGF FGF2 Wide-spectrum mitogenic, angiogenic, and

neurotrophic factor; high brain concentrations
VEGF Vascular endothelial cell mitogen
PDGF Wide-spectrum mitogen
PD-ECGF Thymidine phosphorylase Highly restricted endothelial cell mitogen
TGF-α Principal EGFR ligand
TGF-β Multifunctional; controls proliferation and

differentiation; negative autocrine growth
factor

IGF-I Somatomedin C Wide-spectrum mitogen, especially skeletal
muscle

IGF-II Somatomedin A Wide-spectrum mitogen, especially muscle growth
and differentiation

HGF Scatter factor Wide-spectrum mitogen
TNF-α Multifunctional proinflammatory cytokine, with

effects on lipid metabolism, coagulation, insulin
resistance, and endothelial function

IL-1 Potent mediator of inflammation and immune
response

IL-8 Mediates neutrophil activation and migration
G-CSF, GM-CSF Stimulate proliferation and differentiation of

granulocyte progenitors

Abbreviations: FGF(R), fibroblast growth facot (receptor); G(M)CSF, granulocyte (macrophage) colony-
stimulating factor; HGF, hepatocyte growth factor; IGF, insulin-like growth factor; IL, interleukin; PD-ECGF,
platelet-derived endothelial cell growth factor; PDGF, platelet-derived growth factor; TGF, transforming growth
factor; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.
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inhibitor but does target other kinases including VEGFR-2. Trials in renal cell carcinoma (82)
and melanoma (83,84) (both highly vascular tumors) have shown activity. Sorafenib is cur-
rently in phase II study for HNSCC, and results should be available in the next 1–2 yr.

Bevacizumab, an antibody against the VEGF protein, is approved by the Food and Drug
Administration (FDA) for colon cancer and is actively being studied in HNSCC. Its incorpora-
tion with CRT in locally advanced HNSCC and with an EGFR inhibitor (erlotinib) in recurrent
or metastatic disease has been undertaken. In a phase I trial in poor-risk patients, bevacizumab
was given concurrently with 5-FU, hydroxyurea, and split-course radiation (BFHX) (85); a
response rate of 75% was reported, suggesting activity and proving the feasibility of this ap-
proach. The side effect profile included mucositis, dermatitis, and elevation of transaminases,
as frequently seen with FHX. However, hypertension, thrombosis, and bleeding events were also
observed, probably related to bevacizumab. A phase II trial, using bevacizumab at a dose of 10
mg/kg, again in poor-prognosis patients, and a phase II randomized trial of FHX with or without
bevacizumab in intermediate-stage disease are now ongoing.

As mentioned earlier, EGFR induces angiogenesis via VEGF expression (86,87). EGFR
inhibition has also demonstrated the ability to decrease VEGF production and vessel forma-
tion in vivo (88–94). Based on in vitro and in vivo evidence of synergism and reversal of EGFR
resistance (76,95,96), the combination of anti-EGFR and anti-VEGF therapies is also now
being studied. Preliminary data on a phase I trial combining erlotinib and bevacizumab have
been reported (53). Overall the regimen was very well tolerated, but one patient experienced
a grade 4 hemorrhage from a base of tongue tumor. Of nine evaluable patients, one patient had
a partial response, seven patients had stable disease, and one patient had progressive disease.

5. HYPOXIA: HIF-1α
Hypoxia is a major mechanism of tumor radiation- and chemoresistance (97). Hypoxic

HNSCC tumors show a propensity to metastasize, have higher local failure rates, and carry
an overall worse prognosis (97–99). Multiple strategies have been pursued to target this
phenomenon, including hypoxic cell sensitizers (100), as well as agents that interfere with
hypoxia-inducible factor  (HIF)-1α. HIF-1α is the central protein coordinating the response
to hypoxia (101). HIF-1α levels rise markedly and rapidly under hypoxic conditions and
induce the transcription of multiple genes including VEGF, endothelin-1 (102), and c-Met
(103). HIF-1α is regulated by the von Hippel-Lindau protein, mdm-2 through p53, the PI3
kinase/AKT pathway (104), and thioredoxin (Trx)-1 (105). The activation of HIF-1α via Trx-
1 is poorly understood, but inhibition decreases HIF-1α levels, VEGF levels, and angiogen-
esis in experimental models (106–109). HIF-1α expression has been correlated with increased
failure rates, decreased survival, and resistance to therapy (110–113).

Inhibitors of HIF-1α that have been studied include the small-molecule antibiotic
quinocarmycin monicitrate (KW2152) and its analog (DX-52-1). These were promising in
preclinical models, but development was discontinued owing to the lack of effect or severe
toxicity (114–116). Small-molecule inhibitors of Trx-1 have also been developed, one of
which, PX-478, has demonstrated promising preclinical activity in vitro and in in vivo models
and is currently in phase I clinical trials (109).

6. OTHER NOVEL TARGETS AND DRUGS IN DEVELOPMENT

An overview of potential novel targets is given in Table 5. The development of drugs for
many of these targets is still in the early stages.
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Table 5
Novel Targets (Other Than EGFR) and Respective Drugs in Development for HNSCC

General target Specific Type of Example(s) Phase of
protein/ agent(s) development
target in HNSCC

Growth factors Met Small molecule RTK inhibitors: Preclinical
SU11274, PHA-
665752

Protein stability: I
17-AAG

IGFR Monoclonal antibody EM164 Preclinical
Small molecule NVP-ADW742 Preclinical

Signal transduction Ras FTI SCH66336 II
Raf Small molecule BAY 43-9006 II
STAT3 Antisense Preclinical

Small molecule Preclinical
mTOR Small molecule CCI-779, RAD001, II

AP23573, rapamycin
MEK Small molecule PD0325901 Preclinical
PKC Small molecule LY317615, UCN-01, II

 bryostatin-1
Antisense ISIS 3521 Preclinical

Cell cycle Small molecule Bryostatin-1, II
flavopiridol, UCN-01,
peri-fosine, roscovitine,
Ro31-7453

Cyclin D1 Antisense Preclinical
p16 Gene therapy Preclinical

p53 Gene therapy ONYX-015, Ad-p53 II
Apoptosis Bcl-X

l
Small molecule gossypol Preclinical

Bcl-2 Antisense Oblimersen Preclinical
Proteasome NF−κB Small molecule bortezomib I
Prostaglandin synthesis COX-2 Small molecule Celecoxib, rofecoxib II
Hypoxia Hypoxic cell sensitizers Mitomycin C, III

tirapazamine
HIF-1α Small molecule PX-478, AW464 Preclinical

Angiogenesis VEGF Monoclonal antibody Bevacizumab II
VEGFR2 Monoclonal antibody IMC-1C11 Preclinical

Small molecule ZD6474, NVP- II
AEE788, SU5416,
PTK-787

MMP Small molecule Marimastat, ONO-4817, Preclinical
MMI-166

Natural Small molecule ABT-510, angiostatin, Preclinical
   inhibitors endostatin
Endothelial Small molecule Combratostatin, ZD6126 Preclinical
   cell

Abbreviations: COX, cyclooxygenase; FTI, farmesyltransferase inhibitor; HIF-1α, hypoxia-inducible factor-1α;
HNSCC, head and neck squamous cell carcinoma; IGFR, insulin-like growth factor receptor; MMP, matrix
metalloproteinase; mTOR, mammalian target of rapamycin; NF-κB, nuclear factor-κB; RTK,  receptor tyrosine
kinase; STAT, signal transducer and activator of infection; VEGFR, vascular endothelial growth factor.
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6.1. Growth Factors and Their Receptors: Met
Met is a potent cell surface receptor tyrosine kinase implicated in many solid tumors and

leukemias (117–119). Met signaling is similar to that of other tyrosine kinase receptors with
respect to activation of the Ras-Raf-MAPK, PI3-K-Akt-mTOR, and Jak-Stat-PKC pathways.
Overexpression has been linked to a poor prognosis in HNSCC (120–122), and mutations of
Met have been described in HNSCC (123) (mostly in the tyrosine kinase domain) and have
been linked with metastasis (124), inhibition of anoikis (125), cell migration (126), and
angiogenesis (127). Small-molecule inhibitors of Met (128,129) as well as antibodies to both
Met and its ligand hepatocyte growth factor, are in development and will probably enter
clinical trials within the next 1–2 yr. An alternative approach to targeting this pathway has
been taken with 17-AAG, a geldanamycin derivative. This agent inhibits heat shock protein
90 (HSP90), a chaperone protein involved in the maintenance of functional Met. Clinical trials
of 17-AAG are ongoing, with acceptable toxicities in early reports in other advanced solid
tumors (130,131).

6.2. Signal Transducers: Ras, Raf, TOR, and PKC
Ras, Raf, and mTOR are part of the downstream signaling cascades of both the EGFR and

the Met receptor tyrosine kinases. Novel drugs are being developed to inhibit these targets. H-
Ras is dependent on posttranslational farnesylation, forming the rationale for using
farnesyltransferase inhibitors (FTIs) in HNSCC, although it is likely that FTIs primarily target
other proteins. FTIs have been found to be radiosensitizers in preclinical models (132) and a
phase I trial using the agent L-778,123 in combination with radiation in a cohort of NSCLC
and HNSCC showed good tolerability (133). Another study by Kies et al. (134) used SCH66336
starting 2 wk prior to definitive surgery in locally advanced disease. A reduction in
farnesylation of two proteins (DNAJ-2 and Prelamin A) was observed; interestingly, despite
the short administration design, two partial and two minor responses were reported in 28
patients. A phase II trial evaluating SCH66336 in recurrent/metastatic disease is ongoing.

Raf signals downstream from Ras, and overexpression of c-Raf has been described in
HNSCC (135). Sorafenib is an orally available small-molecule inhibitor of Raf-1 and BRAF
kinases (136), that is currently undergoing phase II testing in HNSCC (137). A phase I study
that included three HNSCC patients showed one prolonged disease stabilization (138).

The PI3K/AKT pathway has been implicated in HNSCC growth and development (139–
142). The mammalian target of rapamycin (mTOR) regulates protein translation downstream of
AKT and has been of interest in cancer therapy. There are currently at least three mTOR inhibi-
tors in early clinical trials: CCI-779, RAD001, and AP23573. CCI-779 and RAD001 have
entered phase II clinical trials in several solid tumors. Specific trials in HNSCC are scheduled.

The PKC family of serine/threonine kinases mediates many key physiological processes
such as growth, death, differentiation, and transformation. Recent work showed that inhibi-
tion of PKC isoforms using a global PKC inhibitor (chelerythrine chloride), leads to apoptosis
of HNSCC cell lines and in vivo produces significant growth delay (143). Furthermore, PKC
inhibition is additive when combined with cisplatin in HNSCC (144). Given the potential for
toxicities by broadly inhibiting the PKC family, attempts are being made to target the isoforms
more specifically (145).

6.3. Broad Cell Cycle Inhibitors
A number of molecules that target the cyclin-dependent kinases (CDKs) are being evalu-

ated in HNSCC including bryostatin-1, flavopiridol, UCN-01, and perifosine. It is unclear
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whether the antineoplastic effects of these agents are due to inhibition of CDKs or other
targets. So far none of these agents has demonstrated single-agent activity.

6.4. Tumor Suppressors: p53, p16
TP53 is a known tumor suppressor gene and, as outlined earlier, plays a vital role in HNSCC

(146,147). The p53 protein functions in multiple cellular processes including DNA repair,
apoptosis, and induction of cell cycle arrest (148). Trying to capitalize on a nonfunctional p53
protein/TP53 gene, two adenoviral constructs, ONYX-015 and Adp53, have been developed
and tested in HNSCC.

ONYX-015 is thought to replicate only in p53-deficient cells (149) and has demonstrated
activity in clinical trials (150), with a 13% response rate as a single agent (151) and a 63%
response rate (27% complete responses) in combination with cisplatin and 5-FU (152). ONYX-
015 has also been employed as a mouthwash for chemoprevention in patients with oral leu-
koplakia and dysplasia (153). Histologic resolution of dysplasia was seen in 37% of patients
and was very well tolerated. Unfortunately, lesions recurred after discontinuation. Adp53
restores the TP53 gene and was evaluated in two phase I/II studies in patients with recurrent
HNSCC, with modest activity: 12% response rate in unresectable patients and a 27% 18-mo
survival in resectable patients (154,155).

As mentioned earlier aberrations of the CDK inhibitor p16 (INK4) are vital as an early event
in the transformation of normal mucosa to carcinoma. Viral constructs restoring p16 expres-
sion in experimental models have been described and can reverse tumor growth and induce
apoptosis (156–158). These constructs have not yet been evaluated clinically.

6.5. Other Targets
6.5.1. COX-2

Prostaglandins are produced by cyclooxygenase (COX) and regulate inflammation as well
as other physiological processes. Prostagladins have been implicated in carcinogenesis and
tumor progression. Nonsteroidal antiinflammatory drugs inhibit COX, and because of their
availability have been investigated as chemopreventative agents for multiple tumors (159–
166). COX-2, the inducible form of COX, is the isoform thought to be mostly involved in
tumorigenesis (167) and is overexpressed in pathological HNSCC specimens (168). COX-2
inhibition has been described to decrease or stop tumor formation, growth, survival, metasta-
sis, angiogenesis, and immune evasion (169–175). COX-2 inhibitors were able to prevent
tongue carcinomas in a rat tongue carcinogenesis model (176) and growth of HNSCC in a
mouse xenograft model (177). Interestingly, COX-2 inhibitors have also demonstrated
radiosensitizing properties in other tumor models (178–180). Phase II human trials are under
way or planned to test the efficacy of celecoxib in primary and secondary prevention of HNSCC,
as well as in combination with other agents and radiation (181). The safety of long-term use of
higher doses remains to be determined; cardiovascular side effects may be problematic.

6.5.2. THE PROTEASOME

Many cellular proteins are marked for degradation by a process called polyubiquitination
and subsequently are broken down into smaller fragments by the proteasome. The 26S
proteasome eliminates the majority of intracellular proteins (182–185) and inhibition results
in unusually strong apoptotic effects in preclinical cancer models (186–190). The proteasome
inhibitor bortezomib, a synthetic peptide boronate, is selective for the 26S proteasome and has
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recently been approved in the United States for refractory multiple myeloma (191). The
mechanism of action of bortezomib is probably mediated by interference with multiple path-
ways, but targeting nuclear factor κb (NFκB) through inhibitor κb (IκB) has been proposed.
Proteasome inhibition may also decrease angiogenesis owing to preferential toxicity in pro-
liferating endothelial cells (191).

In HNSCC models, bortezomib was able to demonstrate apoptosis induction in vitro (188),
tumor growth inhibition in vivo (192), and radiosensitization (193–195). Accordingly, a phase
I trial of bortezomib in combination with radiation in patients with recurrent HNSCC was
undertaken (196). Thus far, no severe toxicities were observed in the initial seven patients, and
proteasome inhibition was demonstrated in peripheral blood mononuclear cells.

7. CONCLUSIONS AND FUTURE DIRECTIONS

Despite the recent advances in the management of patients with head and neck cancer, much
room for improvement remains. Efforts are being made to reduce recurrence rates in patients
with high-risk tumors as well as lessen the debilitating consequences of current therapies. The
rapid evolution in the understanding of the molecular biology of HNSCC offers hope and
promise for patients. Several agents, most notably the EGFR inhibitors, have shown promis-
ing results and will undoubtedly find their role in the management of HNSCC. However, many
challenges lie ahead. The sheer number (some estimates suggest up to 1000 compounds) of
novel agents in development has the potential to overwhelm our research and regulatory
institutions, ultimately, and paradoxically, depriving HNSCC patients of beneficial therapies.
The costs associated with developing targeted agents discourage exploration in less common
malignancies such as HNSCC. Moreover, integrating agents with the intensive radiotherapy
regimens often used in HNSCC adds toxicity and scheduling dilemmas that must be dealt with.
It is imperative that we streamline the testing processes and efficiently integrate the changes
that lie ahead into clinical trials and patient care. Approaches based on proper subject selection
and early determination of active agents must be adopted. A multidisciplinary approach that
advances the field and allows patients to access novel therapies early in their treatment via
clinical trials is mandated.
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1. INTRODUCTION

1.1. Genetics of Cancer
It is generally recognized that the unregulated growth of cancer cells results from sequential

acquisition of mutations in genes that control growth and/or differentiation of cells or are
involved in protection of the genome. Cancer develops when the accumulation of these alter-
ations allows for a growth advantage over normal surrounding cells (1). The pathogenesis of
cancer can be described as follows: Oncogenes are altered normal genes (called proto-
oncogenes) that mediate normal cell growth and differentiation. Gain-of-function (dominant)
mutations affect these genes to induce the neoplastic phenotype. Tumor suppressor genes are
genes that normally inhibit cellular function. Loss-of-function (recessive) mutations alter
their inhibitory properties, leading to unimpeded proliferation. Gene therapy aims to change
these genetic alterations so that cancer cell growth can be suppressed. After a gene is trans-
fected into a cell, mRNA is transcribed, and then its protein product is translated.

Alterations of the tumor suppressor genes p53 and p16 have been implicated in the devel-
opment of head and neck squamous cell cancer (HNSCC) (2,3). The p53 gene is mutated in
approx 33 to 45% of HNSCC (2–4). The p53 protein acts by inhibiting the cell cycle, promot-
ing apoptosis, and regulating transcription (5). The p53 protein upregulates the cell cycle
inhibitor p21, which further acts on cyclin-dependent kinases (cdks) to cause cell cycle arrest.
The p53 gene also causes apoptosis in cells that have undergone severe DNA damage from
radiation or chemotherapy exposure and inhibits DNA repair and synthesis. Furthermore, p53
regulates transcription by stimulating transactivator proteins (5). The suppressive effects of
p53 genes lead one to believe that clinical behavior can be correlated to alterations in the gene.
A handful of protooncogenes have been implicated in the development of HNSCC, e.g., Her2/
neu and cyclin D1. Her2/neu, a transmembrane tyrosine kinase receptor that functions to
promote cellular proliferation, is overexpressed in approx 40 to 50% of HNSCC (6,7). Cyclin
D1 (a promoter of cdk 4/6 and the cell cycle) is overexpressed in 12 to 54% of HNSCC (8),
because of the amplification of chromosomal area 11q13 (9,10).

1.2. Tumor Immunology
The body’s immune system has a surveillance function that seeks out and destroys tumor

cells. A “hierarchy of immunosuppression” exists in patients with HNSCC (11) that enables
tumor cells to avoid detection. Immune reactivity is maximally suppressed in tumor infiltrat-
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ing lymphocytes (TILs), followed by lymph node lymphocytes (LNLs) and peripheral blood
lymphocytes (PBLs) (11). Immune cells, such as cytotoxic T lymphocytes (CTLs) and natural
killer (NK) cells, attack cancer cells. Cytokines, such as interleukins and interferons, activate
the immune system. Tumor-specific antigens are expressed on tumor cells and help the host
recognize and mount a specific immune response against these cells.

Induction of a T-cell immune response by antigen-presenting cells (APCs) occurs in three
distinct stages. Initially, a nonspecific adhesion occurs between an APC and a T cell, followed
by antigen-major histocompatability complex (MHC) of the APC crosslinkage with the T-cell
receptor (TcR). The final step occurs when a second or costimulatory signal is delivered by
the APC to the T cell, enhancing response. Presently, the best characterized second signal
occurs when the B7.1 or B7.2 ligand of the APC binds to the CD28 receptor on the T cell,
resulting in enhanced cellular activation (12). The goal of genetic immunotherapy is to pro-
mote this T-cell response against cancer cells.

2. APPROACHES TO GENE THERAPY FOR CANCER

The approaches to gene therapy are as follows: (1) corrective gene therapy, (2) cytotoxic
therapy, (3) immunotherapy, and (4) combination adjuvant therapy (Table 1).

2.1. Corrective Gene Therapy
Gene therapy can be used to correct any molecular aberrations in the control mechanism

of cell proliferation. For example, replacement of a mutated tumor suppressor gene with a
copy of the wild-type gene results in appropriate cell death. Alternatively, an oncogene can
be inhibited either by transfecting the antisense cDNA so it binds to the mRNA of the oncogene
or by adding a gene that regulates and inhibits the transcription of an oncogene.

2.2. Cytotoxic Therapy
Gene therapy can be used to augment cytotoxic therapy by either a drug sensitization or a

resistance approach. In the drug sensitization approach, a gene is transfected to convert a
prodrug into its active metabolite. This allows for drug conversion and a high level of active
drug only in the tumor bed. One example is the herpes simplex virus thymidine kinase (TK)
gene, which converts ganciclovir into its cytotoxic triphosphate. Another way to augment
cytotoxic effects of chemotherapy is to use a drug resistance approach. A drug-resistant gene,
such as multiple drug resistance (MDR1) gene, is added into cells that are sensitive to chemo-
therapy, such as hematopoietic stem cells, so they can resist the toxicity of chemotherapy.
Therefore, higher doses of chemotherapy can be used since the most sensitive cells are now
resistant to these levels of chemotherapy.

2.3. Immunotherapy
Immunotherapy can help decrease the immune suppression described above by “revving

up” the immune system’s tumor killing capabilities. Cytokine gene transfer is a method used
to stimulate the immune system. Cytokine gene transfer is performed in vivo whereby tumor
cells or immune cells, such as TILs and CTLs, are transfected in the body, upregulating the
immune and anti-tumor response. Ex vivo cytokine gene transfer is performed after fibro-
blasts, immune cells (such as TILs, CTLs, or APCs) or irradiated cancer cells are removed
from the body, and then these cells are placed back into the body to obtain high levels of a
cytokine with a resulting immunological effect. Irradiated tumor cells are used not only to
produce high levels of cytokine but also to provide tumor antigens for immune cells.
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Immune therapy can enhance the immune system’s response to cancer cells by use of
tumor-specific vaccines. After a tumor-specific antigen gene is injected into a cancer cell, the
gene product helps the body recognize the tumor cell and reject it. The problem with HNSCC
is that there are no reliably known tumor-specific antigens. Another vaccination approach is
to add a gene that can produce an alloantigen. A third approach is simply adding a gene that
produces a foreign antigen. Alloantigens and foreign antigens can also act as costimulatory
molecules in the tumor cell so that the immune system recognizes tumor-specific antigens.

2.4. Genes Used in Combination Therapy
Ideally, gene therapy aims to introduce a gene into a cell’s genome with a therapeutic

benefit. The gene, which is under control of a promoter, is placed into a vector DNA, such as
plasmids or viruses, which allow incorporation into the cell’s genetic reproductive machinery.
The gene then undergoes transcription and subsequent translation into a functional protein.
There are many genes that can be used for gene therapy; only the genes that are currently being
tested in HNSCC will be explored in detail here. Interleukin (IL)-2, IL-12, interferon (IFN)-
α, and granulocyte-macrophage colony-stimulating factor (GM-CSF) are cytokines that en-
hance the immune response against tumors. The HLA-B7 gene is an alloantigen injected into
tumors that helps the immune system recognize antigens on the tumor cells, expediting their
destruction. The herpes simplex virus-TK gene converts the antiviral agent gancyclovir into
its toxic triphosphate metabolite. After TK is transfected into tumor cells and gancyclovir is
given to a patient, the activated drug not only kills the tumor cells but also allows for a killing
of surrounding tumor cells (bystander effect), because of high levels of the activated drug that
are produced locally. Two genes, p53 and E1A, have been used in corrective therapy in

Table 1
Classification of Gene Therapy

Approaches

I. Corrective gene therapy
A. Replace tumor suppressor gene
B. Inhibit an oncogene

1. Antisense cDNA
2. Gene that regulate oncogene

II. Cytotoxic therapy
A. Drug sensitization
B. Drug resistance

III. Immunotherapy
A. Cytokine gene transfer

1. In vivo
2. Ex vivo

B. Vaccination
1. Tumor-specific antigen
2. Alloantigen
3. Foreign antigen

C. Costimulatory gene
IV. Combination/adjuvant therapy

A. Adjuvant with chemotherapy
B. Adjuvant with radiation therapy
C. Adjuvant with surgery
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HNSCC. The p53 gene has been transfected into tumor cells and has been shown to suppress
growth. The E1A adenovirus gene functions to inhibit tumor growth by several pathways,
including downregulation of an oncogene (HER-2/neu), reversion to an epithelial phenotype,
loss of anchorage-independent growth, and decreased tumorgenicity in nude mice.

3. VECTORS

Crucial to gene therapy is the ability to target the culprit cell, enter the host nucleus, and
exploit the host’s ability to transcribe and translate genes into the desired protein. A vector is
used so that a gene can be transfected into a cell and the gene can produce its protein product.
The ideal vector would have a high efficiency (100% of cells are transfected), a high speci-
ficity (only tumor cells receive the gene), and a low toxicity. No known vector meets all these
criteria. Vectors are classified as viral and nonviral (Table 2).

3.1. Viral Vectors
Of all viral vectors currently being studied, adenoviruses and retroviruses are most com-

monly used. These viruses are attenuated to transfect genes, but they cannot replicate or cause
an infection. Eliminating their ability to replicate through genetic manipulation of the wild-
type virus eliminates the pathogenicity of virus. Most viruses are replication deficient and
need a packaging cell line to produce the virus. Adenovirus-associated virus (AAV), vaccinia
virus, lentivirus, herpes simplex virus, and many others are currently being extensively stud-
ied in the preclinical setting.

3.1.1. ADENOVIRUS

The adenovirus (Ad) is the most commonly used virus in gene therapy. Ad is a double-
stranded DNA virus that causes upper respiratory tract infections. Subgroup C, usually C2 or
C5, is the most common adenoviruses used. A replication-deficient Ad after genetic modifi-
cation, such as E1 deletion, is used to prevent pathological infection in the host. Replication-
deficient Ad is grown in 293 human embryonic kidney cells, which have the missing Ad genes
needed to replicate. Although adenoviruses infect almost all cell types including quiescent or
actively dividing cells, adenoviruses have tropism for keratinocytes of the upper aerodigestive
tract. After release of viral DNA, a nonreplicating extrachromasomal entity (episome) tran-
scribes into RNA. The introduced gene persists for 7–42 d (13). A potential risk is contami-
nation with a replication-competent virus. Adenoviruses can be produced in large quantities
and high titers. Adenoviruses have a high level of transduction and can transfect nondividing
cells. The disadvantages of adenoviruses are the immune response against it and the fact that
transfections are transient. The immune response to infected cells results in a loss of therapeu-
tic gene expression (14,15). The size of the gene is limited to 7–8 kb.

3.1.2. RETROVIRUSES

A retrovirus is a single-stranded RNA virus that replicates through DNA intermediates
(reverse transcription). Retroviral vectors can permanently integrate in a random fashion into
the host genome. All retroviruses, except HIV, integrate only in dividing cells. Retroviruses
have high transduction efficiency. However, high titers are not achievable, which makes
large-scale production difficult. The cell host range is limited because cells must be dividing
in order to be transfected. Since retroviruses are integrated into the genome, a potential for
genetic transformation exists by insertional mutagenesis. The size of the gene is limited to 6–
10 kb.
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3.2. Nonviral Vectors
Nonviral vectors use plasmid DNA to express a transgene. They are relatively easy to

manufacture and use (Table 2). They have the added benefit of safety, as they avoid use of
infectious agents. However, nonviral vectors have no cell specificity and usually lower trans-
fection efficiency. DNA is a negatively charged molecule that is condensed by positively
charged molecules (histones and polyamines). Free DNA is too large and has the wrong
chemical characteristics to cross the cell membrane. Therefore, other molecules must be used
to transfer DNA into the cell.

3.2.1. LIPID COMPLEX

Liposomes function by enabling a hydrophilic particle (DNA) to cross the lipophilic cel-
lular membrane (16). They are microscopic vesicles of lipid surrounding an aqueous compart-
ment containing the genetic material. Cationic (positive charge) liposomes, as opposed to
anionic (negative charge), are more frequently used since they can bind negatively charged
DNA. The mechanism of DNA transduction by liposomes is thought to occur by fluid phase
endocytosis but is not fully understood. The effectiveness of liposome-DNA complex to
transfer DNA is based on proportions of each. Colipids, such as DOPE or cholesterol, are also
added to facilitate liposome mediated transfection. Liposomes have no pathogenic or infec-
tious potential and low immunogenicity; they are also inexpensive and easy to produce.
Liposomes do not have the cell specificity and transfer efficiency of viruses, but they have less
toxicity. Macrophages ingest and inactivate liposomes and transport them to the reticuloen-
dothelial system. Liposomes are the most common nonviral vectors used in gene therapy.

3.2.2. PEPTIDE/PROTEIN AND POLYMERS

DNA-protein complexes use receptor-mediated pathways to transfer genes (16). An ex-
ample is polylysine conjugation to DNA-protein. The advantages include cell targeting, large
gene size capacity, transfection of nonreplicating cells, and repeated administration. Polymers
are more efficient in condensing DNA than liposomes. Polymer-based gene therapy is either
a noncondensing or cationic-based system. Noncondensing polymers, such as polyvinyl

Table 2
Vectors Used in Gene Therapy

Viral Vectors
Adenovirus
Retroviruses
Adenovirus-associated virus (AAV)
Lentivirus
Vaccinia virus
Herpes simplex virus

Nonviral Vectors
Lipid complex

Liposomes
Peptide/protein
Polymers
Mechanical

Electroporation
Gene gun
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pyrrolidone (PVP), bind to DNA and protect DNA from degradation, enhance tissue disper-
sion, and facilitate cellular uptake. Cationic polymer gene delivery can effectively condense
DNA in order to transfect cells. PVP is currently under investigation with IL-12, IL-2, and
IFN-α gene therapy trials.

Two mechanical gene-transducing techniques, electroporation and particle mediation, are
also being studied. Electroporation uses short electrical pulses to induce a physical and tran-
sient permeabilization of cell membranes. Electroporation therapy in combination with che-
motherapy (bleomycin) has been tested in patients with recurrent HNSCC (17) and has
demonstrated tumor responses. Gene transfer using electroporation (electrogene therapy) is
highly efficient, simple, and cost effective (18). Using electrogene therapy, stable gene trans-
fer and expression occurs only between the electrodes in many tissues, including tumor cells
(18). Electrogene therapy is currently being studied in eight trials. Particle-mediated gene
transfection accelerates and bombards DNA-coated heavy metal (gold) particles to a suffi-
cient velocity to penetrate target cells. Particle-mediated gene transfer has been used to trans-
duce transgenes in animal models and has been shown to reduce tumor growth in mice when
cytokine genes, such as interleukins and interferons (19–24), are used.

4. GENE TRANSFER DELIVERY SITES

Genes can be delivered to the tumor, muscle, or nodes, intravascularly or systemically
(Table 3). Most studies have used local intratumoral injections. Since head and neck cancer
is a locoregional problem and access to most lesions is a relatively simple procedure using
intratumoral injections, the head and neck area is a common site studied using gene therapy.
Intravascular delivery, such as hepatic artery injections, systemic intravenous delivery, and
immunogenic nodal site injections is also being studied.

Most clinical gene delivery approaches are based on direct intratumoral injections or ex
vivo injection of lymphocytes, fibroblasts, or tumor cells. Some genes have been delivered
into intracavitary spaces (peritoneal or thoracic cavity). Two mechanical delivery methods,
electroporation and gene gun, are currently under investigation in preclinical models. These
locally based delivery approaches are limited since distant disease failure is not addressed.
Cytokine gene transfer into regional lymph nodes by direct injection has been used to over-
come immune suppression. The regional draining lymph nodes can undergo ex vivo gene
transfer after nodal lymphocytes are removed from the patient, transfected with the cytokine,
and reintroduced into the patient. Intramuscular gene transfer of tumor antigens by direct
injection or mechanical techniques has been used in tumor vaccination approaches, since
APCs can uptake and process the antigen gene, present the antigen to T cells, and initiate an
immune response against cancer cells. Intravascular administration of genetic agents allows
for delivery into tissue supplied by an artery. Intrahepatic artery infusion of Ad-p53 has been
examined in preclincal experiments and has been approved for phase I and II trials in patients
with hepatic metastasis from colon cancer. Local delivery fails to treat distant disease and
lesions that are not amenable to direct injection. Systemic delivery approaches (intravenous)
allow for treatment beyond local disease. However, systemic delivery has to overcome tox-
icity and rapid degradation of the vector and has to target tumor cells. Three trials have been
approved using intravenous delivery: (1) a pharmacokinetic, safety, and tolerability study of
intravenous advexin; (2) intravenous injection of CV787, a PSA cytolytic adenovirus; and (3)
intravenously administered liposome/IL-2.
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5. GENE THERAPY TRIALS IN HNSCC

As of November 2003, 392 of the 601 approved gene therapy trials were for cancer in the
United States. A review of all gene therapy trials can be found at the Office of Biological
Activities of the NIH (http://www.nih.gov/od/oba/). Twenty-two trials using 12 different
genes are being tested in recurrent HNSCC using intratumoral injections (Table 4). Many
potential genes and gene therapy strategies that have been tested in vitro and in vivo have
demonstrated tumor suppression or killing; however, only approaches that are currently being
tested in human trials with HNSCC will be discussed in detail.

5.1. Gene Therapy Using the p53 Gene
The p53 gene regulates DNA repair, cell cycle progression, apoptosis, senescence, and

genomic stability, along with many other cellular functions and is mutated in half of human
cancers (2,25). In HNSCC, p53 mutations from tumor cells have been identified in histologi-
cally normal margins and have been correlated with a higher recurrence rate (26).
Overexpression of p53 in head and neck cancer cells has demonstrated tumor growth suppres-
sion using in vitro and in vivo models (27,28). Using either mutated or wild-type p53 human
HNSCC cell lines, exogenous wild-type p53 is dominant over its mutant gene and will select
against proliferation. Twenty-three p53 gene therapy trials have been approved or have ap-
proval pending. Most of the experience is in patients with HNSCC and lung cancer. Two
adenoviral-p53 agents are currently being tested. Advexin (Introgen) is the only agent that is
tested in HNSCC. Advexin is a constructed adenoviral vector that contains the wild-type p53
gene driven by a cytomegalovirus (CMV) promoter.

5.1.1. PHASE I INTRATUMORAL HNSCC TRIAL (AD-P53, OR ADVEXIN)

In a phase I trial, patients with recurrent HNSCC received multiple intratumoral injections
of Ad-p53 and were monitored for adverse events, p53 expression, Ad-p53 in body fluids,
antiadenoviral antibodies, and clinical responses (29). Thirty-three patients were injected (d
1, 3, 5, 8, 10, and 12 every 4 wk) with Ad-p53 using doses ranging between 1 × 106 and 1 ×

Table 3
Delivery Approaches for Gene

Therapy

Local
Injection

Intratumoral
Mechanical

Electroporation
Gene gun

Regional
Intramuscular

Injection or mechanical
Nodal injection
Nodal ex vivo immunotherapy
Intraarterial

Systemic
Intravenous
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Table 4
Clinical Gene Therapy Trials in Head and Neck Cancer

Gene Vector Institution (sponsor) Trials Results

p53 Adenovirus M.D. Anderson Phase I
(Introgen) 1. Unresectable Safe

2. Resectable Safe, no added
surgical
complications,
28% survival

p53 Adenovirus Multicenter Phase II Response rate: 6%
(Introgen) (Three trials) Antitumor activity:

26%
p53 Adenovirus Multicenter Phase II (Surgical Ongoing

(SWOG) adjuvant)
p53 Adenovirus Multicenter Phase III Ongoing

(Introgen) 5-FU/CDDP
vs 5-FU/CDDP/
Ad-p53

p53 Adenovirus Multicenter Phase III Ongoing
(Introgen) MTX vs

Ad-p53
BL7 Liposome Univ. of Cincinnati Phase I Safe

Multicenter Phase II Safe, two complete
responses

BL7 Liposome Multicenter Phase II Ongoing
+ IL-2

E1A Liposome WSU and Rush Univ. Phase I Safe
E1A Liposome Multicenter Phase II Response rate: 5%
E1A Liposome Multicenter Phase II Ongoing
IL-2 Liposome Johns Hopkins Phase I Safe

(Valentis)
IL-2 Liposome Multicenter Phase II Ongoing

(Valentis)
TK Liposome Johns Hopkins Phase I Approved/not

initiated
TK Adenovirus Johns Hopkins Phase I Approved/not

initiated
EGFR Liposome Univ. of Pittsburgh Phase I Ongoing
IL-12 PVP Multicenter Phase I Ongoing

(Valentis)
IL-12 PVP Multicenter Phase II Ongoing

+ IFN-γ (Valentis)
IFN-α PVP Univ. of Pennsylvania Phase I Ongoing

(Valentis)
GM-CSF Univ. of Kansas Phase I Ongoing

adenovirus

Abbreviations: CDDP, cis-diaminedichloroplatinum; EGFR, epidermal growth factor receptor; 5-FU, 5-
fluorouracil; GM-CSF, granulocyte/macrophage colony-stimulating factor; IFN, interferon; IL, interleukin; MTX,
methotrexate; PVP, polyvinyl pyrrolidine; SWOG, Southwest Oncology Group; TK, thymidine kinase.
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1011 plaque-forming units (PFU). No dose-limiting toxicity or related serious adverse events
were noted.

5.1.2. PHASE II INTRATUMORAL HNSCC TRIALS

Two phase II monotherapy intratumoral injection multicenter trials (30) using two dosing
schedules (low dose [d 1, 2, and 3 every 4 wk] or high dose [d 1, 3, 5, 8, 10, and 12 every 4
wk]) enrolled heavily pretreated, recurrent, and unresectable patients with HNSCC, respec-
tively. Three and four lesions achieved a complete and partial response, respectively. The
related adverse events were fever/chills, injection site pain, asthenia, nausea, and injection site
bleeding. No treatment-related deaths were reported. The ongoing Advexin trials are: (1)
refractory HNSCC (phase III, methotrexate vs advexin); (2) recurrent HNSCC (phase III, 5-
fluorouracil/cis-diaminechloroplatinum [5-FU/CDDP] vs 5-FU/CDDP + Advexin); and (3)
surgical adjuvant Advexin trial in advanced HNSCC (phase II).

5.1.3. SURGICAL ADJUVANT P53 GENE THERAPY

Using a model that simulated residual microscopic disease after gross tumor resection of
squamous cell cancer, the feasibility of gene therapy as an adjuvant to surgical resection was
demonstrated (28). Nude mice were implanted subcutaneously with tumor cells and treated
with Ad-p53 before gross tumor development. Ad-p53 therapy prevented tumor development
since 2 of 30 (6.7%) mice grew tumors that were treated with Ad-p53, as opposed to 27 of 30
(90%) in the control group (28). The primary mechanism of growth suppression was found to
be apoptosis. Additional mechanisms of actions for Ad-p53 have been demonstrated, includ-
ing Fas-mediated apoptosis and antiangiogenesis effects. In the single-center phase I trial, a
cohort of 15 patients who had recurrent/refractory (failed multimodalities of therapy) cancer
and were eligible for palliative surgical resection were enrolled (29). These patients were
resectable but thought to be incurable. Preoperatively, a patient’s tumor was injected six times
in a 2-wk period. Patients underwent a surgical resection and were given an intraoperative
injection of Ad-p53 in the resected tumor bed and in the neck dissection site. Three days later,
their drainage catheters were injected (retrograde) with Ad-p53. All patients had extensive
surgery and required flaps for closure. The surgical complications (one vascular anastomotic
failure and one delayed wound healing) were expected and unlikely to have been caused by
Ad-p53 therapy. Therefore, this perioperative approach was found to be safe and well toler-
ated, with no significant added wound complications. Fever (six), injection pain (five), and
flu-like (four) symptoms were the only complications observed in these patients. Otherwise,
it was felt to be safe and well tolerated. In a follow-up report (31), four (27%) patients were
alive and free of disease at 18 mo and one other patient was alive with disease. Two died from
other causes.

5.2. Allovectin (HLA-B7/β2-Microglobulin and DMRIE/DOPE) Gene Therapy
Class I MHC expression is a method of tumor-specific immunological gene therapy. Can-

cer cells are genetically altered to express a class I MHC. If the class I MHC that is used is a
human antigen but is foreign to the individual, it would be an alloantigen. This alloantigen is
capable of provoking an intense immune response. Then the class I MHC expression can also
initiate immune responses throughout the tumor as a reaction to tumor-associated antigens.
This theory was originally tested in a mouse tumor model. The tumors were treated with a
foreign mouse class I MHC gene. MHC expression induced a CTL response to the MHC, as
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well as to other antigens present on the surrounding tumor cells that were not modified.
Allovectin-7 encodes for the class I MHC HLA-B7 α-chain and β2-microglobulin. The β2-
microglobulin allows for the synthesis and expression of the complete MHC on the cell
surface. The plasmid DNA is complexed with a liposomal vector. A cationic lipid mixture
DMRIE/DOPE (1,2-dimyristyloxypropyl-3-dimethyl-hydroxyethyl ammonium bromide/
dioleoyl phosphytidal ethanolamine) was used. These results led to the development of the
drug Allovectin-7 (Vical, San Diego, CA) for clinical investigations.

In a phase I trial (32), nine patients with recurrent HNSCC who did not express HLA-B7
were treated with Allovectin-7 by direct intratumoral injection (10 mg) on d 0, 14, 42, and 56.
Allovectin-7 contains a plasmid complementary DNA complexed with a cationic lipid, which
results in expression of HLA-B7. No toxic effects of Allovectin-7 gene therapy were encoun-
tered. A partial response was found in four of nine patients. One patient has remained alive
with no clinical evidence of disease but with persistent histological evidence of cancer. Analy-
sis of tumor specimens from two of the patients who responded to therapy demonstrated HLA-
B7 expression and apoptosis.

In a phase II trial (33), 20 patients received 58 treatments with Allovectin-7 (10 mg)
on d 0, 14, 42, and 56. All 20 patients received the first cycle of two injections. No drug-
related adverse events were reported. Tumor progression resulted in one case of airway
obstruction (tracheostomy tube placement) and another case of severe dysphagia (gas-
trostomy tube placement). At the 3-wk evaluation point, 11 patients had disease progres-
sion and all but 1 eventually died of their cancer, 4 patients had a partial response, and 5
patients had stable disease. At 16 wk, six patients had either a partial response or stable
disease; five of these later progressed. One patient underwent surgery and remains alive
and cancer free. Although two complete responses were noted, biopsies revealed persis-
tent disease in these patients. In two tumor samples, expression of HLA-B7 and induction
of apoptosis was shown.

5.3. Gene Therapy Using the E1A Gene
The adenovirus E1A gene is the first gene expressed in virus-infected cells and is a tran-

scription factor. The E1A gene exhibits antitumor activity by downregulating oncogenes, such
as HER2/neu, inducing apoptosis, inhibiting metastasis, and enhancing immune response
against tumors (34,35). E1A gene products have been shown to inhibit HER2 expression in
cancer cells through inhibition of the HER2 promoter, resulting in suppression of tumor
development and abolition of tumorigenicity and metastatic potential of HER2-transformed
fibroblasts (36–38). In vitro and in vivo experiments have demonstrated tumor growth sup-
pression and increased survival using E1A gene therapy (34).

Nine patients with HNSCC and nine with breast cancer were enrolled in a phase I trial (39).
One tumor nodule was injected with E1A/liposome on d 1, 2, and 3 and then weekly for 7 more
weeks (10 injections total). No dose-limiting toxicity was observed in the four dose groups
(15, 30, 60, and 120 μg DNA/cm tumor). Therefore, the maximum tolerated dose was not
reached in this study. All patients tolerated the injections, although several experienced pain
and bleeding at the injection site. E1A gene transfer was demonstrated in 11 of 11 tumor
samples tested, and downregulation of HER2/neu was demonstrated in one of the six patients
who overexpressed HER2/neu at baseline. HER2 could not be assessed post treatment in five
of six specimens owing to severe necrosis. In one breast cancer patient, no pathologic evidence
of tumor was found on biopsy of the treated tumor at wk 12. In 16 patients evaluated for
response, 9 had stable disease, 5 had progressive disease, and 2 had minor responses. Since
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intratumoral E1A gene therapy was performed safely and patients tolerated the procedure
well, a phase II trial was initiated.

In multicenter phase II trial of EIA-liposome therapy (40), 24 patients with recurrent
HNSCC were treated with E1A/liposome (30 μg/cm3 tumor) on d 1, 2, and 3 and then weekly
for 7 more weeks. Ten of 24 patients completed therapy, and 14 did not complete the protocol
secondary to progression of tumor (11), voluntary withdrawal (1), and death (2). One of 21
(4.3%) patients had a complete response, while no partial responses, and two (8.3%) minor,
and seven (29.2%) stable disease incidences were reported by bidimensional computed tomo-
graphic measurement. The common adverse events were asthenia (42%) and pain (33%), and
no serious related adverse events were noted. E1A expression was detected in patients using
reverse transcription-polymerase chain reaction and immunohistochemistry.

5.4. IL-12 Gene Therapy
IL-12 is an immunostimulatory cytokine with antitumor effects. IL-12 stimulates NK cells

and augments CTL maturation along with induction of IFN-γ production. In a syngeneic
mouse squamous cell carcinoma model, IL-12 gene therapy using irradiated tumor cells
suppressed tumor growth (41). A phase II trial of intravenous recombinant IL-12 was stopped
early since significant toxicity was found (42). Two phase I trials of IL-12 gene therapy using
autologous fibroblasts by direct injection were approved and performed in HNSCC, breast
cancer, and melanoma. In a phase I trial (42), patients with solid cancers were injected with
genetically engineered autologous fibroblasts that were transfected with the IL-12 gene. Fi-
broblasts from the patients were transduced using the retroviral vector carrying the human IL-
12 gene. Two patients with HNSCC along with individuals with breast cancer (n = 6) and
melanoma (n = 5) were treated. Fibroblast cultures were successfully established from the
patients’ dermis in 27 of 29 attempts (93%). In 21 of 21 attempts, IL-12 was transferred into
fibroblasts, and expression of IL-12 protein was observed. No “untoward effects” were ob-
served, and “reduction of the tumor size” was noted in one patient with HNSCC and in three
patients with melanoma. Two IL-12 gene therapy trials using IL-12/PVP and IL-12/IFN-γ/
PVP have been approved for HNSCC.

5.5. IL-2 Gene Therapy
IL-2 is a T- and NK-cell activation and growth factor that stimulates the antitumor immu-

nological response (43). Systemic administration has lead to tumor regression in some pa-
tients with significant toxicity in melanoma (43) and HNSCC (44). High-dose localized IL-2
therapy is an attractive approach to overcome local immunosuppression and stimulate immu-
nological tumor rejection along with the avoidance of systemic toxicity. Injection of IL-2 and
a cationic liposome (DOTMA:cholesterol) in head and neck tumors of immunocompetent
mice after subtotal surgical resection in mice resulted in tumor growth suppression, and no
significant toxicity was noted (45). Treated mice had increased IL-2 production as well as
induction of murine IFN-γ and IL-12 compared with controls. Similar results were found using
an adenoviral-IL-2 agent (46). Although the completed phase I trial using IL-2/liposome has
not yet been published, the phase II trial using IL-2/PVP is ongoing.

5.6. Herpes Simplex Virus–Thymidine Kinase
The herpes simplex virus–TK gene expresses an enzyme that phosphorylates a prodrug,

ganciclovir, into a toxic compound. Furthermore, a “bystander effect” through the transfer of
toxic metabolites via gap junctions intercellular communications has been described in which
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surrounding nontransduced cells are killed. Most studies are in glioblastoma; however,
HNSCC has been studied using a combination of cytotoxic (TK) and immunological (IL-2)
approaches in an in vivo model (47–49). Mice receiving TK and IL-2 demonstrated a greater
regression of tumors compared with controls and the group treated with TK only. The results
of an approved TK-ganciclovir phase I trial in recurrent HNSCC are pending.

5.7. Antisense EGFR/Liposome
HNSCC cells overexpress epidermal growth factor receptor (EGFR), which is a tyrosine

kinase cell surface receptor. Ligands, such as epidermal growth factor (EGF) and transform-
ing growth factor (TGF)-α, which bind to EGFR stimulate mitogenesis and increases tumor
growth and metastasis, with overexpression a predictor of poor outcomes in HNSCC (50).
Since EGFR protein is required to sustain the proliferation of HNSCC cells in vitro,
downregulation of EGFR is a potential target in HNSCC. Intratumoral cationic liposome-
mediated gene transfer of antisense EGFR gene into human head and neck tumor xenografts
in nude mice resulted in inhibition of tumor growth, suppression of EGFR protein expression,
and an increased rate of apoptosis (50). Based on these preclinical data, a phase I trial using
liposome-mediated antisense EGFR gene therapy was approved.

5.8. Interferon-α Gene Transfer Using PVP
IFN is an immunomodulator cytokine that has antitumor activity. IFN-α is the most widely

used IFN. IFN-α2b is approved for use in high-risk melanoma and many other cancers.
Response rates for patients with advanced head and neck cancer treated with IFN-α alone or
with chemotherapy or IL-2 range between 18 and 54% (44,51–54). However, significant
toxicity has led some authors to suggest further investigations of less aggressive regimens.
Preclinical data have demonstrated antitumor activity for interferon gene therapy (55). A
phase I trial is approved and is ongoing at the University of Pennsylvania using intratumoral
IFN-α gene therapy.

5.9. GM-CSF-Based Gene Therapy
GM-CSF stimulates the proliferation of myeloid precursors and has a vital role in hemato-

poiesis of other cell lineages. Furthermore, GM-CSF has many other biologic effects on
hematopoiesis and the immune system. The myeloproliferative effects of GM-CSF have led
to its use in myelosuppressed patients. The additional biological effects have led to use of GM-
CSF in many other diseases, such as immunotherapy for malignancies. Direct injections of the
GM-CSF gene or ex vivo transduction of GM-CSF into irradiated tumor cells have been
tested. An ex vivo transduction phase I trial in renal and prostate cancer (56) has shown
immunological activity and limited toxicity. One patient with renal cancer responded. In
HNSCC, breast and colon cancer, and sarcomas, a phase I trial using ex vivo transduced,
irradiated cancer cells is ongoing.

6. FUTURE OF GENE THERAPY FOR CANCER

With the completion of the human genome project, many more genes will be available for
transfer. However, genes that are currently used can produce all desired antitumor effects. The
limitations of gene therapy can be overcome by combining genes with standard therapy,
developing new vectors, and targeting vectors.
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6.1. Combination With Standard Therapy
Gene therapy is also being used as an adjuvant to conventional therapies, such as chemo-

therapy, radiotherapy, and surgery. Gene transfer is currently being combined with chemo-
therapy (Ad-p53 and E1A), radiotherapy (Ad-p53, TK- and PSA-based vaccine), and surgery
(Ad-p53). The best described adjuvant effect of gene transfer is p53. Chemotherapy and
radiotherapy induce DNA damage, which leads to increases in p53 expression in normal cells
and cell cycle arrest. If cells cannot repair the DNA damage, apoptosis will result through p53
pathways. In cancer cells that have an altered p53, cell cycle arrest and apoptosis can be
avoided after exposure to chemotherapy and radiotherapy. Preclinical experiments have dem-
onstrated synergy between chemotherapy and p53 (57) and E1A (58) overexpression. This
synergy has led to the development of current ongoing trials using p53 gene transfer therapy
and chemotherapy in HNSCC. The basis for surgical adjuvant gene therapy lies in the obser-
vation that tumor cells are present in the margin of resection even with histologically normal
tissue. Since squamous cell-derived tumor cells have a higher level of adenoviral receptors
than fibroblasts, adenovirus-based therapy can more easily transfect tumor cells in the tumor
microenvironment. The favorable results of the phase I p53 gene therapy surgical adjuvant
trial has led to the phase II trial in newly diagnosed HNSCC in which Ad-p53 gene therapy
is given perioperatively.

6.2. New Vector Strategies
Although numerous vectors are in use for gene therapy and many more are under

investigation, no existing vector meets the criteria of an ideal vector, which are a high
efficiency (100% of cells are transfected), high specificity (only tumor cells receive the
gene), and low toxicity. New vector strategies are based on novel vectors, replication-
competent viruses, or modifications of existing vectors. Modified replication-compe-
tent adenoviruses (RCAs) are the most commonly used for cancer. RCAs consist of
wild-type adenoviruses or modified viruses with or without an added gene or specific
promoter of normal viral genes. One newer vector is AAV, a DNA virus that requires
a helper virus in order to replicate. AAV can infect nondividing cells without causing
pathological infection.

6.3. Targeting Vectors
Vectors can be targeted by (1) altering vector-target cell interaction or (2) targeting pro-

moter gene transcription. Viruses infect cells through cell surface receptors on the target cells
by binding to the cell and being endocytosed. Two adenovirus receptors, integrin and
coxsackie-adenovirus receptor (CAR), are on target cells (59). The methods of targeting cells
are by altering vector coat proteins or by using a bifunctional crosslinker. The fiber protein on
the adenovirus can be genetically altered to bind to specific tissue. Alternatively, a bifunc-
tional crosslinker (protein or antibody) molecule can be introduced to bind to the adenovirus
fiber, specifically to receptors on target cells. Tumor-specific targeting of transgene expres-
sion can be obtained by designing promoters of transcription. Promoters can be tissue specific
(PSA), tumor selective (AFP), tumor endothelium directed (vascular endothelial growth fac-
tor receptor), cell cycle regulated (E2F), or treatment responsive (egr1-early growth response).
Tissue-specific promoters, such as PSA, would express transgene only in certain tumor or
normal cells.



276 Iskander and Yoo

REFERENCES

1. Fearon ER, Vogelstein B. A genetic model for colorectal tumorigenesis. [Review]. Cell 1990; 61:759–767.
2. Boyle JO, Hakim J, Koch W, et al. The incidence of p53 mutations increases with progression of head and neck

cancer. Cancer Res 1993; 53:4477–4480.
3. Koch WM, Brennan JA, Zahurak M, et al. p53 mutation and locoregional treatment failure in head and neck

squamous cell carcinoma. J Natl Cancer Inst 1996; 88:1580–1586.
4. Chomchai JS, Du W, Sarkar FH, et al. Prognostic significance of p53 gene mutations in laryngeal cancer.

Laryngoscope 1999; 109:455–459.
5. Harris CC. Structure and function of the p53 tumor suppressor gene: clues for rational cancer therapeutic

strategies. J Natl Cancer Inst 1996; 88:1442–1455.
6. Beckhardt RN, Kiyokawa N, Xi L, et al. HER-2/neu oncogene characterization in head and neck squamous

cell carcinoma. Arch Otolaryngol Head Neck Surg 1995; 121:1265–1270.
7. Ibrahim SO, Vasstrand EN, Liavaag PG, Johannessen AC, Lillehaug JR. Expression of c-erbB proto-oncogene

family members in squamous cell carcinoma of the head and neck. Anticancer Res 1997; 17:4539–4546.
8. Capaccio P, Pruneri G, Carboni N, et al. Cyclin D1 expression is predictive of occult metastases in head and

neck cancer patients with clinically negative cervical lymph nodes. Head Neck 2000; 22:234–240.
9. Mineta H, Miura K, Takebayashi S, et al. Cyclin D1 overexpression correlates with poor prognosis in patients

with tongue squamous cell carcinoma. Oral Oncol 2000; 36:194–198.
10. Bova RJ, Quinn DI, Nankervis JS, et al. Cyclin D1 and p16INK4A expression predict reduced survival in

carcinoma of the anterior tongue. Clin.Cancer Res 1999; 5:2810–2819.
11. Myers JN, Whiteside T. Immunotherapy of squamous cell carcinoma of the head and neck. In: Myers EN, Suen

J, eds. Cancer of the Head and Neck. Philadelphia: WB Saunders, 1995:805–817.
12. Guinan EC, Gribben JG, Boussiotis VA, Freeman GJ, Nadler LM. Pivotal role of the B7:CD28 pathway in

transplantation tolerance and tumor immunity. Blood 1994; 84:3261–3282.
13. Mulligan RC. The basic science of gene therapy. Science 1993; 260:926–932.
14. Yang Y, Su Q, Wilson JM. Role of viral antigens in destructive cellular immune responses to adenovirus

vector-transduced cells in mouse lungs. J Virol 1996; 70:7209–7212.
15. Yang Y, Wilson JM. Clearance of adenovirus-infected hepatocytes by MHC class I-restricted CD4+ CTLs in

vivo. J Immunol 1995; 155:2564–2570.
16. Mahato RI, Smith LC, Rolland A. Pharmaceutical perspectives of nonviral gene therapy. Adv Genet 1999;

41:95–156.
17. Panje WR, Hier MP, Garman GR, Harrell E, Goldman A, Bloch I. Electroporation therapy of head and neck

cancer. Ann Otol Rhinol Laryngol 1998; 107:779–785.
18. Hofmann GA, Dev SB, Nanda GS, Rabussay D. Electroporation therapy of solid tumors. Crit Rev Ther Drug

Carrier Syst 1999; 16:523–569.
19. Rakhmilevich AL, Timmins JG, Janssen K, Pohlmann EL, Sheehy MJ, Yang NS. Gene gun-mediated IL-12

gene therapy induces antitumor effects in the absence of toxicity: a direct comparison with systemic IL-12
protein therapy. J Immunother 1999; 22:135–144.

20. Mahvi DM, Sheehy MJ, Yang NS. DNA cancer vaccines: a gene gun approach. Immunol Cell Biol 1997;
75:456–460.

21. Rakhmilevich AL, Turner J, Ford MJ, et al. Gene gun-mediated skin transfection with interleukin 12 gene
results in regression of established primary and metastatic murine tumors. Proc Natl Acad Sci USA 1996;
93:6291–6296.

22. Sun WH, Burkholder JK, Sun J, et al. In vivo cytokine gene transfer by gene gun reduces tumor growth in mice.
Proc Natl Acad Sci USA 1995; 92:2889–2893.

23. Mahvi DM, Sondel PM, Yang NS, et al. Phase I/IB study of immunization with autologous tumor cells
transfected with the GM-CSF gene by particle-mediated transfer in patients with melanoma or sarcoma. Hum
Gene Ther 1997; 8:875–891.

24. Mahvi DM, Burkholder JK, Turner J, et al. Particle-mediated gene transfer of granulocyte-macrophage colony-
stimulating factor cDNA to tumor cells: implications for a clinically relevant tumor vaccine. Hum Gene Ther
1996; 7:1535–1543.

25. Hollstein M, Sidransky D, Vogelstein B, Harris CC. p53 mutations in human cancers. [Review]. Science 1991;
253:49–53.

26. Brennan JA, Mao L, Hruban RH, et al. Molecular assessment of histopathological staging in squamous-cell
carcinoma of the head and neck [see comments]. N Engl J Med 1995; 332:429–435.

27. Liu TJ, Zhang WW, Taylor DL, Roth JA, Goepfert H, Clayman GL. Growth suppression of human head and
neck cancer cells by the introduction of a wild-type p53 gene via a recombinant adenovirus. Cancer Res 1994;
54:3662–3667.



Chapter 18 / Gene Therapy 277

28. Clayman GL, el-Naggar AK, Roth JA, et al. In vivo molecular therapy with p53 adenovirus for microscopic
residual head and neck squamous carcinoma. Cancer Res 1995; 55:1–6.

29. Clayman GL, el-Naggar AK, Lippman SM, et al. Adenovirus-mediated p53 gene transfer in patients with
advanced recurrent head and neck squamous cell carcinoma. J Clin Oncol 1998; 16:2221–2232.

30. Bier-Laning CM, VanEcho D, Yver A, Dreiling L. A phase II multi-center study of AdCMV-p53 administered
intratumorally to patients with recurrent head and neck cancer (#1712). Annual Meeting: Proceedings of the
American Society of Clinical Oncology. 1999; 18:431a.

31. Clayman GL, Frank DK, Bruso PA, Goepfert H. Adenovirus-mediated wild-type p53 gene transfer as a
surgical adjuvant in advanced head and neck cancers. Clin Cancer Res 1999; 5:1715–1722.

32. Gleich LL, Gluckman JL, Armstrong S, et al. Alloantigen gene therapy for squamous cell carcinoma of the
head and neck: results of a phase-1 trial. Arch Otolaryngol Head Neck Surg 1998; 124:1097–1104.

33. Gleich LL. Gene therapy for head and neck cancer. Laryngoscope 2000; 110:708–726.
34. Yu D, Matin A, Xia W, Sorgi F, Huang L, Hung MC. Liposome-mediated in vivo E1A gene transfer suppressed

dissemination of ovarian cancer cells that overexpress HER-2/neu. Oncogene 1995; 11:1383–1388.
35. Yu D, Hamada J, Zhang H, Nicolson GL, Hung MC. Mechanisms of c-erbB2/neu oncogene-induced metasta-

sis and repression of metastatic properties by adenovirus 5 E1A gene products. Oncogene 1992; 7:2263–2270.
36. Zhang Y, Yu D, Xia W, Hung MC. HER-2/neu-targeting cancer therapy via adenovirus-mediated E1A deliv-

ery in an animal model. Oncogene 1995; 10:1947–1954.
37. Frisch SM. Antioncogenic effect of adenovirus E1A in human tumor cells. Proc Natl Acad Sci USA 1991; 88:9077–9081.
38. Frisch SM. E1a induces the expression of epithelial characteristics. J Cell Biol 1994; 127:1085–1096.
39. Yoo GH, Hung MC, Lopez-Berestein G, et al. Phase i trial of intratumoral liposome e1a gene therapy in patients

with recurrent breast and head and neck cancer. Clin Cancer Res 2001; 7:1237–1245.
40. Villaret D, Glisson B, Kenady D, et al. A multicenter phase II study of tgDCC-E1A for the intratumoral

treatment of patients with recurrent head and neck squamous cell carcinoma. Head Neck 2002; 24:661–669.
41. Myers JN, Mank-Seymour A, Zitvogel L, et al. Interleukin-12 gene therapy prevents establishment of SCC VII

squamous cell carcinomas, inhibits tumor growth, and elicits long-term antitumor immunity in syngeneic C3H
mice. Laryngoscope 1998; 108:261–268.

42. Lotze MT, Zitvogel L, Campbell R, et al. Cytokine gene therapy of cancer using interleukin-12: murine and
clinical trials. Ann NY Acad Sci 1996; 795:440–454.

43. Atkins MB, Lotze MT, Dutcher JP, et al. High-dose recombinant interleukin 2 therapy for patients with metastatic
melanoma: analysis of 270 patients treated between 1985 and 1993. J Clin Oncol 1999; 17:2105–2116.

44. Urba SG, Forastiere AA, Wolf GT, Amrein PC. Intensive recombinant interleukin-2 and alpha-interferon
therapy in patients with advanced head and neck squamous carcinoma. Cancer 1993; 71:2326–2331.

45. Li D, Jiang W, Bishop JS, Ralston R, O’Malley BWJ. Combination surgery and nonviral interleukin 2 gene
therapy for head and neck cancer. Clin Cancer Res 1999; 5:1551–1556.

46. O’Malley BWJ, Li D, Buckner A, Duan L, Woo SL, Pardoll DM. Limitations of adenovirus-mediated
interleukin-2 gene therapy for oral cancer. Laryngoscope 1999; 109:389–395.

47. O’Malley BW, Cope KA, Chen SH, Li D, Schwarta MR, Woo SL. Combination gene therapy for oral cancer
in a murine model. Cancer Res 1996; 56:1737–1741.

48. Sewell DA, Li D, Duan L, Schwartz MR, O’Malley BWJ. Optimizing suicide gene therapy for head and neck
cancer. Laryngoscope 1997; 107:t–5.

49. O’Malley BWJ, Sewell DA, Li D, et al. The role of interleukin-2 in combination adenovirus gene therapy for
head and neck cancer. Mol Endocrinol 1997; 11:667–673.

50. He Y, Zeng Q, Drenning SD, et al. Inhibition of human squamous cell carcinoma growth in vivo by epidermal
growth factor receptor antisense RNA transcribed from the U6 promoter. J Natl Cancer Inst 1998; 90:1080–1087.

51. Benasso M, Merlano M, Blengio F, Cavallari M, Rosso R, Toma S. Concomitant alpha-interferon and chemo-
therapy in advanced squamous cell carcinoma of the head and neck. Am J Clin Oncol 1993; 16:465–468.

52. Trudeau M, Zukiwski A, Langleben A, Boos G, Batist G. A phase I study of recombinant human interferon
alpha-2b combined with 5-fluorouracil and cisplatin in patients with advanced cancer. Cancer Chemother
Pharmacol 1995; 35:496–500.

53. Hamasaki VK, Vokes EE. Interferons and other cytokines in head and neck cancer. Med Oncol 1995; 12:23–33.
54. Vlock DR, Andersen J, Kalish LA, et al. Phase II trial of interferon-alpha in locally recurrent or metastatic

squamous cell carcinoma of the head and neck: immunological and clinical correlates. J Immunother Emphasis
Tumor Immunol 1996; 19:433–442.

55. Ferrantini M, Belardelli F. Gene therapy of cancer with interferon: lessons from tumor models and perspectives
for clinical applications [In Process Citation]. Semin Cancer Biol 2000; 10:145–157.

56. Nelson WG, Simons JW, Mikhak B, et al. Cancer cells engineered to secrete granulocyte-macrophage colony-
stimulating factor using ex vivo gene transfer as vaccines for the treatment of genitourinary malignancies.
Cancer Chemother Pharmacol 2000; 46(Suppl):S67–S72.



278 Iskander and Yoo

57. Inoue A, Narumi K, Matsubara N, et al. Administration of wild-type p53 adenoviral vector synergistically
enhances the cytotoxicity of anti-cancer drugs in human lung cancer cells irrespective of the status of p53 gene.
Cancer Lett 2000; 157:105–112.

58. Ueno NT, Yu D, Hung MC. Chemosensitization of HER-2/neu-overexpressing human breast cancer cells to
paclitaxel (Taxol) by adenovirus type 5 E1A. Oncogene 1997; 15:953–960.

59. Nemerow GR. Cell receptors involved in adenovirus entry. Virology 2000; 274:1–4.



Chapter 19 / Chemoprevention 279

279

From: Current Clinical Oncology: Squamous Cell Head and Neck Cancer
Edited by: D. J. Adelstein  © Humana Press Inc., Totowa, NJ

19

1. INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) is an aggressive epithelial malignancy
that is the sixth most common neoplasm worldwide, with close to 5000 new cases diagnosed
yearly in the United States (estimated to be 56,520 cases in 2004 [1]) and 600,000 worldwide
according to the latest numbers from the International Agency for Research on Cancer, World
Health Organization. HNSCC accounts for 2% of all cancer deaths in the United States (2) and
is the most common epithelial neoplasm of the upper aerodigestive tract. It constitutes a major
health care problem and is clearly associated with well-known risk factors such as tobacco
smoking and alcohol use. The management of HNSCC is complex and the morbidity of
treatment is life-long. Despite the numerous advances in its treatment, the long-term survival
still does not exceed 45% and has only marginally improved over the last decades (3).

The poor outcome of HNSCC is a result of multiple factors, including delayed detection and
the development of multiple primary tumors. The observation that upper aerodigestive tract
cancers undergo transformation in certain patients and not others is a reflection of probable
alterations in the regional mucosa that are likely linked to certain genetic predisposition (4).
Prevention of new primary tumors seems to be a rational goal for improving patient outcome.

HNSCC is a heterogeneous disease with distinct patterns of behavior and represents a
paradigm for cancer chemoprevention. The concept of field cancerization is the most accepted
hypothesis for the cellular damage responsible for neoplastic transformation, making preven-
tion of second primary tumors (SPTs) in initially cured patients one of the greatest challenges
in therapy for oral squamous cell carcinomas. Given the extent of injury found as a result of
environmental factors and the high incidence of SPT after curative treatment of early-stage
carcinoma, the concept of chemoprevention is particularly attractive in the area of
aerodigestive tract cancers (Table 1). Advances in the molecular biology of HNSCC, as well
as the development of novel targeted therapies, have opened the door to an increased interest
in the study of chemoprevention in these malignancies. The ability to identify etiologic factors
has helped in improved identification and risk stratification. Therefore, novel cancer preven-
tion strategies including lifestyle alteration and identification of biologic markers will play a
key role in prevention of HNSCC. Randomized clinical trials over the last decade have pro-
duced significant results in reversing oral premalignant lesions and the occurrence of SPTs
after definitive therapy for lung cancer and HNSCC (5). Cancer incidence is still the main end
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point of these phase III trials, yet it is conceivable that intermediate biologic markers may one
day replace incidence as a major end point sparing the need for large and costly studies.

The application of selected biologic markers as intermediate end points that test the effec-
tiveness of chemopreventive agents within a limited time frame will help in better defining the
steps involved in carcinogenesis and evaluating the effects of different agents on tumor pro-
gression. It will also help in monitoring patient compliance. Markers of cell proliferation in
normal and dysplastic epithelia of the oral cavity are serving as surrogate end point biomarkers
for the different chemoprevention trials. When taken together, these strategies could bring
chemoprevention of HNSCC to new frontiers.

Furthermore, the oral premalignant lesion model has been an important driving factor for
the study of chemoprevention of tumors owing to the several research advantages it offers
including ease of monitoring and sampling of lesions. The carcinogenesis process in HNSCC
results from dysregulation in cellular proliferation and programmed cell death as a result of
field exposure to carcinogens. The study of the genetic and molecular changes that accompany
these cellular changes, and their translation into clinical and chemical interventions, forms the
basis for chemoprevention studies.

2. THE MULTISTEP PROCESS OF CARCINOGENESIS

The evidence that HNSCC is a multistep process comes from findings of genetic alterations
observed in the histologically defined premalignant lesions such as oral leukoplakia as well
as the adjacent nonmalignant epithelium (6). The concept of field cancerization described
earlier, where a carcinogen such as tobacco causes a diffuse insult to the epithelium of the
aerodigestive tract (7), leading to multiple tumors or SPTs in the lung as well as the oral cavity
(8), forms one important basis for chemoprevention in these tumors. These observations were
the first to suggest that lung cancer and HNSCC are a result of a series of genetic defects
accumulating in the normal bronchial epithelium as a result of tobacco exposure.

This multistep accumulation of successive genetic alterations that affects the whole ex-
posed field, if better understood, will help provide us with the necessary knowledge for
designing novel strategies that would halt or reverse the process of carcinogenesis. Further-
more, the activity of chemopreventive agents that target specific abnormalities can be accu-
rately assessed using their specific effects on the biomarkers in question.

3. ORAL LEUKOPLAKIA

The association of white plaques or patches with carcinoma of the oral mucosa has been
recognized for a long time. These whitish plaques may precede the appearance of cancer by
months or years, or they may be found simultaneously with the diagnosis of carcinoma. The

Table 1
Promising New Agents
for Chemoprevention

Newer retinoids (heteroatinoids)
COX-2 inhibitors
Farnesyl transferase inhibitors
Proteasome inhibitors (PS 341)
Bowman-Birk inhibitor concentrate (BBIC)
Nutritional supplements (green tea)
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hyperkeratosis that characterizes epithelium in the vicinity of tumors produces the clinical
appearance of white plaques. It is important to note, however, that carcinoma may not be
preceded by plaques.

Lesions that precede the development of carcinoma may show cellular changes. The gen-
eral changes seen in the epithelium are referred to as dysplasia. Severe grades of dysplasia may
merge into carcinoma in situ, in which the whole thickness of the epithelium is involved.

The term leukoplakia is used to describe an oral mucosal white plaque that cannot be
removed by scraping and cannot be classified as a disease entity by clinical or pathologic
means. It is considered to be a potentially malignant lesion with a rate of transformation to
malignancy ranging from 0.6 to 18%. Clinically it is in the same disease category as
erythroplakia, which has a much higher transformation rate and is more likely on biopsy to be
squamous cell carcinoma.

The term erythroplakia is used analogously to leukoplakia and designates lesions of the oral
mucosa that are bright red velvety plaques that cannot be characterized clinically or pathologi-
cally as being caused by any other condition. High risk of malignant transformation of oral
leukoplakia include the clinical presence of erythroplakia (erythroleukoplakia), found to be
associated with a transformation rate four- to sevenfold the rate associated with homogeneous
leukoplakia (9,10) and a verrucous-papillary hyperkeratotic pattern. These risk factors for trans-
formation may warrant a more aggressive approach (11). There is also evidence that the rate of
transformation increases with increasing the follow-up period (12), supporting the need for
continued observation of these lesions even though clinical progression seems to be lacking.

The presence of dysplasia also seems to confer an increased risk of transformation, reported
to be 13 to 45% (11,13,14). Even though age confers an increased risk of malignancy, there
does not seem to be a relation between age and malignant transformation of leukoplakia. Pain
appears to be the initial complain of close to 25% of patients presenting with oral leukoplakia
and seems to be prevalent in 50% of patients at the time of malignant transformation. Inter-
estingly, smoking does not seem to confer an increased risk of transformation from leuko-
plakia to malignancy (10,15,16), yet nonsmoking patients with leukoplakia have been noted
to have five to eight times the risk of developing carcinoma (10,16), an observation that is not
explainable. Smoking cessation, on the other hand, is beneficial in terms of decreasing the rate
of malignant transformation. There have also been suggestions that infection or colonization
with Candida albicans may confer some risk for malignant transformation; however, the
evidence is nonconclusive (17).

Oral leukoplakia is associated with tobacco exposure; however, verrucous leukoplakia,
which has a high rate of transformation to cancer, occurs predominantly in nonsmokers. On
pathological examination, most leukoplakia show some degree of dysplasia, features of which
remain somewhat subjectively recognizable, raising the need for a more reliable and repro-
ducible molecular marker that would be predictive of transformation. Possible markers for
transformation include DNA aneuploidy, as discussed in this chapter, as well as loss of
heterozygosity based on microsatellite markers, p53 mutations, and other markers discussed
in other parts of this chapter.

It has been shown that the nuclear DNA content of the lesion can predict the progression
to oral carcinoma from leukoplakia (18). In a study looking at DNA ploidy in 150 patients with
epithelial dysplasia of the oral cavity, carcinoma developed in 3/105 patients (3%) with
diploid lesions, 21/25 patients (84%) with aneuploid lesions, and 12/20 patients (60%) with
tetraploid lesions. The cumulative disease-free survival rate for patients with diploid lesions
was 97% compared with 16% of the aneuploid group (p < 0.001) (18). These results support
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the acceptable practice of watchful waiting for patients with oral leukoplakia with normal
DNA content, whereas they do not support such an approach for patients with aneuploid
lesions. Whether intensive therapy of aneuploid lesions will improve survival and reduce the
incidence and mortality from HNSCC in this patient group remains to be proved. Current
chemopreventive strategies for HNSCC may improve the outcome of patients if the interven-
tion comes at an early enough stage of the carcinogenesis process. In a follow up study by the
same group, however, complete resections of aneuploid leukoplakia did not seem to reduce
the risk of development of carcinoma and death from oral cancer in this patient population
(19). During the study period, patients with aneuploid leukoplakia had a 96% rate of primary
cancer, a rate of new or subsequent cancer of 81%, and a death rate from cancer of 78%. The
resection margin status did not seem to affect the risk of cancer development in this patient
population. Subsequent cancers were more frequently multiple and at different sites in pa-
tients with aneuploid lesions than those with tetraploid lesions, and the stage of cancer was
more advanced in the aneuploid group.

These findings suggest that all leukoplakia may not be premalignant after all and that
aneuploidy may have the clinical significance of carcinoma. These patients need more aggres-
sive interventions and more effective preventive approaches. Intriguingly, removal of lesions
with clear margins did not improve the outcome for this population of patients. Aneuploidy
seems therefore to be a sign reflecting an early and turning event in the process of carcinogen-
esis. Resection appears to be little more than a cosmetic approach for management of these
lesions and, as was the case with retinoid use in dysplastic lesions, did not appear to improve
the clinical outcome. Chemopreventive agents that may interfere with molecular events lead-
ing to the phenomenon of aneuploidy may be of help here. It is unclear whether smoking
cessation will reverse the carcinogenesis process in aneuploid leukoplakia lesions. One pos-
sible future approach could be the use of cyclooxygenase inhibitors, as there seems to be an
overexpression of cyclooxygenase-2 enzyme in aneuploid dysplasia compared with diploid
or tetraploid variety (20).

4. EPIDEMIOLOGY AND RELATION TO CARCINOGEN EXPOSURE

HNSCC risk increases linearly with tobacco smoking and is higher in heavy smokers
compared with nonsmokers (21). Even though tobacco and alcohol are major risk factors for
HNSCC, inherited susceptibility is probably responsible for carcinogenesis as well and is
most likely related to genomic stability, deregulated tumor suppressor and oncogenes, and
impaired DNA repair mechanisms (22). The latter has been demonstrated by finding that
mutagen sensitivity confers a risk for HNSCC. The measurement of DNA repair capacity of
the upper aerodigestive tract malignancies appears to have an important clinical relevance
(23). Individuals with identifiable risks may be the subjects of successful targeting by
chemoprevention strategies.

Sensitivity to environmental carcinogens can be assessed through mutagen sensitivity
assays, which quantitates chromosomal breaks with exposure to bleomycinin-cultured pe-
ripheral blood lymphocytes (PBLs). There is evidence that mutagen sensitivity (>0.8 chromo-
somal breaks per cell after in vitro exposure to bleomycin of cultured PBLs) carries an
independent prognostic significance as a risk for development of HNSCC (24,25). Mutagen
hypersensitivity was also noted in 44% of patients with HNSCC in a retrospective evaluation
of 278 patients. Mutagen hypersensitivity was associated with a relative risk of 2.67 of devel-
oping SPT4. The mean number of chromatid breaks per cell in patients who developed SPTs
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was significantly higher compared with those who did not develop SPTs (1.17 vs 0.98,
p < 0.04). Other studies have confirmed these findings and also suggested mutagen sensitivity
as a potential biomarker for SPT occurrence more than 3 yr after the primary tumor, as these
patients had a higher mean breaks-per cell value (0.97) compared with patients with early
SPTs (0.69; p = 0.005) (26). Increased sensitivity to benzo(a)pyrene diol epoxide in
lymphoblastoid cells has also been associated with increased risk of HNSCC (27).

In the early 1990s, an Intergroup placebo-controlled, double-blind study examining the
efficacy of 13-cis-retinoic acid (13-cRA) in prevention of SPTs assessed smoking status at
enrollment and during the study. SPT development related to smoking status was marginally
significant (5.7 vs 3.5%; p = 0.035). There was a significant difference in smoking-related SPT
development in current, former and never smokers, indicating a significantly higher SPT rate
in active vs never smokers and significantly higher smoking-related SPT rates in active vs
never smokers (28).

Despite these findings, the role of continued smoking in the development of SPT is still
under debate. The data are difficult to collect, and there is lack of biologic or biochemical
confirmation.

5. GENOTYPIC AND PHENOTYPIC ALTERATIONS

Chromosome in situ hybridization, which measures the frequency of chromosome poly-
somy (cells with three or more chromosomes), has provided evidence that genetic instability
occurs and increases along the path of progression from normal tissue to dysplasia and ulti-
mately frank malignancy. Carcinogenesis in HNSCC seems to proceed through the acquisi-
tion of a series of genetic events in a multistep process that eventually leads to cancer. Several
oncogene products are activated while tumor suppressor genes are inactivated, leading to
uncontrolled cell growth (29).

Histologic progression from premalignant lesions to frank malignancy has been associated
with degree of chromosomal polysomy, which is a simple measurement of gross genetic
alterations identified by in situ hybridization (30). In situ hybridization has yielded evidence
suggesting that polysomy results in genetic instability, which increases as cells progress
histologically from normal to dysplastic epithelium and invasive carcinoma, suggesting that
polysomy could be a useful marker for disease progression and genomic instability of prema-
lignant lesions (30,31).

Allelic losses in specific regions have also been identified at 3p, 5q, 9p, 11q, 13q, 18q, and
17p (32) and appear to be important early events in head and neck tumorigenesis. Chromo-
somal losses and gains have also been identified consistently at different loci including 3q21,
5p, 7p, 8q, 11q13-23, 3p13-q24, 5q12-q23, 8p22-p23, 9p21-p24, and 18q22-23 (33). Dele-
tions of chromosomes 3p, 5q, 9p, 11q, 13q, and 17p have been described in head and neck
carcinogenesis. These loci are believed to carry tumor suppressor genes. Fragile histidine triad
(FHIT), the tumor suppressor gene at 3p, is altered in 80% of HNSCC cell lines (34).

Loss of heterozygosity (LOH) has been observed in premalignant as well as malignant oral
lesions and have been associated with an increased risk of malignant transformation (35).
LOH at chromosome 3p or 9p occurs in approx 50% of oral premalignant lesions and is
believed to play a role in regional clonal expansion of premalignant cells and the overall
process of carcinogenesis (36). LOH at 9p21 and 3p14 has been linked to tumor suppressor
genes p16INK4A as well as FHIT (34). FHIT is altered in 80% of HNSCC cell lines (34,37).
Thirty-seven percent of patients with LOH at both loci developed HNSCC compared with
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only 6% of patients without LOH. Moreover, detection of LOH has genetically confirmed the
concept of field cancerization through demonstration of transformation in cells in large areas
of noncancerous mucosa (38). LOH therefore hasthe potential for use in early detection of
premalignant lesions with a high potential of transformation (39). These studies and others
looking at the expression of p16 in oral premalignant lesions suggest a major role of p16 in
carcinogenesis (40).

A high incidence of LOH was reported near the adenomatous polyposis coli gene at the 5q
area, and was found in 80% of dysplastic epithelia, 67% of carcinoma in situ, and 50% of
invasive carcinoma (41,42). LOH on 13q occurs in approximately half of the tumors studied
and is probably related to a tumor suppressor gene besides the retinoblastoma gene, as the
latter has been rarely confirmed in these tumors (43). Loss of chromosome 18, where several
potential candidate genes exist such as the deleted in colon cancer gene (DCC) and deleted in
pancreatic cancer DPG4 (all implicated in transforming growth factor-β), seems to be a later
event in the process of carcinogenesis and has been documented in close to 60% of HNSCCs
(44,45).

Control of tumor suppressor genes leading to genomic instability has been reported in
HNSCC. p53 is a tumor suppressor gene that is believed to function both in cell cycle check-
point control and in one of the apoptotic pathways. Like other tumor suppressor genes, it is
inactivated by deletion of an allele and mutation of the other. Alterations of p53, located at
17p13, are commonly found in HNSCC and occur in approx 50% of these tumors. Immuno-
histochemical positivity has also been detected in 45% of dysplastic lesions, 29% of hyper-
plastic lesions, and 21% of adjacent normal tissues (46). p53 functions in cell regulation and
survival and is activated in response to cellular stress. An association has been established
between p53 mutation and cigarette smoking in HNSCC (47). In premalignant lesions, p53
mutation appears to occur more frequently with histologic progression in head and neck
tumors (48). SPTs are more likely to occur if p53 is overexpressed in the initial HNSCC tumor
(49). Patients with HNSCCs whose tumors carry a p53 mutation are at higher risk for both SPT
and recurrence and therefore shorter survival (49). A higher level of polysomy found in
premalignant lesions seems to be associated with p53 positivity, suggesting that an abnormal
p53 function may interfere with the process of apoptosis, which in turn will allow accumula-
tion of genetic insults to the cells manifested as chromosomal polysomy (49).

Cell cycle control genes such as cyclin D1 plays an important role in the cell cycle transition
from G1 to S, by contributing to phosphorylation and inactivation of the Rb gene product,
thereby releasing E2F, which drives transcription of other downstream events (50). The cyclin
D1 protooncogene mapped to chromosome 11q13 encodes cyclin D1 protein, which promotes
cell cycle progression through G1 and is overexpressed in 30 to 50% of head and neck tumors
(51). Gene amplification and protein overexpression have been described in premalignancies
and associated with poor prognostic characteristics (52,53). The p16 gene (discussed above),
an inhibitor of the cyclin D/cyclin-dependent kinase complex is frequently inactivated in
HNSCC and is the likely tumor suppressor gene at the 9p21-p24 locus as noted above (54,55).
Its loss is the most common genetic change found early in the progression of HNSCC, occur-
ring at a frequency of about 80% (56).

In addition to cyclin D1overexpression, epidermal growth factor receptor (EGF) is another
amplified gene product of crucial importance. Upregulation of EGF occurs frequently in
HNSCC and is an early event in the carcinogenesis process. It is considered a poor prognostic
factor (57). EGFR is the binding site for many growth factors that stimulate the proliferation
of normal and neoplastic cells. A larger availability of these receptors appears to correlate with
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tumor progression. EGFR overexpression has been demonstrated in close to 85% of
aerodigestive tumors. An increase in EGFR expression has also been noted in the process of
progression from normal epithelium to frank malignancy, indicating its importance in HNSCC
carcinogenesis. EGFR blockade in HNSCC cell lines and preclinical animal models shows
inhibition of cell proliferation and tumor growth (58).

Hypermethylation has also been noted as a frequent genetic event in HNSCC. There is
evidence that DNA methylation at CpG islands in the promoter region can silence certain
critical genes contributing to tumorigenesis. Promoter hypermethylation of four genes includ-
ing p16 was documented in 50% of HNSCC patients and was predictive for distant metastases
as well as lymph node involvement (59). Aberrant p16 promoter methylation was seen in
precursor lesions of squamous cell carcinomas of the lung, and its frequency increases with
progression from hyperplasia to frank malignancy (60), a finding also confirmed in head and
neck premalignant lesions (61). Further understanding of the loci in which methylation occurs
can provide a potential marker for early cancer detection in the serum DNA of HNSCC
patients (59).

6. THE CONCEPT OF CHEMOPREVENTION

Chemoprevention is defined as the use of pharmacologic or natural agents that prevent
carcinogenesis by blocking genetic steps necessary for that process, or by reversing the pro-
gression to malignant phenotypes of already damaged cells (62). It inhibits the development
of invasive cancer possibly by blocking DNA damage that initiates carcinogenesis or by
reversing the progression of premalignant cells to malignant phenotypes. The development of
HNSCC is a result of carcinogenesis, a multistep accumulation of genetic damage the end
result of which is the occurrence of cancer. Identification of healthy individuals at risk for
cancer and treatment of premalignant lesions prior to the occurrence of invasive cancer, as
well as prevention of SPTs after initial treatment, all constitute important goals for
chemoprevention strategies and can all be achieved through means that could arrest the pro-
cess of carcinogenesis. Unlike other tumors, objective malignant and premalignant lesions are
readily available for study and follow-up in HNSCC and may be sampled at different stages
of carcinogenesis. Biopsied lesions could provide important information on the effectiveness
of chemoprevention strategies.

6.1. The Biology of Carcinogenesis
Epithelial cancers result from a multistep process, as illustrated first in 1976 by the two-hit

carcinogenesis process described in childhood malignancies using the retinoblastoma gene
(63). Proof of this process in HNSCC comes from studies showing chromosomal abnormali-
ties in premalignant lesions defined histologically, such as leukoplakia, as well as tumor cells.
This multistep phenomenon was demonstrated by showing the same genetic abnormalities in
cancer cells as well as in normal cells throughout the respiratory tract (6).

Field carcinogenesis, a concept described much earlier (7,8), describes the extensive devel-
opment of a multifocal process of premalignant and malignant lesions scattered throughout
the epithelial region exposed to a carcinogen.

As noted earlier, LOH provides a strong evidence for the multistep phenomenon. For
example, the LOHs rate found in squamous dysplasia and carcinoma in situ were similar to
those found in invasive carcinoma (35). Other observations associated the presence of LOH
in premalignant oral leukoplakia lesions with a higher rate of progression to invasive carci-
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noma compared with non-LOH lesions (64), stressing the importance of these early genetic
alterations in premalignant lesions in the subsequent development of malignancy. Blocking
or reversing cells and tissues from reaching the end stage of cancer is one primary focus of
chemoprevention.

Smoking appears to be a major predictor for carcinogenesis and has been strongly linked
in several chemoprevention trials to the occurrence of SPT (65). However, a subpopulation
of patients with HNSCC are never smokers in whom tobacco appeared to have little if any role
in the carcinogenesis process. The cancer occurrence in this nonsmoking population may be
linked to viruses such as human papillomavirus 16 and 18 (66,67). As the incidence of SPT
in this patient population is low, it suggests an alternate pathway for carcinogenesis in non-
smokers.

6.2. Biomolecular Markers as Intermediate End Points
Attention has been devoted to the development of reliable genetic or molecular elements

believed to be involved in the carcinogenesis process of HNSCC, in the hope that these would
be reliable intermediate biomarkers that might objectively demonstrate the modulation effects
of chemoprevention and be correlates to clinical responses. Surrogate end point biomarkers
(SEBs) are detectable molecular, cellular, and tissue changes that take place during tumori-
genesis and can be modulated by a chemopreventive agent. These would ultimately help in
selecting effective chemoprevention strategies and also in completing clinical trials in a timely
fashion. Those markers would also give us a further understanding of the process of carcino-
genesis.

Each early phenomena in the process of carcinogenesis could be conceived of as markers
for disease progression and could be used as selection criteria and possibly as intermediate
biomarkers in chemoprevention trials. Some of these biomarkers are discussed in different
sections of this chapter and include specific genotypic alterations detected through cytogenet-
ics, tumor suppressor genes such as FHIT, and cell cycle control genes such as p16, p53
alterations, and DNA methylation. Another potential biomarker involves the testing of mu-
tagen sensitivity.

In a prospective evaluation of the mean number of chromatid breaks per cell in cultured
lymphocytes exposed to bleomycin as a possible predictor for SPT development in patients
treated for HNSCC, significantly higher mean breaks per cell were noted in patients whose
SPT occurred more than 3 yr after the first tumor, suggesting that mutagen sensitivity was a
valid marker for the occurrence of late second malignancies (68).

Some of the important findings in the area of intermediate biomarkers (in premalignancy
trials) correlated retinoid acid receptor (RAR)-β with progression from premalignancy to
malignant phenotypes in the carcinogenesis process. Upregulation of RAR-β seems to be
correlated with the likelihood of improvement in premalignant lesions (69) and seems to be
gradually lost during the carcinogenesis process (70). RAR-β seems to be upregulated in
patients treated with 13-cRA for oral leukoplakia and whose leukoplakia seems to be respond-
ing, whereas it was less likely to be upregulated in patients with no response (69).

p53 has also been studied in relation to the carcinogenesis process and was found to be
increased during the process of carcinogenesis and the progression from premalignant oral
lesions to invasive cancer. Also, lesions with high p53 expression tended to be more resistant
to 13-cRA and lacked RAR-β expression (71,72). Patients with advanced premalignant le-
sions who respond to biochemoprevention seem to have persistent genetic abnormalities seen
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in the premalignant phenotype, suggesting that underlying mechanisms for carcinogenesis
persists even in apparently normal tissues (73).

Markers of cell proliferation in normal or dysplastic epithelia were also examined as a
possible SEB in chemoprevention trials. Punch biopsies from different sites of the oral mucosa
were analyzed for expression of proliferation markers including Mib-1, cyclin D1, and cen-
tromere-associated protein-F CENP-F (74). No significant differences were detected between
smokers and nonsmokers. There was a significant increment in the different markers, with an
increase noted in high-grade dysplasia.

Based on this evidence, it seems that development of a molecular model for HNSCC that
would ultimately help in guiding therapy and chemoprevention is possible. However, none of
the biomarkers has been validated for use in chemoprevention trials. It is also possible that an
effective chemopreventive agent may affect pathways downstream from the specific
biomarker. Thus biomarkers as we know them presently run the risk of being the wrong marker
for a specific chemopreventive agent occurring at an earlier or later stage than the one a
particular agent is affecting. It seems that incorporating multiple biomarkers in models that
systematically analyse them in correlation with clinical responses is needed to elucidate better
their validity or lack of validity in chemopreventive studies.

6.3. Retinoids and Prevention of Oral Premalignant Lesions
Oral premalignant lesions offer a good model to test the principle of chemoprevention, as

they have a clear association with known carcinogens and are easily monitored with readily
available biopsies.

In vitro studies of retimoids have proved their ability to inhibit malignant transformation,
an activity that seems to be related to their ability to modify cell growth, differentiation, and
apoptosis of normal as well as premalignant and malignant cells in vitro and in vivo (75,76).
These effects are mostly mediated through the retinoid nuclear receptor, yet other mechanisms
may be at play (75).

Retinoids have an established effectiveness in reversing oral premalignant lesions (77,78).
Vitamin A deficiency was also linked to carcinogenesis in animals (79).

Retinoids have played a major role in lung cancer chemoprevention and have been the focus
of the largest chemoprevention trials in this disease (Table 2). They are potent regulators of
gene expression and play an important role in regulating cell growth, apoptosis, and differen-
tiation. They prevent the progression of premalignant cells to frank malignancies (80).
Retinoids are critical for epithelial differentiation and work through an elaborate family of
cytoplasmic retinoic acid binding proteins (81). It is thought that the anticarcinogenic effect
of retinoids is a result of changes in specific genes. Retinoids exert their effect on gene
expression by activating a signal transduction pathway in which the nuclear RARs play an
essential role (82). Once a retinoid reaches the cytoplasm, it is transported to the nucleus where
it binds to the hormone binding domain of either RAR or retinoid x receptor (RXR), which are
the two main subtypes of nuclear receptors. Subsequently, the ligand receptor complexes bind
to DNA as homodimers or heterodimers and result in inhibition of protein kinase C.

Because each subtype (RAR and RXR) exhibits specific patterns of expression during
embryogenesis, each is thought to regulate the expression of distinct genes (82). The loss or
abnormality of RAR-β,for example, seems to be frequently seen in lung cancer cell lines.
There is also some evidence that the RAR-β has a tumor-suppressive function, as its loss has
been documented in the bronchial epithelium of smokers (83,84). Premalignant lesions that
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respond to 13-cRA seem to have an increased RAR-β level (69,85), whereas restoration of
RAR-β expression and reduction of metaplasia was noted in former smokers receiving 9-cis-
retinoic acid (9-cRA), raising interest in investigating 9-cRA as a chemopreventive agent in
prior smokers (86). Dysplastic lesions were, however, less likely to regress in current smokers
taking retinols. The mechanism behind this observation is not known but it could be that
tobacco has a contributing effect on the cellular metabolism of retinol (87). In addition,
tobacco carcinogen can suppress RAR-β expression in cultured premalignant and malignant
esophageal epithelial cells (88), confirming the persisting harmful effect of smoking.

Early interventional chemoprevention trials in oral premalignant lesions including leuko-
plakia and erythroplakia have been performed with a reported spontaneous regression of 30
to 40% of small hyperplastic leukoplakia lesions and a less than 5% risk of malignant trans-
formation (9). Erythroplakia and dysplastic leukoplakia seem, on the other hand, to have a less
than 5% rate of spontaneous regression and a 30 to 50% rate of progression to oral cancer (9).
Oral micronuclei are fragments of extranuclear DNA believed to reflect genetic damage in a
population of cells at high risk for transformation to malignancy. Epidemiologic and
interventional studies in the 1970s have found a reduction in the frequency of oral micronuclei
in patients taking β-carotene and retinol (89), in tobacco and betel nut chewers.

In a trial targeting nut chewers in India with well-differentiated oral leukoplakia comparing
vitamin A at 200,000 IU/wk orally for 6 mo with placebo in 54 subjects, complete remission
was observed in 12/21 patients (57.1%) on vitamin A, whereas only one complete remission
was observed on the placebo arm, and 7/33 progressed. This finding prompted several inves-
tigational trials to examine the effect on oral leukoplakia of β-carotene alone, or in combina-
tion with other agents. It is of note, however, that the trials were not randomized and lacked
a dose-response relationship. A spontaneous regression rate of 30 to 40% was noted (89).

Table 2
Randomized Premalignancy Clinical Trials Using Retinoids

No. of
Study Patients patients Drug Results

Hong et al., Oral leukoplakia 44 13-cRA vs Regression of
1986 (90) placebo leukoplakia in 67%

of patients vs 10% in
placebo

Stich et al., Oral leukoplakia 65 Vitamin A CR in 56% and lower
1988 (89) Betel nut chewers rate of oral

leukoplakia
Lippman et al., Oral leukoplakia to 70 HD 13-cRA 13-cRA better in

1993 (91) maintain remission for 3 mo LD maintenance than β-
after 13-cRA 13-cRA or carotene

β-carotene for
9 mo

Costa et al., Oral leukoplakia treated 153 4 HPR for 1 yr Lower rate of
1994 (145) with laser in adjuvant or placebo leukoplakia in 4-HPR
(Italy) setting group

Abbreviations: 13-cRA, 13-cis-retinoic acid; CR, complete response; HD, high dose; 4-HPR, N-4-
hydroxycarbophenyl retinamide; LD, low dose.
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Multiple randomized clinical trials with retinoids or β-carotene have been performed in
upper aerodigestive tract tumors, and retinoids remain the most studied and active
chemopreventive agents in the area of HNSCC. They have clearly been proved effective in
reversal of early premalignant lesions. The first randomized clinical trial demonstrated a 67%
response rate (16/24 patients) for 13-cRA compared with 10% for placebo, both administered
for 3 mo. There was a greater reduction of dysplasia in the retinoid arm (54%) compared with
the placebo arm (10%) (90). Of interest was the considerable relapse rate of 50%, with evi-
dence of recurrence within 2–3 mo after completion of therapy, suggesting the need for
maintenance therapy. Mucocutaneous toxicity was significant.

To address the issues of relapse and toxicity, another follow-up trial was designed to
evaluate the long-term effects of maintenance with retinoids and was concluded in 1993.
Patients received 13-cRA at a dose of 1.5 mg/kg/d for 9 mo followed by a lower dose at 0.5
mg/kg/d for another 9 mo vs 9 mo of β-carotene at 30 mg/d. The reported initial response rate
was comparable to that of the previous study at 55%; however a continued response was noted
with the 13-cRA arm at 92 vs 45% for the β-carotene arm (p = 0.001). The lower dose of
retinoic acid was also tolerated very well (91).This trial indicated that maintenance retinoids
at a low doses were more effective than β-carotene in maintaining the initial response to
induction 13-cRA. A subsequent analysis however showed no significant difference in the
development of HNSCC between the two arms (91,92).

Another randomized trial used a synthetic retinoid (N-4-hydroxycarbophenyl retinamide
[4-HPR])at 40 mg/d orally or topically vs placebo for 4 mo in 61 patients. Twenty-seven of
31 patients had major responses (87.1%), including several complete remissions, whereas a
response rate of only 16.7% was noted on the placebo arm (p = 0.01). Toxicity consisted of
some elevation in liver enzymes in two patients (93).

In a randomized maintenance trial, 170 patients received systemic N-4-retinamide
fenretidine (200 mg/d) or no intervention (control) as maintenance therapy for 1 yr following
laser resection of oral leukoplakia. The local relapse rate or the occurrence of new lesions was
29% in the placebo arm vs 18% in the treatment arm (p = 0.01) (94).

Other chemopreventive agents with potential use in HNSCC include green tea, which
contains polyphenols with demonstrated chemopreventive benefits in animal studies (95).

6.4. Biochemoprevention
Advanced premalignant lesions of the upper aerodigestive tract are associated with a de-

fined risk of progression from moderate to severe dysplasia to invasive cancer at a rate of 36
to 50%. As noted, those lesions appear to be resistant to single-agent retinoid chemoprevention.
Retinoid resistance has been reported and seems to be associated with p53 expression, in-
creased degree of genomic instability, and lack of RAR-β upregulation following treatment
with 13-c RA (71). Biochemoprevention studies were devised to address the issue of retinoid
resistance in advanced premalignant lesions of the upper aerodigestive tract. As noted, these
advanced lesions are associated with a well-defined risk of progression to invasive carcinoma
in oral as well as laryngeal tumors. Combination therapies using 13-cRA, α-tocopherol, and
interferon (IFN)-α were designed.

In a trial of 36 patients with advanced premalignant lesions of the larynx and oral cavity
defined as moderate or severe dysplasia or carcinoma in situ, biochemoprevention with 13-
cRA (50 mg/m2/d) orally in combination with IFN-α (3 million IU/m2 three times per week
sc) and α-tocopherol (1200 IU daily orally) resulted in a 50% complete response in evaluable
laryngeal premalignant lesions, with several documented durable complete responses for
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several months. However, among patients with oral cavity premalignant lesions, only tran-
sient partial responses were reported, and none had a durable complete response (96).
Biomarker analysis confirmed the negative prognostic value of p53 overexpression and re-
vealed persistence of 9p21 in most lesions (97).

The same combination has been highly effective in patients previously treated for locally
advanced head and neck cancer (98). This phase II study showed a 2-yr disease-free survival
of 84% after completion of the definitive therapy.

The previous results, reported by Papadimitrakopoulou et al. (96), have led to further
investigations of the same combination in advanced laryngeal premalignant lesions, in which
patients with either severe dysplasia or carcinoma in situ were treated for 1 yr with this
combination, following which they were randomized to 4-HPR vs placebo. The results are
awaited and will help to define the role of this combination better in aggressive laryngeal
premalignant lesions. Further evidence from biologic studies that this combination can induce
a complete phenotypic reversion and the observation at the clinical level of a reasonably well-
tolerated combination with very few grade IV toxicities (National Cancer Institute [NCI]
common toxicity criteria) made this a promising chemopreventive regimen in terms of effec-
tiveness and tolerability for patients with aggressive laryngeal premalignant lesions (73,96).

Still aggressive chemoprevention strategies does not seem to be effective in reversing
advanced premalignant lesions of the oral cavity and the oropharynx and seems to be associ-
ated with substantial toxicity, suggesting a need for newer approaches and the use of other
agents. Cyclooxygenase-2 inhibitors are among these other agents and are discussed in Sub-
heading 6.7.

6.5. Primary Prevention of Tobacco Related Cancers
In lung cancer, primary chemoprevention trials using retinoids were also completed and

proved the importance of smoking status of patients when these agents are tested. Smokers
receiving β-carotene supplementation, alone or with α-tocopherol, had a reported increase in
lung cancer incidence by about 18%. The Alpha Tocopherol Beta Carotene (ATBC) trial
included 29,133 Finish male smokers. Participants received either daily α-tocopherol as a
single agent at a dose of 50 mg or single-agent β-carotene at 20 mg, both agents, or placebo.
The age range was 50–69 yr, and follow-up was for 5 to 8 yr. Participants smoked 5 to 8
cigarettes per day. α-Tocopherol alone did not appear to have an effect on lung cancer inci-
dence, yet as noted there was an increased incidence in smokers (99). In men who smoked
more than 20 cigarettes a day, the negative effect was more pronounced, with an 8% worse
mortality rate in the β-carotene group compared with participants who did not take β-carotene.
The results observed in the ATBC trial were later confirmed by the Beta Carotene and Retinol
Efficacy Trial (CARET), which enrolled 18,314 smokers and revealed a 28% increased inci-
dence of lung cancer and a 17% higher overall mortality among participants who received β-
carotene (100). This trial included men and women aged 50–69 yr; most of them had at least
a 20 pack/yr history of smoking. The end point was the same as in the ATBC trial. The study
was terminated after an interim analysis revealed a 28% higher incidence of lung cancer and
a 17% higher overall death rate in the β-carotene arm. Given the results of these studies, high-
dose β-carotene is not recommended for high-risk smokers.

The harmful effects of β-carotene have not been observed in a similar large-scale preven-
tive trial involving close to 22,071 mainly nonsmoking physicians (101). This was a random-
ized 2 × 2 factorial trial that accrued 22,071 male physicians in the United States aged 40–84
yr; 11% were smokers, and 51% had a history of smoking. The follow-up period was 12-yr.
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There were no adverse or beneficial effects on cancer incidence or mortality. Further data
supported the role of continued smoking as an important factor in SPT development (102).

6.6. Prevention of Second Primary Tumors
In retrospective analyses of HNSCC, the annual rate of SPT occurrence appears to range

between 1.2 and 4.7%, and this appears to be a relatively fixed rate over time. Patients with
HNSCC appear to have a significantly elevated risk for developing SPT regardless of their
initial treatment. SPTs are a major cause of morbidity and mortality for the early stages of
HNSCC, which are often treated with radiation and chemotherapy (103), and appear to be the
leading cause of cancer-related mortality in this patient population (103). The origin of SPTs
in HNSCC is debated. One possibility is that SPTs result from an independent genetic event,
and another suggests mucosal spread from the primary tumor with subsequent transformation
of genetically identical cells to the primary tumor. There seems to be no clear answer despite
the availability of molecular testing and microsatellite analysis of the SPT (104–107).

Based on the evidence shown for primary prevention using retinoids in oral leukoplakia,
studies were conducted in the adjuvant setting to prevent SPTs in patients treated curatively
for HNSCC (Table 3).

One such study used high-dose 13-cRA given with a chemopreventive intent in a placebo
controlled randomized design for a total of 1 yr in 103 patients curatively treated for HNSCC.
The primary end points (in addition to survival) were recurrence of primary disease and
development of SPTs, defined as a different histologic type, or at a site greater than 2 cm from
the previous disease, or occurring more than 3 yr after the initial diagnosis (108). SPTs
developed in 4% of treated patients over a follow-up period of 32 mo, whereas 24% of placebo
patients developed SPTs over the same period (p = 0.005). Of the 14 SPTs that occurred at the
time of initial analysis, 13 occurred in the tobacco-exposed fields of the upper aerodigestive
tract, esophagus, and lungs. On a subset analysis of patients with high-risk tobacco exposure,
the benefit seemed to persist in this subgroup of patients. In a subsequent analysis over a
follow-up period of 4.5 yr there was a persistent reduction in SPTs among patients treated with
13-cRA compared with placebo (p = 0.042) (109). More strikingly, a subset analysis of SPTs
within the high risk tobacco exposed fields showed a persistent benefit in SPT prevention in
these areas. Smoking-related SPTs occurred in 3/49 treated vs 13/51 placebo patients (p =
0.008). There was, on the other hand, substantial toxicity in this high-dose 13-cRA trial, as
one-third of the treated patients required dose reduction or discontinuation of treatment be-
cause of grade II cheilitis, conjunctivitis, or skin toxicities. Also, as with studies in premalig-
nant lesions, the benefit seems to be lost after the study period is over, as the SPT rates in both
arms were reported to be equivalent 3 yr after completion of the trial.

Confirming the high rate of SPTs in HNSCC observed in the earlier trials, another study
used a synthetic retinoid (etretinate) in patients treated for squamous cell carcinoma of the oral
cavity or pharynx and found a reduction in SPTs over a period of 41 mo. Patients on this
double-blind randomized multicentric trial were randomized to etretinate 50 mg/d for 1 mo,
followed by 25 mg/d for 24 mo vs placebo. The study arms were equivalent in both primary
tumor relapse and SPT occurrence, with 57/316 patients having SPTs and 45 of these SPTs
occurring in the upper aerodigestive tract, lungs, or esophagus (110).

Another trial used high-dose vitamin A in the adjuvant setting for patients with stage I non-
small cell lung cancer (NSCLC). Ertinol palmitate at a dose of 300,000 IU/d was administered
for 12 mo. Eighteen patients in the treatment group developed SPTs vs 29 in the control arm.
Smoking-related SPTs occurred in 13 patients on the treatment arm, and 25 patients on the
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control arm, with a statistically significant difference (p = 0.045) (111). This difference,
however, appears to have been lost 8 yr after completion of the study. So, similarly to the Hong
et al. study (108), this study suggested that retinoids could prevent SPTs when administered
to HNSCC or NSCLC patients. This protection was temporary, however, and in both studies
the difference was lost with longer follow-up periods. The toxicity of retinoids seen in earlier
leukoplakia studies was again confirmed in these prevention trials using high doses of retinoids
(108,109).

Based on the positive results of Hong et al. (108), and in an attempt to clarify the results of
Bolla et al. (110), the largest lung cancer chemoprevention trial so far was initiated by the NCI
(intergroup NCI C91-002), a randomized, double-blind study. Patients who were definitively
treated with surgery or radiation therapy for stage I and II SCC of the larynx, oral cavity, or
pharynx were randomized to low-dose 13-cRA at 30 mg/d for 3 yr vs placebo followed by 4
yr of observation. The trial accrued 1486 participants and closed in June of 1999. Patients had
to had a complete resection of stage I NSCLC 6 wk to 3 yr prior to enrollment. The primary
objectives were to look at the rate of SPTs after complete resection of stage I NSCLC, overall
survival on 13-cRA vs placebo, and toxicity of low-dose 13-cRA. After a median follow-up

Table3
SPT Prevention Trials

No. of
Study Purpose patients Drug Results

Bolla et al., Prevention of second 316 Etretinate or SPT 30% treatment
1994 (110) primary in placebo for 24% placebo
(France) treated HNSCC 2 yr

Han et al., Prevention of SPT 61 4-HPR vs 87% CR in 4-HPR
1990 (93) placebo group vs 17% in

placebo (p <
0.01)

Hong et al., Prevention of SPT 103 13-cRA vs At 3 yr, 14% SPT
1990 (108) placebo for vs 24%

12 mo
van Zandwijk et al., HNSCC and NSCLC 2592 Retinyl palmitate No difference in

2003 (113) SPT prevention for 2 yr, N-acetyl- survival or SPT
(Euroscan) cysteine for 2 yr, rate

both or neither
Khuri et al., NSCLC 1483 13-cRA 30 No difference in

2001 (28) SPT prevention mg/d for 36 mo SPT rate, EFS,
or placebo or OS

Higher recurrence
in patients who
continue to
smoke

RTOG (0226) HNSCC SPT 136 Celecoxib 400 mg Study to open
prevention projected bid for 2 yr

sample

Abbreviations: CR, complete response; EFS, event free survival; 4-HPR, 4-hydroxycarbophenyl retinamide;
HNSCC, head and neck squamous cell carcinoma; NSCLC, non-small cell lung cancer; OS, overall survival;
RTOG, Radiation Therapy Oncology Group; SPT, second primary tumor.
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of 3.5 yr, there was no difference between the placebo and the 13-cRA groups in terms of
recurrence rate, time to SPT, or mortality. Subsequent analysis suggested a possible protective
effect of 13-cRA in never smokers and a harmful effect in current smokers (28). The SPT rate
in active smokers was found to be 5.1% annually. The rate in former smokers was 4.1%, and
never smokers had a rate of 3%. This trial demonstrated that smoking plays an important role
in SPT occurrence and unlike the prior studies, enrolled patients with early-stage disease, for
whom SPTs were more likely to be survival determinants.

In another NCI intergroup phase III trial, patients with stage I NSCLC were randomized to
receive isotretinoin 30 mg/d for 3 yr or placebo in a double-blinded fashion. After a median
follow-up of 3.5 yr, there was no significant difference between the two groups in the time of
SPT occurrence, the primary end point. Multivariate and subset analysis suggested a harmful
effect of isotretinoin in current smokers (112).

In a phase III multiinstitutional European study conducted by the European Organization
for Research and Treatment of Cancer (EORTC; the EUROSCAN trial), retinyl palmitate and
N-acetylcysteine efficacy was compared for SPT prevention after definitive treatment of head
and neck or lung cancer. The study had a 2 × 2 factorial design and enrolled a total of 2592
patients with HNSCC and NSCLC. The four assigned treatment arms were retinyl palmitate
(300,000 IU daily for 1 yr followed by 150,000 IU for a second year, N-acetylcysteine (600
mg/d for 2 yr), both, or no intervention. There was no reported survival advantage or SPT
reduction after a median follow-up of 49 mo for both compounds, and for patients with
HNSCC and lung cancer alike (113). The study demonstrated no benefit of chemopreventive
agents in patients with head and neck or lung cancer in terms of survival, event-free survival,
or SPT occurrence.

The impact of active smoking on SPT occurrence was also demonstrated prospectively in
a separate study in which low-dose 13-cRA was administered to patients treated for stage I or
II HNSCC for up to 3 yr before participation. Patients were randomized to receive 13-cRA at
30 mg/d or a placebo for a total of 3 yr and were followed for 4 yr after completion of the
chemopreventive phase. In all, 1384 patients were registered, and 1189 were evaluable and
eligible. The annual SPT occurrence rate was 5.1%, with a higher rate observed in stage II
HNSCC, compared with stage I. In addition, active smokers had a significantly higher rate of
recurrence compared with former smokers (p = 0.018), with a nonsignificant difference noted
between former and never smokers (p = 0.11). Of note is the better tolerability with the lower
dose of 13-cRA (28).

A phase III intergroup trial of isotretinoin to prevent SPTs in stage I and II HNSCC has been
completed, and the results are to be published soon. In this trial patients with stages I or II
HNSCC treated definitively with surgery and/or radiation therapy no fewer than 16 wk or
more than 36 mo prior to enrollment were randomized, to receive either isotretinoid or placebo
for 3 yr and were followed up for 4 additional years. There were 1190 patients enrolled and
randomized with 590 on the isotretinoin arm and 600 on the placebo arm. Patients were
stratified by stage, smoking status, and primary tumor site. With an estimated baseline annual
SPT rate of 3%, the trial was designed to show a 50% reduction in SPT risk, with secondary
end points being reduction in tobacco-related cancers (lung, HNSCC, esophagus, and blad-
der). With a median follow-up of 6 yr there did not seem to be a significant difference in SPT
occurrence or overall survival between the two arms. The overall annual SPT rate was 4.6%,
and most SPTs were smoking related, with the most common site being the lung (30.7%)
followed by the oral cavity tumors (16.9%). Smoking-related SPT rates for the isotretinoin vs
placebo groups were 3.0 and 3.3%, respectively. There was a reported decrease in recurrence
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of HNSCC on the isotretinoin arm that did not reach statistical significance. Multivariate
analysis did reveal a pharyngeal site and current smoking to be significant predictors of SPT.
Current smokers also had a worse survival rate compared with previous smokers or nonsmok-
ers (p = 0.0005 and p = 0.0002, respectively). These unpublished data are the first to confirm
in a prospective controlled trial the harmful effects of smoking on early-stage HNSCC pa-
tients.

6.7. Cyclooxygenase-2 Inhibitors
Nonsteroidal antiinflammatory agents (NSAIDs) have been shown to have a chemo-

preventive potential in HNSCC. Indomethacin administration has been associated with clini-
cal benefits in HNSCC, namely, tumor regression (114). This observation has led to an
increased interest in NSAID use in HNSCC.

A broad range of laboratory investigations, animal models, and epidemiological studies
provide evidence that inhibition of cyclooxygenase (COX)-2 pathways may have significant
implications in cancer treatment. Cyclooxygenase catalyzes the conversion of 20-carbon
unsaturated fatty acids to prostaglandin (PG) G2 and H2, the key steps in the synthesis of PGs
(115). Specific PG synthases are responsible for the subsequent catalysis of PGG2 and PGH2
to several groups. Prostaglandins are essential in most human tissues. Regulation of reproduc-
tion, immunity and vascular integrity is mediated by the paracrine and autocrine actions of
PGs (116).

There are at least two forms of the COX isoenzyme. COX-1 is thought to be responsible for
PG biosynthesis and is constitutively expressed in most human tissues. COX-2, by contrast,
is not normally expressed in most tissues but is induced by a wide spectrum of growth factors
and cytokines in pathophysiological states (117). In preclinical tumor models, upregulation
of COX-2 results in changes in cellular migration, reduction in apoptosis, alteration in cell
cycle progression, and promotion of angiogenesis, which can all contribute to a malignant
phenotype. Epidemiologic and experimental evidence suggests that NSAIDs probably reduce
tumorigenesis through the inhibition of COX (118,119). Additional evidence for the role of
COX in human tumors comes from the observations that epithelial malignancies (including
colorectal, NSCLC, head, and neck, and pancreatic) form more PG than the normal tissue
counterpart.

These observations indicate that inhibition of COX-2 and the resulting decrease in PG
synthesis may prove useful in the prevention and treatment of some common human malig-
nancies. Both nonselective blockade of COX and specific COX-2 blockade have been reported
to reduce the number and size of polyps in patients with familial adenomatous polyposis, with
a reduction of up to 30% by celecoxib compared with the untreated control group (120). A
growing body of evidence indicates that COX-2 plays a key role in lung cancer and can serve
as a potential marker of prognosis in this disease. Because COX-2 inhibition has been dem-
onstrated to interfere with tumorigenesis, the COX-2 enzyme may be an attractive target for
therapeutic and chemoprevention strategies in lung cancer patients. COX-2, but not COX-1,
seems to be expressed in human NSCLC cell lines and neither seem to be expressed in small
cell lung cancer (121). Furthermore, a substantial body of evidence indicates that COX-2 and
PGs play an important role in tumorigenesis, with possible angiogenic stimulation as well as
inhibition of apoptosis. COX-2 expression also seems to be a marker of poor prognosis in
surgically resected stage I NSCLC.

Immunohistochemical analysis has revealed that COX-2 is expressed in both HNSCC and
adjacent normal epithelium, with a mean level of COX-2 messenger RNA (mRNA) increased
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by close to 150 times in HNSCC compared with normal epithelial mucosa (122). A higher
level of COX-2 mRNA (around 50 times) was also noted in normal mucosa of HNSCC
patients compared with healthy volunteers. eIFeE (a biomarker positive in individuals at high
risk for relapse after definitive treatment for HNSCC) was correlated with the expression of
COX-2 as a possible surrogate marker to predict response to COX-2 and relapse. Western blot
analysis on mucosa of subjects at different stages of carcinogenesis and of normal mucosa,
showed expression of eIF4E and COX-2 in all cancers and not in normal mucosa. There was
a significant correlation between the expression of both markers (p < 0.001), all suggestive of
a possible role of COX-2 inhibition in chemoprevention of HNSCC (123).

Animal studies have suggested a potential role for topical use of COX-2 inhibitors as a
chemopreventive strategy. Seventeen nude mice intradermally inoculated with carcinoma cells
were divided into treatment group that received topical application of polymer-derived Celecoxib
and no treatment. Tumor growth measured in 15 d favored the treatment group (p < 0.001) (124).
Other animal studies have looked at the potential chemopreventive role of celecoxib and ex-
plored a possible antiangiogenic mechanism of action. Celecoxib significantly delayed cell
growth and reduced tumor volume. There was also a statistically significant difference in the
quantity of new vasculature in the tumor sites between the two groups (125).

COX-2 is also upregulated in a number of upper aerodigestive tract premalignant and
malignant tumors. Based on the evidence presented, a number of chemoprevention trials in
HNSCC using COX-2 inhibitors are under way. The Radiation Therapy Oncology Group
(RTOG) is planning a phase II trial using celecoxib to prevent SPT in patients with HNSCC
(RTOG 0226; Fig. 1). In this trial patients with HNSCC (excluding nasopharyngeal carcino-
mas) who have been disease free for a minimum of 16 wk and a maximum of 3 yr following
completion of primary treatment will have biopsies of the oral mucosa for biomarker studies
and then will receive celecoxib at 400 mg po bid for 2 yr. The results will be compared with
historical controls for efficacy in reducing SPT as well as recurrences of the original primaries
at 3 yr after follow-up. Results of this and other trials will be eagerly awaited to confirm or
refute the value of COX-2 inhibitors as chemopreventive agents in HNSCC.

6.8. Protease Inhibitors
Ubiquitin-mediated protein degradation is an integral component of normal cellular pro-

cesses, including apoptosis, signal transduction, gene transcription, and cell cycle regulation
(126). PS-341 is a dipeptidyl boronic acid that inhibits the proteasome 26S, whose function
is to degrade proteins conjugated to the polypeptide ubiquitin through an ATP-dependent
process. In vitro and in vivo studies have established the antitumor activity of PS-341 in
hematologic malignancies including multiple myeloma as well as solid tumors including lung,
postate, breast, colon, and pancreatic cancers and melanoma (127). The total inhibition of 26S
is lethal to most cell types; however, malignant cells are more sensitive than normal cells to
proteasome inhibition. By its mechanism of inhibiting protein degradation, PS-341 targets a
wide range of pathways that are relevant to tumor progression and drug resistance. The exact
antitumor mechanism of PS-341 has not been elucidated, however. Potential targets affected
by PS-341 in lung cancer include p27 (128), p53, Bax (129), cyclin D, E, and A, BCL-2, and
nuclear factor (NF)-κB (130).

The Bowman-Birk inhibitors (BBIs) come from dicotyledonous or monocotyledonous
seeds and beans, and their amino acid sequence and structure have been worked out (131). BBI
concentrate administration was well tolerated and appeared to be nontoxic in phase I studies
(132).
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The earliest known BBI was identified in soybeans by Bowman in the 1940s, and was
purified by Birk in the early 1960s (133). The BBI reported in the Armstrong study was BBI
concentrate (BBIC), a mixture of the classic BBI and and four other soy Pis. There is some
dietary and epidemiologic evidence supporting the notion that soybeans, cereals, and breads
may be effective in reducing the risk of oral cancers (134). A definite conclusion is, however,
difficult to draw from such studies. More definite support for the protective effect of BBIs
comes from preclinical evidence of their inhibition of transformation and carcinogenesis
(134).

In a phase IIa clinical trial of BBIC in patients with oral leukoplakia, BBIC was adminis-
tered to 32 patients for 1 mo (135). Toxicity and clinical and histologic response to the lesions
were assessed. Oral mucosa protease activity (PA) and serum levels of micronutrients were
assessed. Clinical response was determined by measurement of total lesion areas prior and
following therapy. On the basis of these parameters, 31% of patients achieved a clinical
response (two complete and eight partial) (136). In a retrospective analysis of the pathologic
specimens obtained from the phase IIa clinical trial, Armstrong et al. (136) looked at 32 sets
of biopsy specimens before and after treatment with BBI and examined in a blinded fashion
the expression of neu immunohistochemistry staining. The change in neu staining in control
site biopsy was in an inverse relation to the change seen in the lesion area with BBI treatment.
BBI appears therefore to modulate levels of neu and protease activity. BBIC was nontoxic, and
the mean pretreatment total area of lesions decreased from 615 to 438 mm2 after treatment (p
< 0.004). A high pretreatment PA was associated with a greater PA decrease after treatment.
Further studies are needed to elucidate better the mechanism of action of BBI as a
chemopreventive agent and to understand better the role that neu, proteases, and their inhibi-
tors may play in the process of oral premalignant lesion formation and progression. These
results have opened the way for possible further investigation of BBI as an effective
chemopreventive treatment on randomized clinical trials.

Despite these promising findings, the exact mechanism of action of BBI is yet to be defined
and may include (in addition to targeting proteases) modulation of superoxide anion radical
production, oncogene levels, DNA repair, immune effects, and arachidonic acid metabolism.

Fig. 1. Schema for secondary primary tumor (SPT) prevention trial using the cyclooxygenase (COX)-2
inhibitor celecoxib in resected head and neck squamous cell carcinoma (HNSCC) (RTOG 0226). GE,
gastroesophageal.
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The clinical evidence of protease inhibition by BBIs remains unclear. Understanding the
mechanism by which BBI exert their chemopreventive effect is key to launching additional
studies and opens the door to a wide area of molecular and translational research.

6.9. Nutrition and Head and Neck Cancer
The topic of nutrition and HNSCC is underappreciated. There has been some interest in

studying this area and using nutrition supplements as means to prevent HNSCC. Health care
workers should also be aware of the widespread use of alternative nutritional supplements that
may very well interfere with standard cytotoxic or targeted therapies.

In analyzing risk factors for oral cancer in young people, a recent case control study looked
at 116 patients aged 45 or younger who had oral squamous cell carcinoma and 207 matched
controls. The estimated risks associated with smoking or alcohol were low in this patient
group, yet long-term consumption of fresh fruits and vegetables appeared to be protective for
both sexes, suggesting that factors other than the known risks may be at play in this patient
population with a relatively short exposure to known carcinogens (137). Other similar studies
have also found an inverse relation to risk of oral and pharyngeal cancer in young adults with
high consumption of fresh vegetables, fruits, and β-carotene (138). Other case control studies
have linked glycemic index and load to risk of upper aerodigestive tract neoplasms (139).
Evidence also suggests that patients treated for early-stage oral squamous cell carcinoma have
a significant deficiency in antioxidant nutrients compared with historical subjects (140). Other
studies have linked processed meat to risk of digestive tract as well as laryngeal neoplasms
(141). There seems to be evidence pointing to a protective role of vegetables including green
and yellow vegetables and total and citrus fruit intake. All this information stems from epi-
demiologic studies, case control studies, and in vitro and animal studies (142). Additional
research at every level is clearly needed to define the role of these nutritional supplements
better in preventing HNSCC and SPTs.

Among the nutritional substances with possible anticancer potentials is green tea. Green tea
polyphenols were found to induce apoptosis in several tumors including oral cavity cancer
cells (143). Evidence suggests that green tea and its constituents induce apoptosis in oral
carcinoma cells and are correlated with induction of some cell cycle regulators. Well-con-
trolled clinical studies are yet to be initiated. Other preclinical studies have examined the
potential anticancer effect of black raspberries and shown a potential inhibition of tumor
formation in the oral cavity (144).

7. CONCLUSIONS

Despite improvement in the diagnosis and management of HNSCC, the long-term survival
of patients has changed minimally over the last three decades. There is a clear cost of long-
term toxicity when chemoradiotherapy is used despite benefits in organ preservation as well
as improvement in survival. Newer molecularly targeted therapies can be used in both the
treatment and chemopreventive areas of HNSCC.

Continued biological investigations have helped us to understand the process of carcino-
genesis, as well as the concept of field cancerization in HNSCC, with implications for acces-
sibility to tissue sampling. These studies have pushed the area of chemoprevention in HNSCC
forward.

Landmark trials with 13-cRA have demonstrated the possibility of chemoprevention in
head and neck cancer. Retinoids alone and especially in combination with interferon in a
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biochemoprevention approach appear to have an effect on the development of SPTs in patients
effectively treated for their initial cancers and in the prevention of cancer in patients with
premalignant lesions. Newer agents targeting specific molecular abnormalities have been
identified and may have a potential benefit. A better understanding of the alterations that affect
premalignant lesions at the tissue and molecular levels is providing help in identifying cancer
risk profiles and providing rational targets for chemopreventive measures. There are, how-
ever, obvious limitations, including the risks of assessing agents based on the wrong
biomarkers, as it is always possible that agents may target other pathways parallel or down-
stream from a specific biomarker. More detailed and prospective studies perhaps relying on
several biomarkers may be required to predict subsequent cancer development accurately.
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1. INTRODUCTION

Quality of life (QOL) has commanded growing attention within oncology in recent years.
Adverse changes in functional and behavioral outcomes are a special concern in patients with
head and neck squamous cell cancer (HNSCC), because these malignancies disrupt basic
aspects of daily life such as eating, respiration, and communication. These difficulties are
greatly amplified by demanding treatment toxicities. Thus, there is growing recognition that
traditional clinical endpoints such as tumor response and disease-free survival need to be
supplemented by indices of QOL. This development has been given further impetus lately by
patient advocacy and by the introduction of improved QOL measures. In this chapter, we
briefly discuss advances in QOL assessment, review research findings regarding acute and
long-term QOL outcomes, and consider important determinants of risk and resilience.

2. ASSESSING QOL

Although definitions vary somewhat, health-related QOL is generally understood as a
multidimensional construct that is rooted in the patient’s perspective and that changes over
time (1–3). Some have defined it as the gap between one’s current experience and one’s wishes
or expectations (4,5). Performance status, a related concept, is an index of patients’ functional
capacities, e.g., their ability to eat solids, speak clearly, or ambulate independently (5,6). In
contrast, health-related QOL typically is construed as encompassing broader aspects of daily
life. Important components include, among others, emotional and social well-being, as well
as functional limitations and physical symptom burden. Sexual, vocational, and spiritual or
existential domains are sometimes incorporated as well.

In recent years, a number of useful, psychometrically sound instruments have been devel-
oped to help assess these outcomes. For the most part, these measures are designed to capture
the patient’s perceptions rather than relying on the clinician’s impressions, which is a notable
consideration because it is the patient’s experience that is of concern and because practitioners
consistently underdiagnose salient difficulties (7–11). Some measures are designed to have
broad applicability for an array of different illnesses (e.g., the SF-36 [12], Psychological
Adjustment to Illness Scale [13], Sickness Impact Profile [14]), whereas others target diffi-
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culties associated more narrowly with a particular disease (e.g., Functional Living Index—
Cancer [15]), a discrete disease site (e.g., Head and Neck Quality of Life Questionnaire [16]),
or a specific treatment regimen (e.g., Head and Neck Radiotherapy Questionnaire [17]). In an
effort to capitalize on the advantages of these divergent approaches, there has been a trend
toward use of modular instruments (e.g., FACIT [18], EORTC QLQ [19–22]): a general or
core measure captures multiple domains of functioning and allows comparisons across differ-
ent diseases, while a site- or treatment-specific module ensures that unique concerns are
addressed as well (23).

Table 1 offers a summary of some of the health-related QOL instruments that have been
used with HNSCC patients, and notes a few of their respective advantages and disadvantages.
No single instrument is ideal for all situations; investigators and clinicians should select those
measures that best meet their specific needs (e.g., based on inclusion of particular toxicities,
focus on brief vs more comprehensive assessment, and so on). Because different dimensions
of QOL may deteriorate or improve at different rates, sole reliance on a single summary score
can obscure important findings. Thus, instruments that provide scores in separate domains
may offer richer information and greater sensitivity.

Although investigators have been understandably focused on adverse QOL outcomes,
patients sometimes discover that their lives have shifted in more complex and unexpected
ways in the aftermath of illness. Some individuals point to positive changes, such as altered
priorities, closer relationships, stronger spirituality, or a heightened sense of meaning in life.
Ideally, therefore, a comprehensive assessment of QOL might include the possibility of con-
structive as well as debilitating sequelae (29,30).

3. OVERVIEW OF QOL OUTCOMES IN HNSCC CANCER

The particular problems that patients encounter are of course shaped by the site and stage
of disease, the treatment regimens they receive, and their phase in the trajectory of illness.
Notwithstanding these distinctions, it is clear that individuals with HNSCC face dismaying
burdens. A new diagnosis elicits concerns about survival, painful uncertainty about the future,
and altered routines. Emotional distress and role disruption are common for both the patient
(31,32) and the family (33–35). A number of studies demonstrate that physical and emotional
spheres of functioning are significantly compromised relative to population norms, even prior
to beginning taxing treatments (36,37). QOL is further eroded by demanding treatment tox-
icities, which may include radiotherapy-induced xerostomia, fatigue, and radionecrosis; sur-
gery-related disfigurement, pain, and shoulder dysfunction; and chemotherapy-associated
nausea, mucositis, and immunosuppression.  For some, the challenges of treatment adherence
or adjustment are exacerbated by a premorbid history of substance abuse, which is more
prevalent among patients with HNSCC.

After completion of active treatment, patients may need to accommodate more enduring
difficulties. These might include discouragement with ongoing fatigue; frustration with eating
limitations; self-consciousness about disfigurement or tracheostomy care; or discomfort with
speech difficulties, tracheoesophageal puncture (TEP) appliances, or electrolarynx devices.
The end of active treatment sometimes elicits intensified distress or delayed grief (41), bring-
ing new burdens just when patients expect to be feeling better and their support systems tend
to recede. Long-term survivors may encounter additional challenges, such as fear of recur-
rence (38), sexual problems (39,40), or difficulties with nicotine or alcohol. For those with
progressive disease, of course, symptom control and existential concerns take on greater
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immediacy. A growing research literature has characterized some of the difficulties that
HNSCC patients experience at varying phases of illness.

4. RESEARCH FINDINGS REGARDING QOL

4.1. Short-Term Sequelae
Prospective studies point to a number of adverse changes over the course of active treatment

and short-term recovery (i.e., through 1-yr post diagnosis). As one might anticipate, most
investigations have documented marked deterioration in functional status and symptom bur-
den from initial diagnosis through the acute treatment period (36,37,39,42–50). Depending on
the type of regimen, the nadir comes at 1–3 mo after starting treatment (39,45–48), followed
by a general improvement. Specific sequelae include, among others, difficulties with head and
neck pain, swallowing, social eating, speech, sense of smell or taste, dry mouth, sticky saliva,
appetite, nutritional concerns, weight loss, shoulder dysfunction, and fatigue, as well as broader
disruptions in daily physical, role, and social functioning. By 1 yr, average scores for many
symptoms have returned approximately to pretreatment baseline levels; commonly, however,
there are many pockets of continued impairment, most notably including difficulties with
xerostomia, sense of smell/taste, dysphagia, eating, speech, sticky saliva, fatigue, and physi-
cal functioning (39,42,43,45,46,48,50–53).

Thus, a growing database indicates that physical spheres of functioning follow a pattern of
acute deterioration and gradual recovery, with continued impairment in some domains. In
contrast, psychosocial functioning evinces a different trajectory of recovery. Following the
initial crisis of diagnosis, most prospective studies have found gradual improvements rather
than declines in measures of emotional well-being (36,39,42–44,46,50,51,54) and distress
(42,52,53,55). Similarly, estimates of psychiatric morbidity tend to diminish somewhat by 1-
yr follow-up (42,45,51,56; for an exception, see ref. 46). Nevertheless, levels of morbidity
remain elevated relative to the general population, with 26 to 37% of patients exceeding
cutoffs for psychiatric “caseness” on various screening instruments at 1 yr (45,46,56) and 19
to 25% exceeding cutoffs for clinical depression (42–44,51).

4.2. Long-Term Sequelae
To what extent do adverse changes experienced in the posttreatment period carry over to

long-term recovery? A number of prospective and cross-sectional investigations have exam-
ined QOL outcomes among HNSCC survivors 2–5 yr after treatment. In general, additional
changes beyond the first year appear to be fairly modest. Patients tend to experience enduring
difficulties with daily physical functioning and with specific head and neck symptoms, such
as dry mouth, impaired taste/smell, sticky saliva, and dental problems (51,55,57,58); the
intensity of these difficulties generally is worse than their level at diagnosis. In contrast,
emotional functioning (51,57,58), life satisfaction (55,59), and global QOL tend to improve
(51,57) relative to the pretreatment period. For example, in a recent cross-sectional study (22),
3-yr survivors fared significantly worse than age-matched population norms in day-to-day
physical functioning and in an array of specific head and neck symptoms but had comparable
scores in more general domains of functioning (e.g., self-perceived general health, social
functioning, mental health, pain, vitality). The discrepancy between deterioration in some
physical symptoms and improvement in emotional well-being has been noted by a number of
investigators (51,55; see ref. 60 for conflicting results) and may, in part, reflect processes of
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psychosocial adaptation, improved coping, and response shift (i.e., the tendency of respon-
dents to alter their judgments of QOL because of changes in internal standards or values [61]).

Nonetheless, despite a general trend toward improved mood over time, long-term survivors
remain at heightened risk for emotional distress (7,60,62), concerns that are rarely shared with
the treating clinician (7,10). Estimates of general psychiatric morbidity among long-term
survivors range from 25 to 47% as assessed by various screening measures (7,63–65); esti-
mates of clinically meaningful depression range from 15 to 35% (8,51,64–67). Moreover,
other psychosocial domains may be disrupted as well, although they have received less scru-
tiny as yet. Some studies have documented long-term difficulties in sexual functioning (e.g.,
diminished interest, arousal, and activity) (40,53), marital quality and communication (53,68),
family functioning (60,69), health worries (68), and substance abuse (67). In sum, it appears
that most patients adapt remarkably well to aggressive or disfiguring treatment, and many
toxicities abate during the first year after diagnosis, but there may be multiple areas of con-
tinued concern over the long-term.

5. IMPACT ON THE FAMILY

Serious illness has a marked impact not only on the patient but also on the family system
(35). Growing interest has focused on the burdens experienced by the spouses or partners, who
have long been neglected in both research and clinical care. The few studies conducted in the
HNSCC setting suggest that levels of distress are even greater among the partners than among
the patients themselves (33,34) and that the period of greatest perceived burden occurs during
the first year of treatment, particularly among women (70). One would anticipate that the
difficulties families experience would also be influenced by their developmental phase in the
life cycle (e.g., couple with young children vs elderly couple), by the social and economic
context in which they live (e.g., access to health care, culturally informed health beliefs), and
by the intensity of concurrent burdens they must accommodate (e.g., unemployment) (35); as
yet there have been few efforts to examine these variables among HNSCC families.

6. DETERMINANTS OF QOL OUTCOMES

6.1. Clinical Variables
As noted, QOL outcomes would be expected to vary with important clinical characteristics

such as disease site, tumor stage, and type of treatment. Thus far there have been few random-
ized trials targeting QOL outcomes; in most observational studies type of treatment overlaps
with disease site and stage, so it is not possible to disentangle their effects. Nonetheless, a
number of descriptive studies suggest that different tumor sites are associated with differences
in symptom burden. In general, patients with pharyngeal or oral cavity cancer tend to fare most
poorly (21,22,39,49,51,57,59,62,71). Problems with swallowing, nutrition, and pain are es-
pecially pronounced. Laryngeal cancer patients are more apt to struggle with speech, hoarse-
ness, cough, and sticky saliva (21,39,44,51,67,71). Among those with laryngeal cancer,
patients with supraglottic tumors appear to experience more negative outcomes than their
peers with glottic tumors, which are more common (55,58). Among patients with oral cancer,
there are preliminary indications that individuals with posterior sites demonstrated more
adverse changes in social functioning than those with anterior sites (37).

Patients with more advanced disease struggled with more extensive symptoms than those
with earlier stage disease in a number of studies (25,36,39,43,44,46,51,55,57,72–74), although
not all (22,48,53,56,62,75). In part, these findings may be due to differences in pain and



Chapter 20 / Quality of Life Outcomes 313

dysphagia (55). And of course, these results may also reflect group differences in treatments
received.

As one would anticipate, individuals who undergo more extensive treatment typically
experience greater QOL deficits than those who receive more limited therapies (76). For
example, in nonrandomized comparisons patients treated with combined modalities tended to
fare more poorly than those who received surgery alone or radiotherapy alone (43,44,51,55).
Among laryngeal cancer patients, individuals treated with the most aggressive regimen—total
laryngectomy with radical neck dissection—reported significantly worse outcomes in physi-
cal spheres of daily functioning than total laryngectomy patients who received less extensive
neck dissection and than those who received other less aggressive modalities (i.e., conserva-
tion surgery alone or radiotherapy alone) (77). Similarly, more extensive surgery was asso-
ciated with more adverse QOL outcomes among patients with oral and pharyngeal cancers
(78), and more extensive neck dissection was linked with greater shoulder dysfunction among
patients with mixed HN disease sites (79).

In recent years growing interest has focused on organ conservation protocols, in particular
those involving concurrent or sequential chemotherapy and radiation as an alternative to
laryngectomy for individuals with advanced laryngeal cancer. If different regimens lead to
comparable survival rates (e.g., refs. 80,81), it is hoped that organ-sparing treatments will
better preserve QOL. Unfortunately, thus far few comparison studies have directly examined
this assumption regarding QOL outcomes. There is a pressing need for these comparisons,
especially given advances in rehabilitation for laryngectomy patients and the fact that
chemoradiation is associated with difficult toxicities of its own. In a long-term follow-up
(mean 10.4 yr) of patients with advanced laryngeal cancer who had been randomized to
sequential chemotherapy followed by radiation or to laryngectomy and radiation, those who
had received surgery (as initial treatment or as salvage) reported significantly greater difficul-
ties with mental health, emotional functioning, and pain (82). The chemoradiation group was
significantly older, and it is possible that this imbalance may have influenced the results
(especially regarding emotional functioning). Somewhat surprisingly, the laryngectomy group
did not fare worse in terms of speech difficulties at this long-term follow-up.

In our own work, we examined QOL differences among patients with advanced laryngeal
or hypopharyngeal cancer who had been treated with concurrent chemoradiotherapy or with
surgery and radiation (83). We found relatively few group differences at long-term follow-up
(mean 3 yr). The surgery group reported significantly greater difficulties with smell and taste,
cough, and need for pain medication and marginally greater problems with social functioning.
Those successfully treated with chemoradiotherapy were more apt to complain of dry mouth.
Like Terrell and colleagues (82), we did not find differences in speech difficulties, perhaps due
in part to extensive use of TEP and voice rehabilitation and the long period since treatment.
Additional comparison studies, using randomized, prospective designs and larger samples,
would be helpful.

Other studies have compared outcomes among patients receiving laryngectomy and those
treated with primary radiotherapy. These are nonrandomized investigations, and generally the
radiotherapy patients had earlier stage disease. The most consistent findings in these studies
involve greater speech deficits among the laryngectomy patients (47,52,84,85). Fewer group
differences emerged in other domains of functioning (47,52,69,84–86). In a prospective study,
for example, patients who received total laryngectomy (as initial treatment or as salvage)
reported significantly greater difficulties with speech and marginally greater problems with
cough and swallowing over the course of 2-yr follow-up, relative to radiotherapy patients, who
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generally had earlier stage disease (52); pain was marginally greater for radiotherapy patients,
and there were no significant differences in life satisfaction or distress. In a small cross-
sectional study, patients who received salvage laryngectomy and tracheoesophageal prosthe-
sis had significantly worse observer-ratings and self-ratings of voice quality and greater
psychiatric morbidity than their radiation-treated counterparts, who were matched for disease
stage, site, gender, and age (84). The radiation group had greater hoarseness; other QOL
outcomes were comparable. DeSanto and colleagues (86) reported poorer psychosocial out-
comes among survivors who had undergone total or near-total laryngectomies relative to those
who had received partial laryngectomies (i.e., no permanent tracheotomy); however, group
differences in recruitment, gender, and time since treatment require caution in interpreting the
findings.

Studies of long-term survivors of laryngectomy implied that individuals using different
types of voice restoration (i.e., electrolaryngeal, esophageal, or tracheoesophageal speech)
had roughly comparable levels of QOL and self-rated ability to communicate in everyday
situations (87,88); the very small samples (87,88) and use of unvalidated communication
measures (87) contribute to the preliminary nature of the findings. For patients with early-
stage laryngeal cancer, who are less likely to receive laryngectomy, there are preliminary
indications that hyperfractioned radiation is tied to greater toxicities during the acute treat-
ment period (e.g., problems with eating and taste) but better status by 1-yr follow-up, com-
pared with conventional radiotherapy (46).

Other investigations have begun to focus on QOL outcomes associated with different
treatments for oral cancers. Among patients with oropharyngeal tumors, a nonrandomized
study hinted at better outcomes for patients with advanced disease treated with accelerated
radiotherapy (with or without chemotherapy) as opposed to primary surgery with postopera-
tive radiotherapy (89): there were fewer difficulties with speech, eating, diet, and pain and
marginally better emotional and social functioning in the radiotherapy group. Conclusions are
limited by notable group differences in gender and time since treatment. In an investigation
of patients with oral or pharyngeal tumors, the addition of brachytherapy to treatment with
external beam radiation (with or without surgery or chemotherapy) did not seem to generate
greater QOL deficits relative to external beam radiotherapy alone (45). A small comparison
study among patients with base of tongue tumors suggested more favorable performance
outcomes for those who received primary radiotherapy (i.e., external beam radiation plus
brachytherapy) compared with those treated with primary surgery (and postoperative radia-
tion) (90). Finally, in a series of surgical studies, the worst QOL outcomes were demonstrated
by patients with large bilateral defects (and therefore extensive, functionally important soft
tissue loss) who received discontinuity resections of the mandible (72,73).

6.2. Patient Variables
Responses to a particular treatment or disease site are characterized by considerable vari-

ability among patients. It is clear that QOL outcomes are strongly colored not only by clinical
factors but also by the personal and social qualities that the patient brings to the illness.
Findings regarding basic demographic variables have been mixed. Some studies reported
greater difficulties among women in both psychosocial (42,51,56,64,71,76,78) and physical
(42,51,71,76) spheres of functioning, including lower likelihood of acquiring esophageal
speech following laryngectomy (91). On the other hand, a Scandinavian study (22) noted
poorer functioning in several domains among male rather than female survivors relative to
population norms, and many investigations found few or no meaningful gender differences
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(5,8,37,48,55,59,63,75,92). Older patients have often reported greater difficulties in general
physical functioning (37,44,51,57,71,76,77), sometimes in conjunction with disrupted speech
(44,76) and sexuality (39,57,71). Conversely, older individuals appear to be less vulnerable
than their younger counterparts to psychosocial distress (36,39,56,64,71,78). However, many
investigations failed to find significant age effects (8,48,59,63,67,72,75,85,92,93). Among
the fewer studies that have examined the impact of education, one reported greater life satis-
faction and perceived health for patients with more extensive education (62), and two studies
noted unexpectedly poorer outcomes among those with greater education (76,77), but most
investigations did not find significant associations with QOL outcomes (5,8,44,48,63,85).
Few investigations have focused on correlates of ethnic or socioeconomic differences.

Aside from basic demographic background, the patient’s psychosocial resources and vul-
nerabilities may have a salient impact on adaptation to illness. Social support has long been
recognized as a marker for improved physical and mental health (94). Among long-term
survivors, de Boer and colleagues (76) reported that more open communication within the
family about illness was associated with more favorable outcomes on a broad range of psy-
chosocial and physical measures (e.g., depression, anxiety, physical symptoms). Other inves-
tigators similarly found that increased perceived support was tied to improved medication
adherence (95), less distress (91), increased life satisfaction (55,59), and better daily function-
ing (96). Interestingly, Mathieson et al. (97) reported that perceived support from the family
physician (as opposed to oncologists, family, or friends) was associated with less depression
and enhanced QOL. In contrast to findings regarding perceived social support (i.e., satisfac-
tion with support), indices of structural or network support (i.e., marital status, number of
social ties) have yielded mixed (5,85) or null (8,56,63,66,91) results with respect to QOL
outcomes. That is, the quality of support may be more critical than the quantity. Notably,
however, a recent Norwegian investigation of long-term survivors of laryngectomy found that
patients who were more actively involved in the Norwegian Society of Laryngectomies, a
widely used patient advocacy organization, had better QOL outcomes across multiple do-
mains relative to their less engaged peers (66).

Surprisingly few investigations have examined other personality or contextual factors that
might influence adaptation to HNSCC. Studies have begun to explore optimism, health locus
of control, sense of coherence, and coping. In a study of newly diagnosed Chinese patients
undergoing radiotherapy for nasopharyngeal cancer, optimism mediated the impact of eating
deficits on overall QOL (54); that is, the extent to which treatment toxicities disrupted general
QOL appeared to depend on the patient’s level of optimism. In other studies, internal locus
of control (i.e., perceptions that the course of illness is primarily influenced by oneself as
opposed to external, chance, or religious factors) was tied to diminished anxiety, increased
self-confidence regarding speech (76), and greater self-reported treatment adherence (95).
Stronger sense of coherence (i.e., an appraisal that life is generally manageable, comprehen-
sible, and meaningful) was linked with better psychosocial and physical outcomes at 12-mo
follow-up in a small study of oral and pharyngeal cancer patients (78).

Coping has been widely discussed but little studied in the HNSCC setting (38,41,88,98,99).
Blood et al. (88) found that patients with recent laryngectomies reported poorer adjustment
and used different coping strategies than individuals further along in the recovery process. In
particular, they relied more heavily on wishful thinking and self-blame and made less use of
problem-focused coping. Unfortunately, the investigators did not report data concerning the
associations between coping and adjustment. Patients using different types of alaryngeal
speech (esophageal, tracheoesophageal, artificial larynx) did not differ in distress or coping.
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In our own work (41), we too found differences in distress and coping for patients at different
phases of treatment. As expected, individuals receiving active treatment and those in the acute
posttreatment period (i.e., within 6 mo of completing treatment) experienced significantly
greater stress symptoms than patients who had not yet began treatment or who were long-term
survivors. Moreover, the on-treatment and acute posttreatment groups reported significantly
greater use of denial (e.g., “refusing to believe this has happened”), behavioral disengagement
(e.g., “just giving up trying to deal with it”), and suppression of competing activities (e.g.,
“putting aside other activities to concentrate on this”). Denial and behavioral disengagement
were associated with greater distress in most groups. Similarly, in an Indian study reliance on
fatalistic or helpless coping responses was tied to greater distress (38), whereas beliefs about
“acting actively” were linked with favorable QOL outcomes in an Israeli study (100). Re-
search in other cancer or nonclinical settings also has generally supported the differential
effectiveness of avoidant vs active coping in response to chronic stressors (101,102). Patients
who are actively engaged with their illness and treatment tend to manage more successfully.

7. METHODOLOGICAL ISSUES AND FUTURE DIRECTIONS

QOL research among HNSCC patients has grown appreciably in recent years, and studies
are becoming more sophisticated. Salient improvements include the increased number of
prospective studies, more consistent use of validated instruments, and greater focus on clini-
cally homogenous populations (i.e., specific disease sites). These trends reflect an encourag-
ing “sea-change” in the past decade.

Unfortunately, a number of methodological limitations still characterize a good deal of the
research in this area. Most investigations are based on small samples; it is often difficult to
obtain large samples in a single institution, particularly in prospective studies where attrition
is a major challenge. Nonetheless, reliance on small samples results in statistically underpow-
ered studies and ambiguous conclusions. Research has matured sufficiently to warrant greater
movement toward collaborative group studies, as illustrated by a number of European inves-
tigations (39,56,71,77). Some studies neglected to report basic demographic information
(e.g., age, ethnicity, socioeconomic status), refusal or attrition rates, or differential refusal/
attrition rates across subgroups. Little work has targeted underserved ethnic minority or rural
populations.

Despite intensified interest, there have been few published randomized clinical trials that
have compared different treatment regimens on QOL endpoints (e.g., organ preservation vs
primary surgery). Nor have there been many large, stratified, prospective observational stud-
ies designed to compare different subgroups descriptively (e.g., oral cavity vs laryngeal tu-
mors, early stage vs advanced disease, etc.). In the absence of these, available observational
studies offer preliminary hints about important subgroup differences. In many of these
nonrandomized comparisons, however, it is not clear whether subgroups were equivalent on
important confounding variables (e.g., tumor stage, gender, age), and when imbalances were
identified, rarely were efforts made to address them through use of appropriate statistical
controls.

Aside from moving toward more refined methodology, it would be helpful for future
studies to extend the inquiry in new directions. Some QOL outcomes have received consid-
erable attention in the HNSCC setting (e.g., difficulties with communication, dysphagia,
eating). Other important domains, however, have received more limited scrutiny, such as
problems with treatment adherence (95), health behaviors (67,82), fear of recurrence (38),
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family functioning (33), or the possibility of positive, adaptive life changes (29,30). More-
over, there has been little focus on important factors that may influence risk of or resilience
to QOL deficits, beyond the effects of basic demographic and medical variables. Factors that
warrant increased attention include, among others, personal variables such as optimism (103)
and substance abuse history; social factors such culturally determined meanings ascribed to
illness and treatment; and coping resources such as religious/spiritual involvement (104).
Greater use of theoretical frameworks would also be helpful in guiding the inquiry
(28,103,105,106).

An additional challenge is to translate current research findings into improved clinical
services. For example, difficulties with emotional distress, fatigue, pain, nutrition, and to-
bacco or alcohol dependence remain underdiagnosed and undertreated in oncology settings
(10,107,108). Suboptimal management of these symptoms may contribute not only to dimin-
ished QOL but also to disrupted treatment, prolonged hospitalization, and increased health
care costs (109,110). Practice guidelines, such as those issued by the National Comprehensive
Cancer Network, call for routine screening and early intervention for a number of QOL
deficits (111–113). There is a pressing need to develop more effective screening and interven-
tion programs for patients with HNSCC (114).

8. CONCLUSIONS

In sum, individuals with HNSCC contend with considerable burdens. Most patients adapt
well to these shifting challenges, but there are disruptions in multiple domains of physical and
emotional functioning, some of which are marked and enduring. In the past decade notable
advances have been made in assessing QOL changes among HNSCC patients. Investigators
have made considerable progress in charting some of the difficulties commonly associated
with different sites of HNSCC during active treatment and longer term recovery. It would be
helpful for future studies to broaden the range of QOL outcomes that are examined, to extend
the focus to underserved, culturally diverse patient groups, and to examine factors that may
influence risk of psychosocial or physical morbidity. Increased efforts to develop systematic
screening and early intervention programs might also enhance the quality of care for patients
and families struggling with this demanding illness.
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1. INTRODUCTION

Approximately 5% of all cancers arise from the head and neck region (1,2). Patients with
head and neck squamous cell cancers (HNSCC) have unique problems related both to the
course of their disease and treatment. Pain from surgery and radiation is a particularly difficult
problem and becomes a major problem with recurrence due to the high propensity for local
erosive metastases in areas that are richly innervated (3). Pain occurs in 31% of patients at
presentation but becomes a progressive problem during therapy. Seventy-four percent will
experience pain near the end of treatment, and at least one out of four will have significant
chronic pain 2 yr after treatment (4–6). Eating disturbances will peak near the end of treatment
related to both the disease and the pain of mucositis. Most patients will lose at least 2 kg during
treatment. The incidence of mucositis secondary to treatment is as high as 80%, and over half
of those receiving intensive radiation combined with chemotherapy will have a grade 3–4
mucositis. Hospitalization owing to mucositis will occur in 16 to 33% of patients treated with
radiation. Despite receiving analgesics and topical anesthetics, over one-third of treatment
days will be spent in severe pain (7,8).

Dysphasia occurs in nearly two-thirds of patients, and 90% of patients will have physical
disfigurement owing to either disease and/or treatment, which becomes a barrier to socialization.
Jaw dysfunction occurs in a significant minority, which limits eating and communication (9).

Depression and anxiety play a significant role in quality of life of patients with HNSCC
(10). The most important psychosocial issues for these patients are worry, anxiety, mood
disorders, fatigue, and depression (11). Ongoing concerns include social interactions, recre-
ational activities, and sexual function with disfigurement (11).

Screening for HNSCC is ineffective if it is based on the seven warning signs of cancer
published by the American Cancer Society. No symptom or symptom complex correlates with
early-stage head and neck cancer with the exception of hoarseness associated with glottic
primaries. Symptom duration is not an indicator of disease duration (12). There are no well-
developed screening criteria for patients “at risk” for head and neck cancer, and the at-risk
population (males who abuses tobacco and alcohol) are not known to be highly compliant with
screening.

The overall cure rate for HNSCC is 50%. Recurrences are associated with pain, progressive
dysphasia, depression, anxiety, fatigue, anorexia, and cachexia (13). There may be guilt with
recurrences since most patients “author” their disease through alcohol and tobacco abuse.

Palliation of Head and Neck Cancer

Mellar P. Davis, MD, FACP
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The median survival of untreated HNSCC is 3–4 mo. Performance score and perhaps age
are the most important prognostic factors (14). The survival for recurrent cancer is months,
and for distant metastases the average survival is 4 mo (15).

Isolated lung metastases can be resected, with some patients enjoying long-term survival,
although half of these may be lung primaries. Radiation therapy palliates the pain and dyspnea
associated with bone and lung metastases, respectively. Chemotherapy unfortunately does not
play a major role in influencing the course of metastatic cancer, or symptom control (16).

2. PAIN

The three major signs of HNSCC at presentation are hoarseness, dysphasia, and pain. One-
third to one-half of patients will have pain at diagnosis (6,9). The high prevalence of pain is
due to the rich innervation of the mouth, pharynx, and neck by cranial nerves V, IX, and X and
cervical spinal nerves from C1 to 4 (17). The highest frequency of pain occurs from cancers
arising from the nasopharynx and oropharynx (17). Pain is constant in 60% of patients,
episodic or paroxysmal in 20%, and continuous with episodic flares in 20% (9). Pain intensity
increases with involvement of the skull and mandible (9). Pain is predominantly mixed, that
is, nociceptive and neuropathic (3,17). However, one of four patients will have referred pain,
which can mislead the physician and cause a delay in diagnosis or failure to find the primary
(17). The mean duration of pain prior to diagnosis is 4–6 mo but the duration does not correlate
with tumor size (9). The presence of pain at diagnosis is not prognostic. Neuropathic pain
owing  to tumor is most frequently caused by perineural involvement of the sensory afferents
arising from cranial nerve V (18). Fewer individuals (one of eight) will have cranial nerves
IX and X involved. Atypical pain at presentation can be mistaken for dental pain, sinusitis, or
temporomandibular joint dysfunction (19).

Pain persists after treatment in 25 to 30% of patients who survive their cancer. Pain caused
by treatment is largely neuropathic, although a minority will have myofacial pain or pain
caused by temporomandibular joint dysfunction (20). Treatment-related pain can also be pain
in the shoulder or arm caused by neck dissection which interupts the spinal accessory nerve.
Shoulder and arm pain from treatment correlates with the presence of pain at diagnosis.
Patients who have a modified neck dissection rather than a radical neck dissection can also
experience pain to the same degree in the neck and shoulder (6). Sparing cranial nerves XI
reduces long-term shoulder and neck pain and reduces the need for long-term analgesics (10).
Pain can increase during radiation therapy and can be complicated by mucositis. The pain may
persist after radiation therapy and cause anxiety or fear about relapse (5,20).

Seventy percent of patients with tumor recurrence experience pain prior to the discovery
of their recurrence (17). It is often associated with new nociceptive pain, although a minority
will experience new neuropathic pain (20). Pain usually occurs at the site of the primary cancer
or near the surgical incision, although a minority will have referred pain with their initial
recurrence. The median time from definitive treatment to relapse is 10 mo, but pain will
precede recurrence by 2–4 mo (17). Reasons for a delay in the diagnosis of recurrence are (1)
the presence of persistent pain owing to treatment, which masks the pain of recurrence; and
(2) the occult nature of recurrence, which defies detection by clinical examination, plain
radiography, magnetic resonance imaging, and computed tomography (21).

2.1. Pain Management
Patients with HNSCC have unique problems, which are barriers to pain management.

Dysphagia may prevent the oral administration of analgesics. Large tablets of sustained-
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release opioids may be impossible to swallow. Many patients have a significant history of
alcohol and tobacco use; hence this population is at a higher risk for substance abuse compared
with the general cancer population (22). Finally there is a higher incidence of neuropathic
pain, which is more refractory to opioids.

One of the advantages of opioids in the management of cancer pain is that opioids do not
produce permanent organ damage. Toxicity is completely reversible with discontinuation of
opioids. Opioids rarely cause respiratory depression in opioid-tolerant individuals. Opioid-
induced respiratory depression is seen in patients with upper airway compromise or in opioid-
naïve individuals who undergo a very rapid opioid titration. Addiction risks are present;
however, in a medically supervised environment, psychological dependence can be managed
with help from addiction specialists for those with a history of drug abuse. Methadone may
be preferable owing to the risk of addiction and also methadone’s presumed benefit in neu-
ropathic pain. Opioids can induce analgesic tolerance and physical dependency, which is seen
clinically as a withdrawal syndrome; hence incremental titration or stepwise dose reduction
may be necessary depending on progression of disease or duration of therapy (23). Withdrawal
symptoms are avoided by reducing doses by 50% every third day once pain has resolved.
Finally, there are no ceiling doses to opioids (unlike nonopioid analgesics), and individual
requirements, which are highly variable, can be accomodated without worrying about a par-
ticular “therapeutic” level. In general, opioids are more versatile than nonopioid analgesics
because of the number of routes of administration.

Opioids are a family of agents that bind to three major receptors μ, δ, and σ (MOR, DOR,
KOR) within the central and peripheral nervous system (24–28). The action of opioids leads
to prevention of neurotransmitter release (substance P, calcitonin gene-related peptide, and
glutamate), by preventing calcium influx in primary afferents and by blocking adenyl cyclase.
Opioids cause hyperpolarization of postsynaptic second order afferent neurons by accelerat-
ing inward rectifying potassium channels (29). In the brainstem opioids facilitate inhibition
of dorsal horn afferent processing through release of monoamines within the rostral ventro-
medial medulla and periaqueductal grey (30–36).

Opioids commonly used for cancer pain are morphine, methadone, fentanyl, oxycodone
and hydromorphone (37) (Table 1). Meperidine and agonists/antagonists should be avoided.
Step II “weak” opioids include hydrocodone (by virtue of being compounded to nonsteroid
antiimflammatory agents [NSAIDs]) and tramadol. Codeine is metabolized to morphine and
hence has little benefit over low doses of morphine. Oxycodone when compounded to NSAIDs
has dose limitations owing to the NSAID and is considered a step II opioid by virtue of the dose
limitations imposed by the NSAID (37–39).

Opioid choices are based on clinical experience, opioid versatility, side effects, patient
history (previous response to opioids), history of substance abuse, organ dysfunction,
comorbidity, comedications, and cost. Morphine is the drug of choice by virtue of its (1)
versatility, and extensive clinical experience (2). There is simply no other opioid that has
proved to be superior to morphine (38,39). The type of pain does not appear to influence the
choice of opioids, although randomized trials have found methadone, levorphanol, and fen-
tanyl to be effective for neuropathic pain (40–42). Although patients with HNSCC have
complex pain syndromes and may require higher doses of opioids, on average, pain control
is possible in most individuals with morphine (43).

Dosing intervals for immediate-release opioids are usually at 4 h (37,38) Sustained-release
opioids are given at 12–24 h depending on the commercial product. Morphine, oxycodone,
and (in some countries) hydromorphone are available as sustained-release products. Metha-
done is both an immediate- and a sustained-release substance by virtue of its prolonged half-
life and hence fulfills both roles inexpensively (44).
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Methadone has unique pharmacokinetics and as a result should be dosed differently than
morphine. Several strategies have been reported (44). Since methadone is generally used as
a second-line opioid, total daily morphine equivalents are calculated, and one-tenth of the
daily dose up to 30 mg as a single dose is given every 3 h as needed for pain control. Patients
will build a dose by using a q 3 h “as needed” strategy over 4–5 d, at which time the total
methadone dose can be calculated based on d 4 and 5, divided by 4, and given at 12-h intervals.
Other dosing schemas are available and could be used depending on the clinical situation (45).

Opioid side effects should be anticipated. Constipation should be treated proactively with
laxatives and stool softeners. Nausea, which occurs in 10 to 40%, requires antiemetics, but not
routinely, since nausea occurs in a minority. Treatment of nausea is with metoclopramide 10
mg prior to meals and at bedtime or haloperidol 1 mg q 4 h as needed. Nausea from opioids
usually resolves over several days despite continued dosing. A few patients will have intrac-
table nausea, for which opioid rotation is necessary (37,46).

Sedation and mental clouding may occur for a few days and then clear. In general, patients
on stable doses of opioids are able to drive. Visual hallucinations, myoclonus, and overt
cognitive failure are dose limiting, and if the patient is in persistent pain, opioid route conver-
sion, opioid rotation, or opioid sparing with the addition of an adjuvant analgesic are effective
strategies that improve pain and resolve neurotoxicity (37,47). Respiratory depression, as
mentioned previously, is rare. Pain stimulus acts as an opioid antagonist within the brainstem
(22). Clinically significant respiratory depression is preceded by sensorium changes and
accompanied by miosis. Respiratory rates of 8–10 per minute in an alert individual do not
represent opioid toxicity, and opioids should not be reduced. Respiratory depression may be
potentiated by cancer-related upper airway obstruction. In addition, sudden relief of pain,
rapid titration in the opioid naïve, and the development of hepatic or renal failure in the face
of stable opioid dosing may lead to respiratory depression (37). Reversal of respiratory depres-
sion is best done by titrating naloxone 0.4 mg diluted in 10 mL of a normal saline given
parenterally at 1 mL/min (40 μg) until return of sensorium and a respiratory rate of more than
10/min (22). Patients on sustained-release opioids or methadone may require a continuous
infusion of naloxone, as the half-life of naloxone is only 0.5 h. The hourly dose of naloxone
is the same as the dose that reversed sensorium, infused hourly until the sustained-release
opioid or methadone clears (48,49).

Table 1
Opioid Equivalents

Opioid Oral (mg) Parenteral (mg)

Morphine 30 10
Oxycodone 20–30
Fentanyl — 200–250 μg
Methadone 6–7a 3a

Hydromorphone 6 3b

aMethadone has a dose-related potency ratio to
morphine: for daily oral morphine doses <90 mg 1:4,
90–300 mg 1:8, and >300 mg but <1000 mg 1:12 and
>1000 mg 1:20.

bReported equivalents of parenteral hydromorphone
to oral methadone have been reported to be 1:1 owing
to a significant degree of analgesic non-cross tolerance.
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Spinal opioids have been used with some success in individuals whose pain fails to respond
to opioid titration or rotation (50–52). Intraventricular therapy may be preferred owing to the
location of pain in the head and neck region.

Adjuvant analgesics will be necessary for many patients with HNSCC. A prospective trial
involving patients with recurrent cancer whose pain failed to respond to acetominophen plus
codeine or oxycodone showed that patients responded to a combination of methadone, plus
a tricyclic antidepressant and either a NSAID or acetaminophen (53). The addition of NSAIDs
to an opioid can improve pain relief and reduce the need for opioid titration (54). It has been
assumed that NSAIDs and corticosteroids are ineffective in the treatment of neuropathic pain.
There are few data to substantiate this claim. It is known that NSAIDs do block production of
nitric oxide and prostaglandins, which are secondary mediators of the N-methyl-D-aspartate
(NMDA) receptor (55). The NMDA receptors are important mediators of neuropathic pain
and spinal-generated “wind-up” pain (56).

As previously mentioned, neuropathic pain is common in HNSCC patients. Many agents
have been reported to reduce neuropathic pain (Table 2) (57). Among the tricyclic antidepres-
sants, the preferred adjuvants are secondary amine tricyclic antidepressants (desipramine,
nortriptyline), since there are fewer anticholinergic side effects with secondary amines and
less xerostomia. Of the classical antiseizure medications, phenytoin and carbamazepine are
associated with a significant number of drug interactions. Gabapentin and valproic acid are
preferred (58). Topical lidocaine in the form of a sustained-release patch in an area of
mononeuropathy will relieve pain without being systematically absorbed. Intraspinal opioids
alone are usually ineffective in opioid-refractory neuropathic pain. However, spinal opioids
plus bupivicaine and/or clonidine will relieve pain unresponsive to opioids alone (59).

3. DYSPHAGIA AND WEIGHT LOSS

Swallowing requires transfer of a food bolus through a series of channels or chambers
separated by valves (60). There is a shared pathway with respiration, which must be isolated
before swallowing. Each chamber has an entrance and an exit valve whose function must be
coordinated with muscular propulsion (60). Swallowing dysfunction may arise from (1) failed
or discoordinated propulsion, (2) a failure of the valve to open or close, or (3) a failure to
coordinate valve function with propulsion.

The frequency of dysphagia at the time of diagnosis ranges from 34 to 66% (60–63). More
than 40% of patients are aspirating oral contents at diagnosis and poorly protect their airways.
Clinical assessment alone inadequately predicts those who are aspirating (64). Pneumonia
may be the initial presentation of those who have a significant degree of dysphagia.

Swallowing dysfunction at presentation increases with stage of disease. Patients with oral
and pharyngeal cancers have greater swallowing difficulties than those with laryngeal cancer
(62,63). Patients with oral cancers have dysphagia to the extent of oral tongue, base of tongue,
and soft pallate involvement (65). Patients with HNSCC and dysphagia will have (1) longer
oral and pharyngeal transit times, (2) greater oral and pharyngeal food residue, (3) shorter
cricopharyngeal opening duration, and (4) lower swallowing efficiency (62,63). Swallowing
difficulties are perceived by patients to be more problematic than loss of speech (66).

Surgery leads to dysphagia, acutely, owing to pain and soft tissue swelling; dysphagia may
continue long term because of scarring, denervation, and deconditioning (60). The greatest
difficulty with swallowing arises from extensive oral and pharyngeal resections with flap
reconstruction followed by postoperative radiation therapy. Most patients undergoing such
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therapy will experience dysphagia, and only 50% will be able to maintain their weight without
supplemental enteral feeding. The amount of oral tongue and base of tongue resected inversely
correlates with swallowing efficacy (65). Reconstruction of the soft palate and superior phar-
ynx reduces dysphagia; however, postoperative radiation therapy after reconstruction can
curtail or reduce the gains in swallowing made by reconstructive surgery (62,63,67).

During radiation or radiation therapy plus chemotherapy, most patients will experience
mucositis and dysphagia. Nutritional failure will be such that 20 to 25% will require enteral
nutrition to complete therapy, and a smaller percentage will require permanent feeding tubes
in order to survive (60,68–74). Patients undergoing aggressive chemoradiotherapy to “pre-
serve” head and neck function will experience dysphagia to a greater extent than patients
receiving radiation therapy alone. Nearly 75% will require feeding tubes, and one-third will
require permanent gastric tubes for nutritional support. By videofluoroscopy, 65 to 80% will
have abnormal propulsion of a moderate to severe degree, which will persist in 20% for more
than 6 mo posttreatment (75–78). Finally, postradiation xerostomia increases the patient’s
perceived difficulty with swallowing (79).

Weight loss in a patient with HNSCC is due to (1) reduced personal hygiene, (2) mechanical
obstruction by tumor, (3) cancer cachexia, (4) temporary treatment sequelae, or (5) permanent
loss of function owing to sensory and muscle loss from treatment (80). Prior to treatment most
patients with HNSCC will have lost weight on average 6–7 kg, or approx 10% of total body
weight (81).

Percutaneous fluoroscopic gastrostomy or esophagogastrostomy and early institution of
nutritional support during combined therapy will prevent weight loss (71,82). Enteral nutri-
tional therapy should be considered early, particularly for those patients who have (1) lost 5%
or more of their baseline weight prior to treatment, (2) are undergoing chemoradiotherapy in

Table 2
Neuropathic Pain Analgesia

Sodium channel blockers
Carbomazepine
Oxycarbamazepine
Phenytoin
Topiramate
Lamotrigine
Lidocaine
Mexiletine
Tricyclic antidepressants

Modulators of descending inhibition
Antidepressants
Opioids
Tramadol

Modulators of central sensitization valproic acid
Gabapentin
Lamotrigine
Oxycarbazepine
Levetracetam
Ketamine
Memantine
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order to “preserve” organ function, or (3) are to undergo large oropharyngeal resections
including a significant portion of the tongue and soft palate with reconstruction followed by
radiation. Patients with laryngeal cancers who are undergoing single-modality therapy are
followed expectantly. Patients should be advised that the ability to swallow can be lost and
require permanent gastrostomy for feeding. Both a dietician and a speech pathologist
should be involved early in rehabilitation for these patients to maximize nutritional sup-
port and facilitate the recovery of swallowing function (83).

An important differential to weight loss in HNSCC is cancer cachexia. Weight loss owing
to caloric deprivation will respond to nutritional therapy, whereas the inflammatory-mediated
weight loss of cancer cachexia is refractory to caloric replacement (84). Caloric replacement
in advanced cancer cachexia will not only fail to maintain or improve weight but will also fail
to improve quality of life and survival (85–88). Most patients will have several etiologies to
account for weight loss, including mucositis, xerostomia, taste changes, dysphagia, nausea,
vomiting, anorexia, pain, depression, delirium, and recurrent cancer (86).

Evaluation of nutritional status includes three measurements: (1) dietary factors, including
appetite, weight, activity, food habit, food aversions, taste changes, and symptoms related to
digestion (dyspepsia, bloating, satiety); (2) clinical indicators of nutritional deficiencies (an-
thropometric changes); (3) biochemical indicators of visceral protein deficiency and elevated
C-reactive protein; and (4) bioelectric impedance. There are gender differences to the degree
of weight loss, and weight loss does not necessarily correlate with the degree of appetite loss.
In the United States, the body mass index may be normal and yet a significant degree of
nutritional deficiency may be present owing to the prevalence of premorbid obesity. Bioelec-
tric impedance is an important advance in the assessment of nutrition, particularly if it includes
capacitance and phase angle (89–92).

Treatment of pain, depression, mucositis, nausea, vomiting, xerostomia, and delirium may
improve caloric intake in individual patients. Recurrent pneumonia from aspiration may
accelerate weight loss and to deconditioning (86). Both are potentially reversible with anti-
biotics and exercise.

A clear diagnosis of cancer cachexia is made by presence of substantial weight loss in the
face of advanced or recurrent cancer and with the exclusion of reversible causes. In these
individuals there is a metabolic shift that results in decreased anabolism and increased catabo-
lism, which is orchestrated by a series of cytokines, principally tumor necrosis factor (TNF)-α,
interleukin (IL)-1 and -6. At best, this group of patients will only partially respond to nutri-
tional therapy. Neither quality of life nor survival will be improved with nutritional therapies
alone in advanced cancer (88,93).

It may be difficult to impossible to determine whether weight loss is caused by caloric
deprivation or cancer cachexia in individual patients. A trial in nutritional support would be
reasonable for those individuals with a good performance score and who are good candidates
for further antitumor therapy. Even in this situation, survival is not usually improed by nutri-
tional support. If, during nutritional support, the patient sustains a complication owing to fluid
overload, electrolyte abnormalities, hyperglycemia, or recurrent infections or fails to respond
to nutritional therapy with improved performance status, quality of life or does not have
treatment options such as chemotherapy, additional radiation, or surgery, then nutritional
support should be curtailed. This requires both education of families and an open discussion
with compassion. Gastrostomy could be maintained for hydration and drug delivery to facili-
tate terminal care.
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Certain agents have been used (with some success) to reverse anorexia and cachexia (Table
3). The evidence is strongest with progesterone and is meager for other agents (93,94).
Additional studies are necessary to confirm the benefits of combination therapy, that includes
agents which block cytokines and tumor cachexins and stimulate anabolism. Combination
therapies are probably going to be necessary to significantly alter the multifaceted nature of
cancer cachexia (Table 3).

4. ORAL COMPLICATIONS AND SIDE EFFECTS

Three oral complications are common to patients with HNSCC. Mucositis is an acute and
painful side effect of treatment, which for the most part resolves. Both dysgeusia and xeros-
tomia are chronic, usually treatment-related, side effects. Xerostomia in particular is a major
determinant of quality of life (95,96).

4.1. Mucositis
Mucositis is a major adverse effect of radiation that often leads to reduced or shortened

treatment. The pain, dysphagia, and soreness of mucositis leads to accelerated nutritional
failure (74). The addition of chemotherapy to radiation increases the risk of mucositis and also
severity (7,97). The threshold for mucositis with radiation is approx 20 Gy of standard once-
daily radiation therapy.

Mucositis is initiated by an inflammatory process generated from reactive oxygen species
released within the submucosa, which initiates an inflammatory reaction. In addition, the
normal cell cycle of the basal stem cells, which require a 4-d regeneration time to replace
desquamated keratinocytes, is blocked by radiation. The mucosa epithelium is three to four
cells thick, so the usual observable mucositis owing to radiation therapy will be seen around

Table 3
Treatment for Anorexia and Cachexia

Central appetite stimulants
Progesterone
Cannabinoids
Corticosteroids
Olanzapine
Mirtazapine

Anabiolic steroids
Branched chain amino acids
ATP
Creatinine
Insulin
Exercise
Antiinflammatory agents

NSAIDS
Ο-3 fatty acids
Macrotide antibiotic
Statins
Thalidomide

Propanolol
Angitension-converting enzyme inhibitors
Melatonin
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d 12 of standard radiation (98). The dose fraction, field size, and radiation schedule determines
the incidence and degree of mucositis (98). Hyperfractionated radiation, smoking during
radiation, and simultaneous chemotherapy increase the risk of mucositis and delay recovery
(99).

Chemotherapy-associated mucositis is most commonly associated with antimetabolites
like methotrexate as well as, etoposide, melphalan, doxorubicin, vinblastine, and taxanes (98).
Mucositis varies in severity depending on dose and schedule. Patients receiving a combination
of cisplatin and 5-fluorouracil are at highest risk for mucositis.

Certain patient populations are at greater risk for mucositis from antitumor therapy than
others. Patients who are receiving stem cell transplants, those with collagen vascular diseases,
and those with HIV are at high risk for mucositis (100).

4.1.1. PATHOGENESIS

Mucositis occurs on a continuum from mild erythemia to white desquamation to
pseudomembrane formation and ulceration (98,100). Neutropenia during mucositis increases
the risk of septicemia and fungemia and may secondarily worsen mucositis by adding infec-
tion to local inflammation. The stages of mucositis are (1) inflammation, (2) epithelial desqua-
mation, (3) ulcer formation, and (4) healing. The inflammatory stage is both a submucosal and
an intrathelial event in which submucosal proinflammatory cytokines play a major role (98).
The generation of reactive oxygen species, by either radiation or chemotherapy, leads to rapid
expression of early response genes, such as C-JUN, C-FOS, and ERG-1, as well as activation
of transcription factor nuclear factor (NF)-κB, proteasome 26S, the H-SNK gene, and vascular
adhesion molecules. There is increased expression and release of proinflammatory cytokines
from the endothelium and stromal cells owing to upregulation of the transcription factors NF-
κB. IL-1 and TNF-α lead to cellular infiltration and apoptosis of mucosal cells (98). The
pathobiology of mucositis eventually rises to the epithelial surface, which thins, leading to
erythemia and ulceration (98). Reduced salivary flow owing to acinar cell damage increases
the contact time of chemotherapy agents to epithelial surfaces if chemoradiotherapy is used
and produces further damage. In addition, salivary immunoglobins such as IgG, IgA, and IgM
are reduced, predisposing to bacterial colonization and leading to systemic infections. The
oral flora changes such that α-hemolytic streptococcus, Streptococcus oralis, Streptococcus
milie, and Candida species dominant (98).

4.1.2. PREVENTION

There are no formal guidelines to prevent mucosal injury, no proven prophylactic therapies,
and no universally accepted treatment guidelines for managing mucositis (98–100). Basic
strategies include (1) pain relief, (2) efforts to hasten healing, and (3) prevention of infectious
complications.

1. Antiinflammatory therapy. Chamomile has been used with little benefit to prevent chemo-
therapy mucositis. Benzydamine, which is not available in the United States, attenuates TNF-
α production, inhibits nitric oxide production and release, has antimicrobrobial activity, and
stabilizes cellular membranes. Benzydamine has been effective in reducing radiation-induced
erythemia and mucosal ulceration (98,101).

2. Antimicrobials. Chlorohexidine is ineffective in preventing or managing chemotherapy-in-
duced mucositis. Prophylactic partially absorbed antifungals may reduce oral Candida colo-
nization and systemic infections (98). Combinations of antimicrobials such as polymyxin,
tobramycin, and amphotericin-B lozenges or bacitracin, gentamicin, and clotrimazole have
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mixed results in chemotherapy- and radiation-induced mucositis (98). The combination of
sucralfate plus ciprofloxacin or ampicillin plus chlortrimazole troches has been reported to
reduce radiation induced mucositis (102). Metaanalysis suggests that narrow-rather than broad-
spectrum antibacterial agents are more effective (103,104).

3. Biologic modifiers. Promising but unproven benefits have been reported with certain biologic
modifiers. These agents, such as IL-1, IL-11, transforming growth factor (TGF)-β, and
keratinocyte growth factors, either reduce epithelial cell sensitivity to radiation or stimulate
repair (98). Colony-stimulating factors (CSFs) may reduce mucositis caused by chemotherapy.
Local application of granulocyte/macrophage-CSF and granulocyte-CSF have marginally
improved mucositis associated with bone marrow transplant (98). Thalidomide, through re-
duction of TNF-α, may also decrease mucositis, although more studies are needed.

4. Cryoprotective agents. Prostaglandins, vitamin E, and the free radical scavenger amifostine
have been used to reduce chemotherapy- and radiation-induced mucositis. Amifostine is more
effective in preventing xerostomia than mucositis (98,99).

5. Propantheline. Propantheline may reduce chemotherapy mucositis by reducing the duration of
etoposide exposure to mucosal surfaces. Pilocarpine stimulates acinar cell saliva production
and reduces chemotherapy contact to surface epithelium (98,105,106).

6. Ice chips. Cryotherapy 30 min before 5-fluorouracil reduces mucositis, probably because of
vasoconstriction and reduced mucosal exposure. This will only be effective with drugs that
have a short half-life. Continuous 5-fluorouracil infusions commonly used in HNSCC chemo-
therapy will preclude the benefits of cryotherapy (98,107).

To summarize, the only preventive approachs to mucositis that can be recommend are (1)
ice chips for bolus 5-fluorouracil and (2) benzydamine for radiation-induced mucositis. The
expert opinion of the Symptom Control Committee of the National Cancer Institute Canada,
Clinical Trials Group, is that there is enough evidence to support the use of benzydamine HCl
as the appropriate control arm when studying radiation mucositis (99). It is unlikely that agents
acting only on the surface epithelium or altering bacterial colonization will significantly
influence the course of mucositis.

4.1.3. TREATMENT

Although single-agent trials demonstrate some benefit, evidence-based recommendations
cannot be given owing to differences in methodology and outcome measures. The use of “magic
mouthwash” consisting of diphenhydramine, Nystatin, and distilled water or magnesium or
aluminum salts, although commonly employed, has not undergone formal evaluation (99).

Chemotherapy-induced mucositis, unlike that caused by radiation, is generally limited to
nonkeratinized surfaces (98). Fungal and viral infections are commonly misdiagnosed in
patients with chemotherapy-induced mucositis. Viral infections usually produce crops of
punctuate vesicles involving the keratinized surfaces of the mucosa, including the hard palate,
gingiva, and dorsal tongue (98). In neutropenia patients, cultures of involved surfaces and
exfoliate cytology may be necessary to rule out opportunistic infections.

Evaluation of mucositis in clinical trials depends in large part on the visual changes, ob-
served on mucosal surfaces. Fortunately, there is good interobserver reliability and strong
correlation between objective and subjective measures, including pain and swallowing func-
tion (108,109). However, it is the patient centered outcome of pain and swallowing that is the
important determinant to the quality of life and outcome of mucositis rather than observed
mucosal damage (110).

Scoring of chemotherapy-induced mucositis takes into account objective and subjective
findings and functional disability (108,109). The sum of the scores is probably more accurate
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in gauging the disability and severity of mucositis than relying simply on the appearance of
the mucosa.

Once mucositis has been established, anesthetic agents, benzydamine, topical doxepin,
coating agents, and systemic analgesics (in the form of either NSAIDS or opioids) may palliate
pain until the epithelium recovers. The use of opioids by patient controlled analgesia is not
superior to standard opioid dosing strategies (110). The pain of mucositis will respond to
tricyclic antidepressants, but to a lesser extent than to opioids. The antifungal agent fluconazole
and antiviral agents such as acyclovir and valacyclovir may reduce secondary associated
infectious complications (98). Antifungals and antibacterial agents will reduce pain if there
are secondary infections but will not significantly modify the course of mucositis. Patients
with significant nutritional deficiency prior to treatment and in whom chemoradiotherapy is
indicated should have gastrostomy placed before therapy rather than when symptoms are
severe since it is anticipated that this group of patients will have significant mucositis and
further nutritional failure during treatment.

4.2. Dysgeusia
The perversion of taste is common in advanced cancer but is particularly common in

HNSCC patients because of its association with xerostomia (98–100). Radiation and the
resultant loss of taste buds accentuates the problem. Owing to age and comorbidity, patients
with HNSCC are frequently on multiple medications which also cause dysgeusia (Table 4).

The treatment of dygeusia is not well developed since it is a “orphan” symptom and rarely
studied. However, three options are available to physicians: (1) treat xerostomia, (2) alter the
drug regimen by removing offending medications, and (3) try zinc (Table 4). Zinc deficiency
has been associated with dygeusia, and many patients with HNSCC are nutritionally depleted,
and zinc may be helpful. Evidence for the routine use of zinc to treat dygeusia is still lacking
(100).

4.3. Xerostomia
The role of saliva in oral health and disease relates to its fluid content and individual

components, which in turn are determined by the relative input from the parotid, submandibu-
lar, submaxillary, and lingual glands. Water accounts for 99% of saliva (96,112). The serous
component contains vital substances such as bactericidal thiocyanate, statherins, histatins,
and lactoferrin. It also contains antibodies such as secretory IgA as well as proteolytic en-
zymes including α-amylase, lysozyme, and peroxidase, which contain oral flora. The surface
epithelium is maintained by epidermal growth factor. The electrolyte content is hypotonic
owing to ductal epithelium electrolyte absorption from serous acinar cell secretion. Saliva is
particularly rich in bicarbonate, which buffers acidic content (96,112). Bicarbonate is neces-
sary to maintain dental enamel. Normal saliva pH ranges between 6.5 and 7.4. Calcium and
phosphate are necessary for dental mineralization (96). Mucin is an important component, as
it plays a role in lubricating and coating mucosal surfaces, which prevents epithelial dehydra-
tion, facilitates mastication, and swallowing, and enhances taste and speech (112). Finally, the
saliva washes away bacteria and food debris, minimizes bacterial overgrowth, and as a result
reduces the risk of mucositis and dental caries that can be generated by release of bacterial
enzymes and secondary inflammation (112).

Ninety percent of saliva comes from the parotid, submandibular, and submaxillary glands
and only 10% from small labial and buccal glands (112). The parotid produces serous fluid,
and the submandibular gland secretes both serous fluid and mucin. The viscosity of saliva will
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therefore depend on the contribution of each gland. Loss of parotid function increases saliva’s
viscosity (112). In an unstimulated state two-thirds of saliva is derived from submandibular
glands, but with oral stimulation the parotid accounts for nearly half the volume of saliva (96).
In health, about 1.5 L of saliva are produced daily, and basal secretion rates range between 0.3
and 0.5 mL/min. The rate of baseline saliva production depends mostly on the input of para-
sympathetics (112).

The central nervous system salivary center is located within the pons and medulla. Saliva
production is positively influenced by both sympathetic and parasympathetic activity, though
parasympathetic activity is more important (112). Sympathetic stimulation produces a thick
mucin-containing saliva, whereas parasympathetics produce a watery saliva with high en-
zyme content (112). The saliva center is influenced by higher brain centers and external factors
such as sight, thought, and smell, which stimulate saliva flow (112).

4.3.1. SYMPTOMS

The subjective feeling of a dry mouth does not necessarily correlate with the objective
evidence of reduced salivary flow (96,112,113). The content of saliva may play as much of
a role in the sensation of xerostomia as the amount. However, normal individuals will com-
plain of a dry mouth when baseline saliva is reduced by 50%. Qualitative changes of saliva
related to mucin content are associated with xerostomia (114). Xerostomia has been reported
in 25% of women and 16% of men in the general population; it increases to more than 30%
of palliative medicine and 77% of hospice patients (112,114). Advanced cancer patients rate
xerostomia as the third or fourth most common problem. In more than 80% it is moderate to
severe in intensity (114). The frequency of xerostomia in advanced cancer correlates with
performance scores and the number of medications, but not age (114). The at-risk population
of cancer patients includes those on offending medications such as opioids, diuretics, and
tricyclic antidepressants, with advanced disease. Xerostomia is clustered with oral discom-
fort, dysgeusia, dysphagia, and dysphonia as well as anorexia (114). Xerostomia in cancer
appears to correlate with reduced basal levels of saliva production but not decreased produc-
tion with stimulation (114). The risk for xerostomia is multiplied if there is large field radiation
to the head and neck or if chemotherapy and radiation are used simultaneously (112).

Table 4
Medications Associated With Dysgeusia

Angitension-converting enzyme inhibitors
Antibiotics
Antidepressants
Benzodiazepines
Bronchodilators
Antihypertensives
H

2
 blockers

Diuretics
Opioids
Proton pump inhibitors
NSAIDS
Steroids

From ref. 100.
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Radiation-induced xerostomia depends on the volume of gland radiated and the radiation
dose (96). A 50% reduction in basal saliva flow is observed with parotid doses of 20 Gy. Some
recovery of function occurs up to doses of 52 Gy. Fully radiated parotid glands (above 60 Gy)
will remain permanently hypofunctional (96). Radiation fields that include 50% or more of
the parotid gland will increase xerostomia (96).

The serous acinar cells are more radiosensitive than ductal or endothelial cells. Mucin-
secreting cells are more radioresistant than serous acinar cells even though both types of cells
divide slowly and would be predicted to be relatively radioresistant (96). The different radi-
osensitivities may be related to heavy metals located within the acinar cell secretory granules
(96).

There is a time-related bimodal loss of salivary function with radiation. Transient recovery
occurs immediately after radiation followed by progressive loss (96). The perception of recov-
ery by patients may be related to both adaptation to reduced saliva and hypertrophy of surviv-
ing glandular tissue (96).

Qualitative changes in saliva occur with time. Saliva becomes more viscous owing to the
relative loss of serous content. Saliva color will change to yellow or brown. There is a tem-
porary increase in secretory IgA, albumin, lactoferrin, lysozyme, and myeloperoxidase during
radiation. This is followed by a loss of these proteins with time. Serum levels of α-amylase
increase during radiation, reflecting glandular damage, whereas amylase diminishes in saliva.
Epidermal growth factor diminishes during radiation, and bicarbonate and calcium content
decrease as pH decreases (96,112). Mucin content gradually declines with time.

As a result of the qualitative changes in salvia, recurrent dental infections and caries become
a major problem (Table 5). Decreased pH is associated with overgrowth of Streptococcus
mutans, lactobacilli, and Candida species. Reduction in immunoglobulin content, as well as
reduced saliva, allows for increased colonization on mucosal surfaces (96). Dental caries are
increased owing to loss of mineralization from a decreased pH and calcium content and
secondarily from an increase in cariogenic bacteria (96,112). The loss of antimicrobial pep-
tides and enzymes facilitates further bacterial colonization. Patients will avoid vegetables and
dry and sticky foods, and become nutritionally depleted owing to mouth sensitivity. Dentures
become incredibly uncomfortable (96).

Chemotherapy alone will cause xerostomia. If neutropenia occurs, the risk of sepsis from
oral organisms becomes a significant problem. Chemotherapy will thin mucosal surfaces and
reduce IgA, compounding the risk for oral infections and sepsis (112). Decreased saliva with
each cycle of chemotherapy will prolong the chemotherapy contact time with oral mucosa and
increase the risk of mucositis with subsequent cycles (96). During chemotherapy, microorgan-
isms will multiple and double in concentration as saliva flow diminishes. This increases the
risk for periodontal infections (96). Chemotherapy variably influences the protein content of
saliva and fortunately does not have a permanent effect on saliva (96). However, infections
are a major cause of death in cancer patients undergoing aggressive chemotherapy and stem
cell transplant, and in many the offending organism arises from oral colonization (112).

4.3.2. TREATMENT

Treatment for xerostomia consists of dietary modifications, saliva stimulation, saliva sub-
stitutes, and dental prophylaxis. If there is any residual salivary function, then stimulation is
better than saliva substitutes (112).

4.3.2.1. Dietary Recommendations. Tepid, nonspicy foods are better tolerated since oral
hypersensitivity is a common accompanying problem. Foods should have a soft texture.
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Patients should avoid citric acid and fruit juices with low pH since these not only can increase
pain but also can accelerate loss of dental enamel. Chewing gum prior to meals stimulates
saliva and may improve tolerance to meals; if this fails, a saliva substitute may do the same
(113). Prolonged mastication reduces or retards gland atrophy and stimulates saliva flow
through baroreceptors (112). Sweets also stimulate saliva through local baroreceptors but will
promote enamel demineralization and cariogenesis (112). Gustatory stimulation (taste) in-
creases saliva flow independent of mastication. By combining both stimuli (mastication and
taste), saliva production will occur in most individuals (112).

4.3.2.2. Saliva Stimulation. Chewing gum (if there is residual gland function), improves
saliva flow. Both V6 (Stimoral) and Fredent (Wrigley, Chicago, IL) contain a buffering
system and are sugarless (113). Chewing gum, which contains monocalcium phosphate
monohydrate, will promote mineralization and improve oral pH (112).

The problem with chewing gum is that it may further worsen tempromandibular joint
dysfunction. The practice is inappropriate for edentulous individuals (112).

4.3.2.3. Saliva Stimulation and Drug Therapy. Pilocarpine HCL, a parasympathomi-
metic drug, has been effective in xerostomia caused by various medications and radiation.
Evidence for its benefit after radiation therapy, however, is relatively meager, although half
of patients will state they have some benefit (112). Subjective benefits may not be associated
with objective evidence of saliva production. The best results occur with prolonged use (more
than 8 wk), and the usual doses are 2.5–5 mg three times daily (112).

The subjective benefits of pilocarpine will last only a few hours (113). The composition of
saliva with pilocarpine differs from normal owing to the imbalance of parasympathetic to
sympathetic input from the drug. Side effects of pilocarpine are lacrimation, sweating, urinary
frequency, cramps, colic, and rhinitis (112). Topically applied pilocarpine in the form of
pastilles may be better tolerated owing to reduced systemic absorption (112).

Cerumeline is a cholinergic agent with selective affinity for M1 and M3 muscarinic recep-
tors. Cerumeline reduces systemic effects compared with other muscarinic agents since it does
not bind to M2 and M4 receptors found in the heart and lungs (113). Other parasympathetic
drugs include bethanechol chloride, methacholine, carbachol, and the anticholinesterases
distigimine and pyridostigmine. It is not known whether these other parasympathetic agents
work in patients who fail to respond to pilocarpine.

4.3.2.4. Saliva Substitutes. Normal saliva is both complex and difficult to replace. Sub-
stitutes range from simple aqueous formulations to carboxymethylcellulose polymers and
mucin-containing solutions. Sips of water relieve xerostomia for short periods. The duration
of benefit is only approx 12–18 min (112). Milk has chemical and physical properties that

Table 5
Complications of Xerostomia

Oral pain and hypersensitivity
Nutritional failure
Caronal and root caries
Anaerobic infections
Oral candidasis
Dysgeusia
Dysphonia
Dysphagia

From ref. 112.
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mimic saliva. Milk acts as a buffer, improves dental mineralization (owing to its calcium and
phosphate content), is nutritional, and is relatively inexpensive. Patients with lactase defi-
ciency will not tolerate milk (112). Biotene and Oral Balance (Laclede Professionals,
Rochodominguez, CA) contain antimicrobial enzymes and enhance mouth wetting compared
with saline or water alone (113).

Polymers include Glanosone, Xerolube (Colgate/Scherer, Canton, MA), Orex, and Saliment
(Ferring, Denmark) (113). Polymers as well as mucin-containing substitutes usually have
calcium phosphate and fluoride for enamel remineralization and sugar alcohols (112). Neither
substitute, however, provides antibacterial or immunological protection (112). Salinum con-
tains a water-soluble extract of linseed, which is an alternative to mucin-containing substitutes
(112).

Mucin-containing saliva substitutes (Saliva Orthana, Nycomed Pharma) contains natural
porcine mucin (113). Mucin substitutes are generally better tolerated than polymers except for
those containing hydroxypropylmethylcellulose.112 For a mucin substitute to be effective,
the entire mucosa needs to be sprayed, and a small pool of substitute should be left on the dorsal
of the tongue. A dental appliance can act as a reservoir. Porcine-containing substitutes may
not be acceptable to individuals of Jewish or Muslim faith (112).

Glycerin and glycerol-containing oral solutions and commercial mouthwashes, which
contain detergents, cause oral mucosal dehydration and are to be avoided (112).

4.3.2.5. Antibacterial Agents. Chlorohexidine and hexidene have broad antimicrobial
activity and may retard the development of dental plaque. Both may prevent gingivitis, but at
the cost of tooth discoloration (112). There is very little evidence that prophylactic antibiotics
or antifungals are beneficial in the treatment of xerostomia, and they can lead to colonization
of resistant organisms (112).

5. SYSTEMIC SYMPTOMS OF CANCER

The systemic symptoms associated with recurrent HNSCC are protean. In a comprehen-
sive, prospective study involving 1000 patients referred to the palliative medicine program at
The Cleveland Clinic, the median number of symptoms per individual with cancer was 11
(range 1–27) (114). The 10 most prevalent symptoms in all cancer patients are pain, fatigue,
weakness, anorexia, lack of energy, dry mouth, constipation, early satiety, dyspnea, and
significant weight loss. The prevalence of these symptoms ranges from 50 to 84%. In a second
prospective study by the same group, sleep problems occurred in 50% of patients, nausea and
vomiting in 40%, and depression in 32% when patients were queried with initial consultation
(112). There are subtle gender differences in symptom prevalence. Females with advanced
cancer experience more early satiety, nausea, and vomiting, and males experience more dys-
phagia, hoarseness, and weight loss as well sleep disorders (115). Symptom severity and
prevalence is associated with reduced performance status (115).

Prognosis is related to the symptom clusters. Patients experiencing gastrointestinal symp-
toms (dysphagia and early satiety) have reduced survival. The gastrointestinal cluster of
symptoms and gender have nearly the same influence on survival as performance status (116).
Other prognostic or unfavorable indicators are anorexia, weight loss, dyspnea, cognitive
failure, lymphopenia, and leukocytosis (117). A Palliative Prognostic Score can be generated
using symptom clusters, Karnofsky performance score, clinician-estimated survival, and white
blood cell count, which is relatively accurate (117).
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5.1. Fatigue
Cancer-related fatigue is associated with anemia, endocrine disorders (hypothyroidism),

depression, insomnia, uncontrolled pain, and poor nutrition (118). Physicians should treat
reversible causes of fatigue and uncontrolled pain before considering pharmacologic manage-
ment. There is a high positive correlation between fatigue and depression in cancer patients,
and symptoms overlap. Current qualitative instruments for fatigue may not be able to separate
the two symptoms (119). Nonpharmacological approaches to the management of fatigue
include graded exercise programs to reduce deconditioning and stress reduction through
meditation, yoga, massage, and visual imagery (118). Methylphenidate can reduce cancer
related fatigue. Doses are 5 mg in the morning and 5 mg at noon, titrated to 10–20 mg twice
daily up to 1 mg per kilogram body weight. Methylphenidate will reduce opioid sedation,
nausea, pain, and anxiety and will improve appetite and depression (120,121). Interestingly,
paroxetine, a selective serotonin reuptake inhibitor (SSRI) does not have a significant influ-
ence on cancer- or treatment-related fatigue (122). Therefore, even though methylphenidate
treats depression, its benefits may be independent of its antidepressant activity.

5.2. Depression
The prevalence of depression in the general population is 6–10%, but it is much higher in

the cancer population, ranging between 20 and 30%. Depression is underrecognized and is a
major contributor to suffering (123). Somatic manifestations of depression, such as fatigue,
loss of energy, weight loss, insomnia, or hypersomnia and anorexia overlap with cancer
symptoms such that clinicians must depend on the psychological symptoms of mood, sense
of worthlessness, helplessness or guilt, thoughts of self-harm, to make a diagnosis (123).
Screening questionnaires have a high specificity for depression but a low positive predictive
value (123). Risk factors for depression include gender (females), young age, past history of
depression, lack of social support, reduced functional status, uncontrolled pain, brain me-
tastases, hypercalcemia, corticosteroids, cytokine treatment, and existential distress over the
meaning of life (124).

Treatment of depression requires a combination of supportive psychotherapy and antide-
pressant medications (124). Psychotherapy involves facilitating emotional expression, cog-
nitive reconstruction, and acquisition of coping skills (123). Psychotropic medications include
tricyclic antidepressants, SSRIs, mirtazapine, and psychostimulants. The problem with tricy-
clic antidepressants is the anticholinergic side effects, risk for arrhythmias, and drug interac-
tions. Secondary amine tricyclics, such as nortriptyline and despiramine, are to be preferred
over teriary tricyclics since the secondary amines are less anticholinergic. Although SSRIs do
not have anticholinergic side effects, they do have significant drug interactions and may
initially worsen anorexia and nausea (124). Mirtazapine has fewer side effects than tricyclic
antidepressants and SSRIs and may improve sleep and appetite. There are few drug interac-
tions with mirtazapine (125). Initial doses are 15 mg at night, which can be increased to 45 mg
depending on response. Methylphenidate has an advantage owing to its rapid onset of action,
which can be seen be seen within days (126–128). Initial doses are the same as for fatigue. Side
effects include overstimulation, anxiety, insomnia, paranoia, and confusion (124).
Psychostimulants should not be used in delirious patients.

5.3. Delirium
Delirium is present on admission in 20% of advanced cancer patients, and nearly one-third

will develop delirium during hospitalization (129). The diagnosis of delirium significantly
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worsens life expectancy. The median survival for delirious patients is 21 d (130). Delirium is
independently associated with male gender, central nervous system metastases, poor perfor-
mance score, poor predicted survival by clinicians, and progesterone treatment (130). Effec-
tive screening tools include the Memorial Delirium Assessment Scale, the Confusion
Assessment Method, and the Bedside Delirium Scale (131–133). Hyperalert agitated patients
will distress relatives, who in turn demand either sedation for their loved one or that all
medications be discontinued (132). Some physicians will adopt a nihilistic approach to the
management of delirium and simply sedate the patient without bothering to look for reversible
causes. Medications, (opioids, anticholinergics, and benzodiazepines), electrolyte abnormali-
ties, infections, azotemia, dehydration, and hypoxemia are reversible causes of delirium.
Opioid rotation and minimizing psychoactive agents may reverse delirium without the need
for neuroleptics. Alcohol and nicotine withdrawal are other reversible but poorly recognized
causes for delirium during hospitalization (132–134). Except for delirium caused by alcohol
and hypnotic withdrawal, neuroleptics are the treatment of choice. Haloperidol 0.5–10 mg
orally or parenterally per day improves most delirium (135). For hypoalert delirium, 1 mg
twice daily and as needed may be adequate, whereas the agitated patient, particularly if
paranoid, will require 5 mg parenteral,y as a single dose and 1 mg hourly until calm. Second-
line agents are the atypical antipsychotics resperidone and olanzapine, particularly for pa-
tients who develop extrapyramidal reactions to haloperidol or who fail to respond to
haloperidol in high doses (134). Olanzapine has been reported to be beneficial in the treatment
of delirium associated with advanced cancer (134). Initial doses are 5 mg q 12 h with 2.5 mg
once or twice daily for the elderly. Additional doses should be available as needed. A dissolv-
able disk formulation of olanzapine facilitates treatment for those with dysphagia (125).

5.4. Early Satiety
Early satiety is a common and often neglected symptom. Early satiety reduces food intake

and accelerates weight loss. Metoclopramide increases esophageal peristalsis, accelerates
gastric emptying, and shortens small bowel transit time (136). By improving gastric motility,
metoclopramide will diminish satiety, bloating, nausea, and hiccups, which in turn may im-
prove nutritional intake. Usual doses are 10 mg by mouth before meals and at bedtime or 40–
60 mg iv or sc over 24 h (136–138). Common side effects are akathesia, dystonia, and
somnolence. Ondansetron should not be given with metoclopramide owing to the risk of
cardiac arrythmias. Doses will need to be reduced by half with renal and hepatic failure (136).

Low doses of erthyromycin (50–100 mg) before meals or the newly released 5HT4 agonists
may improve gastric motility and reduce early satiety.

5.5. Nausea and Vomiting
Nausea and vomiting in advanced cancer is more dreaded than pain (139). Nausea caused

by medications, electrolyte disturbances, or metabolic abnormalities is usually constant,
unrelieved by vomiting, and not associated with colic or abdominal pain (139). Nausea and
vomiting associated with gastric outlet obstruction or small bowel obstruction crescendos to
the point of vomiting followed by a short period of relief. Colic and visceral pain frequently
accompany nausea and vomiting associated with bowel obstruction (139).

There are a paucity of studies available to guide antiemetic choices (140). Physicians
frequently use antiemetic guidelines for chemotherapy-induced nausea and vomiting which
little rationale (141). Initial treatment has most frequently been with either haloperidol or
metoclopramide (137–139). Doses of single agents should be optimized before other medi-
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cations are added. Metoclopramide doses are similar to those used for satiety. Metoclopramide
should be avoided in patients with bowel obstruction. Haloperidol doses are 5 mg parenterally
over 24 h with a provision for a rescue dose of 1 mg q 4 h as needed. Corticosteroids,
antihistaminics, antimuscarinics, and 5HT3 antagonists (with phenothiazines or
butyrophenones) have been used in patients who fail to respond to single agents. Cannabinoids
or broad-spectrum (atypical) neuroleptics such as olanzapine work when metoclopramide or
haloperidol fail. Olanzapine has been reported to relieve refractory nausea and vomiting in
advanced cancer (142,143).

Treating the underlying causes of nausea and vomiting such as hypercalcemia, bowel
obstruction, or brain metastases or switching offending medications should be done while one
is treating the symptom (139).

6. MANAGING THE ACTIVELY DYING PATIENT

Patients who are dying need (1) symptom relief, (2) the presence of family members and
significant others, (3) reassurance by physical touch, and (4) truth telling (144). Autonomy
should be preserved and extended into the dying phase through advanced directives. The
spiritual life with a sense of completeness can be fostered through liturgy and sacrament or
by individualized or personalized ritual if the patient is not closely tied to a religious commu-
nity (144,145). The dying process should not be prolonged through technology. Pharmacol-
ogy should be directed to symptom management only and extraneous medication deleted.
Such extraneous medications include diuretics, antihypertensives, antidepressants, and lipid-
lowering agents (144,145).

We have used three drugs to manage symptoms at the end of life: (1) opioids for pain and
dyspnea, (2) phenothiazines (chlorpromazine) for nausea and delirium, and (3) antimuscarinics
(glycopyrrolate) for terminal secretions (144). Opioids should not be tapered during the dying
process. Patients are nonverbal but still experience pain that may cause terminal restlessness.
Family education that includes signs and symptoms of dying and medical management, is an
important part of care. Families may mistake the dying process for medication toxicity and
demand discontinuation of all medications. Hygiene and physical care should be maintained
at the highest degree. Patients should not be subject to invasive treatments or procedures and
should be reassured that they are not a burden. Families and patients are encouraged to
reminisce in order to provide a sense of completeness to life. Death should not be portrayed
as a failure but as a final stage in the development and growth that occurs throughout life (144).

7. SUMMARY

Patients with HNSCC face unique problems, which include treatment sequelae and a greater
incidence of neuropathic pain, dysphagia, xerostomia, and mucositis than most cancer pa-
tients. In addition, such patients are predisposed to psychological drug dependence, which
complicates their management. Many carry the guilt of authoring their disease.

HNSCC patients experience a significant risk for local recurrence compounded by systemic
symptoms at relapse, which require polypharmacy to manage. A multidisciplinary approach
to cancer care will facilitate optimal outcomes for these patients. The interchange among
oncologists, radiologists, and palliative medicine specialists is critical to this process.
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withdrawals, 339

Alleles, changes to in carcinogenesis, 283
Alloantigen defined, 271
Allovectin (HLA-B7/b2-Microglobulin/DMRIE/

DOPE) in gene therapy, 271–272
Alpha Tocopherol Beta Carotene (ATBC) trial, 290
Altered fractionation

biological basis of, 126
chemotherapy and, 134–137
in metastasis/relapse, 168
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therapeutic dose, improving, 139–141

Amifostine (WR-2721, Ethyol)
and CRT toxicity, 232
described, 231
for mucositis/xerostomia, 332
trial results for, 232

Amphotericin-B for mucositis prevention, 331
Ampicillin in mucositis prevention, 332
Analgesics for pain management, 327, 329
Anesthesia in tumor evaluation, 70
Aneuploid leukoplakia, 282
Angiogenesis in tumor progression, 247–249, 251
Anterior commissure disease, laser resection of, 50–52
Antimicrobials for mucositis prevention, 331
Antioxidants, dietary and HNSCC risk, 6–7, 12–13
ARCON therapy in tumor hypoxia, 159
Asbestos as risk factor, 10, 11
Assessment

of cancer, 29–30, 67, 70–72, 89
quality of life (QOL), 305–310, 323
salvage surgery, 72–73
treatment, response to, 71–72, 152
xerostomia, 232

ATBC (Alpha Tocopherol Beta Carotene) trial, 290
-Tocopherol, 289

Avastin (Bevacizumab) as targeted therapy, 239, 247

B
Bacitracin for mucositis prevention, 331
Base of tongue cancers. See Tongue base cancers
BBI concentrate, 296
BBIs (Bowman-Birk inhibitors), 295–297

-Carotene
for lung cancer, 290
for oral leukoplakia, 288, 289
in risk reduction, 12, 297

Benzydamine HCL in tissue protection, 234–235, 331, 332
Beta Carotene and Retinol Efficacy Trial (CARET), 290
Bevacizumab (Avastin) as targeted therapy, 239, 247–249
Biochemoprevention, 289–290
Biologically effective dose (BED) in IMRT, 138–141
Biologic modifiers in mucositis prevention, 332
Biopsy as prognostic indicator, 177
Bleomycin

in chemoradiotherapy, 188, 214, 215, 217
in gene therapy, 268
in SPT prediction, 286

Bortezomib in tumor inhibition, 253
Bowman-Birk inhibitors (BBIs), 295–297
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dose and control rates, 96, 100, 101
HDR (See High-dose (HDR) brachytherapy)
high-dose (HDR) vs low-dose (LDR), 96–97
history of, 94
intraoperative, 107
LDR (See Low-dose (LDR) brachytherapy)
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QOL outcomes in, 314
and radiation therapy, 100, 101, 105
sites for, 97–106

Breast cancer and gene therapy, 272
Broad cell cycle inhibitors in tumor inhibition, 251–252
Broyle’s ligament

anatomy of, 28
in metastasis, 53

Buccal mucosa cancers, brachytherapy for, 102
Bystander effect, 265

C
C225. See Cetuximab (C225)
Cancer cachexia, 329, 330
Candida albicans in tumor transformation, 281
Canertinib for EGFR inhibition, 246
Cannabinoids for nausea/vomiting, 340
Capecitabine activity, 212
Carbamazepine for pain management, 327
Carboplatin/5FU, 190, 229
Carboplatin as chemotherapy, 81, 134, 172, 173, 177
Carboplatinum/paclitaxel in induction chemotherapy, 178
Carboplatinum/taxol (CTp) in induction chemotherapy,

177, 179
Carcinogenesis

biology of, 285–286
predicting, 286, 287
process of, 280, 282, 283

Carcinogens
detoxification of, 17
exposure to, 282–283

CARET (Beta Carotene and Retinol Efficacy Trial), 290
Carotenoids in risk reduction, 12
Celecoxib (Celebrex), 294, 295
Cement dust exposure as risk factor, 11
Cerumeline in xerostomia, 336
Cervical cancer

metastasis in, 146
treatment response, predicting, 149

Cetuximab (C225)
in chemoradiotherapy, 207
for EGFR inhibition, 245, 246
in radiotherapy, 207
as targeted therapy, 239

Chamomile for mucositis prevention, 331
CHART (Continuous hyperfractionated accelerated

radiotherapy)
in chemotherapy, 134
described, 130

Chelerythrine chloride in tumor inhibition, 251
Chemoprevention overview, 279–280, 285, 295
Chemoradiation therapy (CRT)

with cisplatin/5FU, 158, 159 (See also
Cisplatinum-5FU (PF regimen))

complications of, 328, 335 (See also Mucositis;
Xerostomia)

concurrent
history of, 200–202, 227, 228
morbidity in, 229
in nasopharyngeal carcinoma, 215–220
for organ preservation, 192–193, 313
and palifermin, 233
for recurrent disease, 220–221, 235

control rates in, 150, 205, 206
dose intensities/densities in, 203
fibrosis and, 204, 229
fractionation in, 191
history of, 198–201
and neck dissection, 64
overview, 168, 187–188, 198
postoperative adjuvant concurrent, 192
salvage surgery and, 221
schemes, 201
sequential, 178–182, 313
SQNP01 study on, 217, 218
survival rates in, 62–63, 88, 141, 175, 188, 204–206,

216, 219
toxicity

Amifostine (WR-2721, Ethyol), 232
multi-agent CRT, 190, 191, 204, 216, 218, 228

trials
general CRT, 202, 204–207
multi-agent, 189–192, 246–247
RTOG study results, 188, 192, 193, 204, 205, 207
single-agent, 188–189

Chemotherapy
adjuvant, 215, 217
and altered fractionation, 134–137
concurrent (See Chemoradiation therapy (CRT))
and gene therapy, 275
history of, 199–200
and IMRT, 119, 138
induction (See Induction chemotherapy)
for nasopharyngeal tumors, 98, 211
neoadjuvant, 213–215
regimens, 81
resistance to in tumor hypoxia, 147, 148
and surgical complications, 75
survival rates in, 141, 197, 199, 216, 217
and tumor hypoxia, 147–148

Chlorohexidine for mucositis prevention, 331, 337
Chlorpromazine for pain management, 340
Chromosome sensitivity and HNSCC risk, 7
Chronic hypoxia described, 145
CI-1033 in EGFR inhibition, 247
Ciprofloxacin in mucositis prevention, 332
Cis-diaminedichloroplatinum (CDDP)/5FU therapy

results, 228
Cis-diammine-1,1-cyclobutane dicarboxyplatinum

[II]. See Carboplatin as chemotherapy
Cis-diamminoplatinum [II]. See Cisplatin
Cisplatin. See also Cisplatinum-5FU (PF regimen)

in chemoradiotherapy, 188, 189, 201, 204, 207
as chemotherapy, 81, 137, 158, 165, 197
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214, 215

for nasopharyngeal cancers, 221
PTp (See Paclitaxel/cisplatin (PTp) in induction

chemotherapy)
regimen, 137
resistance to, 148
in sequential chemotherapy, 180, 181
TIC, 177
toxicity of, 216, 217
treatment regimen, induction, 159

Cisplatinum-5FU (PF regimen)
in chemoradiotherapy, 191, 200, 219
clinical trials of, 174, 175, 179–180, 189, 252
for nasopharyngeal cancers, 221
survival rates, 182
as therapy, 172, 173, 177–178
toxicity of, 172, 216, 217, 221

Clinical examination described, 29
Clostridium spp. in tumor hypoxia, 159
Clotrimazole for mucositis prevention, 331, 332
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2
 laser surgery. See also Laser surgery

advantages, 50
complication rate, lowering, 45
properties of, 43
voice quality following, 54

Codeine for pain management, 325
Cold microsurgery vs laser surgery/radiation, 53–54
Colony-stimulating factors (CSFs) in mucositis

prevention, 332
Complete response defined

chemoradiation therapy, 62
induction chemotherapy, 61

Computed tomography (CT)
advantages of, 89
in cancer assessment, 29, 89
contraindications, 67
disadvantages of, 89
T3 glottic cancer risk profiles, 85

Concomitant boost technique
in chemotherapy, 134, 181
and intensity-modulated radiation therapy (IMRT),

81, 82
RTOG study results of, 130

Control rates
accelerated fractionation, 130, 132, 137, 141
after laser transection, 48
ARCON therapy, 159
brachytherapy, 96, 100, 101
chemoradiation therapy, 150, 206
comparison of, 88
CRT, 150, 205, 206
glottic carcinoma, 33–34, 83–84
improving, 212, 213, 229
induction chemotherapy, 169, 176
in laser surgery, 44
lip cancer, 98
nasopharyngeal cancer, recurrent, 97–98, 221
in neck dissection, 64
predicting, 80, 81, 101, 177
primary tumors, 76
radiation therapy, 126, 150, 207
radiotherapy/TPZ, 158

radiotherapy/TPZ/cisplatin, 158, 159
radium/Ir-92/I-125 implants, 99, 100, 106
recurrent cancers, 106
in salvage surgery, 69
SCPL-CHP, 38
supraglottic carcinoma, 36, 81, 87, 88
T3/T4 tumors, 87–88
for tongue base cancers, 103, 105
tumor volume and, 87

Coping skills in QOL outcome determination, 315–316
Cordectomy described, 30, 31
Corrective gene therapy described, 264
COX2 (Cyclooxygenase 2) gene described, 240, 252,

294–295
Cranial neuropathies in PF treatment, 221
Cricoarytenoid area, evaluating, 29
Cricoid cartilage, anatomy of, 28
Curie Institute study of brachytherapy for oral/tongue

cancers, 98
CyclinD1 gene, 240, 284, 287
Cyclooxygenase 2 (COX2) gene described, 240, 252,

294–295
Cyclophosphamide

in chemotherapy, 215
in tissue protection, 232

Cytokines
cascade described, 234
and gene transfer, 264, 268
and the immune system, 264
in mucositis, 331

Cytotoxic drug safety, 231
Cytotoxic therapy described, 264
Cytotoxins, hypoxic cell, 156–159

D
Danish Cooperative Group regimens

for hyperfractionation, 129
Delirium in HNSCC, 338–339
Dentures as risk factor, 13–14
Depression in HNSCC, 338
Dietary antioxidants and HNSCC risk, 6–7, 12–13
Direct implantation method, brachytherapy, 96
DMRIE/DOPE. See Allovectin (HLA-B7/b2-

Microglobulin/DMRIE/DOPE)
in gene therapy

DNA-protein complexes in gene therapy, 267–268
Docetaxel in induction chemotherapy, 169, 182
Dose-dumping effect and tissue protection, 230
Doxorubicin in chemotherapy, 215
Dry mouth. See Xerostomia
Dying patients, managing, 340
Dysgeusia, 333, 334
Dysphagia

after chemotherapy, 134, 175, 328
after cordectomy, 30
after SCPL-CHEP, 33
after SCPL-CHP, 37
from Allovectin, 272
managing, 73, 327–330
in multi-agent CRT, 191, 192, 324
in neck dissection, 65, 72
prevalence of, 323
SCPL-CHP, 38
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E
Early satiety in HNSCC, 339
EF5 as hypoxia marker, 149
EIA gene in gene therapy, 265–266, 272–273
EIA liposome therapy, 273
eIFeE biomarker, 295
Electroporation therapy, 268
EMD 72000 for EGFR inhibition, 245
En bloc vs piecemeal resection, 46–47
Endocrine abnormalities in PF treatment, 221
Environmental tobacco smoke as risk factor, 5–6, 282
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Cancer Radiotherapy Group (EORTC)
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Epidermal growth factor receptor (EGFR)
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gene described, 240, 242–244
in HNSCC development, 284–285
inhibitors, clinical trials of, 244–247, 253
as prognostic indicator, 132, 207

Epiglottis
anatomy of, 28
laryngoplasty described, 32
preserving, 32

Epirubicin in chemoradiotherapy, 214
Eppendorf pO

2
 histograph described, 149, 150

Epstein-Barr virus as risk factor, 10
Erlotonib (Tarceva)

clinical trials addressing, 249
for EGFR inhibition, 245, 246, 247
side effects of, 247
as targeted therapy, 239

Ertinol palmitate, 291
Erythromycin for early satiety, 339
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13-cRA for, 291
and tobacco use, 2

Ethanol, metabolism of, 17
Ethyol. See Amifostine (WR-2721, Ethyol)
Etoposide, resistance to, 148
Etretinate, 291
European Group of Brachytherapy, lip cancer

brachytherapy results, 98
European Group of Curietherapy study on buccal

mucosa cancers, 102
European Organization for Treatment of Cancer

Radiotherapy Group (EORTC)
on accelerated fractionation, 130, 229–230
on concomitant boost therapy, 130
on CRT, 204–207, 228
on induction chemotherapy, 167, 175
on SPT prevention, 293

Exposure, estimating, 2
Extracapsular extension (ECE) in treatment outcome, 202

F
FACIT-G, FACIT-HN described, 308
Family history in risk determination, 16
Family impacts of cancer, 312

Fanconi’s anemia as risk factor, 18
Farnesyltransferase inhibitors (FTIs) in tumor

inhibition, 251
Fatigue in HNSCC, 338
Faucial arch cancers

brachytherapy for, 102–103
recurrence in, 106

Favorable tumor defined, 80, 81
FDA approval requirements

device, 230
drugs, 231

FDG-PET (Fluoro-1-deoxy-d-glucose positron
emission technology)

in tumor assessment, 67, 70, 72, 89
Fentanyl for pain management, 325, 326
Fibrosis

after accelerated fractionation, 130
after CRT, 204, 229
postradiation, 72

Fixed-cord (T3) cancers, classification of, 80
Floor of mouth cancers

brachytherapy for, 101
risk factors, 242

Flouromisonizadole (18F-miso) as imaging agent, 153, 155
Forward planning described, 116
Fractionation

accelerated (See Accelerated fractionation)
altered (See Altered fractionation)
CHART, 130, 134
in CRT, 191
hyperfractionation (See Hyperfractionated

radiotherapy)
issues with IMRT, 126, 137, 230
V-CHART, 134, 157

Fruits and HNSCC risk, 6–7, 12, 297
Functional Living Index-Cancer (FLIC) described, 308

G
Gabapentin for pain management, 327
Gallows suspension, benefits of, 46
Gancyclovir in gene therapy, 265
Gastric acid as risk factor, 14
Gastrointestinal reflux disease (GERD) as risk factor, 14
Gefitinib (Iressa)

clinical trials addressing, 246–248
for EGFR inhibition, 245, 246
and pulmonary pneumonitis, 244

Gemcitabine activity, 212
Gender and HNSCC risk, 8
Gene therapy

approaches to, 264–266
clinical trials addressing, 269–274
combination, 275
delivery sites, 268, 269
vectors in, 266–268

Genetic factors and HNSCC risk, 7, 15–16, 282–285
Gentamicin for mucositis prevention, 331
GETTEC trial on induction chemotherapy, 166, 175,

176
Glottic cancer

assessment of, 29
complications, 88
control rates in, 33–34, 83–84
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laser resection of, 50–52
portals for, 83, 84
QOL outcomes in, 312
radiation therapy for, 81, 82
recurrent, managing, 55
T3 risk profiles, CT, 85
treatment of

radiation/chemotherapy, 80–81, 83–86
surgical, 30, 31, 33

Glottis, anatomy/histology of, 27–28
Glutathione-S-Transferase (GST) in HNSCC risk, 17
Glycopyrrolate for pain management, 340
GM-CSF (Granulocyte-macrophage colony- stimulat-

ing factor) in gene therapy, 265, 274
GORTEC regimen for accelerated radiotherapy

on carboplatin/5FU therapy, 229
and treatment duration, 130, 137

Granulocyte-macrophage colony- stimulating factor
(GM-CSF) in gene therapy, 265, 274

H
Hairpin technique, brachytherapy, 95
Haloperidol

for delirium, 339
for nausea/vomiting, 340
for pain management, 326

HAM (Harrison-Anderson-Mick) applicator in
brachytherapy, 107, 108

Head & Neck Quality of Life Questionnaire, 309
Head & Neck Radiotherapy Questionnaire, 310
Head & Neck Survey (H&NS), 309
Heartburn. See Gastrointestinal reflux disease (GERD)
Helical tomotherapy described, 116–117
Hemilaryngectomy, 31
Henri Mondor Hospital study on brachytherapy dose

& control rates, 100–101
Herpes simplex virus-Thymindine Kinase in gene

therapy, 265, 273–274
Hexidene for mucositis prevention, 337
High-dose (HDR) brachytherapy

advantages of, 96
for nasopharyngeal tumors, 98
for oral tongue cancers, 101
for tonsil/soft palate tumors, 103
vs low-dose (LDR), 96–97

HIV infection as risk factor, 14
HLA-B7 in gene therapy, 265, 272. See also

Allovectin (HLA-B7/b2-Microglobulin/
DMRIE/DOPE) in gene therapy

HNSCC (Head and Neck Squamous Cell Carcinoma)
angiogenic factors secreted by, 248
biology of, 176, 239–242
genotypic/phenotypic alterations in, 283–285
novel targets/drugs in development, 250
oncogenes involved in, 240
prevalence of, 171, 197
problems faced in, 323
prognosis, 171, 279, 323–324
risk factors, 6–8, 10–16, 235–236, 263,

282–285, 297
screening for, 323
systemic symptoms of, 337–340
tumor suppressor genes in, 241

HPV. See Human papilloma virus (HPV)
h-R3 for EGFR inhibition, 245
Human papilloma virus (HPV)

in HIV+ individuals, 14
as risk factor, 5, 6, 9–10, 242
and tobacco interactions, 9, 10

Hydrocodone for pain management, 325
Hydromorphone for pain management, 325, 326
Hydroxyurea in chemoradiotherapy, 246, 249
Hyoid bone, anatomy of, 28
Hyperfractionated radiotherapy

benefits of, 132–134, 314
clinical trials addressing, 133, 188, 228
complications of, 230
described, 126, 127, 229
key findings in, 134
regimens for, 129
survival rates, 137

Hypermethylation in HNSCC, 285
Hypodermic needle technique of Pierquin,

brachytherapy, 96
Hypopharyngeal tumors

chemoradiotherapy for, 204
induction chemotherapy for, 167–168, 192
laser resection of, 48–49
QOL outcomes in, 313
risk factors, 242
salvage surgery for, 76
survival rates, 77

Hypothyroidism and wound healing, 73
Hypoxia. See Tumor hypoxia
Hypoxia-inducible factor (HIF)-1 pathway

expression, influencing, 153
in tumor progression, 146, 147, 249

Hypoxic cytotoxicity ratio (HCR) described, 157

I
Ice chips in mucositis prevention, 332
Image acquisition in IMRT, 117
Imaging

role of in neck dissection, 66–67 (See also
individual modality by name)

tumor hypoxia, 153, 155
Imatinib as targeted therapy, 239
Immunosuppressed patients

risk factors in, 14–15
in study data, 2

Immunotherapy described, 264–265
Immunotoxins for EGFR inhibition, 245
Indomethacin, 294
Induction chemotherapy

5-Fluorouracil (5FU), 165, 168, 169, 172, 173, 215
carboplatinum/paclitaxel in, 178
carboplatinum/taxol (CTp) in, 177, 179
and chemoradiation, 62, 190–192
Cisplatin, 159, 165, 168, 169, 214, 215
clinical trials of, 165–166, 214
control rates, 169, 176
Docetaxel in, 169, 182
history of, 172–173, 176
for hypopharyngeal tumors, 167–168, 192
impact of, 167
for laryngeal cancer, 167–168, 175, 192
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overview, 171–172, 178
and radiation, 79, 80, 86
regimens, 169, 177
study results, 166, 167, 175–177
and surgery, 166
survival rates, 169, 172–177, 182, 215

Injectable reporters for tumor hypoxia measurement,
148–151

Intensity-modulated radiation therapy (IMRT)
chemotherapy and, 119, 138
clinical data, 118–121, 213, 230
and the concomitant boost technique, 81, 82
described, 115–116, 123, 125, 140
factors to consider, 121–123
fractionation issues with, 126, 137, 230
history of, 116–117
image acquisition in, 117
parotid glands and, 119–121, 123
and tissue protection, 229
toxicity, diminishing, 118
treatment

biologically effective dose in, 138–141
delivery, 118, 138
equivalent dose, estimating, 138
planning, 116–118

Interferon-
clinical studies addressing, 289
in gene therapy, 265, 274

Interferon-PF in induction chemotherapy, 177
Intergroup trials

on chemoradiotherapy, 216
on induction chemotherapy, 175

Interleukin-2 (IL-2) in gene therapy, 265, 273
Interleukin-12 (IL-12) in gene therapy, 265, 273
Intrinsic reporters for tumor hypoxia measurement,

148–149
Intubation in laser surgery, 45
Inverse planning

and control rates, 213
described, 116, 118

Iodine-125 (I-125) in brachytherapy
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in neck node cancers, 105
for recurrent cancers, 106, 107

IOERT-HDR brachytherapy described, 107, 109
IORT-HDR brachytherapy described, 107, 108
Iressa. See Gefitinib (Iressa)
Iridium-92 (Ir-92) in brachytherapy

described, 95
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neck node cancers, 105
oral tongue cancers, 98, 99, 100
for recurrent cancers, 106

Irinotecan activity, 212
Iron deficiency in HNSCC, 13
Iseganan in tissue protection, 235
Isotretinoin, 293

J
Jet ventilation in laser surgery, 45

K
Kaplan-Meier estimates on tumor hypoxia, 155
Keratinocytes, angiogenic factors secreted by, 248

L
Lacquer as risk factor, 12
Lapatinib (GW572016) for EGFR inhibition, 246, 247
Laryngeal cancer

accelerated fractionation in, 129
ARCON therapy, 159
and asbestos, 10, 11
cement dust and, 11
chemoradiotherapy for, 204
dysphagia in, 327, 329
and GERD, 14
induction chemotherapy for, 167–168, 175, 192
metastasis of, 28
mortality from, 4
prognosis, 171
QOL outcomes in, 312, 313
radiation therapy for, 83
risk, decreasing, 6–7
risk factors, 242
salvage surgery for, 75–76
and tobacco use, 2
treatment, patient selection for, 80–81
and wood dust, 1

Laryngectomy
partial, disadvantages of, 80
QOL outcomes in, 313
and radiation therapy, 75
supraglottic, control rates in, 81, 88
survival rates in, 174

Laryngofissure with cordectomy, 30
Larynx

anatomy of, 27, 28
histology of, 28
T staging system of, 30

Larynx preservation
surgery, 27, 76
trials, 167–168

Laser surgery
anatomic limits to, 51
benefits of, 40, 44–45
controversies, 52–55
overview, 43–44
safety of, 51
technique, 45–47
vs radiation/cold microsurgery, 53–54

Leucovorin in induction chemotherapy, 177, 199,
215, 228

Leukoplakia. See Oral leukoplakia
Levorphanol for pain management, 325
Lewy arm, benefits of, 46
Lidocaine for pain management, 327
Linear energy transfer radiation (LET) and tumor

hypoxia, 156
Lip cancer

brachytherapy for, 98, 99
sun exposure and, 12

Liposomes in gene therapy, 267
Listerine as risk factor, 13
Loss of heterozygosity (LOH)
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Low-dose (LDR) brachytherapy
advantages of, 96
for lip cancer, 99
for tongue base cancers, 104
vs high-dose (HDR), 96–97

Lung cancer, 244, 280, 287, 290–292, 294
Lymphadenopathy and postradiation fibrosis, 72

M
M. Sklodowska-Curie Institute regimens
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MACH-NC Study (Meta-Analysis of Chemotherapy

on Head and Neck Cancer) on
chemoradiotherapy, 191

Magic mouthwash for mucositis, 332
Magnetic resonance imaging (MRI) in cancer

assessment, 29
Mayo Clinic study results, radiation therapy, 84
Mayo stand, benefits of, 46
Meperidine for pain management, 325
Meta-Analysis of Chemotherapy on Head

and Neck Cancer (MACH-NC Study)
on chemoradiotherapy, 191

Metabolic causes of HNSCC, 17
Metastasis

in advanced disease, 198, 211
altered fractionation in, 168
Broyle’s ligament, 53
formation of, 247
managing, 69, 178
patterns of, 27–28, 217
preventing, 176
promoting, 146
and treatment failure, 191, 207

Met gene described, 240, 251
Methadone for pain management, 325, 326
Methotrexate in chemotherapy, 199, 217
Methylphenidate for fatigue, 338
Metoclopramide

and early satiety, 339
for nausea/vomiting, 340
for pain management, 326

Microsatellite mutations and HNSCC risk, 7
MIMiC system for IMRT, 116
Mirtazapine for depression, 338
Mitomycin-C

in altered fractionation, 134
in chemoradiotherapy, 201, 229
and hypoxic cells, 157

Molecular markers
in chemoprevention, 280, 286–287
and HNSCC risk, 7
for hypoxia, 149–154

Monoclonal antibodies and EGFR inhibition, 244, 245
Morphine for pain management, 325, 326
Mouthwash use as risk factor, 13
mTOR gene in tumor inhibition, 251
Mucin, 333, 337
Mucositis

and 5FU, 203, 229, 332
after accelerated fractionation, 130, 132

in chemotherapy, 134, 204, 228, 323, 328
chemotherapy-induced, 332
and hyperfractionation, 230
palifermin and, 232, 234
pathogenesis of, 331
preventing, 231, 233, 234, 331–332, 337
radiation threshold for, 330–331
treatment, 332–333

Mutagen sensitivity
as biomarker, 286
and HNSCC risk, 7, 282–283

N
Naloxone for respiratory depression, 326
Nasopharyngeal cancer (NPC)

brachytherapy for, 97–98
and EBV, 10, 211
and IMRT, 119
radiotherapy for, 212–213
recurrence rates, 97–98, 213, 220, 221
risk, decreasing, 6–7
RTOG study on, 140
treatment overview, 211
and wood dust, 11

Nasopharyngectomy, indications for, 220
Nausea/vomiting, 339–340
ND. See Nondrinker (ND) defined
Near total laryngectomy described, 39
Neck dissection

with chemoradiation therapy, 61–65
complications, 65, 72, 149, 313
extent of, determining, 65–66
indications for, 62, 64, 71, 74, 220
with radiation/induction chemotherapy, 60–61
with radiation therapy, 59–60, 86
radical described, 74–75
salvage described, 66, 74
survival rates in, 63–64, 77
for tongue base cancers, 103–104

Neck node cancers, brachytherapy for, 105
Neutropenia in xerostomia, 335
Nimorazole and radiation therapy, 156
NMDA receptors for pain management, 327
Nodal disease, detecting, 100
Nondrinker (ND) defined, 4
non-Hodgkin’s lymphoma, 232
Non-small cell lung cancers (NSCLCs), 291–294
Nonsmoker/nondrinker (NSND)

characteristics of, 8–9
defined, 2–4
HNSCC risk in, 4–7

Nonviral vectors in gene therapy, 267–268
NPC. See Nasopharyngeal cancer (NPC)
NSAIDs in chemoprevention, 294, 327
NSND. See Nonsmoker/nondrinker (NSND)
Nutrition

and HNSCCs, 297, 329
in xerostomia, 335–336

O
Olanzapine

for delirium, 339
for nausea/vomiting, 340



354 Index
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Oncologic salvage, laser for, 54
Ondansetron for early satiety, 339
ONYX-015 in tumor inhibition, 252
Opioids

for delirium, 339
for pain management, 325–327, 333, 340

Oral cancer
ADH activity in, 17
brachytherapy for, 98–101
chemoradiotherapy for, 188, 198, 204, 205
dysphagia in, 327
gender studies of, 8
laser surgery results, 47
mortality from, 4
QOL outcomes in, 312, 314
risk factors, 6–7, 12, 297
and tobacco use, 2, 4
transformation to, 288
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in xerostomia, 335

Oral leukoplakia
described, 280–282
managing, 286, 288, 289

Oral lichen planus (OLP) as risk factor, 15
Organ preservation protocols

in chemoradiotherapy, 192–193
larynx, 27, 76, 167–168
overview, 69, 173–176, 313
parotid gland function, preserving, 232, 334
survival rates, 76–77

Oropharyngeal cancer
accelerated fractionation in, 130, 230
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ARCON therapy, 159
brachytherapy for, 98, 102
chemoradiotherapy for, 204, 205
gender studies of, 8
HPV in, 9
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laser surgery results, 47–48
metastasis of, 76
prognosis, 171
QOL outcomes in, 314
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